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Due to the COVID-19 pandemic, the fourth PLATE (Product Lifetimes and 
the Environment) conference was hosted by the University of Limerick 
from 26-28 May 2021 as a virtual event.   Over 3 days a total of 138 
papers, 4 keynote speeches, 4 workshops and 1 panel discussion, drawn 
from a multi-disciplinary and international perspective, presented and 
discussed the latest research in the f ield of product l i fetimes and the 
environment. In total 191 delegates from 26 countries attended and 
registrants can continue to view recordings of the presentations through 
their login to the PLATE 2021 EventsAir platform. 

The keynote speeches were given by 

• Cass Sunstein, “Nudging Green”, Harvard University, USA.
• Gwen Cunningham, “Something old, something borrowed: the rise of resale

and rental in apparel”, Circle Economy, The Netherlands. 
• Adam Minter, “Thrift store planet: Travels in the Circular Economy We Already

Have”, Bloomberg, USA. 
• Matjaz Malgaj, “The Sustainable Products Initiative”, EU Commission, Belgium.

The conference also included a student best paper competit ion produced 
the following results 

• Winner: Tamar Meshulam, Tel Aviv University, “Sharing Economy Rebound –
The Case of Peer-2-Peer Sharing of Food Waste.” 

• Second Place: Ana Neto, Universidade de Lisboa, “Through thick and thin:
Committing to a long-lasting wearer-clothing relationship.” 

• Third Place: Réka Ines Tolg, Lund University, “Caring for extending –
Consumer configuration in fashion retail settings.” 

• Fourth Place: Karl Samenjo, Delft University of Technology, “Opportunities for
3D-printable spare parts: estimations from historical data.” 

The proceedings contained within this document have been published as 
open access on the University of Limerick Institutional Repository and 
are available here PLATE2021 PROCEEDINGS. 

Special issues of the Journal of Industrial  Ecology  and Sustainabil i ty 
emanating from papers presented at PLATE are planned. 

PLATE was deemed to be a great success by the delegates and 
organisers, with the majority of delegates f inding it to be of excellent or 
good quality in relation to the papers, the event itself and the virtual 
social events, which included a music performance, quiz, yoga and 
virtual coffee break outs. 

The fifth PLATE conference wil l  be hosted by Aalto University, Finland, 
31s t  May-2nd  June 2023. 
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"No Fun, but Very Effective": Consumers' Evaluation of Design 
Strategies for Product Care 
Laura Ackermann(a,b), Ruth Mugge(b), Jan Schoormans(b) 
a) DE|RE|SA (Design Research Salzburg), Salzburg University of Applied Sciences, Puch/Urstein, Austria
b) Faculty of Industrial Design Engineering, Delft University of Technology, Delft, The Netherlands

Keywords: product longevity; consumer behaviour; behavioural change; repair; maintenance. 

Abstract: Product care describes consumers' activities to prolong the lifetime of a product, such as 
repair, maintenance or careful handling. By keeping the product in a functional state, replacement can 
be postponed. Previous research has identified eight design strategies that can foster product care 
among consumers. To use these design strategies to their full potential, a deeper understanding of their 
effectiveness is needed. The current study aimed to evaluate the design strategies with consumers. We 
conducted interviews with 15 consumers and discussed the effectiveness of our strategies for product 
care in the consumers’ daily life. Results indicate that the effectiveness of our strategies varies over 
products and product categories. A combination of strategies seems to be the most promising approach 
for fostering product care among consumers. Our research contributes to the scientific knowledge by 
providing deeper insights into the conditions under which design strategies for product care are most 
effective. 

Introduction 
Product care is defined as all activities initiated 
by the consumer that lead to the extension of a 
product's lifetime. It includes repair and 
maintenance, and preventive measures, such 
as protective covers for smartphones, or a 
general careful handling of the product 
(Ackermann et al., 2018).  Due to product care 
consumers can keep products in a usable and 
appealing state for a longer period of time, 
thereby postponing its replacement by new 
products. An issue of product care is that it 
heavily relies on consumers' behaviour once 
the product is in use: Product care activities can 
be executed by the consumer him/herself or by 
a service provider, but in both cases, the 
initiative for product care lies with the 
consumer. Unfortunately, consumers often fail 
to include these activities in their daily lives 
(Ackermann et al., 2018). As a result of this 
value-action gap, consumers do not make 
optimal use of many products' optimal lifetimes 
(Cooper, 2005) thus retaining a less 
sustainable way of consumption. 
The design of products and services can be a 
valid approach to achieve behaviour change 
(e.g., Bhamra et al, 2011; Daae et al., 2017; 
Lilley et al., 2017). Prior research has identified 
design strategies to foster product care among 
consumers (Ackermann et al., 2019). These 
strategies are: Informing (providing information 

about product care), Enabling (facilitating 
product care by offering right tools or a service), 
Social Connections (as a facilitator or as an 
outcome of product care), Appropriation 
(adaptation/personalization of a product), 
Control (ranging from  a product that takes over 
the initiative for product care to self-healing 
materials), Awareness (reminder or a change in 
the product’s appearance or functionality), 
(communication of) Antecedents & 
Consequences (of product care) and Reflecting 
(creating meaningful memories). 
The aim of our study is to have consumers 
evaluate the perceived usefulness of these 
design strategies using semi-structured 
interviews. This will allow further development 
but can also help optimizing the application of 
these strategies in design for product care.  

Method 
We interviewed 8 male and 7 female 
consumers (mean age 38.5 years). Interviews 
lasted on average 35 minutes. The final three 
interviews did not provide any additional 
insights, thereby supporting our estimation that 
15 interviews were a sufficient sample size for 
this study (see also Guest et al., 2006). 
Participants were from a convenience sample 
and received a brief description of the concept 
of product care and of the study. Before the 
interview and as a preparation task, we sent 

1



4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Laura Ackermann, Ruth Mugge, Jan Schoormans, 
"No Fun, but Very Effective": Consumers' Evaluation of Design Strategies for 
Product Care 

- 2 -

them a list of six product categories (household 
appliances and tools; consumer electronics and 
communication devices; means of transport; 
furniture and interior design items; clothes, 
shoes and fashion accessories; sport 
equipment and accessories for hobbies and 
leisure) to cover a broad range of products. 
Participants were asked to think about 
examples of a product that they do not take care 
of for each product category to prepare for the 
interview. 
During the interviews, we first explained 
product care in more detail to ensure that the 
participants were aware of all the aspects of 
product care. Then, we asked them to explain 
what hinders them in taking care of their 
products. This helped us to understand their 
reflection on the strategies better. 
Subsequently, we explained the design 
strategies one after another. After each new 
strategy, we asked them if they think that this 
strategy could help them to take better care of 
their products, and for which of their products 
this strategy may be most effective, and to 
elaborate on their reasoning. At the end of the 
interview, we asked them to select the strategy 
that would help them the most to take better 
care of their products.  

Results 
In order to gain a comprehensive overview of 
the suitability of our design strategies, we 
analyzed the interview transcripts. This 
provides the following insights on each design 
strategy.  

Informing 
Providing additional information by companies 
on how to take care of the product was seen as 
especially helpful for relatively easy product 
care activities, such as cleaning printers, or 
exchanging the filter from vacuum cleaners or 
washing machines. However, participants 
admitted that they still struggle to integrate such 
easy product care activities into their everyday 
life, and that it is often not a matter of missing 
information that stops them from taking care of 
their product. They also suggested 
improvements for existing instructions, such as 
providing an overview of the most important 
product care tasks for the product and an 
indication of how often these tasks should be 
performed. Regarding the medium for providing 
the information, participants differed in their 
opinion. Some preferred a printed manual 
because this allows them to stop reading at any 

time and jump between pages. Others 
preferred (Internet) video tutorials because they 
can view these any time and place.  

Awareness 
Creating awareness through push messages 
was criticized by many participants, as these 
were perceived to be annoying. It would only be 
accepted for products for which they use a 
service, such as cars, in order to arrange 
appointments. Making the consumer aware 
through changing appearance or performance 
of the product was better accepted. However, 
participants often failed to imagine this strategy 
for different products because they said that the 
product (e.g., a bike) automatically functions 
worse or makes strange sounds if you do not 
take care of it. They did not see this strategy as 
a design strategy but more as a natural 
consequence of missing product care. Creating 
awareness was often also discussed in a 
broader sense, with participants mentioning 
how important it is that consumers are aware of 
their power to prolong products’ lifetimes and 
that they have to learn to use this power. In their 
opinion, it is crucial to teach consumers how 
many resources are needed to produce a 
product and the importance of valuing these 
resources by taking care of the product as good 
as possible.  

Antecedents & Consequences 
Participants are only interested in negative 
consequences if the product is either safety-
relevant (e.g., a car) or if negative 
consequences for their own health can be 
anticipated due to a lack of product care (e.g., 
moulding of a mattress). Apart from these 
negative consequences, participants preferred 
that the strategy emphasizes positive 
consequences. These can on the one hand be 
relevant for the consumer (such as feeling good 
when using a cleaned car) but also for the 
environment. For example, participants said 
they would like to know if they contributed to a 
better environment by taking care of their 
product (e.g., ‘because you renewed the filter of 
your car, the exhaust gases are less toxic now’). 

Social Connections 
Social Connections was found to be a good 
strategy for products that are used and taken 
care of in public. For example, one participant 
reported that she felt a social pressure to take 
care of her horse saddle because other girls at 
the stable did the same for theirs. The strategy 
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was also appreciated in the context of shared 
hobbies (e.g., biking), where not only the 
activity itself but also product care is done with 
friends. 
When discussing this strategy, most 
participants immediately referred to repair 
cafés, which they often knew but never visited 
before. One participant said that repair cafés 
are good for singles and elderly people who 
struggle to conduct easy product care tasks. 
Another participant said that a certain level of 
openness is needed to join repair cafés. Many 
participants stated that they often help 
neighbours and friends and that these people 
also reciprocate. However, they added that it is 
important that everyone shares the same 
understanding of product care. They do not 
want to share their products with people who do 
not handle them carefully or who are unaware 
of the need to clean them properly. If you do not 
know the people well (e.g., a shared washing 
machine in an apartment building), chances are 
high that nobody feels responsible to take care.  
 
Enabling 
Offering matching tools or other care equipment 
was preferred for products that are not too 
complex but still require special tools, such as 
shoes. Participants think that it is convenient if 
the right products are immediately available as 
opposed to finding out which additional product 
is needed and where to get it. Tools and 
equipment that are directly attached to the 
product (such as the sewing machine 
compartments that come with oil, a brush and a 
small screwdriver) were judged as especially 
helpful. A few participants also mentioned that 
they do not want to get the right tools and other 
care products together with the product 
because some prefer spending more on their 
tools while others prefer the cheapest version. 
However, the same participants said that they 
would appreciate it if the manufacturer at least 
offered to add care products during the buying 
process so that they can select the desired 
products. A service for product care tasks was 
only seen relevant for complex products, which 
is often equal to products with electrical and/or 
safety-relevant components, such as a washing 
machine, a laptop and a car. Participants 
claimed to be afraid to open and repair these 
products, even if they have the right tools.  
 
Appropriation 
Most participants were skeptical about 
aesthetic ways of personalization, such as 

adding stickers to your car or selecting specific 
colour combinations for your sneakers. They 
said that while personalization was more 
important when they were younger, they are not 
interested in these things anymore. When 
making them aware that personalization can 
also refer to functional aspects, such as 
selecting specific modules for your smartphone 
according to your needs, they were more 
enthusiastic. Many agreed that a product that 
works well because it fulfils your individual 
needs enables a positive experience and this in 
turn leads to consumers taking better care of 
their products. This was also observed for the 
creation of new products. Participants 
mentioned that they are proud of the things they 
made or adapted themselves and are thus 
taking care of them. 
 
Reflecting 
All participants agreed that they take better care 
of products they cherish. Reasons for emotional 
attachment towards the product were positive 
memories associated with the interaction with 
products, such as working shoes that reminded 
the participant of his first job or dinnerware that 
has been used for a long time. Participants also 
reported that traces of use, such as small 
scratches on a vacuum cleaner or little dents at 
the car reminded them of the fact that they 
owned the product for some years. This often 
leads to enhanced motivation to keep it also for 
the coming years, thus stimulating product 
care. However, one participant mentioned that 
he only takes care of his products as long as 
they are new; as soon as they show traces of 
wear and tear, he is not taking care of them 
anymore.    
 
Control 
Control was the strategy that caused the most 
controversy. Spontaneously, some participants 
claimed ‘oh no’ or ‘never ever’ when the 
strategy was explained to them. They often had 
the feeling that this strategy is quite unrealistic 
and can only be implemented in the future. 
However, when we explained that many 
products already refuse to work until product 
care is conducted (e.g., coffee machines, 
laptops, smartphones), participants admitted 
that this strategy may indeed foster product 
care. One participant summed it up as ‘This 
strategy is really no fun but can be very 
effective’. Most participants could not imagine 
including this feature to analogue products, but 
one participant even brought up the ideas of 
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shoes that stick to the ground if you do not take 
care of them. Especially for safety-relevant 
products (such as bicycle brakes, a saw, or ski 
bindings), the acceptance of this strategy would 
be high. Participants mentioned that a car that 
refuses to drive as long as you did not take care 
of relevant parts, would be a reasonable 
approach.  
 
The Most Preferred Design Strategy 
As explained, we asked each participant to 
name his/her favourite strategy for all product 
categories. When analyzing the results, we 
realized that there was no general preference 
for one of the strategies. Except from Control, 
every strategy was at least mentioned twice as 
one of the best strategies. Informing was 
named five times, and Enabling and Reflecting 
four times, respectively. Many participants 
could not decide for one specific strategy but 
rather chose a combination, such as Informing 
and Enabling or Appropriation and Reflecting). 
For example, participants mentioned that taking 
care together with others (Social Connections) 
also concerns the Reflecting strategy, because 
they then remember the product care 
experience as positive and fun. 
 
Discussion 
Overall, we received positive feedback on our 
strategies. When looking at the different 
products that were mentioned for each strategy, 
we observed a few relevant patterns: First, 
products with electronical components are 
often only cared for on a simple level, such as 
dusting off. Regardless of having more 
information or the right equipment, participants 
would still refuse to open these products, for 
example in order to replace parts, because they 
are afraid of doing so due to safety reasons. 
Safety seems to be an important aspect also for 
the Control strategy which is especially well 
accepted for safety-relevant features, such as 
bike brakes. Second, the preferred strategies 
named by the participants are also the most 
common ones for products: Informing, 
Enabling, and Reflecting. Still, these strategies 
do not seem to be effective, as previous 
research has shown that consumers struggle to 
include product care into their everyday life 
(Ackermann et al., 2018). This may be caused 
by missing triggers that remind the consumers 
to take care of their products or facilitate 
product care in specific situations. Triggers 
have been identified as a crucial element for 
behaviour change (see Fogg, 2009). For 

product care, Awareness and Control are 
strategies that can serve as triggers. It may 
therefore be reasonable to combine these 
strategies with other ones, such as Informing 
and Enabling in order to stimulate the intended 
product care behaviour. For example, 
Awareness, Informing and Social Connections 
could be realized together by providing a 
smartphone app that contains information 
about product care and the possibility to share 
tips on product care within an online 
community. In addition, the app can remind the 
consumer when it is time to conduct certain 
product care activities, thereby serving as a 
trigger.  
One limitation of this study is that it is hard for 
consumers to imagine how these strategies 
could work in practice. Another limitation was 
the fact that we discussed the strategies in a 
hypothetical way. Both limitations could be 
addressed by actually designing products 
according to our strategies and evaluating the 
effectiveness of the strategies in real life.   
  
Conclusions 
The findings show that the effectiveness of the 
design strategies for product care is highly 
dependent on the product itself, but also on the 
consumer and the environment. Although the 
latter can hardly be directly influenced through 
design, our insights are still interesting when 
developing appropriate design strategies for 
different consumers, also taking into account 
different social and physical contexts. 
Especially, combining different strategies may 
be an effective approach that should be 
evaluated in future studies.  
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Abstract: Public procurers in the EU can apply procurement criteria to elicit tenders and select products 
from the manufacturers and suppliers of products with reduced environmental impacts. The European 
Green Public Procurement Criteria (EU GPP), published as Staff Working Documents of the European 
Commission, and periodically updated at product group level, represent an important reference for the 
selection and application of voluntary green criteria throughout Europe. 
Recently, the revision process of the EU GPP Criteria for Computers and Monitors has focused attention 
on criteria that can be used to extend the lifetime of these devices, when considered as a key strategy 
to reduce their environmental impacts. 
This paper describes criteria that may be applicable to the selection of ICT devices and services that 
are characterised by: 

• a more reliable design, including resistance to damage and wear, 

• repair and upgrade features (e.g. key components are easy to be replaced), 

• long term support (warranty and service agreement, availability of spare parts, software 
updates and information) 

• sufficient adaptability to future conditions of use (e.g. standardised components and ports, 
upgradable components) 

• reusablility at the end of the first useful life (e.g. software to ensure a secure data deletion) 

• reused second hand devices that have been fully checked, serviced and upgraded. 
This paper describes the EU GPP criteria based on these strategies, which are associated to the setting 
of criteria based on these strategies in Green Public Procurement. Case studies and lessons learnt 
from public procurers in different EU Member States are also described. 
 

Introduction  
Relevant environmental impacts are associated 
to the production of ICT devices. In particular, 
the extraction and processing of raw materials, 
and the manufacturing of electronic 
components as integrated circuits (ICs), and 
displays represent the main environmental 
hotspots for small mobile devices such as 
notebooks, tablets and smartphones (Gupta et 
al., 2020, Clement et al., 2020, Alcaraz et al., 
2018).  
 
By improving product design to follow strategies 
for lifetime extension such as durability, repair, 
reuse and upgrade, the overall impact during 
the manufacturing phase can be reduced. 
 
The total value of reported ICT public 
procurement contracts in the EU was estimated 
to be about EUR 50.3 billion in 2011 (European 

Commission, 2014). Estimations about the 
public market value of ICT  equipment in 2019 
in a selection of European countries, vary 
between an expenditure per person from 90 to 
more than 250 Euros (European Commission, 
2021). 
 
Green Public Procurement (hereinafter GPP) is 
“a process whereby public authorities seek to 
procure goods, services and works with 
reduced environmental impact through their life 
cycle when compared to goods, services and 
works with the same primary function that 
would otherwise be procured” (European 
Commission, 2008).  
 
The procurement practices aiming to keep 
products and materials in the value chain for a 
longer period, are also described as Circular 
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Public Procurement (CPP) practices (European 
Commission, 2017). 
 
The European Commission has been 
publishing, and periodically updating, EU GPP 
Criteria for several product groups. 
 
This paper describes how EU GPP Criteria can 
be applied to extend the lifetime of ICT devices, 
including computers, monitors, tablets and 
smartphones, by ensuring the procurement of 
more durable, reparable, upgradable, reusable 
and/or refurbished/ remanufactured devices as 
well as services aiming to extend their useful 
lifetime.  
In this paper are also described some case 
studies from procurements in different EU 
Member States that were analysed during the 
process of revision of the GPP Criteria  

 
The EU GPP Criteria 
The EU GPP Criteria are developed and 
updated through a transparent and open 
process. The Joint Research Centre (JRC) 1 
provides the scientific and technical 
background for the criteria development, which 
is directed by the Directorate General for 
Environment of the European Commission.   
Once the GPP criteria receive a positive opinion 
from the other Commission Services, they are 
published as Staff Working Documents (SWD) 
on the DG Environment webpage2. 
For each set of criteria there are two ambition 
levels: 

• the core level, designed to allow for easy 
application of GPP, focussing on the key 
area(s) of environmental performance of a 
product and aimed at keeping 
administrative costs for companies to a 
minimum; 

• the comprehensive level, taking into 
account more aspects or higher levels of 
environmental performance, for use by 
authorities that want to go further in 
supporting environmental and innovation 
goals. 

 
The use of the EU GPP Criteria is currently 
voluntary: they can be, if deemed appropriate 
by the individual authority, integrated into their 
tender documents. Nevertheless, according to 
the Circular Economy Action Plan, the 

 
1 Product Bureau Team – Unit B.5.: Circular economy and 

Industrial Leadership: https://susproc.jrc.ec.europa.eu/product-

bureau/product-groups  

Commission is going to propose, through the 
upcoming Circular Electronics Initiative: 

• regulatory measures for computers, tablets 
and smartphones on energy efficiency but 
also durability, reparability, upgradability, 
maintenance, reuse and recycling; 

• right to repair measures  including a right to 
update obsolete software; 

• regulatory measures on chargers (e.g. 
common chargers, more durable cables, 
decoupling of device/ charger);  

• measures to improve the collection and 
treatment of waste (including take back 
schemes for mobile phones, tablets and 
chargers);  

• a review of EU rules on restrictions of 
hazardous substances in electrical and 
electronic equipment. 

Moreover the European Commission is going to 
propose minimum mandatory GPP criteria and 
targets in sectoral legislation (European 
Commission, 2020; Pouikli, 2021). 
 

 The EU GPP Criteria for Computers, 
Monitors, Tablets and smartphones 
In March 2021, the Commission published the 
new EU GPP Criteria for computers, monitors, 
tablets and smartphones (European 
Commission, 2021; Alfieri et al. 2021). The 
SWD (2021) 57 final (European Commission, 
2021) provides a set of procurement clauses 
(Technical Specifications, Award Criteria and 
Contract Performance Clauses) which aim to 
achieve the procurement of devices and 
services with: 

• a more reliable design, including resistance 
to damage and wear, and a longer battery 
endurance (in cycles); 

• repair and upgrade features (e.g. key 
components easy to be replaced); 

• long term support (warranty and service 
agreements, availability of spare parts, 
software updates) 

• sufficient adaptability to future conditions of 
use (e.g. standardised components and 
ports, upgradable components as storage 
drives and RAM) 

• reusability at the end of the first useful life 
(e.g. preparation for reuse; secure data 
deletion) 

2 https://ec.europa.eu/environment/gpp/eu_gpp_criteria_en.htm 
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• refurbished / remanufactured devices that 
have been fully checked, serviced and 
upgraded. 

The paragraphs below provide additional 
details on how these different strategies are 
reflected in the GPP criteria.  

 
Mobile equipment durability testing 
The GPP criteria suggest procuring equipment 
tested against different stress conditions: 
drops/shocks, temperature stress, dust and 
water ingress. The main testing references are 
the IEC60068 series (2013) and the MIL-STD-
810H test procedures (US DoD 2019). These 
tests are relevant for mobile devices, especially 
in case the devices are expected to be used in 
harsh working environments, where “rugged” 
level performance could be necessary. 
Another important aspect is the degradation of 
the battery performance (State of Health)3 . The 
GPP Criteria provide minimum thresholds and 
award criteria to select devices with a slower 
battery degradation. Battery management 
software is also suggested as a procurement 
feature, as it can contribute to a longer battery 
lifetime. 
 

Repair and upgrade features 
The GPP Criteria list a number of components 
that can be requested as reparable, 
upgradeable and/ replaceable (see Table 1). In 
order to make the repair and upgrade of these 
devices feasible, the following conditions need 
to be fulfilled: 

• spare parts are available for a certain 
number of years after procurement of 
the device; 

• the joining / sealing techniques do not 
prevent such processes. 

• the instructions on how to replace the 
critical components must be provided. 

Moreover, inclusion of a functionality for secure 
data deletion allows for an easy deletion of user 
data contained in all data storage, before repair 
or upgrade. 
 

Product 
Group 

Critical Components 

Desktop 
Computers 

CPU, GPU (PCIe), 
External/internal PSU, Storage 
(SSD, HDD, ODD, RAM), 
System/motherboard 

Notebooks Battery, Display panel/Display 
assembly, Storage (SSD, HDD, 

 
3  Current full charge capacity (in mAh) expressed as a 

percentage of the design capacity (rated capacity) 

RAM), External/internal PSU, 
Keyboard, System/motherboard 

Tablets External/internal PSU, Storage 
(SSD, HDD, ODD, RAM), 
System/motherboard 

Smartphones Battery, Display panel/Display 
assembly, External/internal PSU 

Monitors Connectivity cables, Power 
cables, External PSU 

Table 1: Minimum Critical components covered 
by the EU GPP Criteria 

 
Long term support and warranty 
In public procurement the technical support is 
often provided by services agreements with 
organisations that could be different from the 
hardware manufacturers. 
A service agreement can be beneficial from an 
environmental point of view whenever it 
contributes to extending the product lifetime. A 
service agreement should not be considered a 
way to effectively replace non-functioning 
products, but instead it should be considered a 
tool to manage the ICT fleet in a resource 
efficient manner. For this reason, a service 
agreement should include an efficient 
maintenance, diagnosis and management of 
the failures, access to the manufacturer's 
warranty, periodic scan for upgrading 
possibilities (e.g. after 3 years) covering 
performance aspects like CPU, memory (RAM) 
or disk, and a prioritisation of repair rather than 
replace, whenever possible. 
According to the proposed criteria the 
procurement of these ICT devices should be 
accompanied by a service agreement for at 
least two years of services (core level). 
Currently, laptops are replaced after 3-4 years 
however there are organisations that are 
extending the use period of laptops to 5-6 years 
(McLennan, 2020). 

 
Adaptability to future conditions of use 
The aim of these criteria is to ensure that 
equipment is future-proof and, at the same 
time, compatible with older equipment and 
peripherals. From one side the criteria make 
reference to the more advanced standardised 
protocols for port (USB Type-C™) and power 
supply (USB-C Power Delivery), but at the 
same time the interoperability with an older 
legacy system (backward compatibility) should 
be ensured by the use of adapters. The use of 
standardised interfaces can make the reuse of 
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accessories possible. For this reason the 
decoupling of procurement from accessories is 
also suggested.  
 
End of life management 
The EU GPP end of life criteria aim to go 
beyond the WEEE mandatory treatments, by 
enhancing reuse processes, e.g. requiring a 
preparation for a reuse service and reporting on 
the status of the proportion of equipment 
prepared or remarketed for reuse and the 
proportion of equipment prepared for recycling. 

 
Refurbished / remanufactured devices 
Another relevant option for “product lifetime 
extension” is the procurement and use of 
refurbished/remanufactured IT equipment. The 
GPP Criteria suggest that this should be 
requested by a separate procurement route 
from the one used for brand new products. 
Quality control procedures and a minimum 
warranty or service requirement can ensure the 
minimum quality of the equipment delivered as 
part of the contract.  
In case the refurbished/remanufactured device 
is equipped with a new battery, criteria on 
battery performance are also suggested. 

 
Case study examples of 
implementation 
Despite not yet being common practice, several 
public procurers across Europe are already 
prioritising lifetime extension in the 
procurement of ICT devices. Here below is a list 
of initiatives that have been reviewed during the 
criteria development process: 
 

• Craaford et al. (2018) describes the 
experience of municipalities in Sweden in 
procuring remanufactured computers.  

• The Danish city of Aalborg has been 
working on making their equipment more 
reusable. They discovered that the practice 
of engraving laptops with its logo was 
making laptops much more difficult and 
expensive to reuse and this policy has been 
changed (McLennan A.  (2020). 

• the Italian Region of Tuscany is a 
frontrunner in applying several new EU 
GPP criteria, taking inspiration from a draft 
version of the EU GPP criteria to include in 

 
4 https://ted.europa.eu/TED/browse/browseByMap.do 
5 https://www.oneplanetnetwork.org/sustainable-public-

procurement/interest-group-circular-fair-ict-pact 
6 https://ec.europa.eu/environment/gpp/case_group_en.htm 

their most recent tender criteria a minimum 
endurance for batteries (in cycles), data 
erasure functionalities, and standardised 
ports and adapters (Regione Toscana, 
2020). The tender is currently in the 
evaluation stage. 

• An analysis of German and Spanish 
tenders published in the European Portal 
TED 4  showed that, in some large 
procurement processes some of these 
criteria have been already applied, in 
particular requesting durability, minimum 
battery endurance in cycles, 
interchangeability of specific components 
(e.g. RAM, CPU), long term services, 
support and warranties (up to 6 years and 
3 years for batteries).  

• The European Commission itself has via 
DG DIGIT applied GPP criteria for device 
lifetime extension such as easy 
accessibility and replaceability of 
components, information requirements on 
the battery endurance and durability 
testing. (TED, 2017) 

• Finally, a new initiative called “Circular & 
Fair ICT Pact 5 ” aims to put in practice 
common minimum criteria across Europe, 
in order to leverage the potential power of 
public procurement and to influence 
product and service design toward lifetime 
extension and circularity. 

More examples can be found in the European 
Commission “GPP Good Practice”6 and in the 
EU Interreg projects ProCirc7 and Circular PP8.  
 

Conclusions 
While GPP criteria for ICT equipment 
addressing energy consumption in the use 
phase have been considered by procurers 
since several years, the potential to extend 
product lifetime and directly minimise the 
environmental impacts of production is less 
exploited. It seems that until now, public 
“frontrunners” have found their own ways to 
include environmental criteria beyond the 
energy efficiency of the equipment.   

 
The new EU GPP Criteria for Computers, 
Monitors, Tablets and Smartphone mark an 
important reference point in progress towards a 
harmonised approach on lifetime extension that 

7 Interreg North Sea Region ProCirc. Available at: 

https://northsearegion.eu/procirc/ 
8 Interreg Baltic Sea Region http://circularpp.eu/circularpp/ 
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consists of criteria that are simple for procurers 
to understand and implement. The EU GPP 
Criteria demonstrate how different procurement 
strategies and criteria can be applied to ensure 
a longer lifetime of ICT devices in the public 
sector.  Selecting devices with more durable 
hardware (reliable and reparable) at design 
level should be accompanied by long-term 
support services (maintenance, software 
update, availability of spare parts and repair 
information, hardware upgrade) in order to be 
effective. 
 
Finally, the EU GPP Criteria also enable public 
procurers to extend the lifetime of devices 
deployed in their organisation by giving them a 
second life, either within the public organisation 
or elsewhere, through the criteria for 
refurbished/remanufactured devices. 
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Abstract: While the planet is facing various environmental challenges associated with unsustainable 
levels of material consumption, governments and industries are more frequently considering policies 
and practices aimed at extending the lifetimes of manufactured products. Nevertheless, it is still quite 
challenging for eco-minded consumers to navigate across a variety of products looking for more long-
lasting brands and models. To meet such consumer needs, the first online platform of its kind has 
been developed as part of this research (https://lt-platform.web.app/). It collects and stores 
consumers’ reports on use and disposal patterns for various products they have owned. This allows 
analyzing the harvested data using Markov chains to estimate the durability (time until the first failure) 
and the total lifetimes (domestic service lifespan) of the different consumer products. Such results are 
updated live after every new contribution to the platform and are presented back in a user-friendly 
visual format ranking various products’ manufactures and models according to the estimated lifetimes. 
Additionally, the structure of the collected data allows evaluating the effects of the different circular 
behavioural approaches (repair, re-use, recycling, etc.) on the products’ longevity that could be of 
specific interest for researchers and policymakers. As a result, such a platform is the first attempt to 
collect and analyze products’ lifetime and durability data in an open, centralized, and accessible 
format supporting users in their more sustainable consumer. 
 
 
Introduction  
Unsustainable levels of consumption are 
increasingly driving environmental challenges 
at a global level. Goods accounted for 14% of 
the total humanity’s Ecological Footprint in 
2020 while the total footprint far exceeds the 
planet’s bio-capacity (WWF, 2020). These 
environmental impacts are associated with 
diverse stages of product life cycle such as 
manufacturing-related carbon emissions or 
waste-related water pollution (Hertwich, 2011). 

One of the systematic approaches to mitigate 
such impacts is to extend the lifespan (lifetime 
or longevity) of consumer durables (Cooper, 
2005; van Nes & Cramer, 2006). While several 
causes of product obsolescence have been 
observed, the technological type of 
obsolescence relates to the durability and 
reliability of the consumer goods (Hennies & 
Stamminger, 2016; van Nes & Cramer, 2006). 
Accordingly, extended product durability is 
considered to be one of the pillars of business’ 
eco-efficiency (Stigson, Madden, Young, 
Brady, & Hall, 2006). However, most 
corporations do not target extending product 
durability as they are not compensated for the 
corresponding lack of production and sales 

(Nazzal, Batarseh, Patzner, & Martin, 2013) 
apart from businesses that pursue servitization 
models (Vendrell-Herrero, Vaillant, Bustinza, & 
Lafuente, 2021). Meanwhile, durability-related 
considerations do affect consumers’ purchase 
choices (Floyd, Freling, Alhoqail, Cho, & 
Freling, 2014). Still, while it appears reasonable 
to empower consumers with accessible and 
reliable information on the durability of various 
goods, brands, and models, such information 
services are hardly available. The average 
inter-purchase time data analysis has been 
proposed as a measure of product and brand 
durability (Ching, Erdem, & Keane, 2020). 
However, it can be argued that there are other 
causes to purchase a product replacement 
apart from the technical failure and physical 
wear and tear (functional obsolescence) such 
as the aesthetical depreciation of a functional 
product (psychological obsolescence). 

Moreover, geographically and time referenced 
data on product lifespan is important in the 
fields of material flow and stock analysis, life 
cycle assessment, as well as in marketing 
applications (Murakami, Oguchi, Tasaki, Daigo, 
& Hashimoto, 2010). Four types of methods 
that differently use market statistics data, 
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discard surveys, or yearly use surveys to 
estimate the lifespan distributions of 
commodities are currently distinguished in the 
scientific literature (Oguchi, Murakami, Tasaki, 
Daigo, & Hashimoto, 2010). Only the discard 
surveys (either through consumer 
questionnaires or at the treatment facility) do 
not require extensive shipment statistics or 
multi-year surveying to estimate the total 
domestic lifespan. Yet, the consumer discard 
surveys usually estimate the possession span 
of an average owner instead of the total 
domestic service lifespan that includes all the 
owners of a product given the second-hand 
markets (Oguchi et al., 2010; Steffens, 2001). 
Meanwhile, surveys at the waste treatment 
facilities appear to be quite time and cost-
intensive (U.S. EPA, 2008). Finally, the 
attempts to deliver actual and comprehensive 
databases are extremely limited. At the time of 
this work, the only similar attempts identified 
were the LiVES database that has been last 
updated 11 years ago (Murakami et al., 2010) 
and the International Service Life Database for 
buildings which has been discontinued 
(Daniotti, Lupica Spagnolo, S. Chevalier, Hans, 
& Chorier, 2010).  

To respond to such consumer, industrial, and 
academic data demand, we have developed an 
open-collaborative online information system 
that collects consumers’ reports on the life-
cycle data of the goods they have owned and 
used. The collaborators are supposed to be 
attracted to the platform as it analyses the 
previously harvested data and provides real-
time rankings on the most durable product 
brands and models on the market with their 
average lifetimes. At the same time, the 
database collects data for various years, 
regions and use phases of the reported 
commodities. The newly proposed method for 
lifetimes estimation, based on Markov chains, 
allows estimating various lifespan types 
including the important total domestic service 

lifespan without reliance on auxiliary market 
statistics and laboratory or waste facility-based 
analysis. Finally, the underlying data structure 
allows evaluating the impacts of various circular 
behavioural approaches such as repair and re-
use on product longevity.  

This study will follow by introducing the scope 
of the definitions, the description of the 
proposed approach to measure the durability 
and the total lifespan of products, and the 
current results of such analysis. 

Methods 

Definitions 

Commodity durability has been measured in 
various ways. First of all, durability can be 
assessed either based on time or usage 
perspectives, for instance, years in service 
versus total mileage for vehicles (Suzuki, Alam, 
Yoshikawa, & Yamamoto, 2008). Furthermore, 
it can be measured via laboratory analysis 
(“Which?,” 2021) or statistically from 
observations, with the latter approach 
considered to be more realistic as it allows to 
account for the environmental conditions of 
usage (Suzuki et al., 2008).  

In this paper, the durability of a product is 
defined as its capacity to last and is measured 
as the expected time from the initial purchase 
until its first failure (TUFF): the total durable 
span. The failure can be either minor (limited 
usability) or major (not usable anymore) and 
any of them counts towards TUFF. We show 
that such measure, given survey data for the 
newly purchased and later failed product, 
allows to accurately represent the relative 
reliability of brands and models.  

As for the total product lifespan (lifetime), we 
use the existing definition of the domestic 

Figure 1. Domestic life cycle model along with the four types of ownership, durable span 
(TUFF), possession span, and the total lifespan 
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service lifespan: the time between the purchase 
by the very first owner and the time when the 
product is ready for the end-of-life (EoL) 
management (Oguchi et al., 2010; U.S. EPA, 
2008). In this paper, we assume the shipment 
span (time between production completion and 
the first purchase) as zero. Such total product 
lifespan, hence, will include the procession 
spans by each owner along the product’s life 
cycle. By definition, the expected durable span 
is not longer than the expected total lifespan of 
a product. The ratio between the expected 
durable span and the expected domestic span 
shows the relative tendency of a product type to 
be used or hibernate after it failed and before its 
EoL.  

The goal of this work was to develop an online 
platform that will collect consumer reports and 
publish in real-time the resulting average total 
lifetimes and the TUFF of products. 

Model 

Here, we introduce the proposed computational 
model and the corresponding data structure. 
We distinguish four possible ownership 
prototypes until the product is discarded 
through EoL management by the last owner. 
Type (0) is the single ownership pattern where 
the first user becomes the product’s last user 
and discards it either through designated 
recycling or regular waste treatment services. 
Type (1) is the ownership phase of the first user 
who purchases a new commodity and later 

disposes it of either through giving it away or 
selling it to the second owner. Type (2) implies 
the possession span between the previous and 
the proceeding user of the used product. Type 
(3) is the span scoped by the very last user who 
receives a used product and discards it in the 
end. The following Figure 1 illustrates this 
model including the definitions introduced 
above. 

Additionally, we consider that products can be 
returned to the retailer that additionally 
increases their total lifetime depending if they 
are later refurbished for re-selling or directed to 
the EoL management.  

Moreover, we distinguish five conditions the 
products can be possibly in: new, new - 
refurbished, used (functional), used - minor 
malfunction (limited experience), and used - 
major malfunction (not usable).  

Such model of the product life cycle between its 
initial shipment and the EoL management can 
be presented in the form of a Markov chain that 
is defined as a discrete set of states (𝑍), the 
initial state 𝑁 , and a sequence of random 
variable 𝑋  in 𝑍  such that the transition 
probability 𝑝!" of occurrence of the next state 𝑖 
is defined only by the current state 𝑘  and is 
given in matrix 𝑃  (Feldman & Valdez-Flores, 
2010). In our case, we consider the following 
space of states: R (retail), N (new product 
reaches first owner – the initial state), S 
(second-hand product received by new owner), 

Figure 2. Markov chain describing the proposed stochastic model of product domestic life cycle. N is 
the initial state, E is the final state.  
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and E (the EoL state at the moment of discard). 
Additionally, we assign a set (𝑇) of weights 𝑡!" 
to the edges to represent for how long on 
average does the product stay in the state 𝑘 
before transiting to 𝑖. This is represented in the 
Figure 2. 

Using the theoretical framework of Markov 
processes, the total product lifespan can be, 
then, calculated as an expected hitting time ℎ# 
to reach the final (absorbing) state E from the 
initial state N. The following system of linear 
equations has to be considered where 𝑝"! is a 
transition probability from state 𝑖 to state 𝑘 and 
𝑡"! is the average time span between states 𝑖 
and 𝑘: 

ℎ" =.𝑝"!(ℎ! + 𝑡"!)
!∊%

 

Solving the system will deliver the expected 
total lifespan (ℎ&). 

The durable span is obtained in an analogous 
way where the absorbing state is replaced with 
the TUFF state, and 𝑃  and 𝑇  are adjusted 
accordingly. 

Data structure 

The comprehensiveness of the proposed model 
allows to avoid restricting the survey 
participants as reports related to any phase of 
the product lifecycle (ownership types 1 to 4) 
are in the end contributing to the more accurate 
P and T estimation. In particular, we calculate 
the values for the probabilities p'( +	p') +
p'* = 1  and p() +	p(( = 1  based on the 
relative difference between the number of 
respondents reporting such transitions during 
their consumer experience. The probabilities 
p*' +	p*) = 1 do not relate to the consumer 
experience, however, and have to be sourced 
from the retail statistics on which share of the 
returned product are refurbished for reselling.   

Data on the average time that each lifecycle 
stage lasts is calculated as a mean value for all 
the possession spans reported within such 
ownership type (1 to 4). 

Additionally, temporal data on the hoarding time 
(hibernating products) and repair behaviour are 
collected to accurately estimate the durable 
span. 

Additionally, the following non-temporal data is 
collected: product brands and models, 
geographical data, method of product disposal, 
and consumer’s subjective evaluation of how 
expensive the product is to support the 
corresponding analysis. 

Web-platform and the database 

The Product Lifetimes & Durability Portal has 
been developed to achieve both, the data 
harvesting and data sharing purposes of the 
presented work: www.lt-platform.web.app 
(currently in the trial mode). The portal is two-
sided in the sense that it provides one page that 
collects reports from respondents that adheres 
to the previously described model for the 
selected product type, and the other page that 
presents the consumers and practitioners with 
the relevant rankings and analysis. The reports 
are envisioned to be collected either from 
benevolent contributors who are interested in 
the information provided in return or from the 
target surveys. In the latter case, the 
respondents have to add a unique survey ID to 
their report so that data collected in that way 
can be distinguished from the rest of the 
database. All the analyses are automatically 
performed on the fly on the back-end and are 
immediately presented back to the user. 

Results and discussion 

Experiment for consumer electronics 

To verify the validity of the proposed model and 
to exemplify the usability of the designed portal 
and resulting data, a survey-based experiment 
has been conducted. In particular, 123 
respondents through paid MTurk service have 
been recruited to submit data (through the 
portal) regarding their experience with 11 
categories of major consumer electronics as 
ICT and consumer electronics contribute up to 
the 80% of the total e-waste (Forti, Baldé, & 
Kuehr, 2018). Only products that are not used 
or owned anymore were asked to be reported. 
Product return and refurbishment transactions 
were not considered in this study. For all the 
electronics reported the procession span has 
been estimated based on the Type 0 spans 
(new products discarded), and then the total 
lifespan has been estimated considering all 
ownership phases based on the presented 
stochastic process model. Simplified 
assumptions were made for some products and 
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phases where data availability was limited. 
Additionally, outliers were removed from the 
reports. Commodities with the most abundant 
data (at least 15 reports) were then compared 
against existing data on electronics lifetimes 
from United Nations University (Forti et al., 
2018). 

Results 

As a result, 257 product reports have been 
submitted. The respondents were mostly from 
the USA (59%) and India (21%). 38% of the 
reported products are not in use however are 
still in procession suggesting a high volume of 
hibernating stocks. The overall distribution of 
the ownership phases reported for the disposed 
of products is presented under the following 
Figure 3: 

 

Figure 3 Distribution of submitted MTurk reports 
between different ownership types 

The majority of participants discard their new 
purchases (Type 0), however, a significant 
number of products enter the second-hand 
market (Type 1).  

The resulting Table 1 lists products with at least 
10 reports submitted along with the estimations 
for the durable span, possession span, and 
total lifespan. Additionally, the total lifespan is 
compared against existing theoretical data. 

When compared with the existing theoretical 
values for the total domestic lifespan, the 
average relative deviation error of our approach 
is only 14%. 

The hibernation ratio between the durable span 
(measured based on Type 1 reports only) and 
the possession span (measured based on Type 
1 reports only) shows how long the product is 
stored on average after the failure. The results 
show that, out of the listed electronics, TVs tend 
to be disposed of quicker after failure compared 
to digital cameras that are stored relatively 
longer.  

The web portal additionally lists the top lasting 
brands to attract new visitors to the website, see 
the example below (Figure 4). 

The SquareTrade report (Sands & Tseng, 
2009) ranks these five brands in the following 
order: Asus, Sony, Dell, Acer, HP. This well 
matches the presented results suggesting that 
the platform has the potential to extract 
valuable durability information for consumers 
when larger-scale surveys are conducted and 
more reports are collected.       

To conclude, the proposed stochastic model 
allows estimating the total lifespan of 
electronics with a high degree of accuracy 
without conducting facility-based discard 
surveys or using market data. A web portal with 
the capability of both collecting and analyzing 
lifespan data has been developed and 
presented. 

 

Product Reports Possession 
span (Type 0) 

Durable 
span 

Hibernation 
ratio 

Total 
lifespan 

Total 
lifespan 

(UNU) 
Desktop PC 27 4.50 4.20 0.93 12.1 9.2 
Laptop computer 77 6.90 5.80 0.84 8 7.8 
Printers (incl. scanners, etc) 24 5.70 5.10 0.89 7 7.6 
Mobile phones (smartphones) 69 2.80 2.60 0.93 3.4 5.1 
Digital cameras 18 6.30 5.10 0.81 6.3 6.36 
TV (Flat Panel Display) 15 8.00 7.60 0.95 9.2 9.7 

Table 1. Results for the products with at least 15 consumer reports collected. UNU – United 
Nations University report’s resulting average years for the corresponding products (Forti et al., 
2018) 
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Figure 4. Example of the lifetime ranking 
presented at the web portal for laptop 
computers. Based on the Type 0 reports only. 
Source: https://lt-platform.web.app/ 
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Abstract: Modular-focused re-design is a promising strategy for product lifetime extension and 
recyclability of materials. Yet, sustainability benefits of modular product design do not automatically 
come into effect, but require additional service activities. To achieve the intended sustainability effects, 
such services have to be attractive and made use of by customers. This study investigates to what 
extent sustainability-focused modular product design in the smartphone sector promotes (i) self-repair 
compared to using a repair service as well as (ii) the effect of positive user experience with repair 
instructions and services. It further analyzes how circular economy attitudes and perceived self-
repairability moderate these effects. The quantitative analysis, first, finds that users of modular 
smartphones are more likely to choose self-repair than to use a repair service compared to users of 
semi-modular smartphones. This effect increases the more the device is perceived as self-repairable. 
Second, the analysis reveals that modular smartphone design supports positive experience with repair 
instructions. Repair instructions of modular smartphones are perceived as necessary, helpful, easily 
accessible, and sufficiently available. Consequently, successful implementation and management of 
complementary product and service designs are key to promote product lifetime extension in the 
smartphone industry. To leverage different attitudes, accompanying communication and user 
customization could stimulate circular behavior. 
 

Introduction  
Modular-focused re-design can support repair 
and exchange of modules, which makes it a 
promising approach for lifetime extension and 
recyclability of materials (Schischke et al., 
2019). Yet, sustainability benefits of modular 
smartphone designs only materialize if 
complementary circular service offers (e.g. 
repair, reuse, fashionable upgrading) are 
available and used by customers. Extant 
literature furthermore suggests to establish 
circular loops in sequence from repair to 
recycling in order to retain the maximum value 
of products, components, and materials 
(Stahel, 2010). Our research therefore focuses 
on repair activities. The possibility to repair and 
whether this option is actually utilized in 
practice, however, may diverge. Thus, a user-
centric perspective is key to design successful 
circular business models (Lofthouse & 
Prendeville, 2017; Nazlı, 2021; van der Laan & 
Aurisicchio, 2019). 
 
Against this backdrop, we aim to investigate the 
interaction of technological innovation and 
complementary circular service innovation from 

a user perspective. It investigates the research 
question whether and to what extent modular 
product design (MPD) influences repair 
behavior. Our research differentiates between 
repair instructions and professional repair 
services (Wieser & Tröger, 2017) and 
contributes to the ‘right to repair’ movement 
(European Commission, 2019).  
 
In this conference paper, we present results 
from a quantitative survey of 1,720 users of the 
original equipment manufacturer (OEM) 
SmartMod and apply multiple logistic and linear 
regression models. The findings show that 
MPD increases the likelihood of self-repair, 
which is further strengthened by a stronger 
perceived self-repairability. MPD promotes a 
positive experience with repair instructions. 
Consequently, management should consider 
complementarities between product and 
service design as well as accompanying 
communication to reap the technical design´s 
sustainability potential.   
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Theoretical Background and 
Hypotheses 
 
Modular Product Design (MPD) 
 
MPD is a promising approach to enable 
circularity of products and materials. Starr 
(1965) introduced the modular concept as a 
way to support increasing product variety at 
relatively low cost by allowing for a maximum 
combination of parts. In its next era, the concept 
took a more user-centric focus to enable mass 
customization (Sanchez, 1995). Nowadays, 
MPD is being further developed to a design 
principle that facilitates (corporate) 
sustainability improvements throughout a 
product´s life cycle (Sonego et al., 2018), which 
we call ‘sustainable modular product design 
(SMPD)’. 
 
This perspective of MPD simplifies recovery of 
products, modules, and components through 
easy dis- and reassembly as well as 
upgradability, which saves process costs for 
repair and creates an environmental advantage 
compared to conventional products (Agrawal & 
Ülkü, 2013; Mesa et al., 2018). However, MPD 
alone does not suffice to promote product 
recovery (Den Hollander et al., 2017). 
Combined with a conventional ‘sell more sell 
faster’ business model the whole offer could still 
be unsustainable. Whether MPD unfolds its 
sustainability potential depends on its 
embedding in the whole offer, including how 
easy repair, the exchange of modules, 
upgrading, etc. are. Complementary services 
may therefore be crucial to ensure the 
sustainability contribution of modular products. 
 

SMPD promoting self-repair over the use of 
a repair service 
 
SMPD particularly enables the provision of 
repair instructions. Repair instructions are 
easier to understand and follow compared to 
those for conventional products. The barrier to 
self-repair modular devices is furthermore lower 
because less effort and technical skills are 
required (Agrawal & Ülkü, 2013; Kim & Moon, 
2019). In addition, the adopted do-it-yourself 
(DIY) repair modularity (Schischke et al., 2019) 
with a proprietary designed product architecture 
based on repair statistics directly targets self-
repair of modules that break most frequently. 
Thus, SMPD promotes self-repairs over the use 

of repair services in case of a defect (see Figure 
1, H1). 

 
User Experience with Repair Instructions 
and Services 
 
Repair instructions and services have been 
proposed as approaches to create positive user 
experience, which would real in higher 
satisfaction and loyalty (Zomerdijk & Voss, 
2010). In turn, user satisfaction resulting from a 
positive experience would promote use time 
extension (Ackermann et al., 2018; Sabbaghi et 
al., 2016). Nonetheless, an appropriate 
technological design may benefit both user 
experience with repair instructions as well as 
repair services. For example, repair instructions 
for modular products may be simpler and, thus, 
easier to understand and carry out. Concerning 
repair services, modules can be more quickly 
exchanged, which decreases costs and 
increases efficiency. Thus, SMPD enhances 
positive user experience with repair instructions 
(see Figure 1, H2) as well as services (see 
Figure 1, H3). 
 

Influence of circular economy (CE) 
attitudes and perceived self-repairability on 
repair behavior and experience 
 
Actual repair behavior and user experience 
may depend on users´ attitudes and 
perceptions (Fogg, 2009; Michalco et al., 2015; 
Mugge et al., 2005). Prior research found that 
users with pro-environmental attitudes are 
more prone to adopt repair practices (Cerulli-
Harms et al., 2018; Nazlı, 2021). Exceeding 
these findings, this study investigates the 
influence of CE attitudes that incorporate 
environmental and CE specific attitudes and 
might, for example, originate from previous 
repair experience (Cerulli-Harms et al., 2018). 
Similarly, users of a modular smartphone who 
perceive their device as highly self-repairable 
may have a more positive attitude towards 
repair and thus a more positive experience with 
repair instructions and services. Hence, we 
hypothesize that CE attitudes and perceived 
self-repairability moderate the effect of SMPD 
on repair behavior and experience (see Figure 
1, Models a and b). 
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Figure 1. Research Design – Hypothesis Model. 

 

Methodology 
Our study adopts a quantitative approach. 
Modularity approaches have been applied 
rather by pioneers than by large incumbents. 
SmartMod is a sustainability pioneer in the 
smartphone industry who uses modularity as 
unique selling point. The OEM offers two 
different modularity degrees. The design of its 
semi-modular smartphones is based on 
existing product architectures but includes 
repairability upfront. The modular smartphone 
design adopts a do-it-yourself (DIY) repair 
modularity (Schischke et al., 2019) with a 
proprietary designed product architecture 
based on repair statistics. 
 
An online questionnaire is distributed to 
SmartMod´s 50,000 users via the company´s 
communication channels. Data from 1,720 
users is analyzed using binary logistic (H1) and 
multiple linear (H2 and H3) regression models. 
 

 
Figure 2. Relative Repair Behavior by 
Smartphone Model. 

 
Descriptive results show that modular devices 
are repaired both by users themselves and by 
the OEM service, while semi-modular devices 
are predominantly sent to the OEM service. In 
general, most devices were repaired in case of 
a defect. 
 

Results and Discussion 
Overall, this empirical analysis found that 
smartphone users of the sustainability pioneer 
SmartMod are very prone to repair, particularly 
when they own a modular device. The analysis 
reveals that Hypotheses 1, 1b, and 2 can be 
supported, while Model 2a shows the opposite 
effect than hypothesized (see Figure 3). 
Hypotheses 1c, 2c, 3, 3a, and 3b cannot be 
supported. These results suggest that SMPD 
influences (1) the choice for a self-repair, which 
is further leveraged by a stronger perceived 
self-repairability, and (2) a stronger positive 
experience with repair instructions. SMPD 
does, however, not influence the experience 
with the professional repair service. Overall, 
two major implications can be drawn.  
 

 
Figure 3. Statistically Significant Hypotheses. 

 

SMPD enhancing self-repair 
 
On the one hand, modular smartphones are 
more likely to be self-repaired than sent to the 
OEM´s repair service. This is positively 
moderated by perceived self-repairability (see 
Figure 4). Compared to using a repair service a 
higher perceived self-repairability increases the 
probability of self-repair more significantly for 
modular models than for semi-modular models.  

 
Figure 4. Interaction Effect for Hypothesis 1b. 
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However, it should be considered that defects 
under guarantee are probably more frequently 
repaired by the OEM, which could slightly skew 
our results. Nonetheless, this finding is in line 
with past studies which found that slightly more 
than a third of all broken conventional devices 
were self-repaired (Laitala et al., 2021). MPD 
furthermore successfully enables easy and fast 
module replacements (Bonvoisin et al., 2016; 
Schischke et al., 2017). Our analysis shows 
that proper circular services additionally 
promote the active use of MPD´s technical 
design. Dewbery and colleagues (2017) argue 
that users refrain from self-repairs if they lack 
product knowledge, technical information, or 
spare parts. This suggests that information 
asymmetries between this study´s case OEM 
and their users is either relatively low or that 
users are rather knowledgeable. In particular, 
offering repair instructions reduces information 
asymmetries, which increases the number of 
self-repairs.  
 
Our sample may be more prone to self-repair of 
modular devices because of a higher repair 
confidence (Nazlı, 2021) among the users than 
among average smartphone users. This is 
reflected in the strong CE attitudes, which also 
mirror that users have past repair experiences 
(Cerulli-Harms et al., 2018). This self-repair 
confidence could be leveraged by the 
smartphone´s technical design as well as the 
provided repair instructions. Moreover, the 
higher confidence could be influenced by the 
perceived higher self-repairability for modular 
devices. This analysis reveals that higher 
perceived self-repairability can strengthen the 
likelihood to choose to self-repair modular 
products. Thus, the tendency for users to repair 
their smartphone themselves rather than have 
it repaired by a professional service is 
increased for users with a modular smartphone 
compared to those with a semi-modular 
smartphone if the perceived repairability is high. 
This indicates that the technical design of 
SMPD itself exerts an additional influence on 
self-repairs.  
 
With regard to future research, this study could 
inform research on ‘product-person-
relationships’ (Mugge et al., 2005; Page, 2014). 
By building an emotional bond to the product, 
users are expected to take better care for their 
products, which may postpone product 
replacement and thus prolong product lifetime 
(Schifferstein & Zwartkruis-Pelgrim, 2008). 
Self-repair may strengthen this relationship 

because the user actively engages with the 
physical design of the product. Nonetheless, 
our findings show that more complex modules, 
such as the mainboard, are more often sent to 
the OEM´s repair service. A repair service does 
therefore not become obsolete as some users 
do not have the skills, willingness, or time for 
self-repair, while certain modules are less 
suitable for self-repairs.  
 

SMPD enhancing user experience with 
repair instructions 
 
Furthermore, this study found that SMPD 
increases the user´s positive experience with 
repair instructions, while strong CE attitudes 
reduce this positive effect. Stronger CE 
attitudes increase the positive experience with 
repair instructions for semi-modular models but 
slightly decrease the positive experience for 
modular models (see Figure 5).  
 

 
Figure 5. Interaction Effect for Hypothesis 2a. 
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This confirms the importance of OEM-offered 
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complementary product and process innovation 
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vertically-integrated OEMs can successfully 
promote circularity and sustainability (Hansen & 
Revellio, 2020). In addition, an appropriate 
repair service can absorb some degree of 
technological incompatibility. Thus, it is critical 
to synchronize the intentions of both product 
and service designs to unfold as much 
sustainability potential as possible.  
 
Positive experience with repair instructions for 
modular products can further be increased by 
other triggers, such as time, appearance, social 
norms, or previous care experiences 
(Ackermann et al., 2018). While these factors 
are inexplicitly considered with the CE attitudes, 
this study found they negatively moderate the 
positive effect of SMPD on the experience with 
repair instructions. While this finding contradicts 
previous findings (e.g., Ackermann et al., 2018; 
Cerulli-Harms et al., 2018; Nazlı, 2021), they 
focus on environmental and implicit CE 
attitudes, and can be considered specific. 
Research by Cerulli-Harms et al. (2018), which 
has informed this study´s CE attitude scale, 
found that although many users are prone to a 
CE, they actually use repair options relatively 
rarely. As their research did not explicitly 
investigate the impact of CE attitudes on repair 
behavior, this study extends knowledge as it 
additionally investigated the impact of a change 
in technical design on repair behavior. Since 
SmartMod users have especially strong repair 
attitudes compared to average EU citizens 
(Cerulli-Harms et al., 2018), their expectations 
about repair instructions might be rather high 
and consequently not met (Michalco et al., 
2015). This may result in a decreased positive 
experience with repair instructions. Hence, 
OEMs must ensure that higher expectations of 
users with strong CE attitudes are met to 
ensure satisfaction and successful future 
repairs. This mirrors the importance to 
coordinate product and service design and 
align experiences with both. 
 

Conclusions 
This study investigated the interaction of 
technological innovation and complementary 
circular service innovation from a user 
perspective. The empirical findings reveal that 
MPD increases perceived self-repairability of 
the device, which supports self-repair 
compared to using a repair service. The 
findings also confirm that MPD promotes 
positive experience with repair instructions. 
Since CE attitudes were strong in the sample, 
they did not further increase positive 

experience with repair instructions. These 
findings have theoretical and managerial 
implications. A first theoretical implication for 
research and management is the high 
relevance of complementing product and 
process innovation. Second, the combination of 
MPD and high perceived self-repairability 
enhances self-repairs. From this finding follows 
that product, services, and communication 
strategies must be designed and aligned 
accordingly, and perceived repairability should 
be actively managed to promote repair activity. 
Further, well-designed repair instructions and 
accessible repair services can help extending 
product lifetime as they incentivize users to 
repair instead of replace a broken product. 
Fourth, not only repair but also product 
replacement needs to be actively managed to 
leverage circularity and sustainability 
potentials, since repair, while prolonging use 
time, does not prevent but rather delays product 
replacement (Van Nes & Cramer, 2005). Thus, 
OEMs should consider further circular activities, 
such as take-back systems.  
 
This study does not come without limitations. 
Survey respondents might have above average 
positive sustainability attitudes due to the 
OEM´s strong sustainability orientation. Also, 
the technical differentiation between the two 
groups (i.e., semi-modular versus modular 
smartphones) might be too small to draw 
implications, and actual product use time could 
not be analyzed. Future research could take 
these limitations into consideration and also 
investigate the effect of additional process 
implementation accompanying modular 
products, e.g., environmental labelling (Bakker 
et al., 2014). 
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Arcipowska a), A., Espinosa(a), N., Klos(b), C., Polverini (b), D. 
a) European Commission, Joint Research Centre, Seville, Spain 
b) European Commission, DG Internal Market, Industry, Entrepreneurship and SMEs, Brussels, Belgium 
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Abstract: The ‘European Green Deal’ attributes a pivotal role to the decarbonisation of the EU energy 
system in order to reach climate objectives in 2030 and 2050. Photovoltaic energy (PV), among the 
plethora of renewable energies, can greatly contribute to EU energy system transition. 
A recent study carried out by the Joint Research Centre shows that, inter alia, the yield, quality and 
long-term performance of PV modules present an improvement potential, which could be tackled by 
means of regulatory instruments, such as the Ecodesign Directive and the Energy Labelling Regulation. 
In standardisation terms, the durability of a product, intended as an estimator of its technical lifetime, 
can be defined as the ‘ability to function as required, until a limiting state is reached’. The PV modules 
have a typical annual degradation rate of 0.8%-1%, which leads to 80% of the initial nameplate rating 
at 20-25 years. 

To ensure that PV products manufactured on a large scale are ‘fit for purpose’, factory quality controls 
appear to be an effective strategy: the stringent control of materials supplied and manufacturing 
processes lead to defect reduction and narrower efficiency tolerances. 
 
The aim of this paper is, therefore: 
 

a) to present the results of a techno-economic-environmental assessment, showing how to design 
solutions for PV products featuring 

a. an improved durability and quality, or 
b. an optimised energy yield over lifetime  

that are superior in terms of environmental impacts, without entailing excessive costs; 
 

b) to devise potential Ecodesign or Energy Labelling requirements to ‘translate’ into policy the 
identified hotspots. 

 
 
Background 
The ‘European Green Deal’ sets the framework 
for a clean, resource-efficient, and innovative 
growth of Europe’s economy by 2050.  Its 
implementation is supported with a total budget 
of €1.8 trillion [2], of which 30% is explicitly 
dedicated to fighting climate change.  
 
In December 2020, Member States endorsed a 
new binding EU target for a net domestic 
reduction in greenhouse gas emissions of at 
least 55% by 2030, compared to the 1990 

levels [3]. The long-term objective for Europe is 
to achieve climate- neutrality by 2050.  
 
Decarbonisation of Europe’s energy system is 
pivotal to reaching climate objectives.  
Renewable energies will certainly play a central 
role in this transition. Back in 2018, the 
Renewable Energy Directive [4] established a 
binding renewable energy target for the EU for 
2030 of at least 32%. Within this framework, 
solar photovoltaics (PV) is expected to be 
among the critical contributors. 
 
Photovoltaics is considered a clean and 
sustainable source of energy. Compared to 
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fossil-fuel-based technologies, solar PV has a 
low global warming potential (GWP). For the 
most widespread technologies – that are based 
on crystalline silicon – the mean GWP is 
53 gCO2eq per kWh (see table 1). 
 
Table 1. Summary of GWP estimates for selected 
energy generation technologies. [10] 

 GWP 
[gCO2eq/kWh] 

Coal 1000 
Natural gas 400-500 
Wind <20 
Solar PV: Crystalline silicon 53 
Solar PV: Thin film 21 

 
While the operation phase exhibits hardly any 
environmental impacts, the material extraction, 
manufacturing and end-of-life cannot be 
ignored. They consist of energy-intensive 
manufacturing processes and material 
extraction, the use of hazardous materials, 
water and land pollution, and others. As the 
latest JRC study shows [1], the negative 
environmental impacts can be substantially 
reduced with optimized design, use of novel 
materials, recycling, and others.  
 
Regulatory measures in the field of sustainable 
product policy could be instrumental in ensuring 
the environmental sustainability of PVs 
products. Two initiatives on the environmental 
impact of PV products for a regulatory 
framework under Ecodesign and Energy 
Labelling Directives have been officially 
announced, and the Commission is currently 
working on defining how the policy measures 
could look like and what would be their 
estimated impacts. 
 
While there is a complete list of proposed 
measures, the current work focuses only on 
potential new measures related to optimized 
lifetime, quality, and energy yield of 
photovoltaic modules under the Ecodesign 
Directive. The full list of measures for PV 
modules, inverters, and systems can be 
checked on the project website. 
 
Europe’s PV market: status quo 
In 2020, the annual installed solar PV capacity 
in EU-27 reached 18.2 GW, which marks an 
11% increase compared to the previous year. 
Despite the COVID-19 pandemic crisis, last 
year was the second-best ever (after 2011) in 
the EU solar history [5]. 

 
Members States declared in their Nation 
Energy and Climate Plans (NECP) expected 
solar PV growth at 19.8 GW/year in 2024. 
These marks a “low scenario” in Solar Power 
Europe projections (see figure 1). The experts 
agree that with current market trends, the 
NECP commitments may be exceeded and 
reach at least 35 GW/year in 2024 (at medium 
scenario). 
 

 
Figure 1. EU27 Annual PV capacity 2015-2020 [5] 
Note: The Low Scenario forecast is based on the assumption that policymakers 
halt solar support and other issues arise, including interest rate hikes and 
severe financial crisis situations. The Medium scenario anticipates the most 
likely development given the current state of play of the market. The High 
Scenario forecasts the best optimal case in which policy support, financial 
conditions, and other factors are enhanced. 

 

 
Figure 2. EU27 Cumulative PV capacity, 2020 [5] 
 
Europe has led the world’s PV development for 
almost a decade and until 2012 represented 
more than 70% of the global cumulative PV 
market. In 2018, the cumulative capacity 
decreased to 27.7% (with only 9% of an annual 
share of the global PV market) [6]. Germany 
remains the largest market in Europe, with over 
40% of the total EU27 installed capacity (See: 
figure 2). The other fastest-growing solar 
markets include Netherlands, Spain, Poland, 
and France [5]. 
 
Starting from 2007, the EU trade balance in the 
solar PV sector is negative [7]. While the 
majority of the PV inverters on the EU market 
are produced locally, the majority volume of PV 
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modules is imported [1]. In 2018, 73% of all PV 
modules produced globally came from China 
(see also Figure 3). 
 

 
Figure 3. Global PV module production, 2018 [6] 
 
Concerning already existing legislation at the 
EU level, there are a number of legal provisions 
applying to photovoltaic products, notably those 
stemming from, inter alia, the Waste Electrical 
Equipment (WEEE) Directive, the Low voltage 
electrical equipment in accordance with 
Directive 2014/35/EU and the Directive 
2011/65/EU on the restriction of the use of 
certain hazardous substances in electrical and 
electronic equipment [1]. 
 
The Ecodesign Directive 2009/125/EC requires 
all manufacturers placing products on the EU 
market to meet minimum energy efficiency 
requirements, as well as other mandatory 
environmental requirements. 
 
As the European Commission is investigating 
the scope of requirements on the environmental 
impacts of PV products placed on the EU 
market, the following key challenges have been 
identified:  
 
1) Not all products on the European market 

feature high quality and long-term 
energy performance. There is a lack of 
comparability and interoperability in the 
market 

a. There are no incentives for 
manufacturers to provide 
comparability and standardised 
information about their products. 

b. Lack of appropriated and 
standardised methods for 
quantifying the energy yield 
or long-term degradation. 

 

2) PV modules and inverters are designed 
in a way that is often difficult to repair 
and recycle. Lack of circular economy 
information and practices for these 
products. 

a. Insufficient economic incentives for 
companies to manufacture more 
circular and more sustainable 
products. 

b. insufficiently developed regulatory 
framework to promote repairability, 
recyclability and sustainability is 
still not developed for these 
products  

Proposed regulatory approach 
In 2017-2019, Joint Research Centre carried 
out a comprehensive analysis [1] that resulted 
in the policy recommendation towards new 
regulatory instruments, such as the Ecodesign 
Directive and the Energy Labelling Regulation. 
The Commission is currently working on the 
policy measures and their impact assessment. 
The draft proposal [9] considers a wide range of 
aspects of product policies ranging from 
improved quality to circularity and carbon 
footprint (see table 2). 

Table 2. Proposed scope for the new regulatory 
measures for the PV products. 

 Modul
e 

Inverte
r 

Syste
m 

Ecodesign requirements 
Efficiency ü  ü   
Durability ü  ü   
Long-term degradation ü    
Reparability ü    
Recyclability ü    
Smart readiness  ü   
Carbon footprint ü  ü   
Energy Labelling requirements 
Energy index ü   ü  

In the following sections, the authors focus on 
the measures proposed to improve efficiency, 
durability and long-term degradation of 
photovoltaic modules entering the EU market 
under the Ecodesign framework. 

Requirement on electricity yield 
 
The energy yield (expressed in kWh/kWp) 
indicates the electrical power output delivered 
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by a PV module under specific irradiance and 
temperature conditions. Increased electricity 
generation is a determinant in reducing the life 
cycle primary energy per kWh generated [1]. 
 
The proposed measure considers a declaration 
(information requirement) or threshold 
(quantitative requirement) for the energy yield 
calculated according to EN IEC 61853 and with  
reference to the three reference climatic zones 
(i.e., subtropical arid, temperate coastal, and 
temperature continental).  
 
The PV module performance characteristics 
are not yet widely and homogeneously declared 
by manufacturers. It does provide helpful 
information, from the consumer/installer point of 
view, on a spectral response and the potential 
loss of performance at high temperatures or 
under low light conditions.  
 
The requirement on energy yield could be 
reinforced through the energy labelling 
regulation. In the proposed energy label for PV 
modules, the Efficiency Index is to be 
calculated as a ratio of energy yield and PV 
module area. Figure 4 presented the suggested 
values for different energy classes [9]. 
 

 
Figure 4. Draft proposed values of the energy 
efficiency index for the energy label of PV 
modules [9] 
 
Requirement on durability 
The rationale for the durability requirement is to 
ensure that PV modules are capable of 
withstanding prolonged exposure to open-air 
climates. Given that PV modules have a 
designed technical lifetime of around 30 years 
and are installed outside, they have to endure 
environmental stressors (e.g., damp heat, hail) 
that could lead to product failure or decreased 
performance. 
 
This Ecodesign requirement would therefore 
introduce a set of tests for PV modules 
according to the EN IEC 61215 series of 
standards that confirm their durability, intended 

as the ability of the PV module to withstand 
prolonged exposure in open-air climates. 
Although these tests can be relatively 
expensive and time-consuming, major 
manufacturers already consider them a market-
entry requirement. In addition, all the feed-in 
tariff schemes that were investigated in the JRC 
study [1] requests compliance to the EN 
IEC 61215 series of standards for residential 
contracts. 
 
As it would not be feasible to subject every 
individual module to all tests, they would apply 
per product model. Because of this, and 
because of the complex nature of the PV 
production process, managing the production 
process‘s quality is paramount to ensure the 
durability of all individual modules placed on 
the market. It is the manufacturer’s 
responsibility to ensure and declare that all the 
individual units of relevant models placed on 
the market comply with the requirements. 
Therefore the proposal would also require 
manufactures to complete a conformity 
assessment procedure based on IEC TS 62914 
and entail creating and maintaining a third-party 
verified quality assurance system. It should be 
noted that this kind of conformity assessment 
procedure was never enacted so far within 
Ecodesign implementing measures. Therefore, 
detailed legal checks are ongoing to confirm the 
feasibility of the proposal. 
 
Table 3 List of durability tests with a reference to 
EN IEC 61215 series of standards [9] 

Test Name Reference to other 
standards * 

Visual inspection - 
Maximum power 
determination 

EN 60904; EN 
60891 

Insulation test - 
Measurement of 
temperature coefficients 

EN 60891 

Measurement of nominal 
module operating 
temperature (NMOT) 

EN 61853-2 

Performance at STC and 
NMOT 

EN 60904; EN 
60891 

Performance at low 
irradiance 

EN 60904; EN 
60891 

Outdoor exposure test EN 61853-2 
Hot-spot endurance test - 
UV preconditioning test - 
Thermal cycling test - 
Humidity-freeze test - 
Damp heat test EN 60068-2-78 
Robustness of terminations EN 60068-2-21; EN 

62790 
Wet leakage current test - 
Static mechanical load test - 
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Hail test - 
Bypass diode testing - 
Stabilisation - 

 
Requirement on long-term performance 
degradation 
Long-term performance degradation of 
modules can have a significant impact on 
lifetime electricity generation. For example, the 
PV modules have a typical annual degradation 
rate of 0.8%-1%, which leads to 80% of the 
initial nameplate rating at 20-25 years. 
 
The claims made by manufacturers for their 
products’ degradation rate or the power 
guarantee currently do not have a standardised 
basis, and they are not usually backed up by an 
explanation of the method by which they have 
been derived [1]. 
 
The proposed Ecodesign requirement on long-
term performance degradation requires 
manufacturers to declare the average linear 
degradation rate expected over a notional 
service lifetime of 30 years. The data should 
cover at least five consecutive years and all the 
climate profiles that are considered in the 
calculation of the annual energy yield of PV 
modules. Besides, the data shall be collected 
from at least two separate geographic locations 
in each climatic zone. It should contain open 
rack ground-mounted, roof-mounted, and 
building added (at least three of the four options 
must be included).  
 
In lack of this field-gathered information, the 
manufacturer will need to declare default 
degradation values for the energy labelling 
calculations, which will represent conservative 
values regarding degradation. 
 
Expected impacts 
The regulatory framework takes into 
consideration specific impacts on: 1) the 
manufacturers placing their products on the EU 
market, 2) consumers, including individual 
consumers, retails and installers, and 3) on the 
environment. 
 
A lack of a regulatory framework to improve the 
quality, durability, and lifetime of PV products 
already has a number of consequences (table 
4).  
 

Table 4. Consequences resulting from the lack of 
regulatory measures for PV products (examples) 

 Identified consequences  
Market - Manufacturers do not ensure 

comparability between claims relating 
products performance nor have 
incentives to improve the products 
degradation. 
- Risks of financial loss due to a low 
quality and excessive degradation of 
installations    

Consumers, 
incl. retail, 
installers 

- Lack of understanding to the 
module/installation yield  and  
performance characteristics; 
Lack of trust in system’s and 
product’s performance information   

Environment  
 

- Energy loss due to mismatch 
between the generated energy and 
loads (grid, building)    
- Non-realised reduction of negative 
environmental impacts of energy 
consumption  

 
Positive impacts 
The increased efficiency of the PV products is 
already observed on the global market. 
Between 2000-2014 the average efficiency of 
PV modules rose from ca. 11% to 16% for the 
most popular silicon-based modules and even 
more rapidly for younger technologies (i.e., 
CdTe, CuGS) [10].  
 
The proposed regulatory framework is 
expected to drive the overall product efficiency 
up. It is estimated that “factory quality 
improvements” will increase the quality and 
rating of the modules by between 1-7% [1]. 
 
Direct consequences of product performance 
improvements are an increase in electrical 
output per unit surface and consequently 
decreased life cycle impacts per kWh 
generated.  
 
The transparent information on the PV 
modules’ energy yield and performance 
characteristics is expected to help consumers 
choose among more efficient design offers in 
the market and have further information from 
system providers regarding the expected 
electricity generation.  
 
Negative impacts 
As for the negative impacts on the 
manufacturers, there would be compliance 
costs related to the new requirements, 
especially regarding durability tests. The 
indicative cost for the full test sequence, as 
foreseen in IEC 61215, is in the order of (at 
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least) 30000-35000Euro. These tests, however, 
are already considered as a market-entry 
requirement. These effects will be further 
investigated in the scope project.   
 
Conclusions 
Following the most conservative projections, 
the cumulative capacity of solar PV in EU27 will 
reach 336 GW by 2030. In experts’ view, the 
realistic number is 588 GW [5]. 
 
With an average lifetime of 25-30 years of PV 
systems, all new installations today will still be 
in operation in 2050, the year where the 
European Union aims to reach its carbon 
neutrality. 
 
Solar PV is and will continue to be the most 
rapidly expanding electricity source in the 
world. This growth is accompanied by rapid 
changes in manufacturing, performance, and 
application.  
 
The new regulatory framework under 
preparation– notably proposed measures under 
Ecodesign and Energy Labelling - will foster PV 
product design towards better quality, 
performance, circularity, and smart readiness. 
Information requirements and factory tests will 
act as uniform criteria for products entering the 
EU market, and prevent the entrance of 
products of low quality and performance. 
Finally, transparency and better comparability 
will enable consumers, installers, and retailers 
to make informed purchase decisions to foster 
sustainable consumption.  
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Abstract: Human activities are placing increasing pressure on our global resources and climate, with 
the circular economy considered as a promising approach to reducing the global pressure on 
diminishing resources. Service-oriented products have become firmly established as a crucial aspect 
of business today. With consumers recognising the benefits provided through apps and websites, 
combining convenience with the potential to improve individual’s behaviour in respect to sustainability.  
Subsequently, the “sharing economy” is a term that describes a wide range of activities and 
organisations that foster the sharing of tangible assets for monetary or non-monetary benefits, typically 
through a peer-to-peer marketplace. Collaborative consumption is best conceived as a "resource 
circulation system" and a challenge for businesses and practitioners. 
This paper discusses the findings of a questionnaire conducted in Britain and China, which sought to 
understand consumer’s perceptions and behaviours around the use of collaborative consumption 
platforms, comparing the situation before and during the COVID-19 pandemic. The study found that 
individuals, who use collaborative consumption platforms, predominately use the service for its 
economic benefits rather than environmental concerns. Consumer’s perception of sustainability may 
change post COVID-19, due to differing lifestyles with people being connected at a distance. Therefore, 
there is a need to explore new knowledge in order to find fresh revenue streams, new collaborative 
models, new partnerships, and new services.  This paper aims to describe the gap between people’s 
value and their action, hoping to identify and correlate differences in consumption behaviour between 
two countries to inform future consumption and communicate potential sustainability benefits. 
 
 
Introduction  
In recent decades, excessive consumption and 
increasing demand for limited natural resources 
have put greater pressure on the environment 
and generated increasing waste (Tukker et al., 
2008). Multiple agencies report that due to 
human activities, the pressure on our global 
resources and climate is increasing (Zengwei 
Yuan, Jun Bi and S, 2008). As a result, the fair 
and correct distribution of finite resources 
becomes a crucial issue. The idea of circular 
economy is not new, and many researchers are 
working in this area. The circular economy 
seeks to bring a new paradigm to the 
productivity of resources by creating an 
innovative model to transition from a linear 
economy. Circular systems employ reuse, 
sharing, repair, refurbishment, remanufacturing 
and recycling to create closed-loop systems, 
minimising the use of resource inputs and the 
creation of waste, pollution and carbon 
emissions (Geissdoerfer et al., 2017). The 
circular economy is increasingly seen as a 

potential solution to sustainable development. 
People want to establish an economic system 
to minimise the input of resources, waste, 
emissions and energy leakage in the system to 
reduce negative impacts without jeopardising 
growth and prosperity (Geissdoerfer et al., 
2018).  
 
However, the scale of the challenge continues 
to increase (driven by rapid market growth in 
developing countries and global population 
growth), it is clear that companies need to go 
beyond existing incremental approaches and 
make major changes in a fundamental way. 
Product Service System (PSS) have been 
regarded as one of the most effective tools for 
transitioning society towards a collaborative 
and resource-efficient future. The sharing 
economy is a crucial aspect of this and 
proposes concepts that use service-oriented 
platforms to practice collaborative 
consumption. However, since the outset of the 
COVID-19 pandemic, it may have been 
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challenging for companies to encourage and 
generate such innovations in practice. By 
creating value from shared resources, PSS 
encourages collaborative consumption, shifting 
the focus from individual private ownership of 
material goods to access and a more efficient 
usage of pooled assets. This creates 
opportunities for development of new (and 
conceivably profitable business) propositions 
with potentially lower environmental impact that 
provide more meaningful experiences to users. 
For example, ride sharing offers the opportunity 
to reduce car-running costs negative 
environmental consequences, but it also 
facilitates meeting new people through shared 
travelling. Finally, due to its reliance on social 
networks and interactions, collaborative 
consumption may promote social innovation 
and contribute to building stronger and more 
connected communities (Piscicelli, Cooper and 
Fisher, 2015). 
 
In recent years, people's attitudes towards 
consumption have changed, and people are 
increasingly becoming concerned about the 
ecological, social and developmental impacts. 
A growing concern about sustainability has 
fostered ‘collaborative consumption’ and 
‘sharing economy’ as an alternative 
marketplace (Albinsson and Perera, 2012). 
Botsman and Rogers (2010) believes that the 
21st century will be characterised by 
collaborative consumption. It is a new business 
model, supported by network technology, and 
based on the ancient methods of trading by 
bartering and swapping.  
 
Collaborative consumption is still an emerging 
and niche market. However, after COVID-19, 
people have experienced need of change in 
traditional ways of shopping which do not meet 
their needs. Therefore, online collaborative 
consumption platforms have potential in 
addressing this gap and may suit individual 
needs. This study discusses the result of a 
questionnaire that challenged the 
understanding of collaborative consumption, 
focusing on how they consumers perceive its 
benefit and its relationship with sustainability. It 
also discusses how people’s attitudes and 
behaviour around collaborative consumption 
has changed between pre and post COVID 
periods. 
 
Methods 

An online questionnaire was developed to 
collect insights and data on the purchasing 
behaviour and understanding of collaborative 
consumption amongst respondents in the 
Britain and China. A total of n = 630 responses 
were received 214 from Britain and 416 from 
China. Demographic questions collected sex, 
age, and annual income level (Table 1).  
 

  China (%) Britain (%) 

Gender 

Male 164(39.42%) 117(54.67%) 

Female 244(58.65%) 97(45.33%) 

Prefer not to say 8(1.92%) 0(0.00%) 

Age 

18-24 75(18.03%) 48(22.43%) 

25-34 209(50.24%) 66(30.84%) 

35-49 105(25.24%) 87(40.65%) 

50-64 24(5.77%) 11(5.14%) 

65-74 3(0.72%) 2(0.93%) 

Table 1. Basic information of questionnaire 

The definition of purchasing behaviour broadly 
covered the shopping, shopping frequency, current 
use of collaborative consumption platforms and 
respondents understanding of collaborative 
consumption and the prospective to the future. 
 
Results 
The following results are collected from the 
questionnaire both in China and Britain, some 
results were expected, and others were less 
predictable. 
 

 
Figure 1. Purchasing habits of Chinese and 
British consumers prior to COVID-19 

In question 4, respondents were asked about 
their Shopping habits. As shown in Figure 1, in 
the comparison of consumption habits before 
the COVID-19, Chinese consumers chose "I 
predominately shop online" most, accounting 
for 51.68%, compared to 26.64% in Britain, 
though it is worth noting that Chinese 
respondents were relatively younger. 
 

  Nation Total 
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China Britain 

Which of 

the 

following 

have you 

used 

before 

(click all 

that 

applies)? 

Bike sharing 218 51 269 

Ride sharing 217 91 308 

Hospitality 

sharing 
143 30 173 

Car Boot sale 86 40 126 

Co-working 85 43 128 

Swap meets 40 13 53 

Flea markets 

(second-hand 

market) 

93 85 178 

None of above 12 57 69 

Total 416 212 628 

Table 2. which of the following have you used 
before? 

Table 2 shows the use of collaborative 
consumption opportunities, respondents were 
permitted to select multiple options, so the 
percentages equate to higher than 100% 
overall. Chinese consumers are most familiar 
with using "Bike sharing" and "Ride sharing". 
Whilst British consumers are most familiar with 
second hand ‘flea’ markets. Over 50% of 
Chinese respondents have used bike sharing. 
The ride sharing prevalence was almost as high 
in popularity followed by hospitality sharing, 
whilst the remaining categories were below 
25%. It is worth noting that only 3% Chinese 
participants have never used the given 
collaborative consumption platforms, compared 
to over 25% in Britain. This could be partly 
explained by a higher proportion of Chinese 
respondents in the younger age group of 25-34 
amongst Chinese respondents in (50.24%) 
compared to British (30.84%) and the high 
penetration of bike-sharing industry in China. In 
May 2018, the active users reached to nearly 
60 million (Liu et al., 2020). In China, bike 
sharing is a very common method of travel (Xie, 
2019), with electric bike use,  in China is 
gradually increasing. In Britain, ride sharing is 
the most popular form, followed by flea 
markets.  
 

 
Figure 2. The benefits of collaborative 
consumption 

As shown in Figure 2, the ranking options of the 
perception of the benefits of collaborative 
consumption typically follow in the perceived 
importance: Economical benefit, Community 
benefit, Sustainability benefit, and convenience 
benefit. It was interesting that these were so 
similar across both nationalities. Although it 
should be noted that the rankings of British 
consumers' Economical benefit and 
Community benefit were relatively close.  
 

 
Figure 3. Frequency of use of collaborative 
consumption platforms before COVID-19 

Interestingly, people were confident about their 
use frequency of collaborative consumption 
platforms (Figure 3). More than 50% Chinese 
consumers use collaborative consumption 
platforms once a week and the majority of 
British consumers said less than once a week. 
These figure shows an analogous tendency 
with the online shopping frequency which may 
due to most collaborative consumption using 
online applications and platforms therefore 
more accessible in China and collaborative 
consumption usage being higher than UK. 
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Figure 4. Reasons for using collaborative 
consumption platforms 

When responding to their personal drivers for 
using collaborative consumption platforms 
(Figure 4), “save money” and “protect 
environment” came first and second for British, 
and second and third for Chinese. Significantly, 
“reduce idle items” came the first in China, this 
may be due to the city lifestyle, possibly living 
in limited space., This may also have a link to 
explains the desire for meeting other friends, 
35% Chinese respondents want to meet more 
friends whilst only 15% in Britain. Over a half of 
British respondents expected to promote 
sustainability compared to 23% in China, 
accounting for the majority answers. 
 
Figure 5, shows that in relation to the disruptive 
perception of collaborative consumption 
platforms in the future; both Chinese and British 
consumers are most likely to choose "Slightly 
disruptive"  
 

 
Figure 5. The disruption of collaborative 
consumption platforms 

Over a half of participants in both countries 
think collaborative consumption platforms are 
disruptive, these platforms offering innovative 
options for their way of purchasing, sharing and 
living.  
 
 

 
Discussion 
In recent years, there has been an increasing 
interest in collaborative consumption platforms. 
Chinese consumers are more likely to engage 
in online collaborative consumption whilst 
British consumers are more likely to engage in 
physical collaborative consumption activities. A 
difference between these two countries is the 
population which could highly influence the 
result obtained. Also, the majority Chinese 
people live in apartment blocks and cities with 
higher density of population; therefore, city 
occupants have easier access to participate in 
collaborative consumption and receive 
products or services easily. But in Britain, wider 
access to such platform can be limited due to 
wider spread of population across the region. 
Collaborative consumption is more 
economically viable in China; with a higher 
likelihood of profitability and success due to 
above mentioned reasons. British consumers 
perceived “collaborative consumption” 
vocabulary as “disruptive”, whilst the practice of 
collaborative consumption was already evident 
in traditional practices such as flea-markets. 
Consumers in both countries have interest 
towards sustainability, but the consumption 
infrastructure is built in different ways due to the 
population base. Online shopping is rapidly 
increasing in China, this is probably affected by 
the smartphone use (Ma, Grafton and Renwick, 
2020), However, sustainability has always been 
the central concern for Britain people. The 
sample of respondents in the survey may 
explain some differences for example female 
respondents made up 58.65% of the Chinese 
respondents but 45.33% of the British 
respondents. Whilst Chinese respondents were 
also typically younger by comparison 18 to 34 
was 68.27% compared to 53.27% from Britain, 
for example, younger Chinese females are 
more likely shop online, but elderly people 
prefer shop in stores traditionally.  
 
Chinese people want to use collaborative 
consumption platforms for number of reasons, 
but the option of “reduce idle items” was most 
important to them, it was suspected that this 
was due to a lack of space but the average 
living space per capita is very similar in urban 
regions in China at 36.9m² (statista, 2020) 
compared to Britain at 36.5 m² (Anthony 
Breach, 2019). Why Chinese respondents 
prioritise space and may want to get rid of 
unused products to save space is unknown. 

33



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Author(s), Bai J, Shin H.D, Watkins M 
Title: Design for service-oriented approach: a case of collaborative 
consumption 

 

- 5 - 
 

The difference in response between “protect 
environment” and “promote sustainability” is 
interesting and might indicate a difference 
between reducing the use of finite resources 
and promoting an increased awareness and 
channels for developing sustainability. Chinese 
respondents’ top choices relate to values that 
are not sustainable focused, whilst in Britain, 
respondents had strong values towards 
sustainability, but the lack of accessibility and 
convenience may limit them having a stronger 
impact.  
 
It is important to understand people's true 
perception of collaborative consumption and 
their current use of or reasons for increasing 
their use in future. With a significant difference 
between those China and Britain, and their 
perceptions of collaborative consumption, with 
Chinese consumers being more familiar with 
online platforms. Collaborative consumption 
platforms can help foster behaviour change by 
providing methods and tools to adopt pro-
environmental and pro-social action through the 
application (Piscicelli et al., 2016). There is a 
clear need for reorienting consumption patterns 
and, more fundamentally, the dominant 
economic system based on unlimited growth in 
our materially finite world (Marchand and 
Walker, 2008). In this way, consumers can 
become more involved in the sharing economy, 
reducing waste and negative environmental 
impacts. There is a need to find a more 
culturally compatible form of collaborative 
consumption considering the factors discussed 
in this paper. Whilst China has successful 
platforms, the respondents lack an awareness 
and values aligned with sustainability and many 
of these platforms further reinforce 
unsustainable patterns of behaviour i.e. the 
bike sharing waste piles in China (Haas, 2017). 
However, whilst sharing economic activity has 
brought great convenience to people, it has 
also led to undesirable and unsustainable 
behaviours (that violate regulations and debase 
social norms). For example, abandoning 
shared bicycles in undefined or restricted 
areas, rivers or lakes, vandalism or fitting 
personal locks to prevent bicycles from being 
used by others (Yin, Qian and Singhapakdi, 
2018). i.e. excessive use of collaborative 
consumption causes additional social problem. 
This suggests that online collaborative 
consumption platforms are not a universal 
answer and can result in unsustainable 
behaviours if not managed correctly. 

Suggesting that there is a need for society and 
companies involved to cultivate and elicit 
sustainable social behaviours as they pursue 
economic benefits (Chi et al., 2020). Such 
challenges and the findings of this study 
suggest that we need to better understand the 
participants, especially their motivations for 
participation; but more over how service 
provider and policy makers can work together 
to achieve healthier circular economy. Although 
the economy can develop further, sharing 
should not be compromised (Liu et al., 2020). 
 
Conclusions 
The most interesting observation to emerge 
from the data comparison was how the 
responses differed between the cultures of the 
two countries. China has a well-established 
online collaborative consumption infrastructure 
with a huge potential market and several well-
known sharing brands. However, for the 
Chinese respondents it seems that economic 
benefits are prioritised over sustainability 
reasons. Chinese respondents paid more 
attention to reducing idle items and saving 
money, it appears that they want to participant 
in collaborative consumption but lack 
sustainable awareness. As a consequence, 
there is an undeniable gap between people’s 
values and action. Second-hand markets are 
popular in Britain and online shopping is not as 
popular in comparison with China. British 
consumers care about sustainability and are 
confident in living a sustainable lifestyle. 
However, the evidence from this study 
suggests that British consumers have a lower 
engagement with collaborative consumption 
due to a lower frequency of online platforms, 
preferring traditional shopping in physical 
stores and second-hand markets. An 
implication of this is the possibility that the 
cultural background of consumers largely 
affects the promotion and use of collaborative 
consumption platforms. Therefore, there is an 
urgent need to explore new trends, 
technologies and innovations to keep both 
customers and collaborative consumption 
businesses growing, especially during the 
COVID stay at home restrictions to enable 
consumer behaviour to be managed in a 
sustainable and convenient manner by 
exploring new ways of shopping online and 
trends, technologies for delivering goods and 
services. 
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Limitations of the Study  
This study was based upon 630 questionnaires 
and future work could expand this sample to 
permit statistically valid comparisons. In relation 
to this sample there were two key disparities to 
be addressed in future. First the Chinese 
sample is younger than the British sample, 
which could explain some of the findings 
regarding online shopping. Second, the 
representative age groups were not equally 
distributed. Third, the male and female 
demographics differ, with a greater number of 
females in China and males in the Britain, which 
has not permitted for analysis of responses by 
sex.  
 
Investigating the reason why Chinese people 
want to save space and get rid of idle items, 
what rooted for the response between “protect 
environment” and “promote sustainability”, they 
all need to be explored in our further work. 
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Abstract: Pop-Machina H2020 project aims to explore the potentials for local circular economies 
through collaborative production in seven pilot cities. This endeavour requires initiating a sustainable 
maker symbiosis, through activating links among various maker ecosystem actors. This paper provides 
a snapshot of the initial steps of this, i.e. the deployment of a series of online participatory design tools 
engaging citizens and other maker ecosystem actors to collaboratively design pilot activities through 
the case of Istanbul, the largest pilot city of the project. Local Future Stories was developed for İstanbul 
citizens to envision the future everyday life in a circular neighbourhood and revealed shared city and 
neighbourhood values in terms of collaborative production and local circular economies. İstanbul 
Microsite was developed to introduce overall project goals, İstanbul priorities and Local Future Stories 
to maker ecosystem actors, and to invite them to share pilot activity ideas as part of the pilot. These 
initial activity ideas were then further developed through online co-design workshops with various maker 
ecosystem actors, identifying potentially interested stakeholders, drawing links among them and among 
activity proposals, and developing the steps for each activity from conception to finalization. This paper 
presents the major outcomes of the tools used and the process while discussing how they can activate 
links among maker ecosystem actors to initiate maker symbiosis. 
 

Introduction  
Increased availability and accessibility of 
makerspaces and the advancements in digital 
fabrication technologies create opportunities for 
initiating local collaborative production at the 
city scale. Makerspaces bring people together 
for knowledge sharing and create an 
environment for peer-to-peer production. While 
these places enable localised production, they 
are connected to other such spaces around the 
world through open knowledge exchange 
(Kostakis et al. 2015). As such, they are 
conceptualized as potential drivers for 
transitioning to local circular economies (CE) 
through the improved capabilities of fabrication 
technologies and engaging citizens and other 
stakeholders in an accessible way (Kohtala, 
2015). However, to initiate this transition, they 
require support from an ecosystem of relevant 
stakeholders and infrastructure - which we 
tentatively call maker symbiosis.  
 
As part of the Pop-Machina H2020 R&I project, 
we are trying to draw the links for a maker 
symbiosis in Istanbul Metropolitan City, a city of 
15+ million residents and 24 active 
makerspaces with varying fabrication and 

industry foci, to facilitate CE practices at the 
local scale. This endeavour involves: 

1. developing a circular makerspace,  
2. creating secondary raw material 

markets/venues, 
3. engaging citizens to collaboratively 

envision Istanbul’s CE future and co-
designing relevant activities 
accordingly with the local maker 
ecosystem actors to foster circular 
production and CE strategies,  

4. creating opportunities for knowledge 
acquisition and upskilling, and  

5. continuously engaging citizens and 
other stakeholders around Istanbul’s 
CE future vision.  

 
We argue that such a holistic approach is 
necessary to ensure the effective adoption of 
local CE practices by various stakeholders with 
varying levels of knowledge, skills and 
resources; and to put further emphasis on the 
importance of grasping and reflecting the 
multitude of interests, expectations and visions 
to initiate and sustain local maker symbiosis.  
This paper provides a snapshot of the 
processes and outcomes of three participatory 
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design tools (Local Future Stories, City 
Microsites, and Co-Design Pilot Activities, see 
Figure 1). used for engaging citizens and maker 
ecosystem actors in Istanbul. We further 
discuss (1) how these tools are positioned 
within the holistic approach adopted, (2) how 
they build on and contribute back to other goals 
listed above, (3) how they facilitate stakeholder 
engagement and collaborative futuring during 
and beyond the project timeframe, and finally 
(4) the implications of their outcomes for 
initiating local maker symbiosis in İstanbul. We 
also share our insights into running co-design 
activities in a challenging context (i.e. 
pandemic), in a massive city like Istanbul with a 
lot of stakeholders and complex relations.  
 

Methodology 
 
At the time of writing this paper, collaborative 
future envisioning and co-designing local 
circular production activities with local makers 
are finalized. This process includes the 
development and implementation of the online 
participatory tools (Figure 1) to enable remote 
participation of various maker ecosystem 
actors. While there are many challenges in 
facilitating participation through online means 

(Bakırlıoğlu, Ramirez & Coşkun, 2020), using 
online tools presents potentials for widespread 
participation (Näkki & Antikainen, 2008) that 
can go beyond the project’s timeframe if the 
digital infrastructure is set up and maintained.  
 

Local Future Stories (LFS) 
 
LFS was a remote activity in which citizens 
were asked to create stories with a ‘futuring’ 
mindset (Fry, 2009). It was developed and 
deployed to enable İstanbul citizens to envision 
the future everyday life in a circular 
neighbourhood. A ‘circular neighbourhood’ 
depiction involves a circular makerspace 
equipped with the necessary tools and 
equipment that facilitates CE practices (eg. self-
repair, community fabrication, recycling, etc.) 
and the accessibility of citizens to this 
makerspace. This depiction was introduced to 
participants through a video voiced by a local 
maker, with the intention of triggering a 
speculative mindset to imagine visions for a 
truly alternative future of local production and 
consumption.  
 
Following the video, the participants were 
asked to select one of the 8, largely defined 

Figure 1. Depiction of deployed participatory design tools and how they respond to general project goals 
and Istanbul priorities 
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themes (i.e. producing, repairing, training, 
creating value with biological waste, community 
life, sharing, makerspace’s sustainability and 
collection of materials) and create a story based 
on that theme. There were 49 stories submitted 
by İstanbul citizens from 27 different districts, 
with varying foci and directions. The analysis of 
the stories revealed shared city and 
neighbourhood values for Istanbul. All of the 
stories were included in the next stage of the 
process in Turkish, without any editing (eg. 
Figure 2). These single-page stories presented 
the selected theme, the title of the story, the 
district (i.e. setting), stakeholders, actions, the 
future vision, what is required to reach that 
vision, and steps to that vision.  
 

 
Figure 2. An example of how LFS are presented 
in Istanbul Microsites. This is a story on 
'Community Life' 

İstanbul Microsite 
 
The term ‘microsite’ is used for purpose-built 
websites giving more detailed information 
compared to a larger website (eg. in this case, 
the project website) (OUP, n.d.). The purpose 
of the City Microsites was (1) to familiarize the 
maker ecosystem actors with the Pop-Machina 
project, as well as with the project goals, city 
priorities, existing resources and LFS 
developed by the citizens, and (2) to prime them 
into sharing their activity ideas for the city pilots.  
 
The microsite was structured in five steps. The 
maker ecosystem actors were expected to 
watch an introductory video about the Pop-
Machina project and what the pilot activities 
would entail. Then, they are expected to browse 
through the general project goals and Istanbul-
specific priority areas. In the third step, the LFS 
submitted by Istanbul citizens are presented - 
without any edits from the research team - in 
the form of a slideshow. At the fourth step, the 
participants were expected to fill out a form 

about their activity idea with the following 
information:  

- Activity title 
- Brief activity description 
- Related Pop-Machina goals 
- Related Istanbul priorities  
- Related existing resources in Istanbul  
- Contact information 

 

Co-design Pilot Activities 
 
The final stage of this process involved a series 
of online co-design workshops for detailing the 
collected activity ideas. Miro online 
collaboration tool was utilized to create various 
workshop tools and a dynamic environment 
allowing real-time editing. Zoom online 
conferencing tool with breakout rooms 
functionality was utilized to enable sound 
communication in group work. The online co-
design environment pulled the activity ideas 
submitted through the Istanbul Microsite with 
the help of a third-party automation service 
called Zapier, and automatically created ‘cards’ 
(Figure 3) – i.e. expandable notecards that 
normally shows the title of the activity idea, but 
reveals more information (activity idea owner, 
description, relation to Pop-Machina goals, 
Istanbul priorities and existing resources).  
 

 
Figure 3. An automatically generated activity idea 
'card' expanded 

The activity idea owners and other maker 
ecosystem actors were invited to the co-design 
workshops.  To develop an activity idea, a team 
of maker ecosystem actors (1) reviewed and 
revised its activity description, (2) identified 
potential stakeholders and the reasons why 
they would be involved in the activity, and (3) 
developed a step-by-step roadmap of the idea 
from its conception to its finalization. In each 
session, a team of maker ecosystem actors 
repeated this process with two or three activity 
ideas. At the end of each workshop session, the 
teams placed the activity ideas they developed 
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on the Istanbul city pilot timeline and discussed 
how activities can support each other in terms 
of outcomes, collaboration and sustainability. 
See Figure 4 for examples of boards used in the 
workshops.  
 

 
Figure 4. Examples of boards used during the 
online co-design workshops 

 

Results 
This section presents the results of the studies 
by reflecting on the (1) city visions and (2) 
maker symbiosis.  
 

Istanbul Visions for collaborative 
production  
 
In the LFS study, with an open call from the 
Municipality social media channels, citizens 
were asked to share how they envision the 
future everyday life in a circular neighbourhood. 

The most popular topic selected by participants 
during LFS activity was on neighbouring 
communities actively participating in the 
makerspace activities and organization along 
with makerspace participants sharing tools, 
materials and equipment and makerspace 
participants creating new products 
collaboratively. The less selected topics were 
makerspace sustainability, along with repairing, 
training and the use of biological waste. 
However, we noticed a tendency to mix and 
combine topics within the stories, where one 
main topic is selected, and others were also 
mentioned or included. Topics that appear as 
secondary topics in the stories involve material 
collection, community life and training.  
 
We analysed the stories through open coding to 
reveal shared visions and values among the 
stories and links between these values and 
İstanbul priorities. The preliminary analysis 
showed the stories referred to the following 
Istanbul priorities:  

- Enabling communication and 
collaboration among maker 
communities, municipalities, 
companies and CSOs. 

- Raising awareness of the general 
public and decision makers on 
sustainability and CE. 

- Technical training for Circular Making. 
 
Also, this analysis  revealed various values 
regarding collaborative production practices for 
the CE, such as: 

- Circular Makerspaces as catalysts for 
socialization among different people 
and social groups, and espousing 
inclusive activities involving women, 
children and elderly.  

- Sharing tools and resources, 
community repair activities, urban 
farming and other collaborative CE 
practices as beneficial for low-income 
families.  

- Utilizing shared gardens and green 
spaces for community-based urban 
farming, for community well-being.  

- A skills and knowledge inventory in the 
neighbourhood for the neighbours, 
strengthening collaboration and 
knowledge exchange.  

 
The above list of prominent values revealed 
through the LFS hint at diverse expectations 
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from future maker symbiosis facilitating 
collaborative production and CE practices at 
the city scale in Istanbul. On the other hand, the 
stories also revealed a need regarding the 
awareness of citizens about sustainability and 
the CE. Many stories involved practices to raise 
the awareness of fellow citizens, through 
training activities. 
 
Overall, the most interesting aspect of the 
revealed visions and values is that they do not 
seem to be directly related to CE practices. The 
emphasis was put more on sharing not just 
resources but also knowledge and skills within 
the community, on the inclusiveness of the 
makerspace activities, on makerspaces’ central 
role on socialising, and on alternative ways of 
getting by for low-income families. This is an 
interesting point as, on the one hand, citizens 
seem to foresee such wide-ranging potentials in 
a future circular makerspace in their 
neighbourhoods. On the other hand, however, 
these values hint at a cultural and societal 
transformation that calls for more…everything.   
 

Initiating Maker Symbiosis  
 
For Istanbul pilot activities, a total of 23 ideas 
were submitted through the Istanbul Microsite, 
and nearly half of them were further developed 
during the first series of online co-design 
workshops (three workshops with 35 
participants in total). Some of these activities 
were long-term activities ranging from 3 months 
up to a year, while others were shorter and/or 
expected to be carried out in intervals. For the 
first year of the pilot, 5 of these co-designed 
activities were selected, considering the city 
priorities, available resources, and the 
pandemic measures.  
 
The selected activities mostly focus on the 
following Istanbul priorities:  

- Engaging local community and the 
general public (4 out of 5) 

- Initiating collaboration among maker 
communities, municipalities, 
companies and civil society 
organizations (4 out of 5), and  

- Raising awareness on waste 
management (4 out of 5).  

 
In addition to these, activities also respond to 
other priorities such as code-of-conduct for 
making activities, sharing projects, setting up 

and sustaining makerspaces, training on tax-
related issues in makerspaces, training on 
cooperation, attribution and responsibility, 
raising awareness on carbon-emissions and 
local and demand-driven fabrication, and 
creating appropriate and accessible spaces for 
economic activity.  
 
Online co-design workshops were utilized to 
refine the activity ideas and identify a wide 
range of stakeholders who would contribute to 
and/or participate in these activities. Identifying 
stakeholders proved to be the most important 
aspect discussed by the participants since most 
of the activity ideas were dependent on 
resources, skills and knowledge of other maker 
ecosystem actors in addition to the activity idea 
owners’. With the contribution of participants, 
potential stakeholders (e.g. communities, 
institutions, companies, etc.) that could 
contribute to the realization of the activity ideas, 
the reasons why they would do so, and how to 
reach them were identified. 
 
As a result, the online co-design workshops 
served as a basis for drawing the links among 
various maker ecosystem actors in Istanbul, as 
well as revealed diverse ways of initiating and 
sustaining maker symbiosis through the co-
designed activity ideas. ‘Waste to Urban 
Gardens’ activity scheduled for the first year of 
the Istanbul pilot can serve as an example. This 
activity was inspired by an LFS that proposed 
neighbours receiving training on bio-waste 
could collect these wastes individually to make 
compost that is shared with the community. 
Also, this activity was suggested by a social 
enterprise developing composting kits for home 
use and providing training on urban gardening, 
with the intention of scaling these to the 
neighbourhood level and sustaining a circular 
urban gardening practice. They teamed up with 
a designer and a civil society organization 
representative during the online co-design 
workshops, and their discussions revealed a 
potential site for implementation, potentially 
interested neighbourhood communities and 
gatekeepers, maker communities potentially 
interested in developing the mechanisms 
required for composting, and a proposal for a 
demand-driven business model to sustain this 
local CE practice beyond the timeframe of the 
activity.  
 

Conclusions 
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The contribution of this paper lies in the 
collaborative approach adopted to draw links 
amongst various stakeholders with the purpose 
of initiating maker symbiosis for lasting city-
level CE practices. We believe the participatory 
tools presented and the discussion on their 
implications will inspire further research on 
initiating and sustaining local CE loops, 
transitioning towards self-sustaining cities, and 
the role of grassroots maker communities in 
such endeavours. 
 
The ‘Local Future Stories’ revealed that 
Istanbul citizens – as maker ecosystem actors 
– expect a more inclusive community of various 
gender and age groups socialising, while at the 
same improving the living conditions of low-
income families from the neighbourhood-level 
collaborative production future. This involves 
societal transformation beyond the existence of 
a circular makerspace in the neighbourhood 
enabling local repair, reuse and recycling 
practices. This implies that circularity at the 
local level is not an easy concept to be 
integrated into collaborative making. 
 
The codesigned activity ideas inspired by these 
Local Future Stories; however, put more 
emphasis on drawing the necessary links 
among various maker ecosystem actors in 
terms of necessary resources, involving 
citizens, sharing of knowledge and skills, and 
improving citizens’ wellbeing.  
 
The most important outcome of this process 
was the identification of the various maker 
ecosystem actors that would contribute to the 
realization of local CE practices in each activity 
idea. We regard this as the most crucial aspect 
of initiating and sustaining maker symbiosis 
among local stakeholders.  
 
Finally, we responded to the pandemic 
measures by developing a completely online 
participatory design process. This created the 
opportunity for more flexible scheduling of 
these sessions, which enabled participants who 
otherwise wouldn’t be able to attend. However, 
this probably also resulted in other groups of 
people not attending due to e.g. access to 
technology. Furthermore, as the pandemic 
carried on, we observed fatigue and reluctance 
to partake in online activities in the participants. 
For such an attempt for co-designing activities 
and activating maker symbiosis, lack of 

motivation due to such extraordinary situations 
is a crucial barrier to overcome for research 
teams. 
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Abstract: A constructive debate on the circular economy entails rethinking planned obsolescence. The 
increased production and use of consumer electronics, together with their high replacement rate 
substantially increases electronic waste.  
Planned obsolescence consist of multiple strategies for rendering a product obsolete. In recent years, 
we have observed a shift from aesthetic obsolescence to technological obsolescence in for example, 
smartphones. As regards hardware, the life span of a product is artificially reduced by designing 
components that cannot be disassembled without damaging the product. Software obsolescence, on 
the other hand, comprises updates that slow down devices, or create incompatibility between operating 
systems and running applications.  
This paper investigates these practices in the smartphone industry. Based on the analysis of the 
literature we compare planned obsolescence strategies adopted by major companies against circular 
economy strategies and policies recently implemented. We assess the embodiment of the strategies 
by analysing product features and indexes of repairability in smartphones and characterise 
technological obsolescence considering hardware, firmware and software. 
Our conclusions suggest that tackling planned obsolescence requires policymaking that establishes 
guidelines for reliability to strengthen indexes of repairability as information to consumers. 
 
 
Introduction  
Planned obsolescence (PO) and circular 
economy (CE) are contrasting product life 
strategies.  
PO is when the life cycle of a product is 
shortened by design (Packard, 2011). In the 
field of consumer electronics, PO aggravates 
the linear economy process characterised by 
the exploration of natural resources at the 
beginning and the generation of e-waste at the 
end of it. The amount of e-waste is increasing, 
and less than 18% of it was collected and 
recycled in 2019 (Forti et al., 2020). PO’s waste 
problem, the lack of policies to counteract it and 
the need for extended producer responsibility 
has been outlined (King et al., 2006).  
The CE methodology (Webster et al., 2017) 
approaches these issues from a systemic 
standpoint, recognising that products must be 
designed to last longer and business models 
must include repairing, reusing, 
remanufacturing, and recycling as 
interconnected tiers of circularity. 
In order to make the transition from a linear 
economy to a more circular economy, new 

business models and product design methods 
have to be defined (Bocken et al., 2016). 
Regarding product design, research has 
defined guidelines that anticipate the needs of 
multiple cycles (Go et al., 2015; Sumter et al., 
2017, 2020) as well as recommending 
adequate lifetime extension strategies for 
electric products (Bakker et al., 2014).  There is 
still no comparative research between the 
embodiment of PO and CE strategies in 
products following their potential for 
repairability.  
In this paper, we study the implementation of 
PO and CE strategies in products, by focusing 
on industrial design decisions that promote or 
hinder repairability. Considering repairability as 
a decisive factor in the implementation of the 
first tier of circularity and product lifetime 
extension, we investigate this paradigm in the 
smartphone industry, as an example in the 
consumer electronics category. Firstly, we 
select specific smartphones that epitomise the 
application of PO and CE strategies within 
consumer electronics, perfected by companies 
that have a significant market pull effect. 
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Secondly, we assess indexes of repairability, 
establishing links to product architecture and 
features. Thirdly, we discuss the specific 
differences of these product life strategies in the 
larger context thus contributing to the debate of 
sustainability in the smartphone industry.  
 
Theoretical Background 
Planned Obsolescence 
PO aims at reducing the lifespan of a product 
so as to stimulate repeat sales (Packard, 2011). 
PO comprises three categories: functional, 
technological and aesthetic. Functional 
obsolescence is the result of a new product 
outperforming an existing one. It occurs when 
there are short innovation cycles, when 
companies compete on trying to fulfil a need in 
the best way, or when a single company 
releases a product in the market while already 
planning the release of its substitute.  
Technological obsolescence is when a product 
stops performing its function due to a faulty or 
broken component whose life cycle has been 
reduced by design. Different components often 
deteriorate at different rates and it is frequently 
difficult to obtain spare components, with the 
result that the entire product has to be 
discarded. In smartphones, software 
obsolescence (Bartels et al., 2012) needs to be 
included in the analysis of technological 
obsolescence. Smartphones can become 
obsolete if an operating system update renders 
other software obsolete, or when technical 
assistance is terminated, or a software update 
cannot be executed in a certain hardware 
(Sandborn, 2007). 
Aesthetic obsolescence involves the alteration 
of superficial characteristics of a product to 
create a new model perceived as more efficient, 
turning the previous version obsolete despite its 
primary function still sound (Sloan, 1990). 
PO incorporates strategies from both 
functional, technological and aesthetic 
obsolescence categories, with the emphasis on 
each one being dependent on the type of 
product and industry in which it operates. 
 
The Circular Economy 
Even though PO constitutes the main paradigm 
of production, alternative strategies have been 
developed over time. The current push towards 
counteracting such a paradigm can be 
summarised from two main approaches. A 
bottom-up approach led by grassroots 
organisations and international networks of 
environmental NGOs (Right to Repair, 2020) 

demanding a more sustainable development. 
The CE, on the other hand, is a top-down 
approach that has gained momentum in 
academia, industry and policymaking levels 
(Geissdoerfer et al., 2017), by addressing the 
relationship between environmental resources 
and the economy and by acknowledging such 
existence in a closed loop with different tiers.  
The EU (European Commission, 2020) has 
implemented CE principles into policymaking. 
In France, under the bundle of laws addressing 
waste reduction and the CE (MTE, 2021), one 
of the measures encompassing direct 
information for consumers is the index of 
repairability (IOR). From the beginning of 2021, 
five categories of electronic products, amongst 
which smartphones, must feature an IOR. The 
French IOR is a 0–10 point system, where 10 
accounts for maximum ease of repairability. 
The manufacturer calculates the IOR based on 
predefined parameters developed by the 
French Ministry of Environment.  
The first to develop an index of repairability 
were iFixit (2020) in 2009 and subsequently 
consulted in the development of the French 
IOR. In the online platform, users develop 
repair guides for products in a collaborative and 
crowdsourced-reviewed way. The score is 
measured by a 0–10 point system. The main 
difference between the iFixit IOR and the 
French IOR is that the former focuses only on 
the ease of disassembling and repairing steps. 
The latter encompasses five categories: 1) 
documentation; 2) disassembly, accessibility, 
tools and fasteners; 3) availability of spare parts 
in the market; 4) price information of spare 
parts; and 5) access to software update, remote 
assistance and factory reset. There is a 
similarity between the iFixit IOR and the second 
category in the French IOR. 
General principles for shifting the consumer 
electronics industry towards the CE have been 
defined in a report by Meloni et al. (2018). 
These principles include design decisions 
about hardware, such as designing products 
that can be adaptable, repaired and are easily 
disassembled for recycling. Regarding software 
obsolescence, it is suggested the design of 
stable operating systems that last longer and 
the use of big data to monitor the life cycle of 
hardware components. The report 
recommends improving the reuse market, 
through the optimisation of the connectivity 
amongst consumers and the automation of 
supporting processes, such as disassembly, 
sorting and refurbishment.  
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Data Collection 
Data collection combines secondary data with 
netnography (Kozinets, 2009).  
Data is collected directly from the 
manufacturers’ websites and forums. Data to 
analyse repairability comes from iFixit repair 
guides to inquiry about the practical steps of 
repairing, and infer related industrial design 
decisions. The data is then cross-referenced 
with the analysis of the French IOR. 
 
Linking Product Life Strategies to 
Product Features 
Hardware 
Table 1 shows the released flagship models of 
Apple and Samsung and the Fairphone 
releases in 2019 and 2020, together with their 
respective IOR. 
 

Year Model 
IOR (0-10) 

iFixit France 

2019 
 

iPhone 11  6 4.6 
iPhone 11 Pro 6 4.6 
iPhone 11 Pro Max 6 4.5 
Samsung Galaxy S10 3 5.7 
Samsung Galaxy S10e 3 5.7 
Samsung Galaxy S10+ 3 5.6 
Samsung Galaxy S10 5G - - 
Fairphone 3 10 - 

2020 iPhone 12 6 6  

iPhone 12 Pro  6 6 

iPhone 12 Pro Max 6 6 

iPhone SE  6 6.2 

iPhone 12 Mini 6 6 

Samsung Galaxy S20  -  

Samsung Galaxy S20 5G - 5.7 

Samsung Galaxy S20 FE - 8.1 

Samsung Galaxy S20+ - 5.9 

Samsung Galaxy S20 Ultra 3 5.7 

Fairphone 3+ 10 8.7 

Table 1. Selected smartphones releases and 
repairability index. Source: iFixit (2020) and MTE 
(2021) 
 
Not surprising, the Fairphone tops the iFixit IOR 
scale as the Fairphone 3 product development 
encompassed a partnership with iFixit for 
facilitating repair activities. Furthermore, it 
builds on independent expert knowledge of life 
cycle assessment of the previous version of the 
product (Proske et al., 2016). Regarding 
repairing alone, the justification for the easiest 
repair is drawn from modularity being applied to 
the overall product architecture and down to 
smaller components. The steps of 

disassembling and reassembling that constitute 
the core of the user experience in repairing 
activities are taken into consideration, with 
visual cues and labels in the components.  
Accessibility for components more prone to 
substitution is facilitated. As an example, the 
battery is accessed without tools by removing a 
snap-fit lid. The Fairphone comes with a fitting 
screwdriver that enables disassembling the 
other modules. The length of the screws is the 
same thus simplifying the reassembling 
procedure. 
Apple disrupted the smartphone market with 
the iPhone release in 2008, creating a new 
product typology. The result was rapid sales 
growth, doubling each year between 2008 and 
2012 and peaking at 231 million devices sold in 
2015 (Statista, 2018). 
Apple released three models in 2019 and five in 
2020. In Table 1, it is observable that iPhone 11 
versions released in 2019 score 6 on the iFixit 
index and below 5 in the French IOR scale.  
Design decisions related to the positive score in 
iFixit are the easy access to the battery and 
display on the different versions. Nonetheless, 
there are other decisions that hinder 
repairability, such as the use of proprietary 
screws that makes repairing by a third-party 
more complicated, the use of multiple types of 
screws, a product architecture with complex 
sub-assemblies and glued components 
requiring preheating to be opened. Moreover, 
the rear glass glued to the chassis cannot be 
replaced. 
In the French IOR, in the category directly 
related to repairability, there are the following 
criteria: easy access to components more 
prone to substitution, required means and 
joining methods. In the first criterion, the iPhone 
11 scores 0.8 out of 10, with an overall score of 
4.3 out of 20 in the category. In the iPhone 12, 
released in 2020, the respective scores are 2.5 
out of 10, and 5.9 out of 20 in the category. 
Samsung is not too far behind Apple in market 
share (Yun et al., 2019). It released four models 
in 2019 and five in 2020 (in the flagship series).  
Samsung smartphones score low in iFixit and 
higher in France. In these models, the use of 
permanent joining methods such as adhesives 
and soldering over non-permanent methods 
such as screws is a recurring design principle 
that hinders repairability. Since an adhesive is 
used to hold the whole chassis, every repair has 
to employ heat to soften up the adhesive that 
may cause heat damage to the inner 
components. Batteries are glued to the chassis 
and displays have integrated sensors that 
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cannot be detached. Accordingly, the 
components more prone to replacement are not 
easily accessible, requiring complex 
operations, such as removing adhesives and 
extensive disassembly. Positive industrial 
design decisions relate to modular components 
requiring one screwdriver to disassembly them. 
In the French IOR, Samsung models scores 
vary. The reason is not clear since models 
share the same design principles but score 
differently in the ease of disassembly criterion. 
As an example, the Galaxy S20 and S20 Ultra 
score 1.7 out of 20, while the S20 FE and the 
S20+ score 3.3 out of 10. Despite this, all 
models share the same product architecture 
and joining methods, thus requiring the same 
steps to disassemble the battery, for example. 
 
Software and Firmware  
The Fairphone software is open source, which 
means that communities of programmers can 
update it or develop new functionalities apart 
from the official releases.  
Samsung operating system is Android which is 
also open source. Nonetheless, issues with 
proprietary software update slowing down 
devices has been reported (Gibbs, 2018). 
Apple uses firmware to limit the product 
usability in case of unauthorised repairs. This 
principle has been applied to batteries, and 
extended to cameras and displays since 2020. 
As an example, when an unauthorised battery 
replacement is done, the firmware prompts 
error messages, disables the battery capacity 
reader and functions such as the Face ID 
reader. Likewise, firmware blocks camera 
functionality when the camera is replaced. 
Software updates for discontinued iPhones are 
mandatory to enable users’ access to functions 
such as email and web browsing (Apple, 2019). 
Battery drain issues related with software 
update (Sun et al., 2019) is another kind of 
problem pushing obsolescence in iPhones. 
Furthermore, Apple complements PO with 
other strategies such as the legal restriction on 
repair activities. Apple prevents users and 
independent repair technicians from repairing 
their products by not making repair manuals 
publicly available, limiting access to spare 
components, not enabling Apple-certified 
independent repairers to own any stock of 
components, and by taking legal actions 
against non-Apple-certified repairers 
(Mikolajczak, 2020). 
 
 

Discussion 
The design of the Fairphone takes into 
consideration the user experience of self-repair 
down to the details of including visual 
communication to address steps of 
disassembly and reassembly. On the other 
hand, Apple and Samsung industrial design 
decisions increase the difficulties of repairing 
activities.  Whilst Apple uses proprietary screws 
and complex sub-assemblies in all of its 
products, Samsung opted for permanent joining 
methods that create a strong barrier for repair 
from the outset. Such practices fall under the 
scope of technological obsolescence of 
hardware since a faulty component can render 
the whole product obsolete.  
Technological obsolescence in smartphones 
increases the complexity of repairing. 
Hardware, firmware and software may become 
interrelated issues under certain conditions. 
Firmware can halt components’ functionality 
even though the hardware is working well. 
Software obsolescence may compromise the 
functionality of applications and batteries. 
The inclusion of an IOR in the French legislation 
may be an entry point towards limiting PO and 
stepping into CE principles. The future revision 
of this legislation, in which the IOR will be 
supplemented with a durability index that 
accounts for the reliability of the product (MTE, 
2020), is a further step towards that goal. 
Assessing both repairability and reliability can 
support mitigating PO because it directly 
considers the product longevity. Nonetheless, 
analysing PO and CE considering the IOR as 
decisive metrics remains currently unclear.  
As an example, in the French IOR, the 
Samsung Galaxy S20 FE scores 8.1 and the 
Fairphone 3+ scores 8.7. A closer analysis of 
results shows that in the category related to 
disassembly, accessibility, tools and fasteners, 
the Samsung scores 7 out of 20 and the 
Fairphone 20 out of 20. This indicates that 
access to hardware repairability contributes 
little to the overall IOR in the legislation. 
 
Conclusions 
Current IOR informs consumers of the potential 
for a smartphone to have an extended lifetime. 
Nonetheless, there are some limitations. In 
iFixit, repairability is assessed mainly from a 
hardware perspective. On the other hand, the 
French IOR considers it too little in the overall 
score.  
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The identified issue of firmware and software 
obsolescence requires further research to 
include them as valid criteria in current IORs. 
The strategic considerations that the Fairphone 
encapsulates and principles demanded by 
community-centred organisations have been 
included in the French legislation and the 
European Circular Economy Action Plan. They 
constitute positive signs towards shifting PO 
patterns. Likewise, they demonstrate that the 
mitigation of PO is a policymaking endeavour 
supported by industrial design knowledge and 
heuristics, among others. 
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Abstract: Given the diversity of textile products, their uses and also the reasons related to their end-
of-life, it appears that estimating the effective lifespan of clothing items is unrealistic. To estimate a 
lifespan equivalent, a reasonable solution is to rely on standards commonly performed by the apparel 
industry. However, according to the international classification of standards, the textile and clothing 
sector benefits from more than 1.900 standards covering the aspects of processes, materials, semi-
finished and finished products. Thus, this paper focuses on how to make the standard selection 
consistent to estimate the product in accordance with the end of life of apparel. First, a list of objective 
clothing disposal reasons is proposed and is to associate to a standards pre-screening that enable the 
assessment of the ability of a product to withstand the damage. Then, since a single aggregated score 
is desired, the tests results are aggregated into a single normative duration index. In a robustness 
analysis, the influence of the number of metrological tests constituting the score is investigated. It 
enables the identification of the most appropriated tests with the aim to rationalize the methodology 
regarding time and cost consideration. In a case study, 29 T-shirts were tested regarding five damage 
categories. Based on expert knowledge and literature review, the laboratory tests procedure involved a 
selection of ten tests, out of which the five providing the maximum explanation rates were investigated. 
 
 

Introduction 
In the framework of the Circular Economy 
Action Plan, manufacturers, retailers and 
consumers are encouraged to adopt a more 
responsible model by making and choosing 
sustainable products. To support this effort, to 
strengthen consumer protection against green 
washing and to meet the necessary 
transparency and communication 
requirements, the European Commission also 
propose that companies use Product 
Environmental Footprint methods to support 
their environmental claims (European 
Commission, 2020). 
 
For now, the Fashion sector benefits from two 
methodological guidelines to assist in the 
assessment of the environmental impacts: 

- the Product Environmental Footprint 
Category Rules: T-shirts, published by 
the European Commission as PEFCR – 
T-shirts (European Commission, Pesnel, 
& Payet, 2019) 

- the French guideline published by 
ADEME as BP. X 30-323-23 (ADEME, 
2016). 

These two documents provide rules to 
standardise the environmental assessment 
method for labelling purposes, such as the 
functional unit, the system boundaries, the 

product’s lifespan and the impact categories to 
be assessed. In both cases, a known limitation 
is that the lifespan is considered as a fixed 
value while it significantly influences the 
evaluation (De Saxce, Pesnel, & Perwuelz, 
2012; Leffland, Kaersgaard, & Andersson, 
1997; Sandin, Roos, Spak, Zamani, & Peters, 
2019). 
 
Given the diversity of textile products, their uses 
and also the reasons related to their end-of-life, 
it appears that estimating the effective lifespan 
of clothing items is unrealistic. To estimate a 
lifespan equivalent, a reasonable solution is to 
rely on standards commonly performed by the 
fashion industry as the concept of normative 
duration suggests: an average operating time is 
objectively measurable using tests (ADEME, 
Fangeat, Chauvin, & le pôle usage et durée de 
vie, 2016). 
 

Scope of longevity 
The standards selection first depends on the 
scope of the longevity: which criteria are to be 
assessed? What type of obsolescence should 
be considered? 
 
The scientific literature distinguishes between 
two categories: absolute and relative 
obsolescence, corresponding to a technical and 
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a premature end of life, respectively (Cooper, 
2004; Granberg, 1997; Park, 2012). Both 
suggest that the product’s lifespan highly 
depends on: 

- its quality and ability to resist 
deterioration; 

- the ability to produce with consistent 
quality; 

- the ability to maintain and repair the 
product; 

- its ability to evolve; 
- its economic depreciation; 
- changes in consumer needs. 

 
A sectoral textile and clothing approach, is 
given by Klepp and Laitala et al. in (Laitala & 
Klepp, 2011): it mentions six types of 
obsolescence, from the technical and quality 
related, to the psychological, the situational, or 
sentimental and also provides seven grouping 
of disposal reasons, with about 60 listed 
causes. Some of these reflect objective ageing 
factors and perfectly fit with standards-based 
longevity estimation. Furthermore, given the 
abundance and coverage of standards in the 
textile and clothing sector, the normative 
duration framework appears meaningful when 
developing an objective and repeatable 
approach to estimate the longevity of products. 
 
However, according to the international 
classification of standards, the textile and 
clothing sector benefits from more than 1.900 
standards covering the aspects of processes, 
materials, semi-finished and finished products. 
 
Thus, this paper focuses on how to make the 
standard selection consistent to estimate the 
product longevity: 

- How to select appropriate standards, 
both in terms of content and number? 

- How many tests should be included? 
- Are there tests combination more 

appropriated? 
 

Methods 
Considering, the investigated products’ 
longevity is strongly connected to their ability to 
resist to measurable stresses. It thus requires a 
specific laboratory tests procedure that enables 
the products’ performances to be assessed. 
 
The proposed methodology integrates that the 
textile sector benefits from a large number of 
standards and that a pre-screening is 
necessary. Then, since the objective is to move 
towards a single value such as the lifespan, we 

propose the testing results to be aggregated 
into a single normative duration index. Finally, 
considering the number of tests as essential to 
widely implement the methodology, an 
optimization and rationalization of the tests 
number is considered. 
 

Standards pre-screening 
We suggest that the selected standards reflect 
the use phase. Thus, to help in the selection, 
the constraints of use must be known. 
Regardless the product category, a list of 
objective disposal reasons is proposed (Table 
1). It is based on textile expertise, literature 
review (Cooper, Hill, Kininmonth, Townsend, & 
Hughes, 2013; Laitala, 2014; Laitala, Boks, & 
Klepp, 2015; Laitala & Klepp, 2011; Saville, 
1999c) and on companies’ experience. 
 

Clothing disposal reasons 

Colour 

change 

Coloration caused by bleeding 

Yellowing Dimensional change (loss of 

shape, shrinkage, spirality) 

Hole(s) Degradation of hand properties 

Tear Increase of product rigidity 

Bagging Functional degradation (loss of 

function) 

Pilling Degradation of customization 

elements 

Fuzzing Worn out specific area (collar, 

cuffs, …) 

Felting Loosening of elastic bands 

Broken 

accessories 

Increase of electrostaticity 

Persistent 

stains 

Persistent wrink 

Persistent 

odour 

Loss of inner filling material 

Table 1: Clothing objective disposal reasons 

 
Standards should be identified according to 
their ability to quantify the robustness of 
products against each disposal reasons. This 
identification should rely on textile expertise, 
scientific literature and companies’ standards. 
Based on (Bide, 2012; Fulton, Rezazadeh, & 
Torvi, 2018; Nayak & Padhye, 2015; Ray, 2013; 
Saville, 1999c, 1999b, 1999a; Shaw, 2012), an 
example of standards pre-screening to address 
some common damage is given in Table 2. 
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Standard Number 

Color Change 

Color fastness to 

water 

NF EN ISO 105 – E01; 

E02; E03 

Color fastness to 

daylight 

NF EN ISO 105 – B01 

Color fastness to 

perspiration 

NF EN ISO 105 – E04 

Color fastness to 

domestic laudering 

NF EN ISO 105 – C06 

 

Color fastness to 

hot pressing 

NF EN ISO 105 – X11 

 

Color fastness to 

rubbing 

NF EN ISO 105 – X12 

 

Color fastness to 

weathering 

NF EN ISO 105 – B03 

 

Loss of shape (dimensional changes, 

spirality) 

Dimensional 

change in washing 

and drying 

NF EN ISO 5077 

Spirality after 

laundering 

ISO 16322: 1, 2 and 3 

Apparel 

appearance after 

domestic washing 

and drying 

NF EN ISO 15487 

Hole(s) 

Abrasion resistance 

of fabrics: 

Martindale method 

NF EN ISO 12947:1 , 2, 3 

and 4 

Pilling 

Fabric propensity to 

surface pilling, 

fuzzing or matting 

NF EN ISO 12945: 1, 2, 3 

Table 2: Selection of relevant standards in 
compliance with product end-of-life 

 

Single quality indicator: aggregation 
method 
To compute a single quality score to be used as 
a normative duration index, we developed a 
single product- and consumer- dependent 
indicator, called Consumer-oriented Quality 
(CoQ) (Benkirane, Thomassey, Koehl, & 
Perwuelz, 2019a, 2019b). Based on a previous 
study, the concept is briefly described. 
 
The proposed CoQ score aims at giving a better 
estimation of the clothing longevity from the 
knowledge of objective ageing factors. It 
enables multiple textile qualities to be 
aggregated according to the relative 
importance of each in the disposal decision. 
The aggregation process relies on the complete 

ranking PROMETHEE II (Preference Ranking 
Organization Method for Enrichment 
Evaluations) method. PROMETHEE II enables 
a finite set of objects to be ranked from a multi-
criteria analysis (Brans, Vincke, & Mareschal, 
1986). Based on a pairwise comparison along 
different criteria which have to be maximized or 
minimized, it allows the computation of a single 
net flow for each of these objects. This single 
net flow corresponds to the CoQ score. 
 
In this study, the objects and criteria represent 
the clothing and damage categories. Also, 
since the method requires the use of weights 
(Brans et al., 1986) the relative importance of 
each of these category in the disposal decision 
is considered. 
 

Appropriateness of the tests: model 
optimization 
Considering the aggregation process results in 
a single CoQ score for each evaluated product, 
it enables to rank them. 
 
To help in determining the right number of tests 
and the most appropriate ones, the proposed 
approach is based on a robustness analysis of 
the CoQ computation model. The aim is to 
assess the intensity of the disturbance in 
response to a variable number of tests. The 
process consists in: 

- computing the reference CoQ score 
values for an exhaustive list of tests 
(reference scenario = scenario 1); 

- computing alternative CoQ score values 
for a reduced list of tests (considering 
different combinations of tests: scenario 
2 to scenario n); 

- comparing each alternative scenario with 
the reference one using the Pearson 
correlation coefficient r. 

 

Results: implementation on the T-
shirt case 
This methodology was implemented in a T-shirt 
case study involving 29 products. The T-shirts’ 
performances were evaluated with respect to 
five damage types out of the 22 mentioned in 
(Table 1): loss of colour, loss of shape, broken 
seam, hole(s) and pilling. 
 
In response a specific laboratory tests 
procedure was set up, it integrates ten 
standardized tests and since three of them 
results in two evaluations, the whole procedure 
results in 13 evaluations (Table 3). 
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Damage 

category 
Standard 

Number 

evaluation 

Loss of 

colour 

NF EN ISO 105 - 

C06 
1 

NF EN ISO 105 - E01 1 

NF EN ISO 105 - X11 1 

NF EN ISO 105 - X12 2 

Loss of 

shape 

NF EN ISO 5077 2 

ISO 16322-3 1 

Opened / 

Torn seam 
NF EN ISO 13935-2 2 

Hole(s) NF EN ISO 13938-2 1 

Pilling 
NF EN ISO 12945-1 1 

NF EN ISO 12945-2 1 

Table 3: Selected standards in the T-shirt case 
study 
 
Aggregating tests’ results, a single quality score 
was computed for each T-shirt (

Figure 1). Being based on the whole set of 
tests; this score varies from -0.45 and 0.46 and 
represents the reference scenario’s score i.e. 
scenario 1. 

 

Figure 1: Computed CoQ score for reference 
scenario 

 
More than 70 alternative scenarios were then 
computed considering different combination of 
the 13 tests (Table 4): 

- in the first 12 alternative scenarios, the 
influence of excluding one measure at a 
time is evaluated; 

- then, 60 more extreme scenarios are 
considered keeping only one test per 
damage category, i.e. five tests per 
scenario. 
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✓ 

 
✓ ✓ ✓ 

 
✓ 

Table 4: Standards selection per scenario 

 
Based on the Pearson correlation coefficient r, 
each new scenario is compared to the 
reference one to measure the linear correlation: 
a value close to 1 indicating a higher 
correspondence. 
 
When excluding only one measure at a time, 
the calculated r show little disturbance on the 
initial ranking (Table 5). The least correlated 
scenario obtains an r of 0.98 (Figure 2) and 
corresponds to the exclusion of the Pilling box 
results. In terms of pilling, this test is the one 
that we noted as distinguishing the least 
between T-shirts. We also notice that the five 
best coefficients are obtained with the exclusion 
of the color fastness tests. Since five tests are 
involved in the laboratory tests procedure, a 
compensation effect appears. 
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Table 5: Correlation coefficient for scenario 1 to 
13 

 
Figure 2: Comparison of the computed score in 
scenario 12 and 1 

 
In scenarios 14 to 74, each damage category is 
represented by one single test. Given the high 
number of r values, we present their dispersion 
(

Figure 3). We observe a maximum value of 0.95 
and a minimum value of 0.78, with a median of 
0.91. 
 

Figure 3: Correlation coefficients r for scenarios 
14 to 74 

 

Discussion 
The robustness analysis finally results in r 
values varying from 0.78 to 0.99. This approach 
suggests that reducing the laboratory tests 
procedure is possible to meet cost and time 
issues. Although the lowest values reveal a 
certain complexity of the single quality scoring 
model, the highest values computed from five-
test based scenarios are up to 0.95 and are of 
clear interest. The threshold r value remains to 
be determined however, arbitrarily considering 
0,93 is acceptable, there are still 18 five-test 
based scenarios that enable combinations of 
tests to be identified to retain maximum 
information. 
 
Based on these 18 best scenarios, the following 
observations can be formulated: 

- None of the colour fastness tests stand 
out for the loss of colour category. The 
colour fastness to washing (NF EN ISO 
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105 C06) is slightly ahead with only five 
out ot 18 occurrences; 

- The determination of spirality (ISO 16322 
– 3) clearly emerges as representative 
for the loss of shape, with 16 out of 18 
occurrences; 

- For the opened seam category, only 
one test was involved however, one of 
the two measures seems more 
significant, the one in the row direction, 
with 11 out of 18 occurrences; 

- The pilling box test (NF EN ISO 12945 
– 1) appears more appropriate for the 
pilling category with 11 out of 18 
occurrences. 

 
To go further in this analysis, 8, 7 or 6 tests-
based scenarios could be considered with the 
aim to find a suitable compromise between the 
number of tests and the model quality. In 
addition, to confirm the study results, other 
statistic methods, such as the Mean Squared 
Error, the Mean Absolute Error or the Root 
Mean Squared Error could complete the 
computed r values. 
 

Conclusions 
In this study, a standards selection approach is 
proposed with the objective to assist in the 
development and optimization of a clothing 
longevity indicator. 
 
Considering the complexity of evaluating the 
effective lifespan of clothing items, a solution is 
to rely on a standards-based indicator. 
However, given their high number, a specific 
selection must be provided. To frame this 
process, we thus propose that the selected 
standards reflect the constraints of use. Relying 
on textile expertise and literature review a list of 
objective clothing disposal reasons is proposed 
and is to be refined according to the product 
considered. 
 
Each disposal reason is to associate to a 
standards pre-screening that enable the 
assessment of the ability of a product to 
withstand the damage. Also, since a single 
quality value is desired, the tests results are 
aggregated into a single normative duration 
index (CoQ score). 
 
In a robustness analysis, the influence of the 
number of tests constituting the score is 
investigated. Such approach is to conduct in 
early stages and offers the opportunity to 
identify the most appropriated combination and 

number of tests with the aim to rationalize the 
methodology regarding time and cost 
consideration. 
 
In the proposed case study, 29 T-shirts were 
tested regarding five damage category. While 
the laboratory tests procedure involved ten 
tests, the robustness analysis highlighted that 
five tests could maintain satisfactory result. 
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Abstract: In order to achieve long-lasting changes and institutionalize Circular Economy (CE), current 
organizational ‘business-as-usual’ cultures need to be challenged beyond technological or managerial 
changes. However, we identified that Organizational Culture (OC) is not considered an essential aspect 
to foster organizational transformations towards the CE. Thus, the aim of this paper is to analyze what 
role plays the OC concepts in the transition towards the CE. In order to accomplish this goal, we 
conducted a literature review seeking evidence that corroborates with the affirmation that OC is 
essential for CE transition. In addition, we conducted 13 semi-structured interviews with people from 
different areas from a multinational steel company located in Brazil. Our literature review showed us 
the role that OC plays in the transition towards the CE. We identify that OC is extremely important in 
supporting long-lasting changes as confirmed by the interviews. We observed that the managers were 
aware of the impact that the wrong culture could have in the implementation of CE strategies; however, 
they also affirm that the organization must work harder and develop more organizational actions in order 
to disseminate a circular culture throughout its entire ecosystem. We concluded that OC has a high 
impact in the transition journey towards the CE, and that organizations must put efforts in the change 
and adaptation of their culture towards one that supports CE. 
 

Introduction 
CE is a multidisciplinary field that brings 
together different approaches, methods and 
tools aiming at promoting changes to a more 
sustainable society (Barreiro‐Gen & Lozano, 
2020; Lozano et al., 2021).CE is defined as an 
“industrial system that is restorative and 
regenerative by intention and design, replacing 
the end-of-life concept and the use of toxic 
materials with the use of renewable energy, and 
materials that can be reused and returned to the 
biosphere, and aimed at replacing waste with 
superior design of materials, products, systems 
and business models” (EMF, 2014, p. 15). It is 
understood as an economic system that 
represents a paradigm change in how society 
relates with nature; requiring disruptive 
innovations in legislations, production and 
consumption (Prieto-Sandoval et al., 2018). 
The transition towards CE is a continuous state 
of adaptation, breaking paradigms, reviewing 
actions and operations (Kjaer et al., 2018), 
redesign structures and procedures (Ritzén & 
Sandström, 2017), and reinventing mindsets 
(CNI, 2018; Dufva et al., 2016). Reinventing 
mindsets means seeking new values to support 
a new culture to leverage disruptive innovations 

towards the CE. Creating more sustainable 
societies requires new mental attitudes capable 
of breaking paradigms and able to deal with 
complex, adaptive, and unpredictable behavior 
of ecosystems (van der Brugge & van Raak, 
2007). 

Thus, the CE transition efforts may be managed 
in the organization structure and in its business 
ecosystem as a whole, encompassing technical 
changes associated with the products, 
processes, business models, systems and 
metrics; as well in the organizational values, 
behaviors and competences. CE requires an 
environment that promotes the adoption of new 
technologies, encourages organizational 
learning and develops capabilities to overcome 
the barriers and resistance to change. 

In order to achieve long-lasting changes and 
institutionalize CE, current organizational 
‘business-as-usual’ cultures need to be 
challenged beyond technological or managerial 
systems changes. OC is based on values 
embodied in organizational norms, rules, 
standard procedures, and organizational goals. 
OC is defined as “the pattern of basic 
assumptions that a given group has invented, 
discovered, or developed in learning to cope 
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with its problems of external adaptation and 
internal integration, and that have worked well 
enough to be considered valid, and, therefore, 
to be taught to new members as the correct way 
to perceive, think, and feel in relation to those 
problems” (Schein, 1984, p. 3). 

Culture is highly associated with organizational 
outcomes and is a root metaphor that 
conceptualizes what an organization is rather 
than what it has (Smircich, 1983). It has a 
fundamental role in hindering or fostering 
innovations, as affirmed by Schein, (1984, p. 3) 
OC “is the key to organizational excellence”. 
However, frequently OC is not considered as an 
important factor to foster organizational 
changes and transformations. Schein, (1996) 
affirms that we fail to comprehend that culture 
is the most powerful force operating in 
organizations to maintain the system stability. 
Various authors expressed the importance to 
understand and/or make adequate the OC to 
implement CE (Bashir & Verma, 2019; Bustinza 
et al., 2018; Isensee et al., 2020). Norms, 
values, visions, concepts, tools, instruments, 
and indicators should be checked and/or 
adapted in order for CE to become a paradigm 
in which industrial production and consumption 
will change in its roots (Korhonen, Nuur, et al., 
2018). Despite the importance of soft aspects in 
the transition towards CE and all the efforts on 
developing the CE literature, organizational 
behavior is little explored (Chiappetta Jabbour 
et al., 2019; Korhonen, Honkasalo, et al., 2018). 
Thus, the aim of this paper is to analyze what 
role plays the OC concepts in the transition 
towards the CE. 
To achieve this goal, in the next sections we 
present the methodology used to develop this 
research, the results and discussion, and the 
conclusions. 

Methodology 
We conducted an exploratory literature review 
in databases and grey literature to identify 
previous studies that in some way brings the 
discussion of OC and its impact/role/function in 
the transition towards CE. We chose an 
exploratory review because CE is a new topic 
of research and few studies explicitly 
connecting CE with OC could be found. Since 
the scarcity of studies in this field, we conducted 
a single case study with 13 semi-structured 
interviews with managers and analysts from a 
multinational company in the steel and mining 
sector leader of steel production in Brazil. This 

company was chosen since they are an 
important company for the Brazilian economy. 
In addition, they are a company considered 
polluting by the sector in which they operate 
and even so they have been engaged in the 
journey towards CE. Figure 1 presents the 
interviewed and other details about the 
conduction of the case study. 
 

 
Figure 1. Details about the case study 
 

Results & Discussion 

Theoretical Findings 
We observed through the literature that the 
transition towards CE is triggered by certain 
factors or events in the organizational 
environment or within the system itself (Geels, 
2002; Savaget et al., 2019). Some studies 
highlighted that stakeholder, inside and outside 
the organization, are involved in the CE 
transition (Konietzko et al., 2019; Parida et al., 
2019). The organizational perspective 
highlights the role of OC, leaders and other 
organizational members in CE transition (Davis 
& Boulet, 2016; Liu & Bai, 2014). 
Building and sustaining a CE-oriented culture is 
particularly challenging for three reasons. First, 
a CE-oriented culture requires a combination of 
behaviors that can be risky for organization in 
the short-term. Second, leaders can face some 
resistance to change from the employees’ side. 
Third, CE is a system of interdependent 
behaviors, inside and outside the organization 
and requires a systemic view for its 
implementation. 
We gathered from literature some important 
factors for the proposition and/or maintenance 
of a culture oriented to CE, they are presented 
in Figure 2. 

55



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Ana Carolina Bertassini, Aldo Roberto Ometto, Mateus Cecilio 
Gerolamo 
The role of Organizational Culture in the transition towards the Circular 
Economy – a practical perspective 

 

3 

 

 
Figure 2. Factors for the maintenance of a CE-
oriented culture1 
 
These characteristics influence the behavior of 
employees towards new management systems 
and, what influences organizational 
performance. These new management 
systems are implemented through the 
acquisition of new capabilities and the 
development of competences. 
An expressive number of companies that foster 
activities towards CE seek to duplicate well-
succeeded business models. However, without 
the right mindsets it will result in unsuccessful 
changes. As expressed by Bonchek & Libert, 
(2017) we should change our mindsets before 
changing the actions. 

Case Study Findings 
Sustainability is a purpose for the company 
since they understand it as a way to perpetuate 
their business. Recently, they changed their 
purpose from “transforming tomorrow” to 
“production of more intelligent steel for a better 
world”. This new purpose is highly aligned with 
CE, due to the fact that steel is the most 
recyclable material in the world (around 93) and 
they understand this characteristic as an 
enabler to reuse products and co-products in a 
way that is good for the environment. 
According to the interviewed, the concepts of 
material circularity were always understood by 
the company due to the continuous steel 
recycling, and creation of by-products and co-
products from steel. We observed that the 
sustainability reports are an important tool to 
spread the CE concepts inside and outside the 
organization. They can act as a communication 

 
1
 Source: Chiappetta Jabbour et al., 2019; Bertassini et al., 

2021; Ripanti & Tjahjono, 2019; Arponen et al., 2018; 
Agyemang et al., 2019; Konietzko et al., 2019; Arponen et 

channel to align the top management vision 
with the employees’ behaviors. 
We also observed that sometimes there is a 
gap between what the top management team 
understands and what is put into practice by the 
employees. This means that in terms of CE 
concept there is a national and global 
understanding, however, in terms of practical 
application, CE remains restricted to recycling. 
Nonetheless, the interviewed affirm that in a ten 
years horizon, CE concepts will be more rooted 
and more developed than it is today due to the 
many initiatives that are being developed 
aiming to implement CE in the organization. 
More innovations occurred in the last 5 years 
around carbon reduction solutions. They make 
partnerships with other companies and 
universities to develop new innovative projects 
for sustainable and circular solutions. There are 
a lot of ongoing projects that largely 
demonstrate the adoption of CE within the 
company. 
In terms of the organizational values that 
support the maintenance of a culture oriented 
for the CE, the interviewed said that sustainable 
development is a central value for the company. 
Reputation, transparency and business 
sustainability are values that guarantee the 
credibility of products and people in front of the 
stakeholders. Leadership, quality, health, 
security, and environment are also values 
expressed by people in the organization. 
However, values like innovation and creativity 
are not so well disseminated due to the fact that 
the company is still very traditional. 
The organization has several actions for the 
creation of programs for the development of CE 
and sustainability. One program seeks 
continuous improvement and was structured for 
the areas to rethink their activities in order to 
implement sustainability. The goal is that this 
program has no end and becomes rooted in 
culture. Thus, there is continuous monitoring in 
order to understand how the values 
communicated by the top management have 
been deployed by the leadership and how it 
arrives at the employees. 
According to the interviewed, culture is made 
through time, attitudes and materialized in 
actions. And in the case of a culture oriented to 
CE, it has been materialized through projects 

al., 2018; Daae et al., 2018; Kunz et al., 2018; García-
Machado & Martínez-Ávila, 2019; EMF, 2019; Khan et al., 
2020 
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being developed and implemented and through 
team engagement and co-creation of solutions. 
The company pursues some attitudes and 
behaviors that guide them in the path towards 
CE. They have weekly internal meetings for the 
presentation and evaluation of issues and 
resources regarding the development of CE 
projects. The company has defined some 
desired behaviors essential for the 
development of their new purpose, which are: 
openness, collaboration, empowerment, focus 
on the customer, and humility. Therefore, the 
company knows that there are beliefs that need 
to be worked on to create these behaviors, and 
these beliefs are:  “the opinion of the other has 
value”, “we as a team are stronger than my 
individual opinion”, “if I work through the 
customer experience I can generate work that 
is more interesting for my employees as well”, 
“believe that employees are able to take 
ownership of their roles and regardless of 
hierarchy can have their contributions”. 
Behind all this is the relationship of trust that 
must be the basis for generating the behaviors 
of the new culture. The company believes that 
when CE is communicated, collaboration is 
addressed in its broad sense: “company does 
not end in itself”. Thus, to create a viable 
business that impacts the ecosystem in a 
positive way, the company needs to look 
beyond its walls. 
Leadership is essential for the transition 
towards CE. The top management has this role 
highlighted through the attitude of exemplarity, 
that is, the example comes from top to bottom. 
The leaders must transmit the CE values to the 
employees, who in turn deploy these values in 
behavior in the work and social environment in 
which they live; and for the other stakeholders 
that are part of the company. The top 
management has as its main role the allocation 
of resources and goals to make very clear the 
importance of CE for the entire organization. 
Leadership has a fundamental role to 
demonstrate that CE is not just in paper, but a 
proposal for changing culture through the 
definition of goals, resources and internal 
strategies. Leaders have a great deal of power 
to make people behave according to what they 
see in leadership. The leadership's discourse 
must be aligned with the practice. If the leader 
does not treat CE as a priority and demonstrate 
this to the employees, it is unlikely that they will 
engage in developing actions towards CE. 

Everyone in the company is trained in the 
basics of sustainability. All environmental 
projects and investments that are developed 
are communicated. The operational areas have 
specific goals to be fulfilled in relation to the 
master plans for each area. In this master plan, 
the areas have goals and what needs to be 
done to achieve this environmental goal. 
In order to share the CE values and incorporate 
behaviors aligned to CE concepts the company 
develops capabilities around innovation, R&D 
and partnership across sectors. The company 
makes connections to develop and share new 
knowledge. When creating bonds and 
partnerships, it is possible to identify 
opportunities and this is the path towards CE. 
The company always seeks to improve, to be at 
least at the same level as the competitors. They 
always seek the excellence of products and 
people. However, as in any change process, 
they identify gaps either in the skills or in the 
idea of proposing the necessary resources 
(financial, skills, competences). 
The interviewed believe that the company still 
has a way to go in the transition journey towards 
CE. Today, they are a very successful 
company, but they know the successes that 
have brought them here are not necessarily the 
ones that will guarantee their position in the 
future. That is why the study of OC is so 
important. Around the transition towards CE, 
the company has already evolved, but to 
remain the first in steel, it has to evolve more. 
Concepts of CE and sustainability are rooted in 
the company, but it is still difficult to propose 
radical changes as they are a very traditional 
industry. 

Conclusions 
We observed that OC is essential for supporting 
long-lasting changes towards CE. This was 
confirmed by the literature findings and by the 
interviewed answers. We observed that the 
managers in the participant organization are 
aware of the impact that the wrong culture could 
have in the implementation of CE strategies; 
however, they also affirm that the organization 
must work harder and develop more 
organizational actions in order to disseminate a 
circular culture throughout its entire ecosystem. 
We concluded that OC highly impacts the 
transition journey towards the CE, and that 
organizations must put efforts in the change 
and adaptation of their culture towards one that 
supports CE. 
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We conducted a single and deep case study, 
what could be seen as a limitation of this study. 
As future research we recommend the 
conduction of multiple case studies with other 
organizations, in different stages of maturity 
levels towards CE, and from different sectors. 
This probably will result in a more systemic view 
about the role of OC in the implementation of 
CE by companies. 
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Abstract: Increasing the service lifetime of mobile Internet-enabled devices (MIEDs) such as 
smartphones, tablets and laptops is a promising strategy to reduce the number of devices that need to 
be produced and reduce environmental impacts associated with device production. A broad spectrum 
of lifetime-extending measures has been explored in literature and in industry practice. In this article, 
we present an overview of explored measures, discuss challenges in their implementation and 
environmental impacts of lifetime extension. We find that measures can be distinguished into measures 
aiming at (1) the improvement of the device design (e.g. modular or durable design of smartphones), 
(2) device retention (increasing the time a user keeps a device, e.g. by offering repair services or 
fostering emotional attachment to devices), and (3) recirculation (creating a second life with a different 
user and/or in a different context, e.g. by refurbishing and reselling devices). The implementation of 
measures is challenged by trade-offs faced by organizations in the MIED value chain, which specifically 
occur when revenues depend on the number of new devices produced and sold. Furthermore, 
measures are subject to rebound and induction effects (e.g. imperfect substitution, re-spending effects), 
which can compensate for the (theoretical) environmental gains from service lifetime extension. In 
particular, it is uncertain to what extent a measure actually leads to lifetime extension and eventually 
reduces primary production of devices (displacement rate). Thus, more systematic research is needed 
on the feasibility of measures and the conditions under which they effectively contribute to a net 
reduction of environmental impacts. 
 
Introduction and approach 
Mobile Internet-enabled devices (MIEDs), such 
as smartphones, tablets or laptops require a 
large amount of resources and energy during 
production (Hilty & Bieser, 2017). Estimations 
of the greenhouse gas (GHG) emissions 
caused by the information and communication 
technology (ICT) sector worldwide range from 
1.5% to 4% of global GHG emissions, most of 
which are caused by the production and 
operation of end user devices (Bieser et al., 
2020) with the main share in production (Bieser 
& Coroamă, 2020; Itten et al., 2020). 
At the same time, the average service lifetime 
of a MIED is much shorter than the technically 
feasible lifetime (Thiébaud (-Müller) et al., 
2018). For example, in Switzerland a mobile 
phone is used on average for roughly 3.3 years 
(Thiébaud (-Müller) et al., 2018). Thus, a 
promising strategy to reduce the environmental 
footprint caused by MIEDs is to increase their 
average service lifetime, with the aim of 
reducing the number of units produced.  

Several measures to extend the service lifetime 
of MIEDs have been explored in literature and 
industry practice. For example, André, Söder-
man and Nordelöf (2019) discuss commercial 
reuse operation for laptops, Schischke et al. 
(2016) discuss modular smartphone design, 
Xun Li et al. (2010) and Zink et al. (2014) 
suggest reusing obsolete equipment in a 
different context, e.g. for educational purposes 
at schools or as in-car parking meters. 
In this article, we provide an overview of 
measures to extend the service lifetime of 
MIEDs that have been explored in literature and 
cluster the identified measures into categories 
by their basic mode of action. We discuss 
challenges in the implementation of measures, 
as well as environmental consequences 
associated with measures (e.g. rebound 
effects). 
Even though we reviewed a vast amount of 
literature, we do not claim that the resulting list 
of measures is exhaustive. 
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Measures to extend the service 
lifetime of MIEDs 
 
Overview 
In total, we identified three categories of 
measures:  

1. Improve device design: improving 
technical features of devices to increase 
the service lifetime 

2. Retention: increasing the time a user 
keeps a device 

3. Recirculation: encouraging use of device 
by an additional user and/or in a different 
context 

Table 1 provides an overview of measures in 
each category, which are described in more 
detail in the following.  
 

Category Measure 
Improve 
device 
design 

Avoid software-induced 
obsolescence 
Avoid hardware-induced 
obsolescence 
Software-induced behavior 
change 
Improve reparability and 
upgradability 
Design for durability 
Increase user attachment to 
device 
Design for reuse of components 

Retention Provide possibilities to repair 
device 
Increase user attachment to 
device 
Increase awareness for 
environmental impact of device 
production 

Recirculation Resell device 
Pass on device 
Device-as-a-service 
Repurpose device in different 
context 
Retrieve still functioning 
parts/devices for reuse 

Table 1. Measures to extend the service lifetime 
of MIEDs clustered into categories. 
 
Improve device design 
Measures in this category aim at changes to the 
hardware or software design of MIEDs which 
(can) lead to an extension of their service 
lifetime by creating conditions that are 
beneficial for retention or recirculation. 
Most measures require manufacturers to 
systematically take design choices (e.g. allow 
for replacement of battery) or abolish existing 
practices to shorten the service lifetime (e.g. 

avoid software-induced obsolescence, Kern et 
al. 2018). 
A key concern here is obsolescence, which 
means that a device loses its functionality or 
usability due to ageing (Proske et al., 2016). 
Updating MIED software or hardware can 
render devices obsolete (Proske et al., 2016), 
e.g. software updates can reduce battery 
cycles, changes of physical interfaces can 
render accessory devices obsolete. 
To avoid software-induced obsolescence, 
software applications are required to be 
compatible with different hardware and 
software configurations and software providers 
need to offer support services (Kern et al., 
2018). Also, users could be informed about the 
consequences of a software update before 
installing it. Exemplary strategies to avoid 
hardware-induced obsolescence are to use 
durable materials (Proske et al., 2016) and 
open and commonly used interface standards 
(Schischke et al., 2016).  
Software can be designed in a way which 
encourages users to use the device longer 
(software-induced behavior change). For 
example, a smartphone app can inform users 
about possible actions to increase the service 
lifetime close to expiration of the mobile 
network subscription (e.g. renewal of 
subscription without buying a new device, 
reselling or returning the device, Huang and 
Truong 2008).  
The possibility to repair or replace components 
can increase the service lifetime of devices that 
are broken or no longer meet the requirements 
of the user (Nes & Cramer, 2005). Several 
design principles aiming at improving 
reparability and upgradability of MIEDs exist. 
For example, modularization improves "the 
composability of the final product from a set of 
standardized components” (Hankammer et al., 
2018, p. 147) and thus the chance to replace 
broken or obsolete components with 
functioning or even more powerful components. 
Design for upgradeability (e.g. intentionally 
over-specifying some components, Inoue et al. 
2016) or design for reparability are related 
approaches. The availability of spare parts and 
repair instructions is also essential for repairing 
a device (Vonplon, 2020; Wilhelm, 2012). 
The durability of a product refers to how well a 
device is protected from wear and tear (Bocken 
et al., 2016). Design for durability “is about 
testing a product against assumptions about 
how the product is going to be used” (Schischke 
et al., 2016, p. 5). For example, some 
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smartphones shut down automatically when 
their core temperature gets too high. 
Psychological obsolescence is obsolescence 
caused by subjective aging, e.g. due to fashion 
trends (Proske et al., 2016). Increasing user 
attachment to a device can encourage users to 
postpone replacement and handle devices 
more carefully (Sung et al., 2015). For example, 
ergonomic design can lead to increased user 
attachment to devices (Komeijani et al., 2016).  
Design for reuse of components enables to 
reuse parts of a defunct device to repair other 
devices (Franklin-Johnson et al., 2016). 
Therefore, devices need to allow for 
disassembly and components need to be 
compatible with other devices (Nes & Cramer, 
2005; Sawanishi et al., 2015).  
 
Retention 
Retention measures aim at increasing the time 
a user actively uses a device, e.g. by 
encouraging users to postpone the decision to 
acquire a new device.  
In case of broken devices, this can be achieved 
by providing users with the possibility to repair 
devices. In many cases, users cannot repair the 
devices themselves because specialized 
knowledge, skills, and tools are required (Nes & 
Cramer, 2005; Sawanishi et al., 2015). 
Producers can actively contribute to these 
obstacles, e.g. by using screws for which 
screwdrivers are not publicly available 
(Sawanishi, Torihara, and Mishima 2015). 
Exemplary measures to support repair are the 
availability of repair instructions and spare parts 
(Vonplon, 2020).  
Measures to increase user attachment to 
devices (also discussed in the section “Improve 
device design”) exist, e.g. personalization or 
upcycling (Sung et al., 2015, p. 2) through 
engravings, buttons or stickers. 
Many users are not aware of the environmental 
impact of hardware production. Informing users 
about the environmental impact of device 
production can persuade them to postpone 
replacement. Wilhelm (2012) suggests eco-
labelling as a possible measure.  
 
Recirculation 
Recirculation measures aim at encouraging 
reuse of a used device by an additional user 
and/or in a different context. Successful 
recirculation always depends on user decisions 
at two life cycle stages at least: some users 
need to pass on or return their device and some 

users need to acquire used devices instead of 
new devices. 
Reselling leverages the heterogeneity in 
consumer requirements, i.e. some consumers 
might be content with a device that is 
inadequate to another user in exchange for a 
lower price (Williams, 2003). This cascade use 
(Rudolf et al., 2020) can be fostered through 
device retailers or peer-to-peer marketplaces 
such as eBay (Williams, 2003). Often 
intermediaries overhaul smartphones, e.g. 
through refurbishment or remanufacturing 
(Mugge et al., 2017; Skerlos et al., 2003). 
A common practice is to collect or buy back 
used and still-functioning MIEDs in 
industrialized countries and export these to 
lower-income countries (Sinha et al., 2016) or 
to pass on the devices to a friend or family 
member (Wieser & Tröger, 2018).  
One barrier for reuse is that many consumers 
are still skeptical towards used products due to 
quality concerns (Wieser & Tröger, 2018). 
Thus, further measures to convince users and 
promote second-hand purchases are required 
(Gåvertsson et al., 2020). 
An approach to promote reuse is the rental of 
devices (i.e. as a product-service-system or 
device-as-a-service) instead of selling them 
(Schneider et al., 2018). Once a user wants a 
new device, they return it to the service provider 
who still owns the device, can refurbish or 
remanufacture it and rent it out to another user.  
Some authors also suggest to repurpose 
obsolete devices for use in a different context. 
For example, a mobile phone could be used as 
an entertainment device in a waiting room 
(Huang & Truong, 2008), or as an in-car parking 
meter (Zink et al., 2014). 
When a MIED is no longer functional, the device 
usually contains still-functioning parts, which 
can be used to repair other devices. To retrieve 
still-functioning parts/devices for reuse, 
obsolete devices could be collected with mail 
back envelopes or at easily accessible drop-off 
points (Tanskanen & Butler, 2007). Design for 
reuse (see section “Improved device design”) 
supports reuse of components. 
 
Discussion 
 
Implementation of measures 
The measures we described strongly focus on 
structural solutions (e.g. by means of technical 
improvements) to extend the service lifetime of 
MIEDs. We do not delve into measures to 
change the consumer mindset (e.g. “less is 
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more”, Miesler et al., 2018) or regulatory 
measures (e.g. extended producer 
responsibility).  
In many cases, organizations trying to 
implement approaches for lifetime extension 
will face conflicting goals and interests. For 
example: Durable smartphones are often larger 
and heavier than their non-modular 
counterparts (Schischke et al., 2016). 
Improving the modularity of a smartphone can 
allow new companies to produce spare parts, 
and thereby “cannibalize” the revenues of 
original equipment manufacturers. Lifetime 
extension as such can also reduce revenues of 
manufacturers, as they are usually coupled to 
the number of devices sold.  
Thus, systematic research on the feasibility of 
these measures and collaboration along the 
MIED value chain is needed to find creative 
solutions to mitigate these conflicts. 
 
Environmental impacts of measures 
A key requirement for realizing environmental 
gains through service lifetime extension is that 
it avoids the production of new devices. To 
date, there is little research about consumer 
acceptance of measures and the extent of 
actual lifetime extension (e.g. 1 year, 2 years). 
Additionally, existing research on the 
displacement rate of primary production by 
lifetime extension indicates that this does not 
occur on a one-to-one basis (imperfect 
substitution, Makov and Font Vivanco 2018; 
Zink et al. 2014; Zink and Geyer 2017), e.g. 
because used devices might be purchased by 
consumers who would not purchase a new 
device otherwise (Cooper & Gutowski, 2017). 
Also, re-spending effects can compensate for 
the environmental gains of lifetime extension 
(Jattke et al., 2020) if consumers increase their 
relative income (e.g. by postponing acquisition 
of new devices, by selling used devices, or by 
buying used instead of new devices) and direct 
that income to the consumption of other goods 
and services which are associated with 
environmental impacts as well (Makov & Font 
Vivanco, 2018; Zink & Geyer, 2017).  
Service lifetime-extending measures can also 
lead to induction effects: adopting the 
measures induces activities which are 
associated with environmental impacts (e.g. 
shipping smartphones to repair facilities, Jattke 
et al. 2020). 
Exporting obsolete devices to developing 
countries can also cause environmental 
impacts beyond energy consumption and GHG 
emissions because these devices are often 

informally recycled with harmful effects on 
people and the environment (Böni et al., 2015; 
Yu et al., 2017). 
  
Conclusions 
Extending the service lifetime of MIEDs can 
help to reduce the environmental impacts 
associated with the life cycle of MIEDs. Various 
potential measures exist that can be clustered 
into measures aiming at (1) improvements of 
device design, (2) retention and (3) 
recirculation. 
While measures in all categories have been 
explored in literature, little is known about their 
effectiveness in achieving lifetime extension 
and reducing environmental impacts in 
practice. Reasons for this uncertainty are: 
- Implementation of measures is challenged 

by diverse conflict of interests among actors 
in the MIED value chain, which often are 
caused by (expected) declines in revenues 
of manufacturers. 

- Lack of research on consumer acceptance 
of measures and the degree to which the 
service lifetime is actually extended. 

- The extent to which lifetime extension 
actually replaces primary production is 
uncertain (displacement rate).  

- Re-spending effects and induction effects 
can diminish the environmental gains from 
lifetime extension.  

Thus, more systematic research on the 
feasibility for implementing measures and the 
conditions under which such measures 
effectively contribute to reduction of 
environmental impacts of MIEDs is required. 
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Abstract: This paper explores collaboration in Circular Economy Value Chains (CEVCs). The aim is to 
establish an analytical framework for better understanding how collaboration helps value chains (VC) 
to work in line with circular economy (CE) principles. In the transition from a linear economy to a CE, 
economic actors have to cooperate together in new ways. In a linear economy most actors involved in 
the VC are specialised and have only limited interaction, which means they cannot create circular 
systems autonomously. In contrast, in a CE companies and other actors need to collaborate to identify, 
develop, implement and operate circular strategies. However, currently, CE is in its early stages of 
development. In order to transition to more circular industrial systems there is a need to better 
understand how to create CEVCs. To this end, this paper presents the preliminary results of an analysis 
of CE cases contained in the CIRCLE LAB knowledge hub: focusing on 46 cases in the domain of textile 
and fashion. We identify the key characteristics of collaborative efforts aimed at creating CEVCs. This 
paper is structured as follows. First, the current state of the CEVC literature is described. Next, the 
methodology for the data gathering and analysis is explained. This is followed by a presentation of the 
resulting insights and an explanation through means of illustrative case examples. A discussion 
outlining the implications and uses of the framework, as well as further work conclude this paper. 
 

Introduction 
In order to avoid negative impacts from the 
linear ‘take-make-waste’ economy - such as the 
emission of greenhouse gases that result in 
climate change, or the pollution of aquifers and 
food chains by toxic chemicals and 
(micro)plastics - a new economic system based 
on looping and cycling of materials, 
components and products has been proposed 
(EMF, 2013. This new system known as circular 
economy (CE) is put forward as an approach for 
sustainable economic activity. In a CE, circular 
strategies address obvious (e.g. landfilling, 
prematurely broken products) and more 
inconspicuous types of waste (e.g. subsequent 
use of materials not optimised for value 
recovery, unused product capacity). To achieve 
this, a range of circular strategies can be used, 
such as alternate ways of fulfilling needs 
(replace), efficiency approaches (reduce), 
reuse, repair/ maintain, refurbish/ 
remanufacture, upgrade, recycle, industrial 
symbiosis, composting, etc (Blomsma and 
Brennan, 2017; Homrich et al., 2018). 
Applying this set of strategies requires a life 
cycle perspective across production and 
consumption processes. Therefore, for the 
successful implementation of circular 

strategies, collaboration between VC actors is 
required. For example: for the high-quality 
recycling of materials it may be needed to 
consider product formulation (material choice) 
and design (for disassembly), to create 
incentives for the customer to return the 
product, a reverse logistics process to recapture 
these materials has to be put in place, and a 
specialised recycling partner may need to be 
sought out to process the materials before they 
can be used to make the next generation of new 
products. A similar argument could be made for 
product life extension and other circular 
strategies. 
Moreover, in implementing (sets of) circular 
strategies collaboration between actors is key to 
creating, delivering and capturing shared value 
(Brown et al., 2019). 
It can therefore be said that the creation of 
CEVCs requires the creation of new value chain 
relationships and collaborations: companies are 
unlikely to be able to become fully circular on 
their own (Kraaijenhagen et al., 2016), or to be 
successful in creating and capturing circular 
value on their own. However, there still exists a 
“circularity gap:” a lack of CE enabling 
connections in VCs (Schmid and Ritzrau, 2018). 
As such, it needs to be better understood how 
to transition from linear to CEVCs. Specifically, 
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we focus on four related elements: 1) ‘why’ - 
what problem/ opportunity needs to be 
addressed, 2) ‘where’ - the location in the VC 
where loops are closed, 3) ‘who’ - the maturity 
of the actors and their relationships, 4) ‘how’ - 
organisational resources and capabilities. 
Through focusing on 46 cases in the domain of 
textile and fashion included in a CE case 
database, these aspects are explored with the 
aim of establishing an analytical framework to 
better understand the development of CEVCs. 
 

Background 
So far, the CE literature has primarily focused 
on the practical and technical levels of physical 
flows in industrial systems (Korhonen et al. 
2018). There is, however, a nascent body of 
knowledge on organisational aspects related to 
CE. In particular, on conceptualising and 
designing circular business models (e.g. 
Geissdoerfer et al., 2018; Boons and Bocken, 
2018; Pieroni et. al., 2019). Although this work 
acknowledges the role of VCs in the process of 
value creation, capture or delivery, it does not 
provide detail with regard to the specific roles 
that need to be fulfilled to enable the 
operationalization of a particular (set of) circular 
strategy(ies).  
In addition to this, a second body of work 
attempts to better understand the development 
of Green, Sustainable, Closed Loop and 
CEVCs, but this is largely characterised by 
descriptive case studies containing small 
sample sizes, aimed at understanding factors 
regarding product design and manufacturing, 
end-of-life recovery, and the cycling of 
individual products, components, or materials. 
Typically, this work focuses on such factors as 
product design, power dynamics, demand and 
supply dynamics, transaction costs, the role of 
certification schemes and sustainability impact 
(Franco, 2017; Chkanikova, 2016; Acquier et 
al., 2017).  
Although the need for proactive stakeholder 
management is a common theme in recent work 
on and related to CE that focuses on 
organisational aspects, there is currently no 
structured means for identifying and 
understanding different types of collaborations 
and their role in operationalising circular 
systems.  
Specifically, there are 4 key knowledge gaps 
that prevent the identification of meaningful 
patterns in transitioning to CEVCs. First, the 
motivation behind addressing linear problems 
and/or capturing circular opportunities is often 
not (sufficiently) understood. That is: 

understanding what issue in relation to 
resources is being addressed or what resource 
opportunity is tapped into aids in identifying the 
‘why’ of circular systems. If this is not articulated 
there is a risk that important problems are 
overlooked resulting in marginal improvement 
(e.g. ‘circular washing’) (Hofmann and Jaeger‐
Erben, 2020 ) or that new wastes are being 
created that result in circular rebound (Zink and 
Geyer, 2017). 
Second, there is no consensus around how to 
systematically scan for the location in VCs 
where loops are closed. That is: whilst it is 
acknowledged that CE encompasses a range of 
circular strategies, there is no consensus 
around their meaning (Reike et al., 2017) and 
how to distinguish between their application in 
different stages of the life cycle (Potting et al., 
2018). For example, a process such as 
industrial recycling is different from post-
consumer recycling, with different barriers and 
enablers, and different outcomes with regard to 
material quality and value capture. A similar 
observation can be made for self-repair in 
relation to professional repair. As such, it is 
important to be able to distinguish between 
‘where’ in a CEVC circular strategies are 
applied. 
Third, there is a lack of clarity with regard to the 
nature of relationships and the type of actors 
involved. For example, in transitioning to 
product/service systems, there can be a need 
to reexamine existing relationships between 
existing VC actors. In addition, there is an 
emergent body of work around the role of 
incumbent firms in transitioning to a CE 
emphasising cross-sectoral collaboration (e.g. 
Hansen and Revellio, 2020). Furthermore, it is 
acknowledged that start-ups can take on new 
roles to fill gaps in existing value chains or 
create entirely new value chains (e.g. Boons 
and Bocken, 2018). As such, the term 
‘collaboration’ covers: 1) the reinvention of 
existing relationships, 2) connecting between 
previously unconnected entities, and 3) adding 
new entities to fill gaps in VCs. It is important to 
distinguish between these types as they have 
different developmental trajectories. However, 
there is currently no clear way to examine ‘who’ 
is collaborating. 
However, fourth, and importantly, different 
organisational resources and capabilities may 
be needed depending on the ‘why,’ ‘where’ and 
‘who.’ But it is not yet understood to what 
degree this ‘how’ of identifying, developing, 
implementing and operating CEVCs is context 
dependent. For example, reverse logistics 
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capabilities are put forward as key for both 
recycling and reuse strategies (Vlachos, 2016). 
However, both may be driven by different 
motives: a (post-consumer) recycling scheme 
may be needed to recapture valuable materials, 
whereas a reuse scheme may leverage the 
remaining useful product life to service 
additional customers. As such, the capability of 
reverse logistics can serve different circular 
strategies, taking place in different resource 
states. In addition to this, reverse logistics 
resources may be developed in-house, 
outsourced to existing partners, new partners or 
a start-up, or collaboratively created through 
establishing a new entity. Decisions such as 
these, although driven by the need for the same 
capability, can therefore result in radically 
different CEVCs. Similar observations can be 
made about other organisational resources. 
Therefore, stating that a specific organisational 
resource is key to implementing circular 
strategies does not provide sufficient insight into 
why a certain CEVC develops. The ‘why,’ 
‘where,’ ‘who’ and ‘how’ of circular strategies 
are intricately intertwined - and they need to be 
assessed in an integrated manner - to be able 
to find relevant patterns in CEVC development 
and to be able to compile best and good 
practice. However, at present, no analytical 
framework exists to support this. To address 
this gap this paper explores how such an 
analytical framework for understanding the 
design and development of CEVCs can be 
created. 
 

Method 

To fill the identified gap, a multi case analysis 
was used. This approach allows for examining 
phenomena in their context, where it is likely 
that important contextual conditions are 
relevant to understanding the phenomenon of 
interest (Yin, 2018). 
Therefore, this paper analyses 46 cases from 
the CIRCLE LAB knowledge hub: a database 
that contains 1588 knowledge resources, 948 of 
which are categorized as case study examples 
(as of 20/10/2020). The cases selected for the 
analysis are those categorised as “collaboration 
for joint value creation.”  
Furthermore, the cases are restricted to the 
domain of textile and fashion, due to the 
largest number of cases relating to this sector 
The analytical frameworks and concepts 
guiding this work are described in Table 1. 
 
 
 

Analytical frameworks used and motivation 

‘Why’ - what 
problem/ 
opportunity 
needs to be 
addressed 

‘The Big Five’ of Structural waste 
By: Blomsma (2018), Blomsma and 
Tennant (2020). 
Approach: used as underpinning 
typology for describing the main 
problem or untapped solution as 
described in the case documents. 
Description: The ‘Big Five  of structural 
waste consists of:  
1. Excess/ harmful use of resources; 
2. Premature End-of-Life of materials; 
3. Underused material capacity;  
4. Premature End-of-Use of 

components/ products; 
5. Underused components/ product 

capacity. 

‘Where’ - 
the location 
in the VC 
where loops 
are closed 

Resource States framework 
By: Blomsma and Tennant (2020) 
Approach: used as underpinning 
structure to describe where in the 
industrial life cycle a circular strategy 
takes place. 
Description: This framework combines 
the idea of material entropy with a life 
cycle perspective. It depicts the 
journey of resources through the 
economy as first taking place from first 
manufacturing materials, then 
components and finally assembling 
finished goods. In a CE, various 
circular strategies are subsequently 
available to manage end-of-use/life. 

‘Who’ - the 
maturity of 
the actors 
and their 
relationships 

[Emergent from data] 
Approach: using the maturity of the 
organisation (e.g. existing organisation 
or new organisation/ start-up) and the 
maturity of the relationship (e.g. 
existing relationship that is 
reconsidered or new relationships 
being established) as a guide to 
classify the nature of the relationship. 
Description: Using the maturity of the 
organisation and the relationship we 
develop a typology iteratively from the 
dataset. 

‘How’ - 
organisation
al resources 
and 
capabilities. 

Resource Based View (RBV) 
By: Barney (1991)  
Approach: In order to achieve a 
sustainable competitive advantage 
(SCA), companies require a unique set 
of strengths/resources that can be 
divided into three parts. Physical 
capital, human capital, and 
organizational capital. 
Description: Each of these 3 main 
capital types are assigned 
subcategories. These resources are 
used to create supply, enable the 
operation of the CE, or generate 
demand. 

Table 1 - overview of frameworks and approaches 
used for exploratory analysis. 
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Cases were subsequently filtered for data 
availability and accessibility. In addition to this, 
since the data in the database was not curated, 
input categories were verified against the case 
description as well as additional available data 
such as project websites. 
In the next step, the cases were analysed in 
further detail using the frameworks described in 
Table 1, which were further developed using the 
data for the ‘who’ and ‘how’ elements.  That is: 
the cases were analysed with regards to what 
organisational resources were identified, 
iteratively developing sub-categories that 
allowed for meaningful contrasting and 
comparing of cases. In this, for the ‘how,’ we 
follow the recommendation from Miller (2019) 
and Kraaijenbrink et al. (2010) to identify (more) 
precise definitions of the types of organisational 
resources the collaborations are aimed at 
creating. 
 

Results 

This section highlights the key preliminary 
insights with regards to the ‘why’, ‘where’, ‘who’ 
and ‘how’ for the selected fashion & textile 
cases. See also Fig. 1-3. 
 
‘Why’ - Big Five of Structural Waste 
Considering Fig. 2., which gives an overview of 
the structural wastes that are targeted in the 
cases, it can be seen that each of the five 
wastes are targeted. However, components 
and particles play a role in over half (53,6%)   of 
cases. This is striking given the claims that CE 
is often still interpreted as dealing with (product) 
waste and recycling (Homrich et al., 2018). In 
contrast with such statements, this finding 
shows that CE is  increasingly interpreted as an 
umbrella concept that addresses a wide range 
of issues associated with waste and resource 
management. In fact, the individual cases 
address on average 2,92 types of structural 
waste, with on average 1,38 instances of each 
waste being addressed - using a variety of 
different circular strategies (see outer circle). 
 
‘Where’ - Circular strategies across life-cycle 
See for this element Fig. 2., both the inner and 
outer circle. Although related to structural 
waste, this analysis adds the specificity of 
where in the life cycle circular strategies are 
positioned, ranging from raw material 
production, components manufacture, product 
assembly, distribution, use, reverse logistics, 
and various end-of-use/life strategies, covering 
the 3 resource states (particle/ material, part/ 
component and product) and 10 subcategories 

divided over the life cycle (Blomsma and 
Tennant, 2020).  
In line with Fig. 1 the chart of Fig. 2. also shows 
that circular strategies are mostly applied to 
products, but that the parts- and particles states 
closely follow. Moreover, an even coverage of 
both pre-user (#1-4) as well as user (#5) and 
post-user strategies can be seen (#6-10).  
Individual cases address on average 2,04 
resource states, and they consist of 43% pre-
use, 15% use and 42% post-use stages 
respectively.  
In sum: the data shows that multiple structural 
wastes are addressed at multiple stages of the 
production chain. Through this it is shown that 
companies are moving towards the application 
of (more) holistic approaches.  
 
‘Who’ - maturity of actors and relationships 
Seven types of stakeholders were identified:  

1. Focal companies; 
2. Industry stakeholders (other 

companies/ industry bodies);  
3. Government; 
4. NGOs; 
5. Knowledge institutes/ academia; 
6. Communities; 
7. Customers.  

 
Involving customers has become a major part 
of marketing and the business model 
(consumers play a prominent role in 76,5% of 
cases). Often, the role of the consumer was 
considered to be of a dual nature: by returning 
worn clothing, the consumer was not only a 
customer, but also a supplier. In most cases, 
these take-back programs were used as a 
vehicle to establish a closer customer 
relationship through offering discount vouchers 
for the next purchase.  
The relationship between companies and 
NGOs is also notable. Companies seemingly 
cooperate with NGOs whose mission is in line 
with the company philosophy, providing 
financial support for initiatives. Likewise, 
governments typically enter into a relationship 
with projects. For example, research projects on 
the CE for new sustainable recyclable materials 
are supported For example the project Trash-2-
cash, a Eu funded research project, which 
aimed to create new regenerated fibres from 
pre-consumer and post-consumer waste. 
Moreover, knowledge institutes and academia 
also have a key function to play. They act as a 
form of catalyst in the engine of the CE by 
supporting companies in the transformation to 
circular processes, contributing their 

69



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Fenna Blomsma, Sophia Cornelißen, Julia Gross  
Circular Economy Value Chain collaborations 

 

5 

 

knowledge, and connecting new business 
partners thanks to their comprehensive market 
insight. In an exchange with scientists and 
knowledge platforms, materials and processes 
can be optimized and shared with third parties. 
 
Three different collaboration types and one 
hybrid type were identified, based on examining 
the maturity of the organisations and their 
relationships (classified according to the main 
type): 

1. New relationships (30,4%): existing 
partners work together in new ways.  
That is: the relationship with existing 
suppliers and/or existing customers is 
reinvented. 

2. New partnerships (34,8%): existing 
entities that haven’t previously 
collaborated establish a new 
partnership.  

3. New entities (34,8%): a new 
organisation is created or added so a 
new resource or capability can be 
leveraged.  

 
The importance of new relationships, new 
partnerships and new entities alike illustrates 
the importance of transforming (parts of) 
existing (linear) systems for circularity, as well 
as the importance of novelty and invention. 
 

‘How’ - organisational resources & capabilities 
The 5 types of structural waste can be tackled 
with a wide variety of circular strategies and 
approaches at different stages of the value 
chain - as Figure 1 already illustrated. In this, it 
is striking that companies typically address 
multiple structural waste issues at the same 
time, which are enabled through organizational 
resources and capabilities.  
For example, the collaboration between Houdini 
and Customers was aimed at establishing take-
back programs and product maintenance and 
repair. 
Other cases implied under the motto "to 
preserve what is already there" own brand 
second sales, and second sale distribution, but 
also self-repair, spare part services, and 
product maintenance. In other words, the 
companies ensure that the product either finds 
a new owner or is repaired if it is damaged to 
prolong the lifespan.  
Circular strategies are applied not only in the 
use phase but also in the pre-use and post-use 
phases. 
To have sustainable competitive advantages, 
organizational resources and capabilities are 

needed. As shown in Figure 3, these were 
categorised according to whether they are 1) 
creating a supply of circular resources (37,6%), 
2) processing support for the operation of 
CEVCs (38,9%), or 3) generating demand 
(23,6%). The companies in the study were 
represented in each of these three categories.  
In each of these categories, a distinction is 
made between physical capital resources, 
human capital resources, and organizational 
capital resources. The organizational capital 
resources were the most prominent within each 
of the three categories. It is also worth noting 
that the human capital resource of knowledge 
also played an important role in the category 
'supporting the operation of CEVCs', such as 
the education, experience, judgement, 
intelligence, relationship and insight of 
individual managers and workers in a company. 
 

Discussion & conclusion 

In this paper we set out to create an analytical 
framework for understanding the design and 
development of CEVCs, in order to better 
understand the degree to which the ‘how’ of 
identifying, developing, implementing and 
operating CEVCs is context dependent. That is: 
to explore to what degree the ‘why,’ ‘where’ and 
‘who’ of collaboration shapes the 
implementation of circular strategies. To this 
end, this paper presented a preliminary analysis 
of 46 textile and fashion cases, to explore how 
such an analytical framework can be created 
and utilised to find patterns and other salient 
insights. 
The preliminary analysis highlights the 
importance of adopting a systems perspective 
when engaging in CE oriented-innovation. That 
is: to consider where each type of waste is 
present in the life cycle, and to put in place 
circular strategies that address these - very 
likely as part of a set of two or more circular 
strategies that interact - either synergistically or 
through trade-offs (Blomsma and Brennan, 
2017; Hansen and Revellio, 2020). It is this view 
of CE that allows for a holistic approach 
addressing waste in all its different forms across 
the entire production chain and extending and 
renewing the value of resources.  
With the proposed framework we have 
contributed to the formulation of an analytical 
approach that deals with CE in its richness and 
complexity, advancing the field of CE and 
connecting it to both the industrial ecology and 
business literatures. 
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Limitations 
The analysis presented in this paper is part of 
an ongoing analysis, with key preliminary 
insights described here. Further work is needed 
with regards to refining the analysis, pattern 
finding, and extending the number of cases. 
Also note that use of the CIRCLE LAB database 
comes with inherent limitations: the cases are 
self-selected, meaning that no uniform inclusion 
or exclusion criteria were applied. Moreover, 
most of the cases are situated in the global 
north. 
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Abstract: Textile collection is a challenging task for all stakeholders in this environment. It is organized 
in different ways, there are the commercial and municipal collections and charity organizations. The 
collection of used textiles is the beginning of textile recycling and therefore decisive for all further 
processes. The aim of the sorting analysis of used textiles is to generate data for high-quality collected 
goods in order to ultimately provide them with the highest possible utilization methods. Influencing 
challenges like moisture or impurities have a significant negative impact on the collection qualities. In 
order to price drops of used garments also the economical aspect should be considered to ensure the 
cost-covering collection. As the high-quality textile collection is hindered by various factors, this paper 
deals with the challenges of textile collection, and describes and analyses the inherent logistics 
processes as an essential part of a textile Circular Economy. Only with additional data it is possible to 
improve the logistics processes in textile collection and recycling, which in turn has a positive effect on 
the sustainability of textile and logistics industry. 
 
 

Introduction  
 
Around six million tons of textiles were 
consumed in the European Union (EU). Around 
a quarter to a half of this is disposed of in 
residual waste. This implies a great potential of 
untapped raw materials for recovery, including 
post-industrial waste (WRAP, 2017). 
Whereas in the past the motivation for textile 
collection was mostly socially or economically 
driven, the Waste Framework Directive of the 
EU requires a separated waste collection for 
textiles for the first time (deadline for 
implementation: 1 January, 2025) (Directive 
(EU) 2018/851, 2018). The aim of the directive 
is the careful use of resources as well as the 
protection of society and the environment with 
regard to the handling and generation of waste. 
This includes the efficient use of resources and 
the associated promotion of a circular 
economy. According to § 3 (KrWG, 2020), the 
German reaction on Directive (EU) 2018/851, 
used textiles are defined as waste, as soon as 
they are disposed of in collection systems, 
followed by appropriate recycling or disposal. 
To date, there has been a lack of a profound 
data basis both for the associated logistics 

processes and for improving the quality of the 
used textiles collected. 
For this reason, a sorting analysis of used 
textiles was carried out together with the 
municipal waste disposal service provider  
Stadtreinigung Hamburg. The analysis provides 
results on the quality, the way of utilisation and 
the material composition and thus provides 
important data for subsequent recycling 
processes. 
 

State of the Art 
 
As legal basis the directive (EU) 2018/851 on 
waste of the European Parliament and of the 
Council was approved in 2018. The revised 
directive set specific deadlines for achieving 
recycling targets. From 2025 onwards, at least 
55% of municipal waste should be recycled. 
This also includes used textiles. A recycling rate 
of at least 60% is set for 2030 and at least 65% 
for 2035. In Germany around 67% of municipal 
waste were recycled in 2019, compared to 
Romania with a rate of 11,5%. The European 
average is around 48% (Eurostat, 2021). The 
recycling quota takes into account recovery 
methods such as preparation for reuse and 
material recycling. Thermal recovery and 
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landfill are not included in the recycling rate. In 
the area of used textiles, Germany has a 
recycling rate (according to RL (EU) 2018/851) 
of over 90% of collected goods. In addition, the 
EU directive includes the obligation to collect 
textiles separately from January 1, 2025. Old 
textiles account for around 4% of municipal 
waste in Germany (BMU, 2020). Despite 
various collection systems for used textiles, 
almost 18% of used textiles in Germany are 
disposed of as residual waste (UBA, 2019). 
According to the EU directive, the landfill quota 
for municipal waste may not exceed 10% from 
2035. 
Within the meaning of extended producer 
responsibility § 26 KrWG (German Act) 
explains the voluntary collection of waste more 
detailed. This also includes, for example, the 
"Garment Collecting Program" from H&M. 
Under the title of the program H&M takes back 
old clothes since 2013 and allocates vouchers 
to the customers in return. The conditions for 
extended producer responsibility with regard to 
voluntary take-back are guaranteed if the waste 
taken back comes from the manufacturer or 
distributor himself, if it is recycled in an 
environmentally friendly manner and if the 
waste is taken back to encourage circularity. 

 
Challenges of used textiles 
 
The decline in the trading value (US$) in the 
foreign trade of used textiles is, among other 
factors, to be justified with the development of 
the industry’s fast pace, the changing fashion 
trends and the orientation of manufacturing 
processes for getting simpler, cheaper and 
more functional implementations (Schmidt & 
von Wedel-Parlow, 2019). The falling prices of 
clothing items have a negative impact on their 
quality. Due to the inferior quality of the 
products and constantly changing fashion 
trends, the useful lifetime of textiles decreases. 
Over the past 15 years, the average usage time 
for clothing has decreased by 36% worldwide 
(Ellen MacArthur Foundation, 2017). 
These consequences also serve as the basis 
for an explanation of the negative development 
in quality of the used textiles industry since 
2013, although the quantities are increasing. 
Recyclers of used textiles suffer from the quality 
problem of previously described trends. The 
collected goods are often outworn or damaged 
more quickly. Accordingly, old textiles of inferior 
quality can no longer be processed or recycled 
to a high quality. The proportion of wearable 

second-hand clothing is shrinking. As a result, 
a large part of the collected goods can only be 
fed into recycling processes or energy recovery 
(bvse, 2019). 
Also textile recycling methods are affected by 
these trends. The amount of textiles for 
recycling increases due to the growing clothing 
consumption. Not only the increasing amount of 
collected goods, but also the use of mixed fibers 
provide challenges for textile recycling. On the 
one hand, sufficient capacities for the collection 
and recycling of used textiles must be created 
and, on the other hand, possible solutions for 
the efficient recycling of used textiles must be 
researched. A high level of fiber purity is 
important for high-quality recycling and a 
corresponding further reuse. This is also 
affected by the increased use of fiber blends to 
combine different properties and lower the 
price. The material compositions of used 
textiles are often only roughly known, therefore 
a sorting analysis of used textiles was set to 
generate missing data as an input for recycling 
processes. In this context the analysis carried 
out provides information about the material 
composition of the used textiles examined. 
Starting with the used textiles collection, a high-
quality collection must be guaranteed in order 
to carry out high-quality recycling. Used textiles 
collectors complain about poor collection 
qualities, due to different weather conditions 
and contamination (e. g. moisture and mold). 
Missing protective covers and incorrect throws 
are also causes of contamination or damage. 
The proportion of non-textile waste in collected 
goods has increased in recent years and is 
about 5%. These influences cause quality 
losses of goods during the collection process 
and hinder high-quality recycling. "In the end it 
costs more to collect than it brings in revenue." 
(Henkel, 2019) 
The base of the textile recycling is the sorting. 
There is a challenge of identifying the material 
composition of the collected goods. Different 
fiber types require different recycling methods.  
Accordingly, various detection technologies 
(e.g. RFID) for the automatic sorting of 
collected goods are being discussed in science 
and practice. Only a few blended fabrics are 
recycled. “The reason for this is that the 
composites cannot be technologically 
separated or a separation is not economical in 
order to feed the composite components into 
the recycling process by type.” (Pelzer 2018) 
For this reason several research projects are 
currently being worked on.  
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Collection systems 
 
The common methods for textile collection used 
in Europe are municipal waste collection, 
collection containers, kerbside collection, 
collection through mail back options, retailer 
and charity-shop drop-offs and home pick-ups 
(Ellen MacArthur Foundation, 2017). 
Additionally, the multi-apartment container 
collection is considered as a special form of the 
container collection. These collection variants 
find different degrees of coverage in the EU 
states, but all have in common that logistics 
systems play an important key role in efficiently 
closing cycles and thus enabling circular and 
sustainable supply chains (Fennemann et al., 
2018). The most common way of textile 
collection in Europe is the container collection. 
This is implemented for example in Germany, 
Belgium, Sweden, France, Denmark, Italy and 
the Netherlands. The advantage of this 
collection method is the generation of high 
quantities in collection, whereas the logistical 
challenge is the routing with frequent pick-ups 
for the numerous and widespread places. This 
also includes high transport costs, relative to 
the collection quantity per container. 
Nevertheless, municipal service providers for 
waste management take back their containers 
for old textile collection due to bad collection 
results and are searching for new solutions 
(Beushausen, 2020; EUWID, 2020). While 
disposal logistics with level monitoring and tour 
planning is state of the art mostly. Innovative 
approaches combining level sensors and throw 
in restrictions are missing. 
 

Collection quantities and qualities 
 
The German used textiles collection covers 
about 75% of consumed clothes in Germany 
(Watson et al, 2018). Whereas the container 
collection accounts for 88%, kerbside take 
about 9% (2013). The actual trend for container 
collection is going down due to poor collection 
quality. In a European comparison Germany 
takes the position as a pioneer with the highest 
collection rate. Followed by Denmark (44%), 
the Netherlands (37%) and France (36%). 
Further data were also collated for the United 
Kingdom (31%), Sweden (19%) and Italy 
(11%). Some places in Europe have not yet 
integrated separate waste collection or focus on 
the reporting, as in northern cities of Italy 
(Watson et al, 2018).  

Due to the new directive on waste and the 
associated obligation to collect used textiles 
separately, stronger competition on the 
international used textiles market is to be 
expected. Figure 1 shows the development of 
used textiles exports from the largest exporters 
in the European Union from 2016 to 2019. As 
can be seen, the trade value (in US$) shows a 
tendency towards a negative development, 
although the quantities of exported used textiles 
are increasing. For example, the export volume 
(in kg) in Germany increased by almost 4% 
between 2017 and 2019 (2019: 533 kt), while 
the trade value (in US$) fell by almost 8% in the 
same period. It should also be taken into 
account that the used textiles of the respective 
exporters are handled differently. The UK had a 
trade value per kg of 1.37 US$ in 2018, followed 
by the Netherlands (1.18 US$/ kg) and Poland 
(1.08 US$/ kg). Although Germany has a 
comparably high trade volume by netweight, 
the retail value per kg is 0.82 US$/ kg. This 
means that Germany’s export volume (in kg) 
exceeded that of the UK, but generated less 
trade value. Another interesting development 
can be seen in Poland. Poland’s export 
volumes and trade values have increased 
continuously since 2016 (United Nations 
Publications Board, 2020). 
 

 
Figure 1. Exports of Used Textiles 2016-2019 
(Data from United Nations Publications Board, 
2020). 

 
To date, there has been a lack of a profound 
data basis for both, the associated logistics 
processes and for improving the quality of the 
used textiles collected. 
Although textile collection will become 
obligatory, it is not done by just collecting 
textiles separately. For an adequate textile 
collection it is necessary to have information 
about the characteristics (e. g. material 
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composition, quantities, way of utilisation) of 
used textiles to ensure the highest possible 
utilisation. Overarching, general conditions are 
missing. Therefore, the sorting analysis of used 
textiles provides reference data for future 
implementations of a textile Circular Economy 
approach, including both sample processes for 
improved information-based logistics, as well 
as specific technical logistics solutions for e. g. 
the reduction of missed throws related to public 
container collection. 
 

Sorting Analysis for Used Textiles  
 
The sorting analysis of used textiles represents 
a data collection on the used textiles collected 
by the Stadtreinigung Hamburg. For this 
purpose, the mass proportions of possible 
utilisation routes of the used textiles with regard 
to quality and selected textile fiber material 
groups were determined. In order to ensure the 
comparability of the results, criteria for quality 
assessment (reuse/ recycling) were defined. 
Measurable quality features for textile products 
were used for this. In the context of the 
assessment of the material compositions, the 
material fractions cotton (> 95%), natural fibers, 
mixed fibers, polyester (> 95%), synthetic fibers 
and leather and leather/ fur were used. It must 
be taken into account that no trim, linings or 
sewing threads are considered in the material 
composition. 
 

Results 
 
During the sorting analysis a total of 15 m³ 
equivalent to 1.968 kg of old textiles collected 
on a recycling yard were sorted. According to 
the weight percentage, 70% of the sorted 
textiles are assigned to the sorting group 
Reuse and 26% are assigned to Recycling. The 
weight percentage of the missed throws and the 
plastic bags that were used to pack the textiles 
account for 4% in total (Figure 2). 
 

 
Figure 2. Treatment routes for sorted textiles. 

 
In the following material evaluation (Figure 3), 
the sorting fractions of 386 kg shoes, plush and 
soft toys, textile accessories, missed throws 
and bags are not considered, as no assignment 
in the defined materials groups is possible. The 
evaluation now considers a total of 1.582 kg of 
clothing and home textiles. Clothing dominates 
with 1.290 kg (82%) and home textiles account 
for 292 kg (18%). The dominant material 
fractions are cotton with 668 kg (42%) and 
mixed fibers with 480 kg (30%). The total of the 
analysed clothing consists of nearly similar 
portions cotton (39%) and mixed fibers (32%). 
The portion of cotton clothing in the category 
“Reuse” is similar to the portion in the category 
“Recycling” (39%). The portions of mixed fibers 
clothing in the category “Reuse” is less (32%) 
than the portion in the category “Recycling” 
(35%). 
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Figure 3. Material groups for sorted textiles. 
 

Interpretation 
 
For the general classification of the results, it is 
pointed out that the used textiles examined are 
goods from recycling yard. It is assumed that 
there is a tendency for more goods to be found 
in the main category of »reuse« than, for 
example, for goods that are collected in depot 
containers in public spaces. The result of the 
analysis of 70% reuse is basically to be 
regarded as positive, since it initiates good 
reuse possibilities. In this context, it must be 
taken into account that these goods also end up 
being recycled after further use. In addition, it is 
to be expected that the total collection volume 
in the EU will increase due to the separate 
collection obligation for used textiles. It remains 
to be seen how the relationship between supply 
and demand will develop. In addition, collection 
volumes and recycling capacities must be 
compared. Nevertheless, a later recycling of the 
export goods abroad must also be ensured. 
 

Suggestions for future textile 
collection systems 
 
There is no doubt that further research on 
improved recycling technologies is necessary 
but in parallel it is also important to improve and 
scale up the processes of collection and 
sorting. In this context, it is recommended to 
distribute the efforts for sorting for a more 
effective and efficient sorting processes by 

using the professional sorting capacities 
sparingly. This could be realized in a first step 
with a consumer presorting of textiles taking 
specific material or other characteristics into 
account depending on the subsequent 
recycling processes. The requirements for an 
effective presorting are: 

- Easy-to-use: A low-threshold use must 
be possible to ensure a high utilization 

- Clarity: To avoid the routing of textiles 
on wrong or not desirable routes clear 
additional guidance and education 
should be given 

- Incentives: Support the separate 
collection with bonuses for other 
municipal or sustainable services. 

Further developments could focus on digitally 
based throw-in restrictions, e. g. for textile 
waste containers, to measure quantities, to 
manage the bonuses and to ensure good 
presorting results. Overarching improved 
information for logistics and transparency will 
enable the processes and contribute to 
successful collection systems in the future. 
 

Conclusions 
 
With the sorting analysis of used textiles the 
paper provides reference data for future 
implementations of a textile Circular Economy 
approach, and guides actors in the textile sector 
by implementing a Circular Economy, including 
both sample processes for an improved 
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information-based logistics, as well as specific 
technical logistics solutions. Further research 
should focus on adequate data in textile value 
chains and developing a comprehensive set of 
tools and indicators for a deeper analysis and 
optimisation to verify its practicability for a 
textile Circular Economy. 
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Abstract: This paper introduces the Emotionally Durable Clothing Model, a framework that expands 
Don Norman’s (2004) concept of three level design, in relationship to women’s lived experiences with 
clothing. The model captures the results of a multi-level thematic analysis of in-depth wardrobe 
conversations with 10 women situated in the UK, aged between 29-69. The methodological approach, 
through a unique combination of sensory ethnography, narrative enquiry and a designer-maker practice 
produced valuable layers of information that are difficult to access through questionnaires and other 
purely verbal approaches.  
The four themes discussed here: (1) Sensory experiences, (2) Enablers, (3) Longing and belonging and 
(4) Layering; highlight that women’s relationships with clothes stem from a myriad of sensory 
impressions, practical needs and personal histories, so closely intertwined that it is often quite 
impossible to disentangle them. While the Emotionally Durable Clothing Model enables researchers 
and designers to grasp the leading principles to navigate this complex territory, emotional durability of  
a garment can rarely be reduced to any one of its elements. It seems striking then that design strategies 
for extending clothing lifetimes, often represent artificial divisions and fragmented approaches that have 
little in common with the complexities and conflicting demands of everyday life. 
The paper therefore argues that the quotidian must be tightly integrated into the current discourse, if 
emotional durability in fashion is not to become an irrelevant “do good” exercise but an integral way of 
how we treat our wardrobes, and consequently, in a more holistic sense, our planet. 
 

Introduction  
There is a considerable body of work on design 
for emotional durability, but empirical evidence 
that examines its relationship to users’ 
everyday experiences with clothing is so far 
limited.  
 
Multiple design strategies for emotional 
durability of products have been previously 
proposed, but their practical application and 
user feedback have been mainly studied in 
experimental scenarios (e.g. Mugge, 
Schoormans & Schifferstein 2005, Mugge, 
2008; Maclachlan, 2011). Moreover, such 
strategies have been predominantly formulated 
and tested on the background of research in 
industrial design, especially small electronics, 
and domestic appliances (Mugge, Schoormans 
& Schifferstein, 2005; Mugge, 2008; Chapman, 
2009; Haines-Gadd et al., 2017). Their 
relevance for an entirely different product 
category such as clothing remains unclear. 
While overlaps and areas of cross-pollination 

are likely, research also indicates that due to 
the intimate character of clothing, the 
mechanisms of building relationships with what 
we wear may differ from how we relate to other 
designed objects (Gnanapragasam, Oguchi  
& Cooper, 2017; Niinimäki & Koskinen, 2011; 
Fletcher, 2016; Connor-Crabb, 2017). 
 
Some strategies, including adaptability, 
modularity, co-design, bespoke, customisation, 
personalisation, or open-source fashion (see 
Burcikova, 2020 for a detailed overview), have 
been proposed on the grounds of empirical 
studies in fashion and textiles. For example, 
Niinimäki & Hassi (2011) conducted two on-line 
questionnaires with 137 and 204 participants 
respectively and Laitala, Boks & Klepp (2015) 
based their recommendations on a thorough 
analysis of 620 clothing items from a mixed-
methods study with 35 people in 16 Norwegian 
families. Yet, while studies to date shed light on 
users’ views, they rarely reveal how the stated 
attitudes may be renegotiated when confronted 
with more complex, and often conflicting 
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demands of everyday life. Empirical evidence 
on the relationship of the current strategies to 
users’ everyday experiences with clothing is 
scarce, among few examples are the studies of 
Connor-Crabb (2017) and Gimeno Martinez, 
Maldini, Daanen & Stappers (2019).  
 
The anthropologist Robert Murphy (1990) 
argued that the disadvantage of methods that 
rely predominantly on participants’ verbal 
statements is that “people often do not do what 
they say they should be doing, or even what 
they think they are doing” (p. 174). Hence, 
verbal statement data, even if collected from 
relatively large samples of the population, rarely 
enables access to tacit knowledge or the 
idiosyncrasies of lived experiences, emotions in 
particular (Stappers & Sanders, 2004). On the 
other hand, ethnographies that involve  
a trusting relationship between the researcher 
and the researched, utilising a range of 
complementary methods such as observation, 
photography, audio/video recordings, 
notebooks, sketchbooks or sensory diaries, 
offer the benefit of comparing verbal accounts 
to observable behaviour (Murphy, 1990; Pink, 
2011, 2012, 2015).  
 
Considering all the above, the methodology of 
the study I conducted between 2015-2018, 
stemmed from a combination of my designer 
-maker practice with my background in 
ethnography and cultural studies, an approach 
that has not been previously used in this area 
of research. My research role was hence not 
dissimilar to the notion of ‘embodied 
ethnographer’ - someone whose profession 
gives them entry to an area that is normally not 
easily accessible to other researchers and 
whose tacit knowledge from their frequent 
presence in the researched environment opens 
new layers for enquiry (Edvardsson & Street, 
2007 in Pink 2015, p. 20-21). 
 

Research design 
 
How long is durable: Physical durability and 
Emotional durability 
 
“Lifetime”, “life-span” and “longevity” extend 
beyond design, material specifications, or 
manufacturing quality, because the actual time 
for which a product gets used is influenced by 
individual users and socio-cultural expectations 
(Cooper, 2010, p. 8). A product’s longevity is 
intricately linked to both its physical and 

emotional durability. While physical durability 
can be defined as a product’s robustness and 
resistance to wear and tear, emotional 
durability refers to the length of time a product 
remains relevant and attractive to the user 
(WRAP, 2015, p. 9). Both are closely 
interconnected and need to be carefully 
considered in design, because “there is little 
point designing physical durability into 
consumer goods if consumers lack the desire to 
keep them” (Chapman, 2015, p. 13). 
 

Cognition, Meaning, Pleasure 
 
The relationships between the physical and the 
emotional aspects of products are examined in 
detail by Norman (2004) in his concept of three-
level design [Figure 1]. With his background in 
usability engineering, user-centred design and 
cognitive science, Norman argues that the first, 
visceral level of design, requires a focus on 
appearance and immediate appeal through its 
haptic qualities – the way things look and feel. 
The second, behavioural level, needs to 
consider the pleasure and effectiveness of use 
– the way things work. The third and last level, 
reflective design, is then directed towards the 
self-image and memories associated with the 
product – the meaning of things (p. 39).  
 
The interconnections between the physical 
properties of products, their symbolic meaning, 
and their potential emotional value to users 
have also been examined by Cupchik (1999), 
Jordan (2000) and Walker (1995, 2006), with 
their respective focus on meaning, pleasure 
and sustainability. Yet, Norman’s three level 
design specifically resonated with the 
experiences and insights from my designer-
maker practice, and so it provided a key point 
of reference for this research. In addition, his 
emphasis on the critical role of emotions in 
everyday decisions, corroborated by the 
growing evidence from behavioural economics 
(Thaler & Sunstein, 2008; Partnoy, 2013; 
Thaler, 2015; Roberts, 2015), seemed 
especially relevant in the context of my study 
and its relationship to sustainable consumption. 
 

Learning from the wardrobe 
 
Utilising snowball sampling and word of mouth, 
starting with the clients of my slow fashion 
studio, my field study adopted sensory 
ethnography (Pink, 2015) and included 10 
women, aged 29-69, interviewed in their homes 
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in several localities in the UK. The aim was to 
gain a deep insight into women’s experiences 
and their attitudes towards emotional durability 
and longevity of clothing. I chose a narrative 
approach to interviewing (Elliott, 2005), 
focusing on what women wanted to tell me, 
while occasionally steering the conversation 
with additional questions. One of the key 
benefits of this approach was that by not asking 
women to pre-select clothes ahead of the 
interview, I got to hear not only about successful 
and ‘loved’ garments but also about those that 
failed to satisfy. This enriched my data with 
material for further cross-analysis. 
 
These wardrobe conversations resulted in  
a multi-level thematic analysis of 450 garments, 
20 hours of audio recordings and 2778 
photographs, in four iterative stages:  
1. Transcription, 2. Wall printouts and wardrobe 
narratives, 3. Codes, themes and categories,  
4. Sketchbook reflections and selections of 
references for final designs, that interpreted 
each of the key themes through  
a corresponding garment. The iterative process 
aligned with Pink’s assertion that analysis in 
sensory ethnography typically “moves between 
different registers of engagement with research 
materials and between different materials” and 
it also involves “analysing the same materials in 
different ways” (2015, p. 158). 
 

Findings and discussion 
With regards to the qualitative approach 
employed, the findings should not be 
generalized on the wider population and 
globally. Accordingly, while the focus was on 
female participants, due to my experience as  
a designer-maker of womenswear, the study 
does not assume a unified female gender 
identity. This research however offers some 
clear methods of analysis and outcomes that 
can be used in design research and practice 
and adapted to specific contexts.  
 

The Emotionally Durable Clothing Model 
 
The four interconnected themes discussed here 
[Figure 2] elaborate on how the rarely 
verbalized, and often entangled aspects of 
everyday experiences with clothing make up 
the mosaic of emotional durability in women’s 
wardrobes. While my findings in connection to 
the first three themes: (1) Sensory experiences, 
(2) Enablers and (3) Longing and Belonging 
broadly correspond with the visceral, 

behavioural and reflective levels of Norman’s 
three level design [Figure 1], this study extends 
Norman’s (2004) concept in two key respects.  
 
Firstly, while Norman’s three-level design was 
developed with a focus on product design, my 
research offers empirical evidence for 
extending its application to fashion design and 
making. Secondly, my research focus on 
garments in the context of whole wardrobes 
reveals that emotionally durability of individual 
items is often shaped in close relationship to 
other clothes and the ways in which such 
relationships change and develop over time. 
This aspect of emotional durability constitutes 
the theme (4) Layering, that does not have  
a parallel in Norman’s concept. 
 

Sensory experiences 
 
Sensory experiences considerably influence 
women’s feelings towards an item of clothing. 
The success of favourite items often manifests 
itself in that their wearing is effortless and 
almost unnoticed by the wearer [Figure 3]. The 
feeling of comfort, often negotiated trough the 
light weight and soft touch of materials, was 
hence identified as the key contributor to 
emotional durability of clothing (see also 
Niinimäki, 2010; Niinimäki & Koskinen, 2011). 
My findings also support the observations of 
Chong Kwan (2016) who notes that the 
changing “sensorial materiality” of clothes, as 
experienced through multiple senses, affects 
the wearer not only physically but also 
emotionally (p. 284). This means that while 
perceptions through multiple senses can often 
be coordinated and supporting each other, at 
other times they can be contradictory and 
causing confusion (Howes, 2005; Chong Kwan, 
2016). The latter then often results in mixed 
feelings, when for example a jumper with  
a beautiful pattern and a lovely colour feels itchy 
against the skin.  
 
In the light of the above, it seems striking that 
sensory aspects of design hardly feature in 
design education (see also Sonneveld, 2004). 
Sissons (2016) argues that designers can 
hardly expect people to want to wear their 
creations if they themselves would not want to 
wear them. My research offers ample evidence 
to suggest that by sensitising to their own 
sensory responses to the clothes they wear, 
focusing especially on soft feel, comfort, 
construction details and fastenings, designers 
could cultivate “an emotional and sensorial 
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closeness to their users” (von Busch, 2018a). 
This could significantly improve experiences of 
everyday use. 
 

Enablers 
 
Research to date often focused on “special” 
items, associated with a considerable symbolic 
or sentimental value within the owner’s life story 
(see Burcikova, 2020 for detailed overview). 
However, my data shows that the truly 
significant garments can equally be those used 
on an everyday basis and appreciated for their 
long-lasting suitability to the owner’s way of life. 
Such “ordinary” items tend to get overlooked 
even by their owners (Shove, 2009, 2012;  
Pink, 2012a), which explains why such clothes 
rarely feature in studies that rely on asking 
about special items.  
 
While current design strategies highlight the 
need to foster the meaning embedded in 
individual items through craftsmanship, 
provenance, or customization (see the 
Introduction), I argue that a careful attention to 
everyday practical considerations such as 
versatility, adaptability, appropriateness for 
purpose, laundering, ironing and easy 
combinations [Figure 4], are just as important 
because sustained satisfaction of use is vital for 
emotional durability of clothing. 
 
At the same time, my research evidences that 
emotional durability of clothing hinges on a 
shared responsibility. Whereas designers and 
makers need to consider both physical and 
emotional aspects of durability, users need to 
recognize that like any other relationship, our 
relationship to clothing must be an investment 
from both sides. Choosing garments 
appropriate to our needs and circumstances is 
a critical first step for mundane durability. 
 

Longing and belonging 
 
The significance of memories connected to 
clothing is widely recognized in wardrobe 
research (Woodward, 2007; Fletcher, 2016; 
Niinimäki & Armstrong, 2013). Yet, as  
a designer-maker, I found it fascinating to 
observe that such memories not only shape 
women’s feelings towards the original item, but 
they also seem to exert a lasting influence on 
women’s attitudes towards other items. 
Numerous later incarnations and variations on 
the original garment bear witness to the 

enduring styles, habits and relationships 
cultivated in women’s wardrobes [Figure 5]. 
Continuity and referencing the familiar seem to 
be often valued more than change (Skjold, 
2014).  
 
Hence, the largely unspoken details of personal 
histories can be pivotal in shaping the future of 
women’s wardrobes. Surprisingly though, the 
significance of early life experiences for long-
term (clothing) practices has so far been largely 
ignored both in research on emotional durability 
and in the discourse on fashion and 
sustainability. As my research offers important 
clues on the potential implications of early 
education for long-term use of clothing,  
I propose that the conversation on emotional 
durability of design should be accompanied by 
nurturing our own emotional durability  
– cultivating sensibilities that help us appreciate 
and value what we have before we resolve that 
we may need something else. 
 

Layering 
 
The fourth theme, Layering, reveals that the 
relevance of an item of clothing at one point in 
time (or a lack of it) are not finite, because 
different life phases tend to be linked with 
different clothing needs and preferences.  
A deep satisfaction is often derived from use 
across multiple life phases, and the reassuring 
familiarity that result from this process (see e.g. 
Niinimäki & Armstrong, 2013; Skjold, 2014; 
Fletcher, 2016) . My data shows that dormant 
clothing is often likely to slot into place again in 
the future and can get worn and enjoyed 
repeatedly over many years. Hence clothes 
serve as tangible links between multiple events 
and stages in women’s lives (Banim & Guy, 
2001; Woodward, 2007), as their relationship to 
individual items evolves over time. While the 
theme Enablers highlighted satisfaction that 
stems from a garment’s fitness for purpose and 
its appropriateness to women’s current 
circumstances, Layering captures the 
satisfaction derived from long-term ownership 
and use [Figure 6]. 
 
Bridgens & Lilley (2017) note that while 
designers are producing objects to be used in 
the future, they rarely look at that future. 
However, if clothes are to be layered and 
enjoyed over time, learning to project long term 
use that allows our wardrobes to evolve 
alongside our changing lives; embracing 
repairability, alterability and styles that adapt 
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easily to fluctuating figures, must be at the core 
of the design process. 
 

Conclusion: Listening, Discovering, 
Making 
As the four key themes presented here 
demonstrate, designing with people in mind 
necessitates taking the time to listen and reflect 
on the many entangled aspects of their lives. 
The task ahead is then to avoid the temptation 
to “escape complexity” (Manzini, 2017) and 
instead work with multiple themes, strategies 
and strands of knowledge in unison because 
there are no shortcuts to emotionally durable 
design. My own experiments in “design through 
making” (Gatzen, 2018, cited in Bollier, 2018), 
and the One Thing Collection that constituted  
a distillation of my thesis, offered tangible 
examples of how an in-depth understanding of 
the quotidian can be reflected in garments that 
balance everyday requirements on wearability 
with women’s unique personal histories and 
deeper emotional needs (see Burcikova, 2020, 
p. 245).  
 
While critical voices argue that overfocus on 
materials will not resolve the core issues of 
fashion and sustainability (Fletcher, 2016, 2014 
[2008]; Brooks et al. 2018), my study confirms 
that focus on behaviour alone is not a solution 
either, because behaviour often emerges from 
what materials and designs enable us to do 
(see specifically the themes Sensory 
experiences and Enablers). Hence, as Van 
Hinte Notes, “every project requires its own 
harmonized combination of solutions” (1997,  
p. 21). 
The findings from my wardrobe conversations 
offer ample evidence to suggest that any real 
impact in fashion and sustainability can only be 
achieved if the current discourse is balanced by 
a deeper understanding of people’s everyday 
perspectives. While most of the participants in 
my study would no doubt agree that fashion’s 
contribution to environmental deprivation is  
a concern of utmost importance, the everyday 
reality revolves around considerations that are 
felt with more immediacy. It is therefore 
important to recognize that the long-term future 
is often shaped by short-term, mundane 
concerns (Thaler & Sunstein, 2008; Partnoy, 
2013, Roberts, 2015). This is why the quotidian 
must be tightly integrated into the current 
discourse, if emotional durability in fashion is 
not to become an irrelevant “do good” (von 
Busch, 2018b) exercise but an integral way of 

how we treat our wardrobes, and consequently, 
in a more holistic sense, our planet. 
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Figures and Tables 
 

 
Figure 1. Don Norman's concept of three level 
design - Adapted from Norman, 2004 

 
Figure 2. The Emotionally Durable Clothing 
Model 

 
Figure 3. Julie: Feel that - it's like not wearing 
anything [Photo: author, 2017] 

 

 
Figure 4. Nicola: I can go straight from the board 
rooms onto a ladder in this dress [Photo: author, 
2018] 

 

 
Figure 5. Emma: I realized - not at the time but 
after - that it’s quite similar shape to that green 
velvet one of my mum (Photo: author, 2017) 

 

 
Figure 6. Annabelle: I’ve probably had this skirt 
twenty years. And so when I was going out for 
my first date with my boyfriend, my mother said: 
you’re not going out wearing that, are you? I was 
like: yeah, I’m gonna go out wearing this! [Photo: 
author, 2017] 
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Abstract: In Chapter Two of ‘Longer Lasting Products’i  I identified four modes of obsolescence that had 
proven useful in evaluating the life expectancy and the likely causes of obsolescence for any product; 
these being -  Aesthetic Obsolescence, Social Obsolescence, Technological Obsolescence, and 
Economic Obsolescence. Further work to date has helped reinforce these four modes, especially in the 
development of Life Cycle Analyses. More recently, with the growing apparent reduction in many product 
life times, the predictability of likely modes of obsolescence appears to have become even more 
identifiable, and as a consequence revealed the nature of two additional useful modes of obsolescence. 
The first of these being: Use Obsolescence. This mode relates largely to the consequences of wear-and-
tear and often environmentally impactful aspects of a product’s Use phase; e.g. substances like worn tyre 
particles, and even chewing gum. The second is termed: Convenience Obsolescence, which relates to 
products developed to make an activity or task more convenient. We have recently become more aware 
of the implications of the many ‘single-use’ plastic products, but this issue extends to many other products 
that exist simply ‘to make our lives easier’, often epitomising the umbrella of the ‘Throwaway Society’. 
This paper will explore the two new modes and discuss how planning for the six modes of obsolescence 
can help in the development of data related to appropriate product life times in a truly Circular Economy. 
 
Introduction 
In the ten years that have followed the 
publication of ‘Longer Lasting Products’ there 
has been significant development in the field of 
Life Cycle Analysis as a tool to help optimise 
quality, evaluate environmental impacts, and 
identify potentially harmful or costly ‘hot spots’. 
Data used in such LCAs now increasingly 
incorporates information not simply related to 
materials and energy use in Manufacture, but 
also to the impacts of the product during its Use 
phase, and further, to the consequences of 
waste and resources at the end of the product’s 
life. Not surprisingly the benefits of LCA have 
grown hand-in-hand with the development of the 
movement toward the creation of a Circular 
Economy. This is proving to be a difficult path in 
a world where we have been predominantly 
concentrating on transitional ‘End of Pipe’ 
solutions to decrease created waste and its 
impacts.  
It is generally well recognised that the life cycle 
implications of any product are prescribed 
largely by actions and decisions taken at the 
Design stage of the product planning process. 
However, the need to understand the full life-

cycle implications, through the Use phase to the 
key transition from End of Life to useful waste 
resources has never been more apparent. 
The spirit of the Circular Economy is relatively 
simple, and is planned to engender practices to 
minimise waste while optimising utility and value 
during the Use Phase, with the ultimate goal of 
the complete re-utility of every product at the 
end of its life. It would be naive not to admit that 
there can be no perfect solutions, but the goal is 
a worthy one, however the path to its 
development is proving difficult.  
Currently the three major phases of LCA – 
(Design/Desire) Manufacture, Use, End of Life – 
operate largely in isolation to each other. Any 
impacts of activities in one phase on the next 
phase or phases has generally not been too well 
considered. Perhaps the only area where some 
consideration has been successful is between 
the Manufacture and Use phases. This is largely 
because issues of consumer safety, 
convenience, standardisation, and economics 
have been of concern for quite some time. 
However the transition from Use to End of Life 
has only relatively recently become a concern, 
fueled largely by issues of waste, toxicity, 
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contamination, and economics (e.g. the costly 
sighting of landfills). The goal for a useful LCA is 
then to incorporate and link the activities and 
responsibilities of all phases, so that we all bear 
the true costs and impacts of our activities on 
the Environment. This will no doubt aid in the 
establishment level playing fields and the 
introduction numerous codes of practice and 
standards... all of which has to be based on well-
founded holistic data, and the realities of End of 
Life is perhaps our current weakest link. 
 
The Challenge of Life Cycle Analysis 
Over the last 40 years LCA has undergone a 
great deal of development, and its practitioners 
are finding better, faster and more holistic 
methods to usefully aid decision making related 
to costs and environmental impacts. For 
example, the early identification of ‘hot spots’, 
the low hanging fruit of every product, has 
become more readily accessible. However, a 
complete LCA is still time consuming and costly, 
and depends on the appropriate inclusion of all 
significant components in the development of 
useful data. Manufacturers now utilise LCA in 
one form or another to optimise their processes 
and procedures, and are starting to make great 
strides in issues of health and pollution. The 
transportation of goods to the consumer markets 
is also under great consideration. The 
environmental impacts of product distribution 
and transportation is part of most large 
corporations planning. But our practices related 
to the End of Life and the subsequent impacts of 
waste are far less developed. If we are to create 
useful data then understanding how all products 
become obsolete is key. 
 
Brief History of Obsolescence 
The word Obsolescence has a history of bad-
taste largely related to the somewhat casual 
remarks of Brooks Stevens related to the 
development of so-called Planned 
Obsolescence. In the more than 50 years since, 
many have attempted to categorise 
Obsolescence. Such terms as  Psychological 
Obsolescence emerged relatively quickly to 
arouse awareness that perhaps consumers 
were being manipulated into getting rid of 
products on nebulous grounds well-before their 
useful end of life. The simple truth is that 
Obsolescence is inevitable. Even our Solar 
System will one day fail. Here the original 

definition of Obsolescence derived from the 
Latin – Ob: not or away, and Soleo: to be in usel 
– has evolved to relate to the many reasons for 
the End of Life of a product. The key then has 
been the development of modes of 
obsolescence that can be useful in the 
development of data to aid LCA in the 
development of a valid Circular Economy. 
 
The Identification of Useful Modes of 
Obsolescence 
The Four modes of Obsolescence identified in 
Longer Lasting Products followed studies of a 
wide range of products over a number of years, 
and the largest surprise was that the modes 
identified were reasonably easy to predict. 
Issues of fashion, wear-and-tear, and 
technological change were generally easily 
identified. As a consequence the development of 
related useful data related to environmental 
impacts and resource use became a feasibility, 
which became particularly important when 
studies were undertaken on the whole life of the 
product.   
 
Brief Revue of Previous Four Modes 
of Obsolescence:  
While the reader is encouraged to read the 
complete chapter in Longer Lasting Products, for 
the purpose of this paper they will be briefly 
explained. 
 
Aesthetic Obsolescence 
This mode has two components. The first relates 
to wear-and-tear and the resulting 
unacceptability of appearance. The second 
relates to Fashion or Style, which, by its nature, 
is transient. Some fashions or styles are short, 
others longer, but all are somewhat predictable. 
 
Social Obsolescence 
Some activities cease to be popular or can even 
become illegal. Items like the Hula Hoop have 
enjoyed limited social popularity, while the 
garden push-mower has more recently been 
favourably chosen. These can be seen as fads 
or a reflection of a trend, perhaps as a result of 
increased environmental awareness. However, 
some activities can have a far greater impact, 
such as the smoking of tobacco. The decline in 
tobacco use in Western Europe and North 
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America has been considerable, with obvious 
consequences, mostly very beneficial. 
 
Technological Obsolescence 
Many products become obsolete due to 
technological change.In the past technological 
change happened less rapidly, but in recent 
years, the impact of the  rapid development in 
communications technology has given rise to 
numerous fully functioning products becoming 
obsolete relatively quickly. In times of fast 
changing technology, shorter product lifetimes 
can therefore be expected. It would be wasteful 
to create products that could last beyond their 
technological obsolescence (even if their 
reprocessing at the end of their lives would be 
appropriately planned for re-manufacture etc).  
 
Economic Obsolescence 
This fourth mode relates to the cost of repair. 
This too has been problematic with many recent 
electronic devices, but most products need to be 
maintained in some way, and some components 
need to be replaced. This could be as simple as 
replacing a battery or a bulb, but for many 
products the cost of the repair becomes 
prohibitive. 
The four modes do not exist in isolation and 
overlap to help optimise design decisions. A 
simple example would be the inappropriate short 
term styling of a product that is felt by society to 
be a long-life product. Discarding such a long-
life product on grounds of fashionable aesthetics 
would be unacceptably wasteful. 
Collectively, these four modes reflect products 
as they have generally evolved in our consumer 
society, but our understanding of this pattern is 
seemingly now somewhat incomplete. Trends in 
short life and single use products has led to the 
need for two additional modes of obsolescence; 
both of which are having major environmental 
impacts. 
 
Use Obsolescence 
It is common to think of products as physical 
entities. We buy a product, use it for a period, 
and at some point the product, less its 
packaging is discarded, and we have learned to 
consider the impact of energy and resource use 
during the life of the product. We have learned 
too that many products, the automobile for 
example, have far greater environmental impact 
in their Use phase than in Manufacture or even 

Discard. However, many other everyday 
products also have a far greater impact due to 
their basic use. We are familiar with tyres that 
wear out and distribute small ‘rubberised’ pieces 
across the landscape. Chewing Gum is regularly 
discarded and found on roads and under desks, 
chairs and tables. Soaps, toothpastes and other 
cosmetic products are regularly washed into the 
waste stream, and, more recently, we have been 
made well aware of the environmental impacts 
of micro- beads and micro-fibres. At the end of 
such a product’s life we are often left with an 
empty container, though often products are 
simply worn out. In all cases the resulting 
impacts are increasingly knowable and thus 
predictable. 
 
Convenience Obsolescence 
Recent concern over the impacts of single-use 
plastics and drinking straws has garnered much 
attention, but these examples are merely the 
proverbial tip of the iceberg. The removal of 
drudgery from our lives has been a considerable 
success. We have designed and developed all 
manner of labour saving devices. These 
incredible achievements have naturally given 
rise to what we now term, the ‘Throwaway 
Society’. Cheaper production along with our 
busy ‘on-the-go’ lives, has led to such products 
as the everyday disposable coffee cup and a 
great deal of potentially littering packaging. 
Paper plates, single use food containers, 
tissues, and wipes along with single-season 
items, perhaps for a camping trip or a holiday. 
Many frivolous and fun products come into 
consideration too, as maintenance is seen as 
something to avoid at all costs. So we throw 
things away....very conveniently. 
 
Planning For Obsolescence 
When an LCA is being undertaken for the 
design, manufacture and impacts of a particular 
product, it is no longer acceptable to refer simply 
to the materials and the energy costs as basic. 
Steel produced and consumed locally will have a 
different effect than steel that has been recycled 
or steel that has been produced faraway, where 
there might be less stringent mining restrictions. 
In such cases the impacts on the environment 
must be considered and factored into the LCA 
calculations. However, this merely highlights a 
further dilemma faced by the practitioners of 
LCA; the drawing of boundaries. 
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Companies have used LCAs to improve the 
economics of manufacture but true LCAs as part 
of a Circular economy have to go far beyond 
manufacture. Many years ago I was told a story 
that potato growers are paid for their products by 
weight (as well as variety and quality). Often this 
means that the potatoes are wet or saturated. 
One of the uses of potatoes is in the 
manufacture of potato crisps (or ‘chips’), and this 
means that the crisp manufacturers have to 
spend a lot of effort in drying out the potatoes to 
make great crisps. This is mentioned to illustrate 
that interaction between all phases of an LCA. 
The link between Manufactures and Consumers 
is always under scrutiny but is quite well 
evolved, with codes of practice and all manner 
of standardisation. However, in a perfect 
Circular Economy there would be no such thing 
as waste. At the end of a product’s life any 
remaining materials and resources would be 
naturally fed back into the manufacturing 
system. All products would have appropriate life 
durations and the environmental impacts 
through use would have been planned for at the 
design stage....with appropriate restrictions, 
practices and legislation. Currently are are 
spending a lot of energy at the end of the pipe, 
dealing with waste as a symptom. This research 
has benefitted by looking at the products found 
in that waste stream and attempting understand 
and categorise their demise 
The path to the end of a product’s life is still ill-
defined for most products. We are seeing some 
instances of Product Stewardship, but there are 
many weak links in the chain. Life Cycle 
Analysis offers a tool to evaluate the merits of all 
products throughout their lives. The Six modes 
of Obsolescence identified here have been 
identified as useful components of such LCA 
planning and the development of valuable data. 
It would be false to claim that this research has 
been accompanied by numerous in-depth 
studies of all possible products. A lengthy study 
several years ago led to the identification of the 
first four modes, and on reflection the 
predictability of the mode of obsolescence was 
profound and always provided a consistent 
backdrop. If an LCA were to include these six 
suggested modes of obsolescence then the 
author believes that results related to any 
specific product would be both useful and 
reasonably predictable. As a consequence the 

essential Planning For Obsolescence would 
become an essential exercise. 
 
In conclusion and suggestion for 
further work 
The author believes that planning for 
Obsolescence is a key step in developing LCAs 
useful to the development of a Circular 
Economy, and that the categorisation of the six 
proposed modes of obsolescence would offer a 
useful backdrop for such evaluations. Initial 
notions of simply making all products last longer 
is somewhat limited. Suffice it to say that 
premature obsolescence in a wasteful way 
should be a valid objective. The comprehension 
of how every product beings obsolete is a vital 
link, and when we embed this in our thinking we 
will be able to make useful inroads towards a 
true and useful Circular Economy.. 
It would be interesting, as a continuation of this 
work, to see how these modes of obsolescence 
can be utilised in the development of holistic 
LCAs for a limited range of products. I believe 
the exercise would be both revealing and fruitful, 
and I would be happy to be involved in such an 
activity.   
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Abstract: This paper discusses how pandemics might shape future transport practices and affect 
consumer trust in shared mobility offerings such as Mobility as a Service (MaaS). MaaS is a 
personalized one-stop transport management platform, digitally unifying trip creation, purchase and 
delivery across all transport modes. The discussion draws on research into a case study featuring an 
electric car club. 
Results of the research show that consumers are more or less likely to use MaaS depending on their 
age and lifestyle. Relationships between users, strict protection measures and a sense of belonging to 
a geographically situated or a brand community could engender trust in the MaaS provider and in other 
users within selected pools of users.  MaaS providers could therefore encourage users to aggregate 
around communities coalescing around sharing cities or brands. Important areas of future research are 
in the utility of health and safety measures and of social and symbolic cues in reassuring consumers of 
MaaS’ safety and in the consumer identities that are more likely to aggregate around either types of 
communities. 

 
 
 
Introduction  
This conceptual paper draws on pre-covid 
research on factors affecting the acceptance of 
vehicle sharing by potential users, which is 
used as a point of departure to explore 
directions for research into the impact of the 
coronavirus pandemic (C19) on how Mobility as 
a Service (MaaS) is perceived by and 
incorporated (or not) into the practices of 
potential users. The MaaS concept is a 
“personalised, one-stop transport management 
platform, digitally unifying trip creation, 
purchase and delivery across all modes” of 
transport. MaaS offers “total integration across 
public, intermediate (such as taxi and ride 
share) and private transport” (Ho et al., 2018, 
303). MaaS has attracted considerable 
attention from academics and policy makers 
because the benefits of technological advances 
(e.g., improved vehicle efficiency and emission 
standards) are not enough to prevent the 
potential environmental catastrophe caused by 
current transport practices with their ever-
increasing number of vehicles and miles 
travelled (Frey, 2018). Proponents claim that 
MaaS delivers environmental benefits by 
encouraging walking and cycling, improving 
utilization rates and reducing single occupancy 

ridership (Jittrapirom et al., 2017).  Therefore, 
MaaS offers potentially more sustainable 
transport than private cars but its success 
depends on the users’ acceptance of vehicle 
sharing as an alternative to exclusive 
ownership. Pre-pandemic trends suggested 
that the transport landscape was becoming 
increasingly receptive to MaaS, with research 
showing declining car ownership and 
increasing use of shared vehicle offerings by 
younger consumers (Nicola and Behrman, 
2018).   
However, pandemics, which Leach et al. (2010) 
associate with climate change, might severely 
affect diffusion of MaaS (Brzeski and Cocuzzo, 
2020) and C19, a viral infection, is a current 
example.  A viral infection is a proliferation of 
harmful viruses inside a human or animal 
organism (Vilchez et al., 2002). Infection can 
diffuse by contagion, the communication of 
infection to others by direct or indirect contact 
(Vanderweele et al., 2012). Hygiene behaviour 
and culture form an interlinked adaptive 
system, a 'behavioural immune system' (Curtis 
et al., 2011, 389) for protecting humans from 
contagion through disease avoidant behaviour. 
Such behaviours are also plastic, being able to 
retune according to signals and cues of risk of 
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contact with pathogens, including those from 
social environment. Contagion avoidance 
behaviours are therefore inflected by a series of 
highly specialized learning mechanisms and 
biases (Ibid). 
Recent research suggests that users of MaaS 
may fear infection from shared transport 
offerings and might doubt whether service 
providers and other users followed adequate 
rules of hygiene management to reduce risk of 
C19 infection (Beck and Hensher, 2020). 
Indeed, Kanda and Kivimaa (2020), Li et al. 
(2020) and Gaglione (2020) suggest that 
travellers might consider private cars, bicycles 
and other forms of micro-mobility (e.g. electric 
bikes and electric scooters) safer than shared 
transport which involves close proximity to 
strangers in confined spaces. Indeed, in many 
countries, a high proportion of people refrained 
from using public transport, which includes 
buses, trains and trams, partly to comply with 
transport restrictions (Wren-Levis, 2020) and 
possibly for fear of infection (Beck and 
Hensher, 2020).  This caused losses in ticket 
revenues (Kanda and Kivimaa, 2020). In the 
UK, electric car sharing initiative e-carclub 
witnessed a fall in demand for their vehicles due 
to C19, had to reduce their service and bear the 
costs of disinfection, which affected profitability 
(ecarclub.co.uk, 2020). 
Ultimately, contagion-avoidance behaviours 
associated with C19 may entrench mobility 
practices (Gartman, 2002) based on car 
ownership.  This paper draws on lessons from 
pre-covid car sharing to explore how 
pandemics might shape future transport 
practices and how consumers may trust shared 
mobility offerings despite uncertainty of whether 
they present risk of C19 infection. This in turn 
might shed insights into how MaaS operators 
could better prepare for pandemics and inform 
transport policies to help compensate economic 
impacts of pandemics such as C19 (Wren-
Levis, 2020).     
 
System shocks and changes in 
mobility practices 
In consumption practices (the routines by which 
consumers secure assets for use (Spaargaren, 
2013), exclusive ownership is increasingly 
being replaced by access, with consumers 
paying to obtain products or services for a short 
period (Rifkin, 2000; Barbu et al., 2018) as their 
preferred mode of consuming durable goods 
(Belk, 2014; Eckhardt and Bardhi, 2019). 
Through access, consumers share use of 
goods, which they release after use so that they 

can be shared with other consumers. Sharing 
has been defined as "the simultaneous or 
sequential use of an object (e.g., car), a space 
(e.g., living room), or an intangible (e.g., 
identity) by more than one individual" (Rudmin, 
2016, emphasis ours). In the case of transport, 
car clubs are based on a model of sequential 
use: members of the club make use of the same 
car at different times during the day and are not 
likely to be in close proximity to each other at 
any time. In contrast, users of ridesharing 
services that connect people traveling in the 
same direction share vehicles simultaneously - 
rideshare models require that users travel 
together to share costs. So pervasive are these 
business models in current consumption 
culture, that they have “popularized” the notions 
of “sharing economy” and “sharing cities”, 
sharing economy exemplars in urban areas 
(McLaren and Agyeman, 2015).  
However, changes in practices and collective 
behaviours may results from non-
institutionalized interaction and behavioural 
patterns that occur when there is serious or 
abrupt change in social or physical environment 
(Koos, 2017), such as a pandemic. C19 is 
already having profound impacts on transport 
practices and on the sharing economy and 
there is a risk that it might shape the transition 
from private cars to MaaS and reverse it (Kanda 
and Kivimaa, 2020). Car sharing, a crucial 
element of MaaS, may be perceived to present 
a high biosecurity risk (Hensher, 2020). Users 
might be encouraged to select options such as 
shared bicycles and electric scooters from the 
MaaS mix, which are often considered “safer”, 
as they do not require sharing an enclosed 
space (Serafimova, 2020; Hensher, 2020). 
Ultimately, however, consumers perceive 
private cars as having a lower biosecurity risk 
than any sharing model (Ibid.). The next section 
outlines methods we use to investigate the role 
that disease-avoidant behaviours may have on 
the willingness to adopt vehicle-sharing 
practices, which are a crucial element of MaaS.   
 
Methods 
This research is based on data collected from 
policy and trade literature and from interviews 
conducted as part of a case study, e-carclub, an 
electric car sharing system funded by the 
National Energy Foundation and Sustainable 
Venture (e-carclub.co.uk, 2015).  Car clubs are 
a key MaaS component (Catulli et al., 2020). 
Pre-pandemic research on the consumer 
practices associated with car clubs and the 
factors affecting the willingness to adopt 
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vehicle-sharing practices (see Ibid.) is used 
here to suggest approaches for investigating 
the effect of Covid-19 on MaaS, and potentially 
to identify approaches for managing its impact.   
A convenience sample of nineteen participants 
was selected and semi-structured interviews 
supported by interview guides were conducted 
with these participants across three sites, 
Future Wolverton (FW), University of 
Hertfordshire (UH) and Watford City Hall 
(WCH). Five participants were professionals 
from Wolverton, a town of about 19,000 people 
located within Milton Keynes 
(Visionofbritain.org), six (three students, two 
academics and one technician) were from UH 
and eight, who were all professionals, from 
WCH. Participants were divided evenly by 
gender. The majority of participants (15 out of 
19) were car owners and were contacted 
through e-mail with the support of the local e-
carclub branches. The interviews were audio 
recorded and transcribed. Data were analysed 
using NVivo, a qualitative analysis software.  A 
flexible template (Miles and Huberman, 1994) 
was used to generate initial codes from 
literature on consumption of car clubs following 
an abductive logic, additional codes were 
generated by induction.  

Findings 
When they explained why they did not use e-
carclub, participants listed a number of 
reasons. Of particular interest, for this research 
is their claim that they had little trust in other 
users to return the vehicle clean and 
undamaged and stated that they had found 
their booked vehicle damaged and not fully 
charged. More generally, users of e-carclub 
stated that they did not want to see traces of 
previous drivers, such as takeaway food boxes 
and dangerous materials in cars – indeed, a 
participant reported that he had found asbestos 
sheets left behind in a car, possibly a leftover of 
house renovation work. In some respect 
therefore, contagion avoidance had emerged 
as a theme in car clubs research long before 
C19 (cf. Bardhi and Eckhardt, 2012). 
Importantly, the cues that trigger disease-
avoidance responses are not only physical, but 
are often social, symbolic and subject to biases 
(Curtis et al., 2011). For instance, participants 
even disliked finding the radio tuned to a station 
different from their favourite, as this was a trace 
of other users’ identities.  
Although the majority of participants rejected e-
carclub, younger consumers, including 
students, used it.  Users stated that use of e-

carclub freed them from responsibilities such as 
parking, maintenance and insurance. 
Importantly, users also reported how they felt 
they belonged to a community of likeminded 
users, who aggregated around local providers 
of e-carclub services. For example, some users 
in Wolverton stated that they felt affinity to 
Wolverton’s local community, knew other users 
and had confidence in FW to guarantee the 
service. Participants said that the endorsement 
of Wolverton’s local authority encouraged them 
to try the car club. In the users’ words, the local 
character of the car club offering, associated 
with the e-carclub brand had an important role 
in engendering trust. This sub-set of users, 
therefore, did appreciate a social dimension to 
e-carclub, which was instrumental to generate 
trust. While these observations took place 
before the pandemic, such group dynamics 
may suggest useful mechanisms for increasing 
the acceptance of MaaS post-covid. The 
perception that there is a lot of disease about 
(i.e. sickness in others) may be expected to 
result in negative responses to members of 
other groups who are perceived as harbouring 
unfamiliar diseases, and also predicts more 
positive responses towards one's own group 
(Curtis et al., 2011). 

Discussion 
Before C19, a majority of participants resisted 
offerings such as car clubs and exhibited a 
reluctance to risk contagion through sharing 
vehicles, however, a minority of users – 
younger people for example – adopted e-
carclub, an element of MaaS as explained in 
Section 3. Evidence suggests that the lockdown 
and transport reduction rules following C19 
resulted in a reduction of use of MaaS 
components such as car clubs and bicycle 
sharing because of the reasons explained in 
Section 2, possibly even dissuading the 
minority who used e-carclub, which saw 
reduction in demand. 
C19 concerns are likely to have different 
impacts on providers of sequential and 
simultaneous sharing services and the 
preliminary research discussed in section 4 
suggests different management approaches. 
We observed that users of car clubs, which use 
a sequential sharing model, might have their 
disease avoidance behaviours triggered by 
symbolic and social cues. Hensher (2020) 
suggests that when users share a car 
sequentially, it might be possible to schedule 
time for disinfection of the vehicle between one 
user and the next but our research suggests 
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that symbols and cues may be almost as 
important as actual disinfection. Indeed, e-
carclub attempts to reassure vehicle users that 
they are protected from C19 infection, by 
declaring on their web site that it has set up 
thorough cleaning operations between uses 
(ecarclub.co.uk, 2020). Other MaaS providers, 
such as Enterprise Car Club, a division of 
Enterprise car rental that collaborates with 
bicycle company Brompton and a transport app 
designer, set up a “cleaning pledge” to ensure 
safety in response to C19 (Enterprise Car Club, 
2021).  
When users share a car simultaneously, 
disinfection becomes unfeasible and trust in the 
safety of the service would depend on trust 
between users sharing vehicles. This trust may 
hinge on the relationship between users, strict 
protection measures or, possibly in future, 
verifiable vaccination certificates voluntarily 
submitted when subscribing to the service and 
data sharing with public authorities 
(Serafimova, 2020).  A sense of belonging to a 
community, as seen in section 4, might help 
achieve trust within a selected pool as 
proposed by Hensher (2020) and Curtis et al. 
(2011). These communities could be 
geographically situated and associated with 
sharing cities (McLaren and Agyeman, 2015), 
as exemplified by Wolverton in the e-carclub 
case study. Alternatively, consumers could 
aggregate around “specialized, non-
geographically bound” brand communities 
(Muniz and O'Guinn, 2001 , 412), which would 
shape their own practices. A brand is a 
distinguishing name and/or symbol, logo, 
trademark, or pack design, intended to identify 
products and services of one seller or a group 
of sellers and to differentiate their products or 
services from those of competitors’ (Aaker, 
1991,7). A brand community is based on a 
structured set of social relationships among 
admirers of a brand (Muniz and O'Guinn, 2001). 
A sense of belonging to such communities 
might partly reassure users to trust other users 
and the MaaS provider and be a focal point for 
the selected pools of users proposed by 
Hensher (2020). Brand community effects 
supported consumption of a sharing offering of 
infant mobility products, which are linked to very 
emotional times in users’ life (Catulli et al., 
2017). In short, MaaS providers could 
encourage user communities to aggregate 
around sharing cities or brands.  

Conclusion 
This contribution questions whether the change 
of practices away from ownership of cars could 
be reversed by the C19 shock because 
alternatives such as sharing vehicles and rides 
may be unsafe and approaches such as MaaS, 
with significant potential to move societies 
toward more sustainable mobilities, may not be 
taken up. Change in practices following C19 
might re-entrench transport practices based on 
owned products, e.g. cars, bicycles, scooters 
and so on – and away from MaaS. 
An important area of research therefore is 
around the utility of health and safety measures 
and of social and symbolic cues in reassuring 
consumers of MaaS’ safety and the consumer 
identities that are more likely to be receptive to 
these strategies. Socially aggregating users 
around a locally situated or a brand community 
might encourage some types of consumers to 
return to MaaS. Research could investigate 
when a local community works better than a 
brand community and vice versa and what type 
of consumers are more attracted by each.  
Whether car sharing or ride sharing work better 
as MaaS components with C19 is another 
relevant research question, because whilst with 
ride sharing consumers can ride with people 
they know and trust, with car sharing, providers 
need to identify alternative ways to encourage 
trust in the MaaS offering. A final direction for 
research is around strategies to encourage 
users to book healthier, greener options from 
the MaaS mix.  
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Abstract: Furniture industry is slowly transitioning towards the circular economy. Renting furniture can 
potentially increase its circularity, extend furniture life, and postpone furniture entering end-of-life phase. 
However, academic research and practice of renting furniture and furnishing services is still relatively 
limited. Theoretically, it falls within the product-service systems literature where calls for more empirical 
studies of especially consumer behaviour have been heard. We respond to these calls by exploring 
consumer acceptance of potential furnishing and furniture rental among students at Lund University, 
Sweden. We combined a literature review on consumer acceptance of PSS with a survey of 150 
students in Lund. The survey focused on understanding the current situation with furniture rental. The 
survey results were then analysed and followed up with 15 in-depth interviews with students that 
discussed what kinds of furniture and furnishing products the students would like to rent and what kinds 
of services they would want to be included in the furniture renting service. This study demonstrates that 
there exists a promising demand for furniture rental services among students in Lund. It identified critical 
product and service features that should be taken into consideration by potential furniture rental 
providers. Although this study focused on a specific case of furniture rental in Lund, our findings are of 
interest to other similar audiences of rental services. 
 
Introduction  
The European furniture industry is slowly 
transitioning towards the circular economy. 
Several interesting business models have been 
developed and are being tested. One type of 
such business models to enable circular 
transformation is rental furnishing service. 
Renting furniture could potentially extend 
furniture life, increase the utilisation rate of 
furniture and intensity of use, and divert or 
postpone bulky waste from ending up in landfills 
or incineration plants. However, rental 
furnishing services are not yet widespread. For 
example, Europe is lagging behind in the level 
of penetration and acceptance of the rental 
furnishing services, compared to the 
mainstreamed furniture rental businesses in the 
US or the rising markets in Asian countries. In 
these markets, rental furnishing service is 
popular among highly mobile groups of 
customers, who live in different places 
temporary. Overall, furniture markets are still 
dominated by take-make-waste linear 
economy. 
Academic research on rental furnishing 
services is also relatively limited. Theoretically, 
it falls within the product-service systems (PSS) 
literature that explores how these business 

models can be designed and how they can 
deliver on sustainability promises. However, 
even this literature is largely conceptual 
(Beuren, Gomes Ferreira & Cauchick Miguel, 
2013) or focuses on office furniture (Besch, 
2005). Calls for more empirical studies have 
been heard, including calls for a better 
understanding of consumer acceptance of 
product-service systems (Gullstrand Edbring, 
Lehner & Mont, 2016). We respond to this call 
by exploring consumer acceptance of furniture 
rental using students of Lund university, 
Sweden as a case.  
 
Method 
Lund is a university city with about 45 000 
students, who mostly live in rented apartments 
or dormitories that are seldom furnished. At the 
same time, several commercial and non-profit 
actors have been exploring the possibility to 
devise a business model for furniture rental to 
students and asked the same questions about 
consumer preferences and acceptance. In this 
study, we employed an exploratory mixed-
method approach with both qualitative and 
quantitative methods. We combined a literature 
review on consumer acceptance of PSS with a 
survey of 150 students in Lund, followed by 15 
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in-depth interviews with students. The survey 
focused on understanding the current situation 
with furniture rental and specific features of 
furniture rental services that could potentially 
improve consumer acceptance and adoption of 
such services in the future. The survey was 
followed by interviews with students that 
discussed an ideal scenario of rental furniture 
service and the importance of different products 
and services in the offer.  
 
Literature review 
Consumers’ perception is a critical factor for 
rental business models to succeed (Gullstrand 
Edbring et al., 2016). The main drivers for 
consumers to consider renting instead of 
buying products are affordability (Desai & 
Purohit, 1999; Schallehn et al., 2019), changing 
trends (Moeller & Wittkowski, 2010; Schallehn 
et al., 2019), and less-frequent or time-limited 
use of certain types of products (Behrendt et al., 
2017; Gullstrand Edbring et al., 2016). The 
convenience of renting is the ultimate reason 
behind these drivers; consumers are becoming 
more used to the concept of enjoying the use of 
products without the burdens of ownership 
(Moeller & Wittkowski, 2010; Schallehn et al., 
2019).  
The main barriers that can prevent consumers 
from renting are the strong institution and habit 
of ownership (Lidenhammar, 2015), concerns 
about insurance and the responsiveness of the 
company (Catulli, 2012), hygiene and quality of 
rented products (Bardhi & Eckhardt, 2012); and 
potentially cumbersome renting process 
(Catulli, 2012; Gullstrand Edbring et al., 2016; 
Schallehn et al., 2019). The last concern refers 
to consumer unfamiliarity with rules or fear of 
damaging the rented products (Gullstrand 
Edbring et al., 2016; Schallehn et al., 2019). 
A study by Gullstrand Edbring et al. (2016) 
investigated motivations for a younger 
generation to rent or share home furniture. In 
terms of motivations, 31% named flexibility, 
28% - economic and 20% - temporary use as 
reasons for renting furniture. In terms of barriers 
for renting furniture, 43% reported the habit of 
ownership; 18% - hygiene reasons and 15% - 
unfamiliarity with the concept. Gullstrand 
Edbring et al. (2016) also tested the attitude of 
young consumers towards second-hand 
consumption. The main reasons for buying 
second-hand furnishing products were 
economic - 47% and creating identity - 25%; 
while the obstacles were mainly hygiene-
related - 90%. This study also concluded that 
consumers have a positive attitude towards 

short-term renting, but are skeptical about long-
term renting preferring to buy furniture (even if 
second hand) for long-term use (Gullstrand 
Edbring et al., 2016).  
Other studies identified trust between furniture 
provider and consumers to be a critical success 
factor for rental furnishing services (Armstrong 
et al., 2015; Catulli et al., 2013; Gullstrand 
Edbring et al., 2016).  
 
Findings and analysis 
The majority of Lund students need to acquire 
their furniture when coming to study in Lund, as 
rental rooms or apartments are seldom 
furnished to the needed degree. The existing 
rental furnishing services typically provide a 
bed, a desk, a chair, a lamp or lightening, and a 
drawer/shelf or a bedside table. The provided 
furniture is not brand new but is considered to 
be in fair condition by 46% of the respondents. 
Twenty-one per cent of the respondents 
reported that they do not need to purchase 
anything more; 45% spent less than €100 on 
furnishing their rooms and another 20% spent 
between €100 and €300. The survey showed 
that 36% of the respondents purchase 
additional furniture from wholesale stores, 26% 
- from second-hand shops, 14% get furniture 
from family and acquaintances, 12% from retail 
shops, and 6% from on-line consumer-to-
consumer second-hand trading platforms.  
 
Motivations for renting furniture in Lund 
The overall level of acceptance of renting 
furniture as an idea by students in Lund is high: 
89% replied positively, 8% replied maybe, and 
only 3% (5 people among 150 valid responses) 
were not interested in renting furniture.  
To understand why students may consider 
renting furnished rooms, respondents were 
given seven reasons to rank (from 1 – for 
irrelevant to 5 – for most relevant) and a 
possibility to comment. The given reasons were: 
a) convenience; it is less effort than to acquire 
own furniture; b) it is cheaper than buying new 
furniture; c) rental rooms should always be 
furnished by default; d) renting reduces the 
environmental impact of producing new 
furniture by extending furniture life; e) it is not 
necessary to 'own' the furniture for any reason; 
f) renting offers access to the furniture that 
people can otherwise not afford; and g) people 
like the design (style & colour) of rented 
furniture. Ninety-four respondents (71%) 
ranked convenience as the most important 
reason to rent furniture. The second most 
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common reason (42%) was shared between 
reason (b) cheaper than buying new furniture, 
and (e) do not feel it is necessary to own the 
furniture. Thirty-nine per cent of the 
respondents think that renting furniture is good 
for (d) reducing the environmental impacts of 
buying and producing new furniture. The 
statement (c) “rental rooms should always be 
furnished” received the full diversity of answers, 
with a slight prevalence of positive statements 
(ranked 3-5). Around one-fourth of the 
respondents indicated that they would rent 
furnished rooms as (f) a way to use the furniture 
that they would not be able to afford otherwise. 
However, the distribution of the vote is 
approximately even along the scale. Fashion 
and design (g) did not resonate with 
respondents as a reason to rent furnishings. 
About one-third of the respondents think the 
aesthetic design is irrelevant for deciding about 
renting a furnished room.  
 
The main concerns for students to avoid 
renting rooms with furniture 
People who replied that they would not want to 
rent a furnished room were also given seven 
reasons to rank their answers and a possibility 
to provide their reasons. The seven reasons 
suggested were: a) already have furniture; b) it 
is not necessarily cheaper to rent furnished 
rooms than buy new furniture; c) I like to own 
furniture for different reasons; d) the furniture 
does not suit me; e) I do not like the style or the 
colour of the rented furniture; f) I have concerns 
about the hygiene of the furniture; g) I have 
concerns about the condition and/or status of 
the furniture. Only five people replied that they 
do not want to rent a furnished room, and 
among them, the most important reasons were: 
(a) they already had their furniture and (c) a 
sense of ownership.  
 
Willingness to pay for rental furnishing 
service by students 
Regarding the acceptable price range, 30% (45 
votes) of respondents agreed on paying 
between €30-50 per month, 22% agreed on 
paying between €20-30, 13% agreed on paying 
between €10-20 and 12% - below €10. This 
shows the substantial span of willingness to pay 
for furniture rental, which can be addressed by 
the diversity of rental offers from providers.  
 
Consumer attitudes towards renting 
second-hand furnishing 

The last objective of this survey is to find out 
consumer’s attitude towards the condition of the 
furniture and furnishing items. First, 
approximately 70% of the respondents replied 
that if they were to use the rental furnishing 
service, they expected the items to be used but 
function well. 27% of the respondents think the 
furniture should be in like-new condition. Very 
few people (3%) think that it should be brand 
new. After the respondents were asked about 
their reasons for renting furniture, they were 
asked if they would change their answer if the 
furniture provided in the scheme was ‘used’ 
furniture. About 86% (130 responses) said ‘no’. 
However, among students who have had 
experiences renting furniture, 45% were not 
satisfied with the quality of rented furniture. The 
main reasons were age - too old, unsteady or 
broken (16%), furniture design (14%), 
unsatisfactory function (9%), and unsatisfactory 
condition – dirty, smelly or with visible stains 
(6%).  
 
Implications for potential shaping of 
furniture rental services 
The results of the survey were complemented 
by 15 in-depth interviews with students to better 
understand the product and service 
components of ideal furniture renting service.  
According to the interviewees, the product 
component in the imaginary scenario should 
comprise essential pieces of furniture such as 
bed, desk, chair, bedside table, and bookshelf 
or drawer. These pieces of furniture are bulky, 
more expensive, or troublesome to acquire for 
students. Most of the interviewees mentioned 
that, for these pieces, the functionality and a 
reasonable range of choices should be 
guaranteed by rental service. Other frequently 
mentioned furniture items were couch, armchair 
and lamps. These items would be used in 
student rooms to create an area for relaxing 
purpose instead of for practical purposes, i.e., 
study or sleep. Other furnishing items, such as 
a blanket, a table lamp, or posters or photo 
frames were seen as less essential and 
inexpensive. Thus, most of the interviewees 
preferred buying them instead of renting. 
Especially for international students, decorative 
items were seen as necessary for a balanced 
social life and mental health. The hygiene issue 
is important when renting fabrics, such as 
curtains or bed sheets. Three interviewees who 
would not mind renting fabrics mentioned that 
they imagined the condition of these type of 
items to be like “living in a hotel, where 
everyone knows that all the things were used, 
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but they were professionally cleaned and look 
very new”. There were diverse opinions on the 
overall condition of furnishing items, ranging 
between ‘like-new, no visible stains’ and ‘look 
used, can have small stains and scratches.’ All 
interviewees highlighted the importance of 
communicating the condition of the products 
beforehand and reflecting the differences in the 
total price. “I don’t mind if it looks old or has 
scratches or stains, but I want to be able to 
choose; and the price should reflect the 
condition (of the furniture)”.  
The service component of furnishing rental was 
discussed in terms of how the essential 
services could be provided. All interviewees 
agreed that a service provider should be in 
charge of transporting furniture, while opinions 
differed between those who thought that 
delivery/pickup service should be included in 
the price of the renting package and those who 
acknowledged that it would be reasonable for 
the service provider to charge extra for delivery 
service. Few students suggested that a self-
pick-up/-drop-off point should also be an option 
for low-end customers or reasons of 
convenience. Some interviewees suggested 
that it might be cost-efficient for the landlords to 
provide rental furnishing service to their student 
tenants because the landlords would have the 
possibility to reduce the need of moving these 
items and reduce the risk of damaging them. 
They also expressed the importance of face-to-
face interaction at the beginning and end of the 
contract period when the state of the furnishing 
items can be examined and agreed upon.  
In addition, many interviewees express that, 
regardless of the ways of delivery or picking-up, 
they consider an in-person confirmation at the 
beginning and an inspection at the end of the 
contract more important features of renting 
service. “I am fine with paying if I break 
something or cause some use marks when I am 
leaving, but I would like it to be discussed or 
communicated face-to-face. It seems fairer in 
this way”.  
Most of the interviewees preferred to be 
informed about the service by official and 
trustworthy channels, such as actors related to 
LU, before or on the day they arrive at the 
university. This would reduce their worry about 
the practicalities of furnishing their rooms since 
the furnishing rental service is often a long-term 
contract. Still, they defined a temporary use to 
be about one year, extendable on demand. 
An internet-based platform, integrated with an 
existing platform, such as accommodation 
rental websites was a preferred channel of 

communication, which would include booking 
services, display available items and promote 
the atmosphere of sharing. The interviewees 
also imagined a pickup point or warehouse to 
look like a showroom in an IKEA store so that 
“you get the sense of how cool it is to use this 
service, and you get the sense of shopping from 
going there and pick up small stuff that you like, 
but you are only renting them”. Professional 
furniture producers or rental furnishing 
companies were also mentioned as potential 
service providers as they could provide more 
options. 
The most important features of the furnishing 
renting service were the convenience of the 
renting process itself, sufficient but not limitless 
choices, and the functionality of the items 
provided. 
In conclusion, all of the interviewees viewed 
rental furnishing service as helping them 
improve their quality of life during their studies 
when they have a limited budget. Therefore, 
despite different discussed scenarios, the 
majority of the interviewees agreed that such a 
service should prioritize fulfilling basic needs. 
 
Conclusions 
The analysis of consumers’ survey showed that 
there exists a promising demand for furniture 
rental services among students in Lund. In- 
depth interviews identified critical product and 
service features that should be taken into 
consideration by potential furniture rental 
providers. Although this study focused on a 
specific case of furniture rental in Lund, our 
findings are of interest to other similar 
audiences of rental services across the globe. 
This study also contributes to the literature on 
consumer acceptance of PSS.   
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Abstract: Care practice often relates to provoking an emotional or affective response from users, 
satisfying emotional needs and thus encouraging care for the product. Care practice in the process of 
promoting feelings of responsibility and commitment towards products, services and the environment 
to users also encourages sustainable behaviour. However, there is little formal interpretation of the 
pragmatic approach of care in the context of the design process for sustainable behaviour – essentially, 
how we adapt this meaning of care to the process of design for sustainable behaviour. Reuse is a form 
of sustainable behaviour; eliciting such behaviour requires a good understanding of forms of care that 
involve responsibility and commitment during the design process, as these encourage users to care 
about the situation and take care of objects in order to sustain their condition, or, where this is not 
possible, to reduce obsolescence by returning objects to manufacturers (or shops), or recycling them. 
This paper explores the formal role of forms of care involving responsibility and commitment in the 
design process. The blueprint for a design process for reuse behaviour was developed with six 
packaging design professionals, confirming that providing a feeling of responsibility and commitment to 
users should be considered at an early stage. The adapted design process was applied in two 
packaging reuse design studies, providing a better understanding of the role of these forms of care to 
designers as a means to create meaningful interaction and thus a better user-object relationship. 
Promoting reuse behaviour to users by considering user responsibility and commitment as an essential 
basis of design enables conscious decision-making and attitude change in users, triggering and 
motivating behaviour and subsequently enabling lasting behaviour change. 
 
 
Introduction 
Care is about a relationship with a subject in 
need, and it always involves others, but also 
particular circumstances (Rodgers et al., 2019). 
It is delivered by understanding the care-
receiver’s needs, their situation, their 
requirements and the translation of that 
consideration into an act, object or gesture that 
attempts to answer or meet those needs 
(Dilnot, 2017). Care is “persuasive and 
persuades someone to do something that 
changes their behaviour” (Carleklev, 2017). 
Good care practice combines certain activities, 
attitudes, and knowledge of the care-receiver 
and the situation (Gastmans, 2006), and is 
exhibited when the care-giver is competent, 
aware of the receiver’s needs, has knowledge, 
and is responsive and respectful (Lachman, 
2012). Care is a reciprocal practice, occurring 
within the framework of a relationship between 
the care-giver and care-receiver (Gastmans, 

2006). A feedback cycle between the care-giver 
and the care-receiver, by providing meaningful 
responses between the two parties, makes the 
continuous caring process and caring 
relationships unique (Mayeroff, 1971). Good 
design should set out to connect people, things 
and situations and build a relationship through 
helping care-receivers, which requires listening 
deeply, looking closely, and being responsive to 
the care-receiver’s context and expressed 
needs (Rodgers et al., 2019).  
Bubeck (1995) argues that the caring 
relationship does not necessarily involve or 
invoke any specific emotional attachment. 
Within the literature of design for sustainability,  
a pragmatic approach, focused less on 
emotional responses around responsibility or a 
commitment to objects’ use and end of use, has 
been offered to promote caring behaviour in 
users. Caring behaviour is as much about 
maintaining or mending subjects (that is, 

102



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Choi Y, Lee G, Rodger P  
Understanding roles of care in the design process for sustainable behaviour: 
commitment and responsibility in packaging reuse 

 

- 2 - 
 

patients) as it is about ways to “let things go 
gracefully” in nursing practice (Watson 1985, 
p.7). The process aims to sustain a subject’s 
condition, or, where this is not possible, to 
reduce the pain and distress of the inevitable to 
help them “let go peacefully” (Watson 1985, 
p.7). This resonates with the requirements for 
sustainable user behaviour. Sustainable users 
wish to own high-quality objects while keeping 
their accumulation of goods to a minimum, and 
they tend to practise a certain detachment 
towards the objects they own, to deal with the 
issue of obsolescence (Marchand, 2003). 
Within the field of design for sustainable 
behaviour (Lockton et al., 2008; Lilley et al., 
2005; Rodriguez and Boks, 2005; Elias et al., 
2007; Bhamra et al., 2008; Wever et al., 2008), 
designers have the opportunity to take these 
potential behaviour change opportunities into 
account, and take responsibility for them in the 
design process (Niedderer, 2018). Considering 
the care relationship during the design process 
helps the process respond to and promote the 
requirements of sustainable behaviour in users. 
  
Reuse is an innovative model in the sustainable 
packaging design field which offers an 
opportunity to deliver sustainable behaviour, 
enabled by a caring relationship and conscious 
decision-making. In this study, we attempt to 
provide a better understanding of the potential 
role of the pragmatic approach of care in the 
design process for reuse behaviour, and its 
implication for design that enables sustainable 
behaviour  
  
Research methodology 
In Action Research methodology, the 
researchers take action by setting themselves 
within the practice and involve themselves by 
creating or promoting change (Lewin, 1946). 
This research takes the Action Research 
approach of “learning by doing” (Mills, 2003) to 
explore a real situation. 
 
Responsibility and commitment in 
the packaging design process  
In order to provide the designer with a better 
understanding of how care in the forms of 
responsibility and commitment facilitates the 
design process for sustainable behaviour, this 
study first identified how instilling the feeling of 
responsibility and commitment in users best fits 
into the design process. This was established 
by conducting in-depth interviews with six 

design professionals who have worked in the 
packaging industry for at least two decades. 
The experts confirmed that users’ behaviour in 
relation to responsibility and commitment was 
considered at an early stage of the design 
process. They confirmed that designers tend to 
analyse the drivers for object maintenance or 
material circulation in users’ behaviour as one 
of the key decision-making factors. Designers 
tend to aim to encourage responsible use and 
disposal in users by considering durable and 
reusable structures and providing relevant 
recyclable materials and environments.  
 
Design process for reuse behaviour 
To identify the formal place of user 
responsibility and commitment at an early stage 
of the design process, this study adapted a 
sketch of the design process for sustainable 
behaviour by Zachrisson et al. (2011) and 
developed a packaging design process for 
reuse behaviour. Figure 1 shows this sketch of 
the design process adapted for reuse 
behaviour, developed with packaging design 
professionals for application to further design 
studies.  

Figure 1. An adapted sketch of the design 
process for reuse behaviour. 

Design planning: the stage at which designers 
conduct market research and identify a 
potential product brand and design that can 

Users attitude, responsibility and commitment 
in caring relationship, competency, knowledge 
of receivers need and situation, and feedback

Design Planning

Market and trend research
Selecting products to apply  

Research materials and product references 
considering product’s environmental impacts

Material & Shape Research 

Brainstorming & Idea Development 

Detail Design Development

Develop design solutions and frequent 
workshops with related departments 

Design Prototyping & Testing  

Specify design details  

Design Refinement 

Refine the design details 

Identify Target Behaviour

Reuse behaviour

Identify factors affecting behaviour

Manufacturing 

QA testing and user testing 

Stages where there are 
potential to consider 
providing the feeling of 
responsibility and 
commitment to users.
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promote responsibility and commitment in 
users. 
 
Identifying target behaviour: the stage at which 
designers explore reuse behaviour. 
 
Material and shape research: the stage where 
material and structure are researched, along 
with a design that can promote responsibility 
and commitment in users.  
 
Identifying factors affecting behaviour: the 
stage at which users’ attitude, competency, the 
knowledge of care-receivers’ 
(products/environments) needs and situation, 
and viable feedback loops are identified. Users’ 
attitude and competency were analysed and 
users categorised into three types: attentive 
users, cautious participants and careless 
consumers (Choi, 2020). The needs and 
situations of care-receivers are dependent on 
the context and the types of product involved. 
This study identifies care-receivers’ (products’) 
needs as ‘to be reused’, and different design 
briefs were set by designers to apply in the 
design process. 
 

 
Figure 2. Feedback cycle between care-giver and 
care-receiver 

To offer the designer a better understanding of 
the carative factors that encourage 
responsibility and commitment in users, these 
were extracted through the process of 
translating caring factors from nursing practice 
to design using metaphor, and translated to a 
user-object context with phrases more 
applicable to the process of design (Choi, 2018). 
The factors selected aim to provide feedback 
about care-givers’ actions towards the product, 
aiming towards a continuous caring process 
(Figure 2). 

Brainstorming & Idea Development: the stage 
at which designers start generating ideas to 
promote responsibility and commitment in 
users.  

Caring themes and carative factors 

 
Figure 3. Carative factors for sustainable 
disposal behavior: Reuse, Return and Recycle.  
 
The word “carative” in caring science is defined 
as “love and charity”, and is seen as the motive 
for all caring. The factors enabling the caring 
process aim to sustain and maintain (or 
enhance) a subject’s condition, or, where this is 
not possible, to reduce obsolescence to enable 
them to be disposed sustainably. (Watson, 
1985, p.7). Such a caring process influences 
the user’s view of an object’s value during the 
use phase and end-of-use stage, and aims to 
encourage users’ commitment to, and 
responsibility for, preserving the value of the 
product‘s current condition for other positive 
opportunities. Thirty-five influential factors that 
were found during the research had a direct 
impact on creating original carative factors for 
influencing caring behaviour. A collection of 
inspirational factors was categorised within 
three themes, namely responsibility, 
commitment, and empathy (Blustein 1991; 
Tronto, 1993; Shaw et al., 2016), in a card 
format to inform the design process (Figure 3). 
Empathy indicates empathic emotions in the 
user towards other potential users, or the 
creation of an appropriate environment in which 
to elicit the emotional “desire to do good” 
response in users that supports the promotion 
of responsibility and commitment to deliver care 
action (Tronto, 1993). 
 
Workshop and design study 
The aims of the workshop and design study 
were twofold: to provide a critical research 
environment to enable designers to better 
understand the role of care in the packaging 
design process in order to adapt the process for 
reuse behaviour, and to develop a design 
process to produce case-specific design 
knowledge to address the concept of care in the 
design process. 
 
Design workshop: Reuse 

Care-giver Care-receiver

Feedback

User Product, enviornment
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A workshop was held with five designers for 
research, idea generation and discussion. 
During the first session, the participants 
conducted market and trend research and 
identified opportunities to encourage 
responsibility and commitment in the use and 
disposal of lipstick packaging and shampoo 
containers (Figure 4). The participants were 
then asked to generate an image board, 
focusing on materials and structural design to 
encourage reuse behaviour (Figure5). 
Participants were then grouped into pairs to 
generate design concepts using a Carative 
Factors Inspirational Cards Toolkit’, exploring 
the how the design process could encourage 
reuse behaviour in users. (Figure 6).  
 

 
Figure 4. Market and trend research. 
 

 
Figure 5. An image board, focusing on materials 
and structural design to encourage reuse 
behaviour. 
 

 
Figure 6. Workshop idea generation session 
using carative factors. 
 
This also enabled them to expand the caring 
approach and review the benefits of the Toolkit. 
The concepts are summarised according to 
user type and the three carative themes (Table 
1). The final session discussed whether the 
designers understood the role of forms of care 
that involve responsibility and commitment by 
following the design process adapted for reuse 
behaviour using the toolkit. 
 

 
Table 1. Generated ideas during the workshop. 
 
Group 1 explored new design ideas around 
lipstick packaging to promote refill behaviour for 
responsible use. Prompted by the carative 
factors, the resulting concepts included a new 
ease-of-disassembly structural design for 

 
 

  Attentive users Cautious 
participants 

Careless 
consumers 

Group 1 Empathy 

 

Apply a cute design and 
provide a final destination.  

  

Group 1 Responsibility 

 

Provide information on 
packaging on how to dispose 
of the product.  

Create an inner divider that is 
easy to disassemble, made of 
paper-based material, to 
dispose of lipstick separately. 

A lipstick cap made 
of distinctive 
recyclable material.  

 

 

Group 1 Commitment Services to personalise the 
cap then return to the shop. 
These are washed and 
reproduced to be used by the 
same user.  

Reward points scheme when 
the used lipsticks are returned 
to the shop.  

Inform users of the 
remanufacturing process of 
the returned cosmetic 
products.  

Inform users about what the 
product will become once they 
return lipstick packaging to the 
manufacturer  

Inform users about the 
environmental impact they are 
creating. 

 Reward coupon or 
discount scheme 
when reusing lipstick 
packaging. 

Deposit scheme – 
user pays deposit 
and gets it back 
when it is returned. 

Group 2 Empathy, 
Responsibility, 
Commitment  

Create visible graphic 
information on how to dispose 
of shampoo bottles. Provide 
information about the return 
and reward scheme on the 
pack. Apply a different colour 
to each part to make a 
connection with the location to 
send it to.  

Part of the product price is a 
charity donation. Users will be 
informed how their donation 
has been used once they 
return the bottles.  

Apply different points to each 
part of the returned items and 
award points accordingly.  
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lipstick, providing visible graphical information 
on the pack giving instructions for refilling and 
returning the packaging to shops for 
responsible and decisive disposal at the end-of-
use phase. Group 2 explored the new ideas 
around shampoo container design to 
encourage users to refill them. By using the 
Inspirational Carative Factors Cards during the 
idea generation process, one strong, solid 
concept was created: refillable shampoo 
packaging that resembles the structure and 
finish of a ceramic vase, to appeal to attentive 
users. Each part of the item can be returned at 
different points, and earn points for the user 
accordingly. 
 
Design study 

 
 

 
Figure 7. The concept generated by designer 1. 
 

Designer 1 explored the problem of a wasteful 
attitude towards pharmaceutical products and 
packaging. During the first part of project, the 
participant first conducted research into the 
current market and trends. Next, research into 
materials and structure and design precedents 
was conducted with reuse behaviour set as a 
target. Finally, the designer explored ideas 
around how the design could be improved to 
encourage users towards reuse behaviour by 
using the Carative Factors Inspirational Cards. 
 

 
Figure 8. Selected cards applied during the early 
design process. 
 
The designer explored new ideas around a 
refillable contraceptive pills dispenser. A local 
pharmacy offers click-and-collect prescriptions, 
which are packed in recycled and recyclable 
paper cartridges (Figure 7). Prompted by the 
suggestions on the Carative Factors Cards, 
such as “notify the amount of use time left; 
inform users about the impact and result of their 
behaviour”, the design idea promoted the 
responsible use of dispensers (Figure 8). The 
dispenser is connected to a smartphone 
application that helps users to manage their 
contraceptive pill consumption, gives notice of 
expiry dates, provides information on how and 
when to take the pills and where to dispose of 
pharmaceutical waste and cartridges, aiming to 
encourage responsible and decisive disposal of 
cartridges at the end-of-use phase.  
 
Findings 
By instilling responsibility and commitment in 
users, the designers focused on creating a 
relationship between users and objects by 
proposing ways to handle the product with care 
during the use phase and the responsible and 
decisive disposal of these objects at the end-of-
use phase. Overall, the designers reported that 
the Toolkit helped them to understand the 
factors that are influential for behaviour 
involving responsibility and commitment. 
According to Designer 1, following the process 
expanded the range of approaches to the 

Project 1 Pillpal-User Type & Process of Collecting Drugs

4
6

7:30 AM
6

Get 6 monthes dossage at once

5

Put on nightstand near bed

Replace a new packFinishing all

Taking pill (28 per month) 
on time 

Throw after !nishing 

User
(20-40)

Environmentalist Taking contraceptive 
pills

1 2 3

6 5 4

To reduce packaging waste, pills are put in a paper cartridge and collected by users from 
pharmacy. You insert a paper cartridge that contains the monthly dosage into Pillpal and 

you can then dispense each pill by pressing the top button. To remind the user to take 
medication on time, and every day, it also comes with an APP. The APP can auto-record 

when the pill is taken each time they dispense a pill. Or users can manually do it and 
manage other functions via the APP. The !nal clear model is being producing at the 

moment. I hope the video on the right can illustrate my ideas.

Project 1 Pillpal-Usage

"
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caring relationship, enabling the consideration 
of the whole lifecycle of the product, particularly 
the end-of-use phase, at an early stage of the 
design process. Promoting reuse behaviour by 
considering user responsibility and commitment 
allows designers to identify opportunities for 
design intervention at multiple stages. Refilling, 
returning packaging to the manufacturer/shop 
and recycling were explored to postpone 
product replacement or increase material 
circulation, thus consuming fewer resources. 
 
Discussion 
Previously, the role of care in design has been 
widely seen as providing an opportunity to 
establish an emotional bond or attachment 
between user and product (Chapman, 2005; 
Walker, 2006; Schifferstein & Zwartkruis-
Pelgrim, 2008) within the process of design for 
sustainable behaviour. This study shows that 
care has an additional role to play in providing 
a responsibility and commitment-oriented 
relationship between users and products that, 
together with associated practices of care, can 
promote sustainable behaviour, thus helping to 
sustain and extend product lifetimes.  
Considering the influential factors for care in the 
form of responsibility during the design process 
enables designers to explore ways to provide a 
moral obligation in users to do what is virtuous 
and “the right thing”. The designers in Group 2 
attempted to use durable materials and provide 
visible graphical information about the refill and 
return process to encourage responsible use 
and decisive end-of-use disposal in users.  
Promoting reuse behaviour by considering care 
in the form of commitment enables designers to 
explore ways to support users in making 
conscious decisions based on their own ethical 
beliefs, and in acting with motivation influenced 
by that belief (Blustein, 1991). The IoT-based 
refillable contraceptive pill dispenser 
encourages users to make conscious decisions 
by providing notification of expiry dates and 
information on how and where to dispose of 
pharmaceutical waste. Design intervention has 
the potential to produce certain social norms 
and shared intentions among group members 
(Shaw et al., 2015), encouraging both a 
motivation to act and behaviour habits that 
result in lasting behaviour change,  
Furthermore, forms of care involving 
responsibility and commitment have a role in 
providing a continual feedback cycle between 
care-giver and care-receiver. Through 
appropriate reminders given to users by the 

product itself, or users being informed through 
design that responds to their behaviour, the 
relationship with the product creates meaning, 
value and experience, and the caring role in the 
design process becomes stronger, potentially 
promoting sustainable behaviour.  
Last, considering how to motivate the user 
towards responsibility and commitment during 
the design process provided an opportunity for 
designers to explore ways to move towards a 
better future. Designers tend to consider and 
provide sustainable materials and structures 
more specifically, and to encode these into the 
configuration of the product with an enhanced 
level of knowledge and understanding of its 
users (Dilnot, 2017).  
It should be noted that the study was based on 
a limited sample. Moreover, the actual 
behavioural impact on the environment has not 
been taken into account. Nevertheless, despite 
these limitations, this study has demonstrated 
that a good understanding of care in the forms 
of responsibility and commitment in the design 
process has the potential to promote 
sustainable behaviour by enabling conscious 
decision-making, allowing products to have a 
longer lifespan. 
 
Conclusions 
This exploratory study attempted to understand 
the formal positioning of where care in the forms 
of responsibility and commitment should be 
considered in the design process to promote 
sustainable behaviour. The toolkit that was 
used was designed to offer caring factors from 
human care theory, metaphorically translated to 
object care, as a useful aid for designers to 
understand the relationship of design and care 
during a design project and workshop. The 
potential benefits of considering responsibility 
and commitment as an element in the design 
process were established and its positive 
effects on promoting sustainable behaviour, 
lengthening packaging lifespan and increasing 
material circulation were demonstrated. This 
study will contribute to the growing field of 
design for sustainable behaviour. 
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Furniture lifetimes in a circular economy: a state of the art review  
Cooper, T.(a), Kaner, J.(a), Furmston, K.(a), Cutts, A(a) 
a) Nottingham Trent University, Nottingham, UK 
 
 

Keywords: Furniture lifetimes; Materials; Maintenance; Repair; Upcycling.  

Abstract: Furniture accounts for a high proportion of bulky waste and has a substantial environmental 
impact, yet has been largely neglected in academic debate on product longevity. Recent estimates 
suggest that each year around 10 million tonnes of furniture are discarded annually in Europe. Much is 
unduly short-lived and a mere 10% is recycled. Evidence points to the use of low quality materials and 
poor design as primary obstacles to a circular economy in furniture. Such practices reduce durability 
and repairability and restrict the potential for reuse. Business models in the sector tend to favour 
relatively short product lifetimes to secure replacement sales, while a lack of incentives and an 
inadequate take-back infrastructure inhibit reuse. This paper presents the key findings from a 
systematic literature review undertaken to identify the current state of knowledge concerning furniture 
longevity. It explores and assesses furniture design and manufacture, maintenance, repair, and reuse, 
and considers the influence of market and regulatory conditions upon furniture longevity. 
 

Introduction 
Furniture has attracted less attention for its 
environmental impact than many other 
consumer durables, which is understandable as 
few types of furniture require energy to operate 
and the material used in the greatest volume, 
wood, is a renewable resource. Nonetheless, 
no sector should be excluded from scrutiny and 
policymakers evidently plan to address its 
environmental impact. The European Union’s 
recently amended Waste Framework Directive 
(2018/851) identifies furniture as a key sector, 
while its revised Circular Economy Action Plan 
indicates that furniture will be prioritised (EC, 
2020). 
 
The substantial material throughput of furniture 
is problematic. Furniture consumption in the EU 
has been estimated at around 10.5m tonnes 
annually; most ends up incinerated or in landfill 
(EEB, 2017). Life cycle analysis indicates that 
the greatest environmental impact is in the 
production and supply of materials, leading to 
the conclusion that the selection and efficient 
use of materials and the durability of products 
are of primary significance (Cordella and 
Hidalgo, 2016). Increased furniture lifetimes 
would reduce not only waste but carbon 
emissions (Brunet-Navarro et al., 2017; 
Bumgardner and Nicholls, 2020).  
 
Social commentators have referred to ‘fast 
furniture’ in criticising an apparent trend 
towards short-lived items (e.g. Cummins, 

2020). Although firm evidence is lacking, the 
declining cost of certain types of furniture is 
indicative of such a trend. This may be 
attributed to increased productive efficiency, 
but critics argue that it reflects use of lower 
quality materials and poor design (e.g. EEB, 
2017). ‘Sufficiency-driven business models’ 
have been proposed as an alternative approach 
(Bocken and Short, 2016), coupled with 
supporting policy measures (FURN360, 2018). 
 
Several research papers that address furniture 
lifetimes have used kitchens as an example. 
Kitchens are “highly affected by frequent 
replacements, renovations, and a short service 
life” (Ollar et al., 2020), partly resulting from “the 
strong influence of trends … and the status 
connected to renovating the kitchen” (Hagejärd 
et al., 2020). Both studies conclude that 
system-level change is required. 
 

Aim 
This paper explores research into furniture 
lifetimes and gives particular attention to the 
influence of design, business practices and the 
consumer. It adopts a sequential life cycle 
approach by addressing, in turn, design and 
manufacture, acquisition, care, repair and 
disposal, and reuse and upcycling. Our aim is 
to provide an overview of current knowledge on 
furniture lifetimes and, specifically, to assess 
the ‘state of the art’ in furniture lifetimes 
research.  
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Method 
The method adopted was a systematic 
literature review, using the Mendeley and 
Scopus databases. Keywords and phrases 
relating to the aims of the study were identified 
to establish a search string (furniture linked with 
words such as consumption, disposal, lifetime, 
longevity, repair, reuse, etc.).  
 
The search process initially realised several 
thousand results. Duplicates were removed and 
results filtered by date (post-2010) and potential 
relevance to furniture lifetimes. The total was 
substantially reduced, and the remaining 209 
publications were explored to assess the depth 
and breadth of ‘state of the art’ knowledge in the 
field. In addition, furniture sector websites and 
‘grey’ literature (e.g. government and trade 
publications) were used to access information 
where gaps in knowledge were apparent, and a 
snowballing process was used in which 
bibliographies of key publications were checked 
for additional sources.  
 

Design and Manufacture 
Designing for longevity 
Furniture longevity is influenced by how items 
are designed and manufactured. Design 
guidelines for optimising longevity are common 
to many consumer durables: they include 
identifying the desired lifespan and selecting 
appropriate components and materials, 
designing for reliability by eliminating weak 
links, adaptability, facilitating maintenance and 
repair, anticipating reuse, and facilitating 
remanufacturing (Vezzoli and Manzini, 2008). 
Lewis and Gertsakis (2001) produced a 
checklist of ecodesign principles specifically for 
furniture and, with notable foresight, proposed 
the extended producer responsibility, in which 
furniture companies would take back discarded 
products and reuse them or their components.  
 
Several recent reports have explored how 
design could reduce environmental impacts 
with guidelines aimed at increased lifetimes. 
For example, the Nordic Council of Ministers 
(2018, p. 50) proposed that furniture should 
have to comply with certain minimum technical 
standards and items consisting of multiple 
component parts or materials should be 
designed for disassembly. Moreover, 
disassembling and replacing worn parts should 
be within the capacity of the consumer and 
manufacturers should be required to make 

spare parts available for a specified period and 
at proportional cost.  
 
Aside from technical considerations, 
emotionally durable design, which addresses 
the user’s sense of attachment to a product is 
also important: ‘timeless’ furniture design 
withstands wear both “from the eye and the 
hand” (Hagejärd et al., 2020, p. 16). 
 
Several furniture industry initiatives address 
longevity. For example, in a recent position 
paper, the European Furniture Industries 
Confederation propose use of ecodesign to 
“increase the lifetime and durability of furniture 
products” (EFIC, 2020, p. 6). Moreover, the 
world’s largest furniture company, IKEA 
(2021a), has stated: “we want our products to 
live for as long as possible” and is “testing … 
furniture leasing, take-back and buy-back 
schemes, and helping customers repair, reuse 
and recycle old furniture” (IKEA, 2021b). 
Several academic studies have addressed 
IKEA, although these have mostly explored 
management issues rather than its 
environmental performance.  
 

Manufacture 
Furniture producers range from small craft-
based makers of bespoke items to large scale 
manufacturers; either may produce high quality 
furniture, although only the latter have the 
capacity to produce cheap ‘fast furniture’. No 
academic studies on the relationship between 
different types of company and the quality of 
their products were identified in the literature.  
 
Cordela and Hidalgo (2016, p. 73) concluded 
that furniture production “basically consists of 
assembly of components and product finishing, 
which in general play a secondary role from an 
environmental point of view compared to 
production and supply of materials.” Energy 
impacts tend to be greater for metals and 
plastics than wood, but “the durability of 
materials made from wood can be lower … 
especially in the absence of appropriate 
treatment” (ibid). 
 
An apparent trend towards use of lower quality 
materials, notably a shift away from solid wood 
and metal furniture, has been criticised by the 
European Environmental Bureau (EEB, 2017). 
Even metal components may not be durable, as 
demonstrated by handles made from low-cost 
metal alloys coated with a polished brass effect 
plating rather than solid brass.  
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Acquisition  
Purchasing new  
Consumers purchase furniture for many 
reasons, including changes in family or financial 
situation, the desire to decorate, renovate or 
redesign a room, and the ageing or disrepair of 
old furniture (Zwierzyński, 2017). Their ability 
and willingness to purchase furniture designed 
and manufactured for a long lifetime varies and 
will be influenced by their understanding of 
build quality, awareness of finishes and 
maintenance requirements, and interest in 
design aesthetics.  
 
Certain trends may inhibit the purchase of 
higher quality furniture. For example, online 
shopping may be reducing the ability of 
consumers to assess quality, although research 
evidence is lacking. Flat pack furniture can be 
transported compactly and more cheaply but 
may prove short-lived if, once assembled, it is 
not easy to disassemble and move (Brook 
Lyndhurst, 2011).  
 

Information and labelling 
Consumers wishing to make appropriate 
decisions need relevant information. 
Environmental labelling criteria may include 
anticipated longevity. For example, the 
European Union (EU) ecolabel for furniture 
aims to promote “a durable and high-quality 
product that is easy to repair and disassemble” 
(EC, 2016). Ecolabelled furniture must comply 
with certain European standards relating to 
durability and strength and be accompanied by 
a five year guarantee at no extra cost. Spare 
parts must be available for five years and at 
‘proportional’ cost. Furniture consisting of 
multiple component parts or materials must be 
designed for disassembly. Uptake of the 
furniture ecolabel has, however, been minimal 
(Donatello et al., 2020). 
 
The EU is currently exploring options for 
product lifetime labelling. The Nordic Council of 
Ministers (2018, p. 50) proposed that 
manufacturers should declare the expected 
lifespan of furniture in normal use and that this 
could “serve as a precursor to a requirement on 
prolonged warranty.”  
 

Pre-owned furniture 
As much discarded furniture is reusable, 
second-hand markets, ranging from charity 
shops to online sales platforms, represent an 
important influence upon furniture lifetimes. 

Market research data suggests that global 
sales of second-hand furniture are increasing 
(Research Nester, 2020). Environmental, 
financial and employment benefits from reusing 
furniture have been identified by WRAP (2011a, 
2011b); for example, reuse enables reduced 
CO2 emissions, less consumption of virgin 
materials and greater resource efficiency 
(Castellani et al., 2015; Chakraborty et al., 
2017).  
 
Against the general trend, the market for 
antique furniture has been in decline (Antique 
Collecting Magazine, 2015), in part because 
many antique items are bulky or make 
inefficient use of space (Antiques Trade 
Gazette, 2017). Parsons (2010, p. 288) 
concluded: “Changes to dining habits have 
meant that sets of period dining chairs (once a 
mainstay of the trade) have fallen in price. More 
profound perhaps is the intensified pursuit of 
the new and fashionable in interiors.” Academic 
research on antique furniture has typically been 
from the perspective of design history rather 
than applied to contemporary concerns. 
 
A few research studies have addressed 
second-hand furniture. Gullstrand Edbring et al. 
(2016) found young consumers more likely to 
be motivated by economic than environmental 
reasons. Many expressed a preference for high 
quality second-hand furniture over new but 
lower quality products. Barriers to growth in the 
market included a fear that second-hand 
furniture may harbour pests. Research in the 
USA by Fortuna and Diyamandoglu (2017) 
found that the most common sources for such 
furniture were friends, acquaintances, and 
neighbours, followed by vintage shops and thrift 
stores; a much smaller proportion used online 
sources. The most commonly acquired items 
were chairs and desks, followed by bookcases, 
dining tables and sofas. 
 

Sharing and renting 
Recent years have seen growth in the ‘sharing 
economy’ in which consumers access items by 
means other than purchasing, such as giving, 
swapping, or lending. Demailly and Novel 
(2014) identified furniture as a product 
especially suited to sharing. Typically 
undertaken when items are surplus to owners’ 
requirements, sharing offers environmental 
benefits as furniture is utilised more efficiently, 
although increased use implies shorter 
lifetimes. 
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Rental has been advocated by proponents of 
product-service systems on the grounds that it 
removes an incentive for suppliers to favour 
short-lived goods (e.g. Schrader, cited in 
Besch, 2005). Consumers on short term work 
contracts or without a permanent home might 
otherwise purchase cheap, low quality items, 
although empirical evidence is lacking. Several 
research studies on furniture rental were 
identified, although none focussed specifically 
on the impact on lifetimes. Gullstrand Edbring 
et al. (2016) found little interest in renting 
furniture apart from short term use for parties. 
Lidenhammer (2015) found support for short-
term rental from students, as did Moore and 
Taylor (2009), and from people on temporary 
work contracts, but concluded that, with the 
exception of furniture for babies or children, 
longer-term rental was less feasible.  
 
Besch (2005, p. 1085) explored the commercial 
market. Her study concluded that furniture 
rental would only be successful if cheaper than 
purchase and its adoption was unlikely without 
legislative pressure to address waste due to the 
high financial risk of such an innovation, the fact 
that the office furniture typically lasts around 12 
years and is not a major investment, and 
concern about market demand. 
 

Care, Repair and Disposal 
Care and attachment 
Although interest in repair and reuse among 
academics has increased, the maintenance of 
products by their owners has received less 
attention (cf. Harmer et al., 2019). This is 
especially significant for furniture, as items in 
people’s homes are ‘on display’ and their 
surface quality thus has particular significance. 
The likelihood of furniture requiring repair, 
particularly wood-based items, is influenced by 
the quality of care and maintenance by users.  
 
The literature review revealed research on the 
care and repair of furniture to be limited, 
although premature disposal has increased 
interest in user-product attachment and 
emotionally durable design. Hagejärd et al. 
(2020) suggested that care is associated with 
quality, and more likely if items are beautiful, 
functional and made from good material. Older 
items of furniture may offer emotional 
connection with owners when they are family 
‘hand-me-downs’ and contain personal stories 
of their history. According to Harper (2018, p. 
29), “things that make us feel at home, and 

which carry memories, are magical; they have 
a certain aura.” Influential Japanese designer 
and folk craft pioneer Soeti Yanagi suggested 
that objects should be regarded as “constant 
companions” which “should be made with care 
and built to last” (Yanagi, 2019, p. 8).  
 
Furniture surfaces may age with beauty, 
creating an elegant and long-lasting product. 
The surface of wood, in particular, is vital to its 
aesthetic quality and thus its value. Even dents, 
scratches and graffiti may create character and 
serve as a form of storyboarding. Appropriate 
protective finishes for wood are important, 
however, especially if the item is used outdoors 
or in domestic kitchen or commercial cafe 
environments. No academic studies relating to 
whether and how owners protect their furniture 
from damage were identified.  
 

Repairability 
The potential to repair furniture clearly 
influences its lifetime. Historically furniture was 
“exclusive, custom made, and easy to repair”, 
but in the case of kitchens, for example, repair 
has become more difficult “since fibreboards 
became the most common material” (Ollar et 
al., 2020). 
  
Repair may be undertaken either by 
professional specialists or owners. Low 
consumer expenditure on furniture repair work, 
averaging less than £40m annually (NSO, 
2021), suggests that such work is mostly 
undertaken by owners. Gregson et al. (2009) 
described how consumer competence in 
maintaining furniture is liable to affect the 
outcome and determine whether and when 
items are discarded. Although it need not 
require a high level of practical ability or access 
to specialist tools and equipment, technical 
information may be helpful. Online platforms 
such as YouTube and Facebook have enabled 
enthusiasts and small business restorers and 
repairers to promote training videos with tips, 
techniques and processes, while the popular 
repair platform iFixit (2021) now offers guides 
for furniture.  
 
Prospective purchasers may wish to be aware 
of an item of furniture’s repairability and labels 
have been proposed. In a proposed rating 
system, the European Environmental Bureau 
identified key criteria as the availability of repair 
manuals, the potential for non-destructive 
disassembly and reassembly, the type and 
number of tools required to undertake repair, 
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and the availability and cost of spare parts 
(EEB, 2015). 
 

Expectations, attachment and disposal 
The literature review indicated a dearth of data 
on furniture lifetimes, while suggesting that the 
longevity of certain items may be in decline, and 
some may last longer than the period for which 
owners wish to use them. In the USA, surveys 
of prospective furniture buyers revealed that the 
average life expectancy for a ‘good-quality sofa’ 
declined from 14.2 years in 1985 to 12.1 years 
in 1996 and 7.8 years in 2006 (Ozark 
Woodcrafters, 2021). A survey revealed that 
Austrian consumers normally use a sofa for 8.6 
years, a desk 8.8 years and a wardrobe 10.5 
years but expect them ‘to last or flawlessly 
function under normal intensity of use’ for 13.2 
years, 17.9 years and 19.0 years, respectively 
(Wieser et al., 2015).  
 
Awareness that many furniture items still have 
functional value when discarded has stimulated 
interest in user-product attachment. Hebrok 
(2016) noted that “emotional attachments can 
both prolong and shorten the lives of furniture 
dependent on the nature of the attachment.” Ko 
et al. (2015, p. 174) investigated how feelings 
during different stages of ownership “could 
either stimulate or dampen their relationship 
with the product”; attachment could arise from 
a sense that the item is unique and personal, 
and detachment from a change in fashion. 
 
In one of few studies to have addressed 
furniture disposal, Hebrok (2016) identified 
explanations which included wear and tear, 
unfashionable designs and colours, poor 
construction and inadequate repair and 
maintenance due to “lack of motivation, 
financial gain and convenience.” “Undesirable 
designs and styles” posed a greater problem 
than surface wear. The trigger might also be a 
changing life situation relating to the social 
structure of the household or its financial 
position.  
 

Reuse and Upcycling 

Disposal and reusability 
Throughout Europe community organisations 
collect items of furniture, repair them if 
necessary, and sell or donate them to support 
impoverished families. RREUSE (2019) 
estimated that in 2019 its members collected 
215,000 tonnes of furniture for repair, reuse and 
recycling, of which around 40% were reused. 

 
The method of furniture disposal may influence 
whether reuse is possible. Although unwanted 
items may be sold privately, passed onto family 
or friends, or donated to charity, in the UK much 
bulky waste is managed by municipal 
authorities, roughly two thirds through 
Household Waste Recycling Centres (HWRCs) 
and one third through kerbside collections. A 
(rather dated) survey indicated that furniture 
accounts for approximately 42% of all bulky 
waste, nearly 670,000 tonnes annually, in the 
UK (WRAP, 2012). A relatively high proportion 
of bulky waste from kerbside collections is 
furniture (notably sofas, nearly one fifth of such 
waste). Wardrobes, by contrast, were mostly 
delivered to HWRCs. Overall, around one-half 
of furniture received by municipal authorities 
was re-usable with no more than slight repair.  
 
A study in the USA found that the disposal 
method (e.g. donation to a thrift store or 
disposal as waste) was associated with 
education, perhaps due to a lack of 
transportation among the poor to take items to 
thrift stores. It may also reflect perceptions of 
reuse value, whether the process is convenient 
and requires little effort, and knowledge about 
available options (Fortuna and Diyamandoglu, 
2017).  
 

Upcycling  
Upcycling may prolong furniture lifetimes 
(Singh et al., 2019). A fine line exists between 
furniture upcycling and refurbishment. Some 
companies do both; in Sweden, for example, in 
addition to renovating items Soeco (2021) 
creates new furniture from leftover 
components. 
 
Sales of upcycled goods on online platform 
Etsy have increased (Xu and Gu, 2015), while 
books by Seo (2011) and McMurdo (2016) 
reflect growing public interest. For enthusiasts, 
upcycling is “not just about the money” (Dowle, 
2014). Sung et al. (2017) found that many 
practitioners were ‘hobbyists’, while Wilson 
(2016, p. 397) concluded that upcyclers were 
often “creative consumers … likely to be 
motivated intrinsically” rather than by “possible 
economic savings.”  
 
Several academic studies have explored 
upcycling from a consumer perspective. Wilson 
(2016) concluded that younger consumers are 
especially open to purchasing upcycled goods. 
Although purchasers may be motivated by 
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sustainably (Owen, 2020), aesthetic quality and 
performance are significant: some associate 
upcycling with “poorly executed DIY projects 
(or) a roughly painted chest of drawers” (Clarke, 
2020). Yu and Lee (2019) concluded that 
prospective buyers may lack trust in the 
performance of upcycled products; Singh et al. 
(2019) similarly identified “fear of product 
failure.”  
 

Conclusion 

This paper has presented key findings from a 
systematic literature review undertaken to 
identify the current state of knowledge 
concerning furniture longevity. Our overall 
assessment is that current knowledge and 
understanding is inadequate in the light of 
policy debate on product labelling and extended 
producer responsibility and the need to adapt 
business models to meet the requirements of a 
circular economy.  
 
The literature on sustainable design is well-
established and many of its principles are 
applicable to furniture. Several reports by public 
bodies and non-governmental organisations 
have proposed measures to enable the 
furniture sector to adopt practices consistent 
with a circular economy. Although the rationale 
for these may appear self-evident, such as the 
benefits of better quality materials, research is 
needed to explore the necessary transition. 
Discussion of ‘fast furniture’ has mostly taken 
place in the popular media and a deeper 
explanation are required if it is to be reversed, 
including an analysis of the influences that drive 
manufacturing practices and product quality. 
 
Consumers exert a significance upon furniture 
lifetimes and trends such as flat-pack furniture 
and online shopping may have implications for 
product lifetimes. Literature relating to the 
purchase process was found to be sparse, 
mostly addressing consumers’ priorities and 
information requirements. For example, 
research aimed at the apparent preference 
among consumers for cheap and relatively low 
quality furniture is lacking. By contrast, several 
studies have been undertaken relating to 
second-hand markets and the (evidently 
limited) potential for furniture rental. 
 
Knowledge around the aesthetic quality and 
maintenance of furniture is significant because 
items are displayed in the home. No research 
was found on the extent to which owners act to 
prevent or treat surface damage, although an 

association between product quality and user 
care was identified.  
 
Studies with quantitative data on furniture 
lifetimes only considered a few products. Just 
one study directly addressed the reasons why 
owners discard items, although disposal routes, 
which may affect whether furniture is reused, 
have received some attention. Lastly, a few 
studies have addressed the potential for 
upcycling furniture. 
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Abstract: A tension is apparent in the literature on the role of designers in making products more 
sustainable. On the one hand, there is a discourse of individual designer responsibility and many 
methods and tools are prescribed to encourage and help designers make more sustainable design 
decisions. Advocacy organisations focusing on sustainable and circular design have in recent years 
focused on inspiring designers to make more sustainable products. On the other hand, science and 
technology studies literature highlights the multi-stakeholder network character of design, where 
designers lack the power to make design decisions. This study examines how designers’ roles are 
portrayed in reflective verbal accounts collected using two methods – sixteen semi-structured video call 
interviews with sustainability-focused designers, and video recordings of seven sustainable design 
conference panel discussions. Selected extracts are analysed using discursive psychology, to identify 
how actions are accomplished through talk. We see many designers working to overcome the ambiguity 
of seeking to be a responsible designer while not being able to make final design decisions, by claiming 
an extension of their role as ‘pushing’ and persuading for sustainability, to influence key design 
decisions. Talk of ‘pushing’ for sustainability is common across interviews and in talk at public design 
conferences, and in both general talk and talk of specific projects, suggesting the framing is significant 
to the designers’ roles. The sustainable design community could consider how to support designers 
who report their roles as already ‘pushing’ to achieve more sustainable products, reflecting a 
sustainability champions concept that is established in other fields. 
 
 
Introduction 
It is often claimed that the majority of the 
environmental impacts of products throughout 
their lifecycles are determined at the design 
stage (Devon & van de Poel, 2004; Tischner, 
2001). For example, this may relate to materials 
choices, energy sources, or ease of dismantling 
and repairing. However, academic literature is 
ambiguous regarding whether design decisions 
are typically made by designers, by other 
stakeholders, or through social interaction and 
negotiation. Indeed, all three may be correct in 
different contexts and for different types of 
decisions. Yet there is limited research 
exploring how designers themselves 
characterise their roles and agency related to 
making products more sustainable. 
 
In this paper, product designers’ accounts of 
sustainability-focused design are examined, to 
identify how they frame design decision-
making. In an initial analysis, a pattern of 
designers portraying their roles as ‘pushing’ for 
sustainability, rather than making design 

decisions themselves, was noticed. A 
discursive psychology (DP) analysis of how 
pushing and persuading are made relevant in 
accounts about design roles is presented 
below. 
 
The role of designers in making 
products more sustainable 
Literature on design decision-making often 
implies that designers are the ones making 
design decisions. There is a large body of 
literature on individual designers’ moral 
responsibility to make sustainable decisions 
(Alpern et al., 1983; Cook, 2008; Fahlquist et 
al., 2014; Fry, 2004; Roeser, 2012). Similarly, 
advocacy organisations that frame design as 
key to sustainable development such as the 
Ellen MacArthur Foundation (2020) often talk of 
inspiring designers to make more sustainable 
decisions. There is also a vast amount of 
academic literature proposing tools for 
designers to improve their decision-making, 
taking into account complex, interconnected 
factors (MacAskill & Guthrie, 2013; Kiker et al., 
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2005; Schöggl et al., 2017). Some of these 
acknowledge that designers may not be making 
the final design decisions, but many do not. 
 
Other authors have highlighted the importance 
of social interaction and negotiation in making 
design decisions, based on ethnographic 
studies (Bucciarelli, 1994; Lloyd and Busby, 
2003; Luck, 2015). It is widely reported that 
many different stakeholders are involved in 
design (Devon & van de Poel, 2004; Feng & 
Feenberg, 2008; Richardson, 1993; 
Woodhouse & Patton, 2004) therefore 
expecting designers to simply make more 
sustainable decisions is likely to be unrealistic. 
 
Nevertheless, if a designer is not a final 
decision-maker, they may still make smaller 
design decisions and may seek to influence 
larger ones. Fry (2004) and Van de Poel and 
Verbeek (2006) recommend that designers 
should actively aim to influence design 
decisions made by others, and should question 
the ethical frameworks in client briefs, in order 
to achieve more sustainable products.  
 
Yet there has been limited research helping us 
understand how designers themselves 
navigate the limited influence they may have on 
some design decisions. Some studies have 
interviewed designers or engineers on whether 
they sought to influence clients or colleagues 
towards sustainability (Swiersra & Jelsma, 
2006; van der Burg and van Gorp, 2005). But 
most such interview studies tend to consider 
what participants say an accurate 
representation of reality. In this study I take into 
account the constructed and constructive 
nature of talk, and the interactional context of 
interviews, examining language as action, by 
using DP.   
 
Methods 
Two types of data were collected in 
summer/autumn 2020 following Research 
Ethics Committee approval – 1) video call 
interviews with sixteen sustainability-focused 
product designers, recruited via LinkedIn (see 
table 1) and carried out by the author, and 2) 
seven YouTube videos of relevant interviews 
and panel discussions at recent high-profile 
sustainable design conferences. In the 
interviews, participants were asked to give 
accounts of recent design projects, including 
how decisions were made. The use of the two 
types of data allows a comparison of how 

participants talk about their roles in private and 
in public. 
 
DP was used to analyse the designers’ 
accounts, to identify what is being done in the 
interactional talk, for example how designers 
construct accounts of roles, identities, and 
responsibilities through what they say and how 
they say it. DP has often been used to research 
identities, using interviews and also written 
reflective accounts (McLean, 2012; 
Widdicombe, 2017). DP is not often used in 
design, yet the closely related method, 
conversation analysis, has become more 
common (Luck 2012). 
 
Drawing on guidance from Wiggins (2012), I 
first produced word-only transcripts of the full 
corpus of data, and then after selecting over 
thirty extracts where an influencer role was 
being portrayed, I transcribed these using 
Jefferson (2004) notations (see table 2). 
 
Data and Analysis 
Here I present selected extracts of (in progress) 
analysis to show two patterns of how designers 
are portraying taking on influencing roles.  
 
Firstly, I examine how doing ‘pushing’ is actively 
made relevant early on in a conversation. The 
extract in figure 1 is taken from early on in an 
interview with a luggage designer (P3). The 
participant had been asked to remind the 
interviewer (I) what product she was going to 
talk about (a collection of suitcases), and where 
the idea had come from to use recycled material 
in the suitcases. The response was an account 
of how her and her manager’s values had 
influenced their desire to make the products 
more sustainable, and how this had led them to 
seek to source new materials. Then the 
interviewee described how she had started 
‘pushing’. This is not an expected response to 
the question asking where the idea had come 
from, but additional detail on roles that is 
voluntarily offered up, indicating that there is 
something significant about the ‘pushing’ 
framing.  
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Figure 1, extract from interview 3. 

 
 
The extract starts with a brief account of 
meeting suppliers and visiting a factory where 
plastic bottles are recycled into fabric, framed in 
a way that implies shared knowledge of 
sustainability with the interviewer, through the 
use of ‘you know’ (line 3) and the vague ‘all of 
this’ (line 5). In line 6, the notion of taking on the 
role of continuously ‘pushing’ is introduced. The 
term ‘pushing’ itself implies that effort, or even 
force, is required to convince others to take on 
their idea. The repetition of ‘pushin’ (said twice 
in line 6) adds emphasis to this sense of effort, 
and the use of ‘kept’ pushing constructs this 
effort as sustained over time.  
 
In line 6 we see a long pause after ‘pushin 
pushin’, which may indicate some difficulty in 
formulating what is being pushed for. When 
what is being pushed is then stated (in lines 6-
10 after the pause), it is tentative (‘to see if for 
the next collection we could…’). Note that there 
is no detail of who or what might be being 
pushed against. The interviewer does not 
comment on the introduction of the pushing role 
as a response to where the product idea came 
from. Instead, there is simply a ‘yep’ in line 12 
to encourage the participant to continue with 
her account after a pause.  
 

In the participant’s response from lines 13-21, 
we see an upgrading of the account of pushing, 
to portray the extent of effort needed. For 
example, in line 15, a similar design to that in 
line 6 can be found, with the use of ‘keep’ and 
the repetition of ‘going’ (this time three times) 
giving a sense of perseverance over time. After 
then hinting at a factor that might make the 
pushing difficult – the prices of the recycled 
materials are higher, the participant says in 
lines 20-21 ‘so we had to really like push hard’. 
The use of both ‘really’ and ‘hard’ gives a strong 
sense of effort and difficulty.  
 
The pushing framing is also found when a 
designer is asked directly about decision-
making roles. Figure 2 shows an extract from a 
question-and-answer session at an online 
responsible design conference, which followed 
a panel discussion with representatives from a 
consumer electronics company. Here a lot 
more may be at stake than in a private 
interview. A question typed into the chat 
window was paraphrased by the panel chair 
(C), asking who makes the design decisions, 
given the wide range of stakeholders involved. 
The product designer on the panel (D) 
responded, first providing an agreement that 
there are many stakeholders involved in making 
design decisions and so designers cannot 
simply decide, and then producing the account 
presented in figure 2. 
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Figure 2, a product designer speaking at a 
sustainable design conference. 

 
 
The extract starts by counteracting the previous 
talk of limitations of designers’ agency, by 
proposing what designers can do. The 
formulations of both ‘can do’ (line 1) and 
‘usually quite good at doing’ (lines 2-3) give a 
sense of the behaviours listed as being 
accessible to designers in general. The 
designer then produces a three-part list in lines 
3-6 to frame the role of a designer as first to 
inspire, then to ‘provide inputs’, and then ‘really 
push for these ideas’. ‘These ideas’ is very 
vague, but from the context of the conversation, 
we can assume the ideas to be about making 
products more sustainable. It is the third item in 
this list, the ‘pushing’, that is taken up again in 
the rest of the interaction, suggesting ‘pushing’ 
is somehow significant in this general talk about 
designers’ roles too. Again, there is no object in 
terms of who or what is being pushed. 
 
From line 11, following some detailed talk about 
the feasibility of circular design, the designer 
continues to formulate the role designers in 
general can play in sustainability. He frames 
designers as able to ‘bring’ (lines 13 and 15) 
‘something’ (line 12). Again, the talk is very 
vague and assumes knowledge of listeners to 
fill in the blanks. The use of ‘we’ in lines 12 and 
15 serves to frame a group of designers with a 
shared interest who can play a role in pushing 
sustainable ideas. The extract finishes with a 

return to ‘pushing’ in claiming that what 
designers bring ‘can really help in pushing this 
idea harder’ (lines 16-18).  
 
Secondly, I look at how designers claim to be 
doing influencing in a different way – through 
persuading, and how the persuading role is also 
actively made relevant by a designer early on in 
a conversation. The extract in figure 3 comes 
from an interview with a yoga accessories 
designer (P14), which is part of a response to a 
question about where the idea for a more 
sustainable product came from (like in extract 
1). She responds also by highlighting her 
sustainability values and not wanting to design 
products that would quickly become obsolete, 
and then stated she was always pushing for 
sustainability, and then produced the account in 
figure 3. In this extract, the participant is 
seemingly reporting what she has previously 
said to her creative director, to depict doing 
persuading. In doing so, she is portraying her 
persuading role as a key element of what led to 
the sustainable product range. 

 
Figure 3, extract from interview 14. 

 

Before the reported speech, the participant 
establishes the persuading she is about to 
depict as mundane. She says, ‘I was just telling 
him’ (lines 3-4, also a similar formulation occurs 
in lines 8-9), where ‘just’ acts to make it sound 
like a common occurrence. This is followed by 
a fairly long pause (.8) which may indicate some 
difficulty in how to frame the reported 
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conversation, or perhaps how to produce the 
most convincing account for the interviewer. 
 
What the participant reports to have said to her 
creative director to persuade is then presented 
in lines 4-14. This re-enactment of a 
conversation enlivens the account and works to 
claim authentic, factual evidence of her effort to 
convince others, to enhance credibility (Holt & 
Clift 2006). In this reported persuasion talk, she 
starts by establishing the importance of 
innovation to the company in lines 5-8 (‘cos they 
were just pushing for this innovative story for 
the brand’), then in lines 11-14 links 
sustainability to innovation. The extract ends 
with the production of ‘facts’ from lines 15-19 to 
add credibility to her view of what they should 
be pushing for, claiming that sustainability is 
necessary for innovation.  
 
We also see identity implications in the varying 
pronoun use used in the persuasion talk. In 
lines 4-11, the participant uses ‘we’ when 
talking about her recommended path for the 
company (‘if we wanna be innovative’ is said 
twice). Then, immediately after ‘otherwise’ (line 
12), she switches to ‘you’ for the scenario where 
her recommendation is not followed (lines 12-
14). If the company is to be sustainable, she 
demonstrates association with it through her 
pronoun choice, but if not, she switches 
pronouns to distance herself from the company. 
 
Discussion 
We have seen two related roles portrayed in the 
product designers’ accounts which position the 
designers as somehow doing sustainable 
design despite not making the decisions – 
pushing and persuading. These roles are often 
actively made relevant by the designers early 
on in their accounts. The pushing framing is 
seen repeatedly in both interviews and public 
design conferences, and in both talk about 
specific design projects, and general talk about 
design. These influencing roles are found in 
accounts of both in-house design and designer-
client contexts. These findings suggest that 
there is something significant about the 
‘pushing’ framing, as well as about the depiction 
of taking on an influencing role more generally, 
in the context of doing sustainable design. 
 
Claiming these voluntary and informal 
influencing roles may help designers overcome 
a tension between seeking to do more 
sustainable design, yet not being able to make 

final design decisions. Indeed, before taking 
part in the interviews, participants were told 
they would be asked about design decision-
making, and so may have been particularly 
aware of this possible tension. 
 
Other studies that have found that designers 
report trying to influence those making final 
design decisions towards more sustainable 
options (e.g., Swierstra & Jelsma 2006), 
typically do not give much detail of analysis 
methods. This discursive psychology study 
provides a more in-depth analysis of what is 
being accomplished in interview talk, ensuring 
findings are close to the data and providing 
direct evidence of how designers are claiming 
extensions to their roles. 
 
Conclusion 
This discursive analysis of sustainability-
focused designers’ accounts shows that the 
roles of pushing and persuading are actively 
made significant by many of the designers. 
Both roles reported provide claims of designers 
working to influence others as a way of doing 
sustainable design, while not making final 
design decisions themselves. There is an 
opportunity for further research on ways 
designers report extending their roles.  
 
Given these findings, the sustainable design 
movement may wish to recognise that many 
sustainability-focused designers are already 
claiming to be pushing and persuading for 
sustainability, and to consider how they could 
be supported. For example, the notion of a 
sustainability champion, working within a 
company to engage other stakeholders, has 
been studied in other fields (Andersson & 
Bateman, 2000; Willard, 2009) and may offer 
insights for design. 
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Figures and Tables 
Table 1. Interview participants 

Location Sex Type of 
design project 
talked about  

Product 
type 

Germany M In-house Furniture 

India M In-house Packaging 

US/ 
Netherlands 

F In-house Luggage 

Argentina/ 
Italy 

M Independent Furniture 

UK F Internship Child's bike 

UK F Student project 
+ in-house 

Cycling 
backpack 

France F Student project 
+ in-house 

Outdoor 
space 

Netherlands/ 
Brazil 

F Student project 
+ in-house 

Plant 
sensor 

US M Design agency Packaging 
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Spain M Design 
competition 

Compost 
bin 

Brazil M Independent Facemask 

UK M In-house Electric 
vehicle 
charger 

US M In-house Vehicles 

Canada F In-house Yoga mat 

Germany F Independent Lamp 

UK M Independent Plastic cup 

 

Table 2 – transcription symbols (Wiggins, 2017, 
adapted from Jefferson, 2004)	

(.) A micro-pause around one tenth of a 
second 

(1.2) A pause or silence, measured in 
seconds and tenths of seconds 

= Latched talk, where there is no 
hearable gap between words (can 
occur within a turn at talk, or 
between speakers) 

::  Stretched sounds in talk; the more 
colons, the longer the sound, as in 
rea::lly l::: ong sounds 

CAPITALS  Talk that is noticeably louder in 
contrast to the surrounding talk 
(sometimes shouting) 

Underlined Emphasised words, or parts of 
words, are underlined 

° Degree symbols enclose noticeably 
°quieter° talk, with double degree 
signs indicating °°whispering°° 

> < ‘Greater than’ and ‘less than’ 
symbols enclose talk that is at a 
faster pace (>speeded-up< talk) 
than the surrounding talk 

< > ‘Less than’ and ‘greater than’ 
symbols enclose talk that is at a 
slower pace (<slowed down> talk) 

↑ ↓  Upward arrows indicate a rising 
pitch in talk, downward arrows 
indicate falling pitch 

£ British pound sign indicates smiley 
voice or suppressed laughter 

# Hashtag indicates ‘creaky’ voice 
such as when someone is upset. 

[ ] Square brackets indicate the start 
(and end) of overlapping talk 

hh hhs indicate audible breaths. A dot 
followed by hs (.h) indicate audible 
inbreaths; without the dot (as in hh) 
is an outbreath. Within a word (as in 
‘ye(h)s’), this indicates laughter 
while talking (‘interpolated laughter’). 
The more hs, the longer the breath. 

Huh/heh/hah  Laughter can be represented with 
outbreaths that have vowel sounds 
within them. 

‘yes’ Single quotation marks are used to 
indicate reported speech or thought 

(( ))  Double brackets (sometimes without 
italics) contain details about other 
features that have not been 
transcribed, e.g., ((waves hand)) 

(Unclear) Words in single brackets are the 
transcriber’s best guess at what was 
being said, or (unclear) or 
(inaudible) if it really can’t be heard 
clearly 
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Abstract: The circular economy (CE) has emerged with the promise of conserving resources through 
approaches such as durability and extended product lifetimes. At the same time, buildings negatively 
contribute to resource use and waste production, making buildings a key target for CE strategies.  
However, the question of how durability and lifetimes affect the social and environmental impacts of 
building products remains largely unexplored. In this study, we applied environmental and social life 
cycle assessments (E-LCA and S-LCA, respectively) to a common building component, roof covering, 
to investigate the effects of durability and different lifespans, and the tradeoffs between social and 
environmental impacts. We tested different lifespan scenarios for three materials with different 
durability: thermoplastic polyolefin (TPO), zinc-coated steel, and galvanized aluminum sheets. The 
results suggest that it is critical to consider the tradeoffs of social and environmental benefits: steel had 
the most promising social performance, followed closely by aluminum, while the least durable material 
(TPO) had the worst environmental and social performance. However, the environmental impacts 
resulting from the production of aluminum sheets were significantly lower than the impacts from steel, 
which made aluminum the preferred choice for this case study. Moreover, product lifespans impacted 
the results in both E-LCA and S-LCA due to the number of replacements needed over the life of a 100-
year building. We discuss key limitations of integrating E-LCA and S-LCA approaches, such as data 
aggregation and spatial issues, lack of standards on how to account for product durability, and concerns 
surrounding S-LCA results interpretation.  
 
 

Introduction  
This study investigated how social and 
environmental impacts of building products is 
affected by material durability. With the 
advancement of Circular Economy (CE) in the 
building sector, it is essential to consider 
environmental impacts and to ensure that CE 
strategies do not result in unintended social 
consequences.  Specifically, we compared roof 
covering products under different durability 
scenarios and material alternatives, examining 
both the social and environmental lifecycle 
impacts.  
 

Circular economy and product lifespans in 
the built environment 
The construction sector is the most material 
intensive industry and thus has a key role in the 
transition towards a circular economy (Pomponi 
& Moncaster, 2017). CE aims to design out 
waste and use fewer, more durable resources 

(Ellen MacArthur Foundation, 2013). Circular 
buildings are designed with durability, 
adaptability, and future disassembly and reuse 
in mind (Cruz Rios & Grau, 2020).  However, 
the concept of circular built environments is still 
at an early stage, partly because of the 
complexities inherent to buildings’ lifespans 
when compared to short-lived manufactured 
products (Pomponi & Moncaster, 2017). 
A building is made of several layers of products 
and materials with varying service lives (Figure 
1). The service lives depend on material 
durability, owners’ preferences, and the 
emergence of new technologies (Castro & 
Pasanen, 2019). For example, while the 
building structure may last 100 years, the 
building skin may be replaced every 20 years.  
 
Quantifying the impacts of building components 
is key to understanding material flows within 
built environments and the impact of CE 
strategies like urban mining (Castro and 
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Figure 1. Building layers and varying lifespans. 
Adapted from Brand (1994) and Arup (2016). 

 
Pasanen, 2019). Environmental life cycle 
assessment (E-LCA) is a widely used and 
robust method for estimating the environmental 
impacts of building products over their life cycle. 
However, there is limited guidance on how to 
consider the life cycle of building components 
when they do not coincide with the life cycle of 
the building (Aktas & Bilec, 2012b, 2012a; 
Bourke & Kyle, 2019; Gardner et al., 2020; 
Hasik et al., 2019b; 2019a). Perhaps as a 
result, maintenance and replacement 
processes are often neglected in most studies 
of embodied carbon reduction in the built 
environment (Pomponi & Moncaster, 2016). 
Meanwhile, in a previous study led by co-author 
Bilec, material replacements accounted for 
62% of the embodied carbon of the Frick 
Environmental Center, a highly sustainable 
building in Pittsburgh with estimated lifespan of 
100 years (Gardner et al., 2020). This is 
consistent with the findings of Francart and 
Malmqvist (2020), who concluded that the 
relative impact of material replacement was 
largest in buildings with low energy use or long 
lifespans.  
 

The social justice gap and frameworks for 
just and regenerative economies  
The environmental impacts of materials are 
important to consider, but there is also an 
unfortunate history of environmental initiatives 
that, despite good intentions, resulted in social 
harms (Agyeman et al 2003).  Take for example 
the introduction of “green buildings” intended 
for redevelopment that resulted in long-time 
residents being forced out due to higher tax 
rates (Checker, 2011; Tretter, 2014), or urban 
development programs that prioritized “green” 
technologies but put hundreds of local residents 
out of work (Patel, 2015). Some CE advocates 

have therefore argued that the concepts of well-
being and justice must be at the very heart of 
the circular economy (Schröder et al., 2020).  
The movement toward circularity is, in this 
frame, seen both as a means to prevent the 
violation of planetary boundaries and a strategy 
to ensure basic human welfare. Concepts like 
consumption corridors (Fuchs et al., 2021) and 
doughnut economics (Raworth, 2017) 
acknowledge that our economic systems 
should ensure environmental sustainability and 
that all humans can fulfil their basic needs.  In 
this conceptualization of the CE social life cycle 
assessments can help to make clear the social 
impacts of materials production and trade, 
aiding in decisions related to both sustainable 
supply chains and international development 
(Parent et al., 2013; Vasconcellos Oliveira, 
2020).  
 

Social life cycle assessment  
Social life cycle assessment (S-LCA) is a 
relatively new and fragmented field with 
growing but still relatively little research 
(Kühnen & Hahn, 2017; Sakellariou, 2018). The 
method provides information on human well-
being, an important gap in contemporary LCA 
practice (Sutherland et al., 2016). S-LCA 
follows the same phases as E-LCA: goals and 
scope, life cycle inventory, life cycle impact 
assessment, and interpretation. One of the 
possible applications of S-LCA is to identify 
social hotspots (SH), that is, locations or 
activities with high social risks over a product’s 
life cycle (UNEP Setac, 2020). In S-LCA, there 
are different categories, subcategories and 
indicators of social risk. For example, for the 
category “workers”, one of the subcategories is 
“equal opportunities”, which can be measured 
by indicators like the share of underrepresented 
populations in a company. Although quantifying 
social impacts is inherently challenging and 
uncertain, S-LCA is an important step towards 
the convergence between “those who see 
engineering as techniques and those who 
believe that engineering needs to be socially 
and politically contextualized” (Sakellariou, 
2018). 
S-LCA applications are still rare in the building 
sector. Yet some recent work has proposed S-
LCA frameworks for building construction 
(Dong & Ng, 2015; Liu & Qian, 2019), with 
others focusing on building materials (Hossain 
et al., 2018; Hosseinijou et al., 2014). These 
studies identified both risks and positive social 
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impacts associated with construction and 
materials performance, yet there was little 
attention to the issue of durability.  
 

Research questions and structure 
In this paper, we investigate how durability and 
lifespans affect environmental and social 
impacts of building products. More specifically, 
we ask: 

• Are more durable alternatives 
environmentally and socially preferable? 
What are the trade-offs? 

• How does extending product lifetimes affect 
the social and environmental impacts of 
building materials? 

In the following sections, we explain the 
research methods and results for E-LCA and S-
LCA, followed by a combined discussion and 
conclusion section. 
 

Methods 
We conducted a comparative analysis of the 
social and environmental impacts of three 
different roof coverings.  We selected the roof 
because it has a relatively long lifetime but is 
typically replaced for maintenance purposes, 
rather than aesthetics. The three roof covering 
alternatives considered were: thermoplastic 
polyolefin (TPO), zinc-coated steel sheets, and 
galvanized aluminum sheets. While TPO has 
an approximate lifespan ranging from 20 to 30 
years, the metal alternatives are estimated to 
last between 40 and 60 years. All the 
alternatives were assumed to be mechanically 
installed over a similar section of metal deck 
and continuous insulation, with similar thermal 
properties. The two metal alternatives were 
assumed to be coated with white acrylic paint to 
reach a reflectivity level comparable to the TPO 
membrane. The functional unit chosen for the 
study is one square foot of roof covering 
material over a building with a design lifespan 
of 100 years in Pittsburgh, PA, United States. 
 

E-LCA 
To estimate the environmental impacts of the 
three alternatives, an E-LCA was conducted. 
Data from the production and end-of-life of the 
materials were collected from the ecoinvent 
database and analyzed. The use phase was 
excluded from the comparison due to the 
similar thermal properties of the roofing 
systems. Transportation emissions were 
included in the analysis, and the installation and 

disassembly were assumed to be negligible 
and excluded from the analysis. Following 
current industry practices, the metal roofs were 
modeled with 100% recycled content and 
recycling as end-of-life scenario, while TPO 
was assumed to be recycled at the end-of-life 
but produced with no recycled content. Given 
the CE main goal of preserving resources and 
the fact that CE is considered a low-carbon 
economy, the impact categories chosen for this 
study were global warming potential (GWP) and 
damage to resource availability (midpoint and 
endpoint categories of the ReCiPe 2016 
method, respectively).  Finally, to illustrate the 
effects of product life extension, we compared 
different lifespan scenarios for each material. In 
the baseline scenario, steel and aluminum roofs 
were assumed to last approximated 50 years (1 
replacement over the building’s life cycle), while 
the TPO roof was assumed to last 20 years (4 
replacements). Alternative lifespan scenarios 
were tested and included two replacements for 
aluminum and steel roofs and three and five 
replacements for TPO. 
 
S-LCA 
To identify the main social risks associated with 
the production and recycling of the roof 
materials, a SH analysis was conducted with 
the SH database (SHDB). The SHDB uses an 
input-output model based on the Global Trade 
Analysis Project (GTAP) and contains country-
specific data for social indicators in several 
industry sectors and geographical locations 
(Benoit-Norris & Norris, 2015). The SHDB 
requires a dollar input (e.g., roof cost per square 
foot) and generates results based on the 
number of worker hours associated with the 
monetary unit. The results are presented in the 
form of a SH index: the lower the score, the 
lower the social risks associated with a product. 
In addition to the alternative lifespans 
mentioned above, we tested two scenarios 
regarding the product’s country of origin (i.e., 
manufactured in the US vs. imported products). 
To identify the countries with the largest imports 
to the US for each material, we used 
international trade data from United Nations 
Comtrade database (United Nations, 2021). 

 
Results 
Figure 2 shows the E-LCA results for the three 
material alternatives under different lifetime 
scenarios. In the baseline scenario, the 
aluminum roof performed better in the two 
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categories analyzed in this study. The TPO roof 
with the expected lifespan of 20 years had the 
worst performance in both GWP and resources 
categories. Considering all the scenarios, the 
aluminum roof with a lifespan of approximately 
50 years (one replacement) performed better in 
both categories, followed by the 25-year lasting 
TPO roof in GWP and the aluminum roof with 
two replacements over the building’s life cycle. 

 

 
Figure 2. E-LCA results. LCIA method, ReCiPe 
2016. R = Replacements over a 100-year 
building’s lifespan.  

 
Overall, the results suggest that using 
aluminum as a more durable alternative would 
increase the environmental performance of the 
roof in the two categories. However, as 
expected, the analysis needs to be done in a 
case-by-case basis, as not all materials with 
longer lifespans would result in lower impacts. 
For example, two replacements of the steel roof 
resulted in higher GWP than four replacements 
of TPO. The results also highlighted the 
importance of increasing the durability of each 
material while considering the number of 
replacements over a building’s lifespan. For 
example, an increase of the TPO’s lifespan in 
five years (from 4 to 3 replacements), resulted 
in a GWP reduction of 9.5% compared to the 
baseline scenario. 

 
 
Figure 3. S-LCA results (single-score). R = 
Replacements 

 

 
Figure 4. S-LCA results by category for the 
baseline lifespan scenarios (TPO 4R, Alum 1R, 
Steel 1R) 

As expected, the longer the product lifespan, 
fewer replacements are needed over the 
building service life, which results in fewer 
worker hours at risk. However, as in the E-LCA 
results, increasing the durability of the TPO roof 
is not enough to offset its higher “embodied” 
social impacts. That said, the product with best 
social performance in this analysis was the 
steel roof sheet, both in National (domestic) and 
imported scenarios, followed closely by US-
produced aluminum roof sheets. However, 
given the somewhat lower environmental 
performance of the steel roof alternatives, 
aluminum roofs produced in the US achieved 
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the best overall outcomes when only one 
replacement is required. However, if the 
aluminum sheets are produced in China, the 
social risks increase due to concerns about 
Governance, Health and Safety (e.g., 
occupational toxics), and Labor Rights and 
Decent Work (e.g., right to strike, collective 
bargaining, migrant labor) (Figure 4). 
Conversely, the main social risks for all national 
products in the US (both plastics and metals 
sectors) were associated with Health and 
Safety (e.g., workplace injuries and fatalities) 
and Labor Rights and Decent Work (e.g., social 
benefits like parental leave, freedom of 
association, and issues from migrant labor).  

 
Discussion and conclusions 
In this paper, we explored environmental and 
social impacts of building products under 
different durability and lifespan scenarios. We 
found that, in the context of a 100-year building, 
the most durable roof products had better social 
and environmental performance than the least 
durable alternatives. The number of 
replacements over the building’s life cycle and 
the country where the products were 
manufactured impacted the results.  
 
However, this study has limitations. Currently, 
there are few standards outlining how to 
account for product durability in either E-LCA or 
S-LCA methodologies, and there is little 
guidance on how to interpret the results of a 
combined E-LCA and S-LCA approach. A key 
shortcoming is the difference in the way the 
data is reported and aggregated across 
databases. For example, the UN Comtrade 
data is very specific to the type of material (e.g., 
imports of alloy steel, flat-rolled, electrolytically 
plated or coated with zinc). Environmental data 
from ecoinvent is more aggregated but still 
specific to each process and material (e.g., 
steel sheet rolling). Finally, SHDB aggregates 
data by sector (e.g., metal products in the 
United States) which means that the SH data 
for US-produced steel and aluminum were the 
same, and the different scores can be attributed 
to the price difference between the two 
materials. Moreover, one of the primary issues 
of E-LCA has been resolving spatial issues. 
The integration of S-LCA with E-LCA further 
emphasizes the need to resolve E-LCA spatial 
issues. For example, in E-LCA, we aggregate 
emissions across a product’s lifetime, and do 
not consider where the actual emission 

occurred in the results. This approach is 
appropriate for global impacts, such as climate 
change. However, in S-LCA, a focus on the 
spatial resolution is perhaps more acute and 
needed as we are developing results that are 
highly relevant to regional issues, such as 
human rights.  At the same time, the SHDB 
findings are presented at the country level, 
requiring more spatially refined S-LCA data 
through site-specific analysis. In summary, 
there needs to be integration of spatial scale for 
E-LCA and S-LCA results, while improving S-
LCA regional data.  
Finally, while it is useful to use a SH score to 
roughly approximate justice conditions of 
production, it is critical to understand the 
inconsistencies in this approach to better reflect 
the social impacts of materials. As shown in 
Figure 4, the SH index is an aggregate of 
scores from categories that reflect community 
issues, governance, human rights, health and 
safety, and labor rights. Each of these 
categories is made up of subcategories with 
their own underlying assumptions and 
indicators. For example, the production of TPO 
in Mexico has a high SH index in the category 
of health and safety due, in part, to measures 
associated with occupational injuries and 
fatalities – a measure with direct relevance to 
our exploration of the social impacts of 
production. Similarly, the production of 
aluminum roofing has a high SH score in the 
category of health and safety, due in part to 
employee exposure to occupational toxics and 
hazards. These subcategories are critical to 
understand the social impacts of production. 
Yet the usefulness of these measures becomes 
less clear when other subcategories are 
considered. Poverty, a subcategory within 
Labor Rights and Decent Work, is perhaps less 
related to the social impacts of production than 
to the country’s level of development. We 
caution that in some cases low social scores 
might indicate the need for additional trade, 
rather than less. In short, we propose that it is 
essential to consider the social impacts of 
production, but that this must be done with 
context rather than the broad application of a 
score with a single dimension.     
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Abstract: Understanding the extent of common users’ capabilities to repair products themselves, and 
the barriers during the repair could help legislators and manufacturers improve the design of products. 
This paper investigates users’ capacity for using various common repair tools, their experience in 
repairing different household appliances, and the degree to which greater repair experience enables 
them to overcome related barriers to repair. Data was collected through questionnaires by 276 
participants. Most respondents said they were able to use basic mechanical tools, but less than half 
stated proficiency in using soldering irons or multi-meters for repair. This indicates that more users may 
be able to perform diagnosis and repair of mechanical problems than electrical problems. However, 
74% have repaired an electronic household appliance at least once in their lifetime (even if the repairs 
were mechanical). This suggests that repair could be a widespread activity. Users with no repair 
experience listed significantly more design-related barriers to repair than users with repair experience. 
These design-related barriers mostly concerned diagnosis and disassembly. Thus, designing products 
with features facilitating ease of diagnosis and disassembly with basic tools could remove some of the 
major barriers towards repair, and stimulate more users to repair their products. 
 
 

Introduction  
Consumer goods are nowadays less durable 
and repairable than in the past. Their average 
product lifetimes have been decreasing over 
the years (Bakker et al., 2014). This contributes 
towards an increase in Waste Electronic and 
Electrical Equipment (WEEE), which has been 
growing at the rate of 2-5% per year (Baldé et 
al., 2017). Extending products’ lifetimes could 
contribute towards solving this issue 
(OECD,2015). As a response, The Circular 
economy action plan, adopted by the European 
Commission, sets out to keep value in products 
as high as possible throughout its lifetime by 
developing product-specific requirements for 
durability and reparability (European 
commission, 2020).  Moreover, an increase in 
users' repair activities could contribute to longer 
product lifespans (Cooper, 2005; Raihanian 
Mashhadi, 2016). 
  
Current studies on barriers towards repairs 
distinguish between two types of repair actors, 
namely professionals (Deloitte, 2016; Sabbaghi 
et al., 2017; Stamminger et al., 2018; Tecchio 
et al., 2019) and common users (Bovea & 
Pérez-Belis, 2018; Coppens et al., 2018; 
Jaeger-Erben et al., 2021; Laitala et al., 2021; 

Rogers et al., 2021; Victoria et al., 2017). 
however, research investigating the distinction 
in barriers between users with little or no repair 
experience (i.e., users who have never or once 
self-repaired a product of a specific category) 
and users with experience in repair (i.e., users 
who have self-repaired a product of a specific 
category 2 or more times) seems to be lacking. 
  
Understanding whether there is a significant 
difference between barriers for self-repair 
between users with little or no repair experience 
and users with experience in repair, and what 
the difference is, may open an opportunity for 
future studies to make a distinction based on 
what type of users the study would like to focus 
on.  This difference in barriers could provide an 
indication of the design-related aspect of a 
product that may need to be improved to 
promote users with little or no experience to 
dive into self-repairing the products. Therefore, 
the foremost contribution of this paper is to shed 
light into the difference in design-related 
barriers for self-repair in users with almost no 
repair experience against more experienced 
users. 
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In addition, this paper also provides insights 
into users’ capacity for repairing products 
based on their ability to use basic tools and their 
previous experience. 
  
These insights could guide designers, product 
manufacturers, and legislators to guide the 
design of the products in such a way that it 
promotes product repair activities. This may in 
turn increase the overall repair rate of 
household appliances. 

 
Literature 
 
Factors influencing repair 
Flipsen et al., (2017) establish that the main 
influential factors during self-repair are: repair 
manual, tools, and spare parts availability, ease 
of access to components (incl. not excessive 
adhesives), effort to repair, cost to repair, risk of 
injury, ease of identification of the problem, no 
damage to other components and time to repair 
a component. Similarly, Ackermann et al., 
(2018) indicate that users' ability, motivation, 
and triggers are influential for repair; For factors 
during self-repair, the following ability related 
factors are found to be relevant: users 
perceived knowledge and skill for repair, time 
and effort, lack of tools, and general reparability 
of products. Additionally, Victoria et al., (2017) 
indicate that a major barrier towards repair 
repairs being too expensive relative to buying a 
new product. The same survey indicates the 
following barriers to self-repair: “no time or too 
complicated”, “repair impossible without 
breaking it” and “diagnosing it too expensive”. 
Furthermore, Jaeger-Erben et al., (2021) 
present that low competence and high 
perceived costs of repair (time, energy, and 
money) could be the main indications for low 
repair rates. 
 
Overall, the studied literature indicates that the 
following factors are influential for self-repair: 
 

• High effort 

• Expensive spare parts 

• Spare parts unavailability 

• Not enough time for repair 

• Not knowing what is wrong 

• Not knowing how to take the product apart 

• Not having the right tools 

• Chance of further damaging the product 

• Chance of injury 
 

 

Repair tools 
According to the standard on general methods 
for the assessment of the ability to repair, reuse 
and upgrade energy-related products 
(CEN/CLC, 2020), we distinguish between 
basic tools (screw drives, Alen keys, wrench, 
pliers) and advanced tools (soldering iron and 
multi-meter). This list of tools served as the 
basis of the survey in determining the ability for 
users to use common tools for repair 

 
Method 
A questionnaire was sent to a user panel who 
lived within a radius of 30 km from TU Delft. This 
panel includes over 1000 volunteers (53% male 
and 47% female) aged 21-70, with different 
professional backgrounds. 47% of the panelists 
have Bachelor's or higher education level. We 
received 276 responses, with a median age of 
57, 46% of the respondents being female and 
54% male. 
 
The participants were asked about: (a) their 
experience using standard tools for repair (with 
a picture): a plier, a screwdriver, a wrench, an 
Allen key, a soldering iron, and a multi-meter; 
and (b) previous experience repairing different 
durable goods: small and large household 
appliances, and electronic products. The 
participants specified how often they had 
repaired the appliances themselves from 5 
options: never, once, a few times (2-5 times), 
several times (more than 5 times), or “at a 
professional level”. 
 
Additionally, participants were asked to indicate 
their level of agreement or disagreement via a 
5 point Likert scale (1 = strongly disagree, 2= 
somewhat disagree, 3= neither agree or 
disagree, 4= somewhat agree and 5 = strongly 
agree) on statements related to barriers 
towards self-repair ‘I don't know what is wrong 
with the product’, ‘I don't know how to take it 
apart properly’, ‘I could damage the product 
even more’, ‘I don't have the necessary tools’, 
‘it requires too much effort’, ‘Spare parts were 
too expensive’, ‘Spare parts were unavailable’, 
‘I could injure myself’, ‘I don't have enough 
time’, ‘I don't see any barriers’. For visual 
representation, the percentage of respondents 
in agreement with the barriers was calculated 
by the sum of the respondents indicating either 
“somewhat agree” or “strongly agree”. 
 
The statistical significance in the difference 
between perceived barriers for self-repair 
between users with little or no repair experience 
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and users with experience was calculated using 
Mann Whitney U test (based on the points 
associated with the Likert scale) as the data is 
ordinal with independent samples (Field, 2005). 
Furthermore, pairwise comparison of barriers 
was conducted using related-samples 
Friedman’s two-way analysis of variance by 
ranks.  
 
Additionally, a random sample of 12 
participants who have repaired more than once 
was interviewed and asked the types of 
activities they considered as repair activities. 

 
Results and discussion. 
Barriers to self-repair 
The statistical analysis (Table 1) showed that 
users who have never repaired a household 
appliance rated the following barriers 
significantly higher than users who have 
repaired a household appliance before; “I could 
damage product even more”, “I don’t have 
necessary tools”, “I could injure myself”, “I don’t 
know how to take apart properly”, and “I don’t 
know what is wrong with the product”. 
Interestingly, these barriers are all affected by 
how products are designed (Figure 1). 
Predictably, experienced repairers listed “I don’t 
see any barriers” much more than 
inexperienced repairers. They also more 

frequently listed “spare parts were too 
expensive” and “spare parts were unavailable”. 
This large variation in barriers for self-repair 
between users with repair experience and 
users with no repair experienced may indicate 
that users with little or no repair experience are 
more affected by their perception of design-
related barriers than users with repair 
experience. 
 
In addition, the barriers, “I don’t know what is 
wrong with the product”, “I don’t know how to 
take apart properly”, and “I could damage 
product even more” are significantly higher than 
other barriers for users with little or no repair 
experience. These barriers closely relate to the 
processes of fault diagnosis and product 
disassembly. Hence, facilitating the design of 
the product for disassembly and diagnosis 
could potentially lower this barrier.  
 
The barrier from “not having the necessary 
tools” could be lowered by designing products 
that require only basic tools to diagnose and 
repair. However, it also could be that part of 
these users do not have tools because they do 
not intend to repair products. Additional 
research is needed to investigate how to 
incentivize such users.  

Figure 1: Percentage of respondents listing barriers to repair, in order of agreement. Barriers listed 
significantly more often by inexperienced users are outlined in boxes. 
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In addition, the barrier related to safety “I could 
injure myself” seemed to be significantly higher 
for users with little or no experience than users 
with experience in repair. This might be 
attributed to users’ increased confidence in 
safety as their experience with repair increases. 

 
Tool Proficiency 
Figure 2 indicates that the majority of 
respondents were able to use basic tools for 
repair (screwdriver, Allen-key, Wrench, Plier).  
However, only 43% stated to have proficiency 
using a soldering iron and 33% knew how to 
use a multi-meter. This indicates that more 
users are likely to be able to perform 
mechanical repair related activities than 
electrical.  
 

 

Repair Experience 
Figure 3 indicates that 74% of the users have 
repaired their household appliance more than 
once. A small sample of users (n=12) was 
further interviewed on what activities were 
carried out during repair. Two out of twelve 
(16.7%) users indicated that they performed a 
maintenance activity such as changing the 

vacuum cleaner filter but called it a repair 
activity. Adjusting for this discrepancy, the 
result still indicates that majority of users have 
repaired their own household appliance more 
than once. The reported past repair experience 
seems to be much higher compared to other 
studies (Jaeger-Erben et al., 2021; Rogers et 
al., 2021; Victoria et al., 2017), where less than 
10% would attempt repair. There may be some 
selection bias as people interested in repair 
may be more likely to participate in the survey 
and also the panel itself is on average relatively 
high-educated.  However, recent literature by 
Laitala et al. (2021) also found a relatively high 
percentage of users (31.6%) attempting repair 
on household appliances, out of which 24% 
attempted to repair household appliance 
themselves in past two years. This result may 
therefore indicate that users may be more 
experienced to repair their household products 
than previously thought. 

 
Limitations and Further research 
Whilst this research mostly focused on design- 
and product-related factors influencing self-
repair, other factors, e.g., related to motivation, 
and triggers also play a large role in the repair 
rate of product. This research could be 
expanded to compare the effect of other factors 
influencing repair between users with little to no 
repair experience against users with repair 
experience. 
   
Additionally, a wider study sample that is more 
representative for all users could unveil bias 
that may be attached to this study. 
 

Conclusion 
Overall, this research shows a large variation in 
the perception of design-related barriers for 
self-repair between users with repair 

Figure 2: Percentage of users able to use listed tool 
for repair 

Table 1: Mann Whitney U test indicating significance of differences in barriers between inexperienced 
users and experienced users. 
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experience and users with limited or no repair 
experience. It indicates that Inexperienced 
users are more affected by design-related  
barriers than users with repair experience. This 
perception of barriers seems to be related to the 
ease of diagnosis and disassembly. 
Additionally, the majority of the users are able 
to use basic mechanical repair tools, but are not 
proficient in using electrical repair tools such as 
a soldering iron or multimeter. Thus, electric or 
electronic faults will be more difficult to 
diagnose and repair; product design strategies 
should consider how to lower these barriers.  
Finally, this study indicates that users may be 
more experienced to repair their household 
products than some other studies indicate. 
Therefore, designing products with features 
facilitating repair could stimulate users to repair 
their products. 
 
These insights can guide designers, product 
manufacturers, and legislators to promote 
repairability in product design. This could, in 
turn, increase product lifetimes and reduce 
waste, especially waste electrical and 
electronic equipment. 
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Abstract: This paper summarises recent legislative initiatives concerning repair and aims to identify the 
potential implications for future policies with reference to the Right to Repair and the EU’s Circular 
Economy Action Plan. In order to achieve this aim, it offers evidence from 21 interviews with business 
practitioners. These practitioners comprise experts from companies that manufacture or sell products 
or provide after-sales services in three product sectors – clothing, furniture, and electrical and electronic 
equipment. Findings from analysis of the interviews are explored to identify value creation opportunities 
for and challenges to business innovation through product repairability. The research also addresses 
the importance of contributions from and collaboration between business stakeholders (e.g. 
manufacturers, retailers, brands and repair service providers) and customers in achieving successful 
business innovation. Business support needs from government are then addressed, followed by 
proposals for future legislation – including a reconsideration of product standards and the introduction 
of financial incentives. 
 

Introduction  
Product repair, the process of maintaining the 
functionality of items by correcting a defect, in 
theory improves resource security and material 
efficiency. Previous studies have addressed the 
importance of businesses in improving product 
repairability. Three themes of 
recommendations for businesses are apparent 
in the literature: improving product features and 
design strategies for repair, the provision, 
availability and accessibility of repair 
information, and services offered during the use 
of products (DEFRA, 2011; Parker et al., 2012; 
RREUSE, 2013; Sabbaghi et al., 2016; 
Bracquené et al., 2018; European Commission, 
2018, 2019).  
 
In particular, a consumer behavioural study on 
the circular economy which addressed product 
durability and repairability (European 
Commission, 2018) suggested businesses 
consider design for disassembly at the design 
phase; whilst a study of the Reuse and 
Recycling EU Social Enterprises (RREUSE, 
2013) network focused on the simplification and 
standardisation of product components.  
 
The BeNeLux countries (Bracquené et al., 
2018) and the Joint Research Centre funded by 
the European Commission (2019) have each 

developed scoring systems for the repairability 
of electrical and electronic products, and both 
concluded that manufacturers should provide 
manuals for self-repair. They also 
recommended the provision of repairability 
information that details necessary repair tools 
and their availability, information regarding the 
type, number and location of connections, and 
an index for spare parts suggesting where to 
get them and their costs. An earlier study 
funded by European Commission (2018) also 
indicated that offering a label about the length 
of reparability for products as part of a strategy 
to influence consumers in their purchasing 
decisions. 
 
Services to support repair practices during the 
use phase could involve the following: repair 
under warranty, reuse and repair integration, 
exchange or temporary replacement, fixed cost 
or lead-time repair services, localised repair 
services, and transparent spare parts and tool 
supply. These are now discussed in turn. 
 
To encourage consumers to purchase 
repairable products and accept repair as a 
remedy for warranties (rather than seek a 
replacement), businesses should make the 
terms and conditions of warranty agreements 
clearer and invest in repair facilities and support 
centres (DEFRA, 2011). Comprehensive 
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collaboration between manufacturers, 
collection schemes, recyclers, knowledge 
providers and sale platforms is necessary to 
harvest broken items and second-hand 
components, and facilitate sales (Parker et al., 
2012; Ellen MacArthur Foundation, 2016). 
Exchange or temporary replacement of 
equivalent products could improve the 
convenience of, and consumer satisfaction 
with, repair services (DEFRA, 2011; Parker et 
al., 2012). Fixed cost and fixed lead-time 
models would ensure the transparency of repair 
costs and duration, and improve the 
convenience and efficiency of repair services 
(Parker et al., 2012). Localisation of repair 
services may contribute to improvement of the 
service network, its responsiveness and quality 
assurance (Lee Woolf et al., 2012; Parker et al., 
2012). A robust spare parts supply chain could 
contribute to increased consumers’ 
participation in repair (Ellen MacArthur 
Foundation, 2016; Raihanian Mashhadi et al., 
2016; European Commission, 2018), enabling 
them or their chosen repair service providers to 
have better access to spare parts. 
 
The existing literature focuses mostly on the 
consumers’ perspective, and recommendations 
for businesses are sometimes questionable 
concerning commercial viability and consumer 
understanding. In the same vein, many 
manufacturers have raised similar questions in 
response to the EU’s Right to Repair initiative, 
which proposes that companies make 
appliances longer lasting and requires them to 
supply spare parts for up to 10 years. This study 
aims to fill this gap by identifying opportunities 
for and challenges to sustainable business 
model innovation for product repairability, and 
considering the implications for policies 
supporting the innovation. This aims also aligns 
with the agenda of the EU’s Circular Economy 
Action Plan in exploring how to move away from 
the wasteful linear economy (European 
Commission, 2020). 
 

Research methods 
Business models are seen as ‘a system of 
interconnected and interdependent activities 
that determine the way the company does 
business with its customers, partners and 
vendors’ (Amit and Zott, 2012, p.42).  
Sustainable business innovation should be 
embedded in an organisation’s DNA and 
integrated through all of its activities (Bocken, 
Rana and Short, 2015). A literature review was 
consequently conducted to identify current and 

potential business activities that might be 
expected to improve the repairability of 
products and promote repair services ( 

Business activities Authors  

Design for repair and 
codesign 

Graham and Thrift (2007); 
Parker et al. (2012); RREUSE 
(2013); Charter and Keiller 
(2014); Wieser and Tröger 
(2016); Dewberry et al. (2017); 
European Commission (2018) 

Provision of 
diagnostic and repair 
manuals, and 
instructional support 

Lee Woolf et al. (2012); Ellen 
MacArthur Foundation (2016); 
Ackermann, Mugge and 
Schoormans (2018); 
Bracquené et al. (2018); 
European Commission (2018, 
2019) 

Promotion of repair 
benefits and 
repairable products 

European Commission (2018) 
and business practices, such 
as IKEA’s circular store, 
Patagonia’s and Nudie Jeans’ 
repair tours 

Choosing repair over 
replacement within 
warranties 

DEFRA (2011); Lee Woolf et 
al., 2012; Armstrong et al. 
(2015); Wieser and Tröger 
(2016) 

Integration of repair 
and reuse 

Lee Woolf et al. (2012); Parker 
et al. (2012); Ellen MacArthur 
Foundation (2016) 

The exchange model 
and temporary 
replacement model  

DEFRA (2011); Parker et al. 
(2012) 

Fixed-cost model 
and fixed lead-time 
return model 

Parker et al. (2012) 

Localised repair 
service network and 
shared data 

Lee Woolf et al. (2012); 
Charter and Keiller (2014); 
Dewberry et al. (2017) 

A transparent spare 
parts and tools 
supply chain 

RREUSE (2013); Ellen 
MacArthur Foundation (2016); 
Raihanian Mashhadi et al. 
(2016); European 
Commission, (2018) 

Table 1). 

 
Business activities Authors  

Design for repair and 
codesign 

Graham and Thrift (2007); 
Parker et al. (2012); RREUSE 
(2013); Charter and Keiller 
(2014); Wieser and Tröger 
(2016); Dewberry et al. (2017); 
European Commission (2018) 

Provision of 
diagnostic and repair 
manuals, and 
instructional support 

Lee Woolf et al. (2012); Ellen 
MacArthur Foundation (2016); 
Ackermann, Mugge and 
Schoormans (2018); 
Bracquené et al. (2018); 
European Commission (2018, 
2019) 
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Promotion of repair 
benefits and 
repairable products 

European Commission (2018) 
and business practices, such 
as IKEA’s circular store, 
Patagonia’s and Nudie Jeans’ 
repair tours 

Choosing repair over 
replacement within 
warranties 

DEFRA (2011); Lee Woolf et 
al., 2012; Armstrong et al. 
(2015); Wieser and Tröger 
(2016) 

Integration of repair 
and reuse 

Lee Woolf et al. (2012); Parker 
et al. (2012); Ellen MacArthur 
Foundation (2016) 

The exchange model 
and temporary 
replacement model  

DEFRA (2011); Parker et al. 
(2012) 

Fixed-cost model 
and fixed lead-time 
return model 

Parker et al. (2012) 

Localised repair 
service network and 
shared data 

Lee Woolf et al. (2012); 
Charter and Keiller (2014); 
Dewberry et al. (2017) 

A transparent spare 
parts and tools 
supply chain 

RREUSE (2013); Ellen 
MacArthur Foundation (2016); 
Raihanian Mashhadi et al. 
(2016); European 
Commission, (2018) 

Table 1: Current and potential business activities 
for improving the repairability of products and 
promoting repair services 

Figure 1, below, shows nine cards of business 
activities that were identified through this 
review. They are classified into three groups, 
following the three themes, noted above, that 
emerged. The first card addresses product 
features and design strategies, whilst the next 
two are related to the provision, availability and  
accessibility of information. The remaining 
cards refer to services offered during the use of 
products. Each card presents a business 
activity, its description and potential narratives. 
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A qualitative approach was adopted to 
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investigate the complexity of views of different 
business stakeholders in the three industry 
sectors. Qualitative methods provide rich data, 
providing deeper and more detailed insights 
into business practices than a quantitative 
approach would have done. In particular, 
tailoring interview questions with the use of 
‘business activity cards’ was effective in 
enabling stories to be revealed by the 
businesses of conducting one or more of the 
nine proposed activities, as each had its own 
strategy, constraints and opportunities. 
 
Twenty-one semi-structured interviews were 
undertaken with different business 
stakeholders, including manufacturers, brands 
or retailers, and repair service providers. 
Convenience sampling methods were 

employed as the investigator was able to 
negotiate access to interviewees through 
existing contacts (Saunders, Lewis and 
Thornhill, 2012) and the variety of industry 
sectors, company size and business 
stakeholders were taken into consideration. 
The interviews lasted between 40 and 60 
minutes and focused on two questions: 

i. What are actual and potential benefits of 
the proposed activities to the focal 
business and its stakeholders? 

ii. What are actual and potential challenges 
to the adoption or execution of the 
proposed activities? What are support 
needs from governments to overcome the 
challenges?  

 

Figure 1: Cards showing business activities promoting product repairability and repair services 
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Key findings and discussion 
 

Business innovation for product 
repairability: opportunities and challenges 
Opportunities for most of the proposed 
business activities were identified and 
supported by the evidence gained from 
interviews of business which addressed their 
practices and solicited their insights into the 
value to consumers and society. Many 
interviewees suggested adopting more than 
one activity to achieve greater value to 
consumers and society. For example, some 
interviewees (e.g. a British manufacturer of 
cleaning appliances, a Dutch modular phone 
brand and an American office furniture 
manufacturer) indicated that adopting activities 
S01, S02 and S03 could educate consumers on 
how to do DIY repair correctly and safely. 
Longer warranties could be offered when 
products become more repairable through 
integration of S01 and S04, according to an 
interviewee from a British manufacturer of 
cleaning appliances. Consumers could have 
more access to second-hand products repaired 
and sold relatively cheaply, if both S01 and S05 
were adopted by manufacturers and brands 
(such as a British brand of electrical appliances 
and an American office furniture manufacturer). 
Adopting both S07 and S08, or integrating S01, 
S08 and S09, could help consumers get faulty 
items fixed more easily. The added value 
achieved from the integration of business 
activities could eliminate or minimise key 
challenges to the engagement of consumers in 
repair and satisfy their needs from businesses 
along their ‘repair journeys’ (Dao, Cooper and 
Watkins, 2020).  
 
The data also suggests two key trends in value 
to businesses: (i) the ease of commercial repair 
processes, either within or out of warranty and 
(ii) benefits to brand management – including 
improved customer satisfaction and brand 
loyalty, gaining more customers (e.g. through 
repairable products or repair services), or 
positioning the brand at a higher end of the 
market. The proposed activities might thus 
support the repair activities of both consumers 
and businesses.  
 
The second trend supports findings from a 
study by Sabbaghi et al. (2016), in which the 
majority of participants in a consumer survey 
indicated that product repairability could 

influence their loyalty and future purchases. 
Opportunities for the exchange model and 
temporary replacement model did not seem to 
have potential to the businesses interviewed. 
Many interviewees doubted these two models’ 
economic feasibility and raised concerns about 
inventory management, logistics and common 
problems raised by second-hand products. The 
empirical data also illustrates that concerns 
about hygiene and emotional attachment 
(especially for clothes and food processors) 
may prevent consumers from using the 
exchange model (which was also reported in 
WRAP’s study). However,  the temporary 
replacement model was previously proposed in 
a report of DEFRA (2011) on product lifetimes 
which recommended giving a product to 
customers for temporary use while awaiting 
repairs, as a courtesy of the service provider. 
 
There are trends in the data that pose 
considerable challenges to companies 
engaging in sustainable business model 
innovation that goes beyond product 
repairability. Common challenges were (i) 
consumers’ preference for replacements of 
fashion and newly updated technology 
products, (ii) constraints on businesses’ 
resources (e.g. finance, labour and facilities) 
and (iii) lack of collaboration between business 
stakeholders.  
 
Concerning the first challenge, doubt was cast 
in the interviews on consumer interest in 
repairable products and repair services, which 
could lead to businesses’ concerns over 
income from innovation that goes beyond 
product repairability and its potential impact on 
current revenue streams. Companies might 
prefer a classic business model from which they 
generate a profit from repeat sales and selling 
more units over time. This supports findings 
from a study of six business cases by Bocken 
and Short (2016), which also found that 
constraining sales growth, particularly if also 
reducing revenue and limiting market 
penetration, may make innovative business 
models less attractive to investors. Moreover, it 
was reported to be difficult to allocate resources 
to business model innovation and reconfigure 
resources for new business models, in line with 
the findings of Evans et al. (2017) and 
Geissdoerfer, Vladimirova and Evans (2018).  
 
The data suggested that sustainable business 
model innovation, particularly through the nine 
proposed activities, required contributions from 
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various business stakeholders (e.g. material 
suppliers, manufacturers, retailers and service 
providers) and customers. These contributions 
included (i) financial investment, (ii) human 
resources, (iii) facilities for product 
development, testing and repair services, and 
(iv) initial ideas, on-going feedback, or efforts to 
deliver information promoting repairable 
products and support repair practices. It was 
suggested that the absence of these 
contributions and collaboration between 
stakeholders might arise from conflict between 
business objectives based on extending 
product lifetimes and sales-driven business 
goals, and uncertainty over the likely return on 
investment in business innovation. The 
required investment could be in staffing, R&D in 
repairable design, repair facilities, logistics and 
inventories of spare parts, service quality and 
customer relationship management. Moreover, 
consistent with findings from previous studies, 
engaging in extensive interaction with external 
stakeholders  seemed to require focal 
companies to make extra effort (Boons and 
Lüdeke-Freund, 2013; Evans et al., 2017). This 
problem could be associated with encouraging 
interest from customers and other business 
stakeholders in repairable products and repair 
services and their contributions to sustainable 
business model innovation. Thus, strong and 
communications with these external 
stakeholders can help the focal company and 
its stakeholders to utilise value creation 
opportunities that are different from their current 
business model and its logic.  
 

Implications for policies supporting 
business innovation for product 
repairability 
The literature review indicated that most 
political discussions and academic studies on 
repair have focused on consumers. This study 
presents policy options based on the interests 
and expectations of business stakeholders. The 
data collected revealed that businesses require 
support from government concerning product 
standards and the introduction of financial 
incentives to encourage business model 
innovation.  
 
The majority of interviewees anticipated that 
government would reconsider product 
standards, in particular to improve repairability 
and prevent premature obsolescence. They 
thought that new products should be designed 
for repair and supplied with repair information 

(including repair manuals), spare parts and 
repair services. Non-compliance with the 
standards (e.g. products designed for 
premature obsolescence, not for disassembly 
and repair) could be penalised, such as through 
taxation, in line with recommendations made in 
a recent report for the European Commission 
(2018). Many interviewees claimed that these 
standards would extend producer responsibility 
and enable collaboration between different 
business stakeholders, including local and 
overseas manufacturers, brands, retailers and 
repair service providers. Key challenges to and 
enablers of sustainable business model 
innovation, considering value creation for and 
contributions from different business 
stakeholders are both associated with 
collaboration. Moreover, the proposed 
requirements for product standards might also 
support consumers’ purchase decisions 
concerning repairable products and repair 
journeys.  
 
Financial incentives could be in the form of tax 
breaks or research funding. In particular, 
interviewees suggested that governments 
should consider reducing VAT on repair work, 
as in Sweden and the Czech Republic. Tax 
reform could also take the form of reduced VAT 
on repairable products, spare parts and repair 
services, and tax rebates could be applied to 
R&D work on improving product design and 
repair services or creative marketing activities 
that promote repairability. Such measures 
should make repair more affordable. 
Additionally, some interviewees anticipated that 
governments would fund research involving 
partnerships between business stakeholders or 
between business stakeholders and research 
bodies. Further research was suggested, such 
as studying management toolkits for business 
transformation and product or service 
diversification to meet market demands.  
 

Conclusions 
This research highlighted the importance of 
contributions from and collaboration between 
business stakeholders and customers in 
achieving successful business innovation 
through product repairability. Contributions 
could include (i) financial investment, (ii) human 
resources, (iii) facilities for product 
development, testing and repair services, and 
(iv) initial ideas, on-going feedback, or efforts to 
deliver information that promote repairable 
products and support repair practices. 
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The research also identified two main value 
creation opportunities for business innovation 
through product repairability, which were also 
key motives for multi-stakeholder contributions 
and collaboration. These were associated with 
(i) the ease of commercial repair processes, 
either within or out of warranty and (ii) benefits 
to brand management, including improved 
customer satisfaction and brand loyalty, gaining 
more customers through repairable products or 
repair services, or positioning the brand at a 
higher end of the market.  
 
This research identified two key future policies, 
a reconsideration of product standards and the 
introduction of financial incentives. Each could 
act as a catalyst for sustainable business model 
innovation, enabling businesses to overcome 
the challenge of generating income from 
repairable products and repair services instead 
of selling items liable to be prematurely 
obsolete. Businesses would be more able to 
incorporate the proposed repair activities into 
their business models, commit to sustainability 
objectives, and provide strong and consistent 
communication about these objectives to other 
business stakeholders and consumers. These 
would encourage (i) consumers’ preference for 
extending product lifetimes through repair over 
the replacement of fashionable or newly 
updated technology products and (ii) 
collaboration and contributions to overcome 
business constraints concerning finance, 
human resources and infrastructure. 
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Abstract: The circular economy as a system change is gaining more attention, reusing materials and 
products is part of this, but an effective method for repurposing seems to be missing. Repurpose is a 
strategy which uses a discarded product or its parts in a new product with a different function. Literature 
on specific design methods for 'repurposing’ is limited and current design methods do not specifically 
address repurpose driven design. This paper aims to contribute to the literature on repurpose as a 
circularity strategy by evaluating repurpose driven design processes which are deployed in practice and 
evaluate to what extend existing design methods are suited for repurpose driven design. Building on a 
multiple case study two main design approaches are identified. First, a goal-oriented approach in which 
a client commissions the design studio. Second, a resource-oriented approach in which a discarded 
product or its components is the starting point of a design process initiated by the designers. Although 
both approaches follow a more or less standard design process, each intervenes with repurpose 
specific input at different phases in the design process, depending on the role of the designer. Results 
show that in order to be able to deal with the inconsistencies of discarded products, specific repurpose-
related tools are required for an efficient and effective repurpose driven design process. Future research 
should address these issues in order to develop comprehensive and practical tools that accommodate 
the two repurpose driven design approaches. 
 
 

Introduction  
Academics and practitioners are working on 
methods and systems for a Circular Economy 
(CE). Key elements in CE are reducing, 
reusing, recycling and recovering materials in 
production and consumption processes 
(Kirchherr, Reike, & Hekkert, 2017). This has 
evolved into the 9R concept recognising further 
value retention options like ‘refurbish’, 
‘remanufacture’ and ‘repurpose’ (Potting, 
Hekkert, Worrel, & Hanemeijer, 2017; Reike, 
Vermeulen, & Witjes, 2018).  
 
Various academic studies refer to repurpose as 
a strategy which uses a discarded product, or 
its components, in a new product with a 
different function (Sieffert, Huygen & Daudon, 
2014; Potting et al., 2017; Kirchherr, Reike, & 
Hekkert, 2017). Repurpose is an interesting 
option for reuse of existing material flows that 
carry too much value which may be lost through 
recycling or recovery. In fact, with repurpose 
the life span of a product, or its components, is 
extended and the use of new 'virgin' material is 
avoided. 

Repurposing is considered an important 
strategy for the transition towards a CE 
(Lüdeke-Freund, Gold and Bocken, 2018). 
However, literature on specific design- and 
business models for repurposing is limited 
(Lüdeke-Freund et al., 2018). The difficulty 
seems to be that those streams of discarded 
products are not uniform, of varying quality, and 
not endlessly and at all times available. 
Although repurposing is challenging, numerous 
examples can be found in practice. Some 
design studios practice Repurpose Driven 
Design (RDD), which addresses product design 
using discarded products, rather than designing 
products optimised for repurpose after being 
discarded. 
 
Building on a multiple case study, this study 
evaluates RDD processes that are deployed in 
practice and evaluate to what extend existing 
design methods are suited for RDD. This 
research contributes to literature by identifying 
two main design approaches and proposing 
further research for the development of 
practical tools for RDD. 
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Theoretical background 
A generic design process consists roughly of 
five phases: analyse, define, design, finalise 
and implement (Bobbe, Kryzwinski & Woelfel, 
2016). The literature describes several classical 
design methods that provide several tools for 
performing activities within each phase (Hubka 
& Eder, 1992; Pahl & Beitz, 1996; Roozenburg 
& Eekels, 1995). However, most generic design 
methods describe the creative problem-solving 
process and do not contain specific strategies 
or tools for circular product design. To fill this 
gap, in the past decade specific design 
methods have been developed for circular 
product design containing strategies and tools 
for incorporating resources and sustainable 
business models in an effective way.  
 
Den Hollander, Bakker and Hultink, (2017) 
describe a typology of design approaches for 
circular product design and make a distinction 
between design for product integrity at product 
and component level and design for recycling at 
a material level. Two frameworks for circular 
product design are discussed: ‘Products That 
Last’ (Bakker, den Hollander, van Hinte, 2014) 
and the ‘Design for X framework' (Franconi, 
Badalucco, Peck, & Nasr, 2019).  
Products That Last (Bakker et al., 2014) 
provides a theoretical strategic framework 
containing business model and product design 
strategies that  are useful to lengthen and slow 
down product loops, which RDD also intends. 
Although elements of this framework are 
indispensable for circular product design, it 
does not provide specific tools for RDD 
addressing variabilities of discarded products. 
The Design for X framework is focused on 
product development for the CE and is 
‘applicable for the earlier design stages’ 
(Franconi et al., 2019). This method provides 
detailed strategies that are combined with the 
product lifecycle, ensuring incorporating the 
entire lifespan and possible next cycles. 
However, RDD itself is not (yet) specifically 
elaborated in this method.  
Moreover, these frameworks , as well as 
generic design methods, take the desired 
functionality of a product as the starting point for 
the design process. The materialisation of the 
product design (i.e. the selection of the 
materials) takes place at one of the later phases 
in the process. In contrast, for RDD the 
discarded components of products or materials 

are the starting point from where the search for 
an application in a new product starts.   
 
A design method that takes a material as 
starting point is the Material Driven Design 
(MDD) method (Karana, Hekkert, & Kandachar, 
2008 ). This method “facilitates the design 
processes in which materials are the main 
driver” and helps to “create design 
requirements and objectives with a material at 
hand” (Karana, Barati, Rognoli, & Zeeuw van 
der Laan, 2015). Oskam et al., (2017) used this 
method for finding new applications for 
discarded textile waste and show that this 
method is valuable to evaluate the value 
potential of discarded materials as well. 
Handbooks and guidelines that specifically 
address the use of recycled materials and 
plastics are also available (Gort & Gerrits, 
2015). However, the MDD method as well as 
these guidelines do not cover the entire design 
process, but are mainly of use in the analyse 
and definition phase and do not address the 
limited availability in time and quantity of the 
discarded products, components or materials. 
Moreover, it is assumed that the material is still 
extensively to be manipulated and deformed, 
which likely is not desirable in a repurpose 
driven process. 
 

Method 
In practice several companies are working 
following a RDD approach. Therefore, the 
design process of design studios that use 
repurpose in their product development is 
analysed to see which methods are used in 
practice. These insights are compared to 
existing design methods from literature. 
 
For this research a multiple case study method 
(Yin, 2017) is used to study the design 
processes with discarded products. Table 1 
shows the overview of cases. Five design 
studios, experienced in repurposing, and two 
academic cases of graduation projects were 
evaluated in retrospective through interviewing 
the designers about a specific RDD case. In a 
follow-up interview their approach was studied 
more in-depth, using a process perspective. 
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Design studio Reference 
name 

Type of company Case / material stream Repurposed 
into: 

Studio Hamerhaai A Small design studio Wood from transport 
boxes 

Interior object 

Verdraaid Goed B Medium design 
studio 

Plastics  
from train time tables 

Serving tray 

Tolhuijs C Small design studio Metal fencing Wall rack 

Superuse D Medium design 
studio 

Windmill blades Playground 

The Upcycle E Small design studio Old bicycle tires Belt 

Bugaboo (academic 
case) 

F In-company design 
studio 

Obsolete spare parts from 
strollers 

Handcart 

Ahrend  
(academic case) 

G In-company design 
studio 

Filing cabinet with roller 
doors 

Bench 

Table 1. Overview of the selected cases and characteristics

 

 
Figure 1. Case for company G: academic case for 
Ahrend - from filing cabinet to bench. (R. 
Sperlings, 2021) 

 
For the follow-up interviews, an online template 
was used to guide the conversations (see figure 
2). The template is based on the generic design 
phases , as identified by Bobbe et al., (2016). 
The interviewees were asked to elaborate on 
the design process that was followed during 
their specific RDD case. Their RDD process 
was summarized in main steps and tools used, 
which were written on coloured dots, and 
placed underneath the five phases, where the 
five distinct colours represent the phases. 
Thereafter, the interviewees were asked to 
determine which phases, steps and tools were 
most important and specific for the RDD 
process. 
 

 
Figure 2. Online interview template 

 
The multiple-case study consists of a within-
case analysis and a cross-case analysis. Each  

case study resulted in an individual case report 
and a visualisation of the design process based 
on the interviews and the online interview 
template. Next, the design processes found for 
each case were compared using a pattern-
matching logic. In this comparison, similarities 
and differences between the processes were 
sought related to the role of the designer, the 
starting point and the design methods and tools 
used. 
 

Results  
The within-case analysis and cross-case 
analysis resulted in a detailed description of the 
phases, steps and tools to provide a detailed 
insight in the design process and pinpoints the 
moments in which repurpose-related aspects 
did occur. Figure 3 shows that each of the five 
generic design phases were also part of the 
design process of the RDD case (F). This was 
also found in the other six cases. All design 
studios work with discarded products and 
thereby analyse repurpose aspect, such as 
material, history, functionality, form, availability, 
quality and quantity. However, the case studies 
show that their approach of the design process 
vary. Two main approaches of the RDD 
process were identified: a goal-oriented 
approach and a resource-oriented approach. 
 

 
Figure 3. Interview results Case F: Bugaboo 
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In the cases B, D, F and G a goal-oriented 
approach was found in which a client initiated 
the design process by commissioning the 
design studio. In these cases the analyse 
phase of the design process was important, 
because the available discarded products have 
to be inventoried and analysed. The available 
waste streams determined to a large extent 
decisions in the RDD process (Figure 4). 
Design studio B and D followed the steps of the 
generic design process and have developed 
additional tools for RDD. Within a project, both 
studios worked with a project team of different 
stakeholders. These two design studios are 
operating as designers and as strategic 
consultants. 
 
In the cases A, C and E a resource-oriented 
approach was found in which the material and 
the form of the discarded product is the starting 
point for the design process. Motivated by 
'rescuing' discarded materials the designers 
looked for and chose a waste streams after 
which a design process was started. The waste 
stream was explored in terms of repurpose 
aspects (Figure 4). Parallel application 
possibilities were investigated in a less 
analytical and more intuitive manner than in 
RDD using a goal-oriented approach. The 
specific material properties and the shape 
determined the final application. In this 
approach the designers worked more 
entrepreneurial. 
 

 
Figure 4. Different timing of needed RDD related 
input 

 
All cases show that working with discarded 
products can be laborious and inefficient, since 
they are rarely uniform and often vary in quality. 
For example the wall rack in case C is made of 
discarded fences, which are often damaged. In 
all cases preparation of materials before the 
production process seems crucial and has to be 
taken into account in design related choices 
(Figure 4). Storage and transportation are 
additional challenges. All designers strive to 
keep as much value as possible of the 
discarded products, which  can be an 
ecological, economic, emotional or social value. 

Discussion and conclusion 
All interviewed designers (professionals and 
students) work with a more or less standard 
generic design method as described by Bobbe 
et al., (2016) for RDD. It is the phase in the 
process in which the designers intervene with 
repurpose specific input for material, history, 
functionality, form, availability, quality and 
quantity which differs. This phase in the 
process depends on the chosen starting point 
which relates to the role the designer has in the 
design process. The information needed or 
interventions to be taken would suggest a need 
for specific tools and methods at that specific 
point in the generic design process. The 
designers working with a goal-oriented 
approach for an external client choose a 
typology (Hollander et al., 2017), a strategic 
framework like Products that last (Bakker et al., 
2014) or Dfx (Franconi et al., 2019), and in 
addition they use specific self-developed tools 
for RDD in the early phases of the design 
process (analyse and define). Both designers 
working with a resource-oriented approach as 
well as designers working with a goal-oriented 
approach use a method similar to MDD for 
finding a meaningful application for the 
discarded product or component they select. 
The MDD tools and methods are helpful for 
RDD. However, the method is not supplying 
tools and methods for repurpose relevant 
aspects like varying availability, quantity, and 
quality. These aspects are relevant for RDD 
when production, upscaling and supply chain 
issues are being incorporated in the design 
choices. Besides this the MDD method 
stimulates manipulation of materials whereas 
within repurposing the manipulation of the 
resources available are to be minimised in 
order to use the value as it is captured in the 
resources supplied. Future research should 
develop and validate comprehensive and 
practical tools for RDD in addition to existing 
methods for circular design. These tools are to 
be deployed in earlier and in the later stages of 
the generic design process, for efficiently and 
effectively inventorying, evaluating, 
manipulating and using discarded products. 
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Abstract: Most products require a redesign to be viable in a circular economy. For instance, by 
implementing design for disassembly, remanufacturing, recyclability, and using long-lived components. 
Typically, different solutions can be chosen to improve a products' circularity, and different strategies can 
be aimed at keeping the product, its components, and materials in the loop. 
When developing products for a circular economy, designers and manufacturers want to assess their 
solutions and choose between alternatives early in the design process. This paper describes the Circularity 
Calculator, a tool that has been developed to help designers assess the potential resource circularity and 
value capture of products in the first design stages. The tool provides quantitative indicators that help 
determine whether and which circular strategies are potentially viable for the company. 
This paper discusses the methodology behind the Circularity Calculator, which uses four KPIs that have 
been developed for assessment; a Circularity indicator, Value Capture indicator, Recycled Content indicator 
and a Reuse Index. We will explain how the dashboard interface is used to model a linear and circular 
product system which can be compared on its economic potential. The tool is illustrated with an example 
concerning the analysis of a household blender. 
 

1.Introduction  
Governments and business owners are 
experiencing global pressure to transform their 
business from a linear economic model to a 
circular economy approach by eliminating waste 
and the use of non-renewable resources 
(MacArthur, 2013).  
Contrary to traditional linear business, circular 
businesses aim to retain the product value in 
each stage of their products’ life, by designing for 
longevity, reuse, refurbishment remanufacturing 
and recycling (Ibid). This requires strategic 
decisions on the design of the product and 
business model in the early stage of the 
development process. However, limited 
information is available at that stage. Companies 
generally do not have data about the costs of 
collection, remanufacturing, recycling, and other 
processes when they are currently operating in a 
linear economy.  

Different circular design tools have been 
developed to help companies assess Circularity 
at various scopes (Saidani et al., 2019). The 
'Circularity Calculator' (IDEAL&CO., 2020) is an 
online tool to inform the design of circular 

products in the early stages of design. In their 
taxonomy of Circularity Indicators, Saidani et al. 
(2019) classify the Circularity Calculator as one of 
three web-based tools to indicate circularity 
potential at a micro-level.  

The Circularity Calculator was developed and 

tested within the European ResCoM-project, as 
part of a design methodology for multiple-lifecycle 
products (Bakker et al., 2017, Rashid et al., 2013, 
van Dam et al., 2017). The tool development was 
initiated upon the need for circular design support 
of one of the company design teams and 
specifically geared towards the tool requirements 
of designers. No tools were available that can 
assess the circularity and business potential of 
different circular scenarios (such as reuse, 
refurbishment, remanufacture and recycling). The 
development was sparked by the demand for an 
assessment tool that can be used in the early 
design stages, that provides an intuitive, visual, 
and quick way to grasp the potential of design 
ideas. Following the ResCoM-project, the tool 
was developed further and is currently used in 
design education, by OEMs and at design 
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agencies pioneering in a circular design, to help 
inform strategic design decisions. 

2. Circularity Calculator dashboard  
The Circularity Calculator provides a schematic 
representation of the product lifecycle and the 
flow of resources in that system (Figure 1). On the 
left side of the dashboard, materials are procured, 
feeding into the production of components, 
assembled into products, that are then brought to 
the market to be used by the customers, followed 
by different linear and circular options for dealing 
with products after their (first) use period. 
Products can be modelled to be reused or used 
longer, and after the use stage, products or 
specific components can either end up as waste, 
in a downcycling process, or be collected to re-
enter the value chain. 
For each of the boxes, the user can enter product 
or component data (materials, weights, costs) 
and define what percentage of the product or 
component enters which cycle. Based on the 
input, the tool calculates potential mass and value 
flow in the system (in Figure 1 displayed in the 
boxes in kg), so the user can see the effects when 

the product or its components are used longer, 
refurbished, remanufactured and/or recycled. 

The user can model different conceptual design 
solutions and circular scenarios, to explore and 
compare design alternatives and see the impact 
on performance indices. 

To be useful for designers, one of the key 
development criteria for the tool was to provide 
direct and visual insight into the effects of 
changes in the design of the product and the 
overall system. From that criterion, a tool was 
built that provides a dashboard to the user, a one-
view graphical user interface showing the flow of 
resources combined with circular performance 
indicators for a specific circular strategy of a 
product design.  

On the right-hand side of the dashboard, the 
circular performance indicators are shown, which 
will be explained in the following section.  

3. Circular performance indicators  
To indicate the ’circularity‘ and the circular 
potential of products, the developers defined four 

 

 

Figure 1. The circularity calculator dashboard.  
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key performance indicators (KPIs). These 
indicators are (i) Circularity, (ii) Value Capture, 
(iii) (Re)cycled content and (iv) Reuse Index.  
All KPI's are updated dynamically, providing 

direct feedback to, for instance, assess the 

impact of changing collection rates, or the 

potential gains when changing the material of a 

specific component. 

3.1 Circularity  
The circularity indicator assesses to which extent 

the flow of resources in a product system is 

closed, by feeding resources back into the 

production of new goods. It builds on the work of 

Ayres (1994), Braungart et al. (2008), Stahel 

(2010), and Bocken et al. (2016) on closing and 

slowing the flow of resources in circular systems. 

In a fully linear scenario (Circularity 0%), only 

virgin materials are used that eventually all end 

up as waste, whereas in a fully circular scenario 

(Circularity 100%) no virgin material is used 

(circular inflow) and no waste is generated 

(circular outflow). 

The Circularity indicator represents the 

percentage of the mass-flow of the resources that 

is circular, considering the overall number of 

products that are brought to market. The inflow of 

materials into the system contributes to half of the 

Indicator and the outflow to the remaining 50%. 

The resulting formula to calculate the Circularity 

indicator is: 

100% −
𝑀%𝑣𝑖𝑟𝑔𝑖𝑛 + 𝑀%𝑤𝑎𝑠𝑡𝑒𝑑 + 𝑀%𝑑𝑜𝑤𝑛𝑐𝑦𝑐𝑙𝑒𝑑 + 𝑀%𝑠𝑐𝑟𝑎𝑝

2
 

Where M% is the mass percentage of materials. 

3.2 Value capture  
The value capture indicator helps assess the 
economic potential of different circular strategies 
early in the product development process when 
different scenarios are still feasible. However, 
little is known about the costs of collection and 
resource reuse. This Indicator follows the 
rationale of Stahels' 'inertia principle': "replace or 
treat only the smallest possible part in order to 
maintain the existing economic value of the 
technical system" (Stahel 2010, p. 195), which is 
also represented in the Value hill framework by 

Achterberg et al. (2016), as described in Figure 

3. The Value hill explains that the more the 

product's original integrity is maintained, the 
higher the potential embodied value you can 
retain. 
 

 
Figure 2. Value hill by Achterberg et al. (2016). 

The potential value capture of the product is 
calculated from the value that is embedded in 
reused materials, components, and products and 
described in the Value Capture Indicator: 

100 %∙ 
𝐸𝑂𝐿+𝐸𝐶𝐿+𝐸𝑅𝑃+𝐸𝑅𝐶

𝐸𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠
 

Where E is the embedded value in Euros with OL 
for materials recycled in an open loop, CL in a 
closed loop, RC for remanufactured components 
and RP for refurbished products. 

3.3 Cycled content 
The Cycled Content indicator helps to assess 
the performance of the inflow of resources, by 
showing the percentage of the product that is 
made from recycled and/or rapidly renewable 
materials. It is calculated from the mass ratio of 
recycled and renewable materials coming from 
an open or closed loop in manufactured 
components: 

 

100% ∙
𝑀𝑐𝑦𝑐𝑙𝑒𝑑 + 𝑀𝐶𝐿

𝑀𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑒𝑑 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠

 

 
In addition, the Cycled Content Potential 
Indicator shows to what extent the cycled 
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content indicator can be improved without 
changing materials and is defined as: 
 

100% ∙
𝑀𝑐𝑦𝑐𝑙𝑎𝑏𝑙𝑒 + 𝑀𝑐𝑙𝑜𝑠𝑒𝑑 𝑙𝑜𝑜𝑝

𝑀𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑒𝑑 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠

 

 
This potential refers to the use of materials that 
are recyclable but are not (yet) sourced from 
recycled content. 
 

3.4 Reuse Index 
The Reuse Index is based on the classification 
presented by Bocken et al. (2016) and helps to 
assess the degree of slowing resource flows, 
which refers to "prolonged use and reuse of 
goods over time, through the design of long-life 
goods and product life extension" (Bocken et al., 
2016, p 310).  
The Indicator measures the extension of the life 
of a product. Product-as-a-service business 
models, robust and repairable products and 
maintenance can extend the life of a product and 
therefore slow the flow of resources. This slowing 
of loops does not entail the closing of loops; a 
product can have a high reuse index and low 
circularity indicator at the same time if it is long-
lasting but ends up as waste. 

The designer can model the resulting reduction in 
production volume to estimate the savings in 
resources, and the reuse Index provides a 
performance indicator reflecting the potential 
decrease in resources by means of slowing 
resource flows. In a purely linear scenario, the 
number of use cycles is defined as 1, resulting in 
a reuse index of 0%. The formula to calculate the 
Reuse Index is as follows: 

100% ∙ (1 −
1

𝑁
) 

Where N is the number of use periods.  

4. Case Study 
To illustrate the use of the Circularity Calculator, 
we describe a case study evaluating a household 
blender in different scenarios, one 'linear' and two 
circular scenarios:  
 
● Scenario 1: linear system. 
● Scenario 2: life-extension strategy. 

● Scenario 3: refurbishment.  

Figure 3 shows the household blender, and 
Figure 4 shows the disassembled product.  

 

Figure 3. The Solis 837 Household blender. 

 

Figure 4. Disassembled motor assembly of the 
Solis Household blender 

4.1 Scenario 1: "Linear" system  
We started by modelling the blender in a 
predominantly linear scenario. We assumed that 
nearly all components are made from virgin 
materials. For the metal components, we 
estimated the materials contain about 40% 
recycled content, based on Graedel et al. (2011). 
Furthermore, we assumed that no high-quality 
recycling is taking place after the blender has 
been discarded and that its components and 
materials are either incinerated or downcycled 
into lower-quality products.  
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Figure 5 illustrates the flow of resources in the 
product system, with the key performance 
indicators on the right. The Circularity for this 
scenario is 3%. This percentage stems from the 
use of recycled content in the metal parts. In total, 
580 Tonnes of materials are used for the total 
production series of 100,000 blenders. The 
potential value capture is zero because the 
company does not collect and reutilise the value 
that is embedded in the product, its components 
and materials. 

This is the base scenario to which the user can 
compare more circular scenarios. 

4.2 Scenario 2: Life-extension strategy 

The blender is a high-quality product (with a 
robust motor). A typical reason for discarding is 
when the blades become dull. In this scenario, we 
assumed that the lifetime of the product can be 
doubled by changing the design of the blade 
holder, allowing easy replacement of the blades. 
We modelled that for delivering the same overall 
functionality (total operating hours) only half the 
number of blenders (with two sets of blades) 
would need to be manufactured, assuming a 
constant market size (no increase of market 
share due to improved design). No other changes 
were modelled. 

When looking at the results in Figure 6, the reuse 
index increased from 0% to 50%. The indices for 

recycled content, circularity and value capture are 
still as low as in the linear scenario, because -in 
this scenario- the product still ends up as waste. 
The total inflow of resources decreased from 
nearly 570 tonnes to 310 tonnes (of which 294 
tonnes virgin materials). This life-extension 
scenario could be monetised with a performance-
based business model such as leasing, since the 
product can perform twice as long with a relatively 
small change in the product's design. 

4.3 Scenario 3: Refurbishment.  
For the third scenario, we modelled a simplified 

refurbishment scenario (without product life 
extension). We assume that a highly effective 
collection system is in place, with an overall return 
rate of 80% of the products. Furthermore, we 
assume that the company can refurbish 80% of 
the products they collect (so 20% do not meet the 
company's quality criteria for refurbishment, 
including components that will be replaced during 
refurbishment). This scenario implies that the 
company can meet a large portion of market 
demand with refurbished models. Therefore, the 
company can deliver the same 100,000 products 
to market while producing fewer new products. 
As a result (Figure 7), the circularity increases 
from 3% to 67% and potential value capture 
increases to 64%. The value capture potential of 
refurbishment is Eur. 6,3 million under the 

  

Figure 5. The outcome for scenario 1, the “linear” system.  
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assumptions made. Based on this outcome, the 
company can decide whether it seems worthwhile 
or not to make a more detailed analysis of this 
scenario.  

By changing the values of the collection rate and 
percentage of products entering the 
refurbishment process, users can see more fine-
grained effects on potential resource circularity 
and value capture. 

4.4 Scenario comparison  
By comparing the results from the different 
scenarios, users have several KPIs as well as 
numbers on resource use and potential value 

capture in specific cycling scenarios to make 
informed design decisions in the early stages of a 
product development process. 
For the scenarios analysed in the blender case 
study, summarised in Table 1, refurbishment 
seems to hold the most potential for the company, 
generating a largest reduction in the use of virgin 
resources, and with a value capture potential that 
seems sufficient to warrant further analysis by the 
company.  

 

  

Figure 6. The outcome for scenario 2, Life-extension strategy. 

  

Figure 7. The outcome for scenario 3, refurbishment. 
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Indicator Sc. 1: 
linear 

Sc. 2: life-
extension 

Sc. 3: 
refurbis
hment 

1. Circularity 3% 2% 67% 

2. Value 
capture 

0% 0% 64% 

3. Cycled 
content 

5% 5% 5% 

4. Reuse 0% 50% 0% 

Use of virgin 
resources 

540 
tonnes 

294 

tonnes 

194 
tonnes 

Table 1. Comparison of outcomes for the case 
study (best outcomes in bold). 

 
In addition to the four indicators, the dashboard 
provides information on the flow of resources for 
all system stages. For example, the use of virgin 
resources listed in Table 1 is taken from the 
(orange) virgin materials box, which reads 194t in 
scenario 3 (Figure 7).  

In a more extensive case study, the design team 
would investigate more circular strategies such 
as recycling and explore the potential of 
combining cycles, for instance, refurbishment in 
combination with recycling of products that are no 
longer suited for refurbishment.  

5. Discussion and Conclusion  
In this paper, we have described the aim and 
workings of the Circularity Calculator. The tool 
provides design teams with early-stage figures to 
assess whether specific circular strategies may 
hold economic potential.  
By combining scenarios and investigating the 
influence of their assumptions, design teams can 
use the outcomes to decide which strategy, or a 
mix of strategies, to focus on. 

In the case study, we saw that the refurbishment 
scenario yielded the largest reduction in the use 
of virgin resources with high potential value 
capture. These outcomes help design teams to 
decide whether a circular approach holds 
potential for the company and which circular 
strategy to design for.  
 

While the value capture indicator provides insight 
into the economic potential of specific circular 
strategies, it does not represent the potential 
profitability of the strategies. The extent to which 
the potential of a specific strategy can be realised 
depends on the design of the product and 
recovery process, as well as the business model. 
Furthermore, the costs of collecting and 
subsequent processing of the product, its 
components or materials determine whether the 
strategy can be run at a profit. In that sense, the 
outcomes show whether it seems worthwhile to 
further investigate a solution's profitability. As 
soon as companies gain more insight into the 
costs of circular operations, the tool could be 
expanded to include potential profitability, rather 
than value capture. 
 
When using the tool, it is up to the design team to 
make realistic assumptions on the design 
changes that are needed. When this expertise is 
not available within the team, other tools, such as 
Hotspot Mapping (Flipsen et al., 2020) and the 
Reman Design Checklist (IDEAL&CO. n.d.) can 
help design teams identify which design changes 
to focus on. 
 
In the further development of the tool, it would be 
beneficial if the model can be extended to include 
production losses, process costs and additional 
circularity metrics such as resource scarcity. 
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Abstract: Traditional linear value creation is showing its limits in terms of resilience and sustainability 
thus underlining the need for alternative business mind-sets such as circular thinking. The current 
unsustainable use of natural resources and their environmental impacts over the full life cycle represent 
one of the major challenges of the 21st century. The continuous increase in raw material extraction and 
processing, fueled by global population growth and increasing production and consumption patterns 
will lead to surpassing the planetary boundaries, resulting irreversibly in ecological, economic, and 
social consequences. In the future, value chains need to be transformed into sustainable value creation 
cycles to ensure sustainable consumption and production. Well-established sustainability assessment 
methods like Life Cycle Assessment (LCA) evolve towards assessing not only production but also the 
whole value creation cycle. However, modelling of closed loops requires a range of specifications that 
are often not accounted for in current LCA literature. We identified those challenges based on literature 
search and own findings and discuss their implications for assessing the ecological sustainability of 
photovoltaic (PV) value creation cycles. Overall, the lack of data on material quantity, (sub-)product 
quality loss and recycling processes is a key barrier in modelling circular value chains in PV. Addressing 
this challenge by collecting targeted information during the use and end-of-life phases while selecting 
adapted allocation and modelling approaches are the first steps to identify ecologically sound circularity 
strategies.  
 

Introduction  
Our present consumption and production 
patterns continue to exceed our planetary 
boundaries (Rockström et al., 2009; Sala et al., 
2020). Consequently, stakeholders from 
politics, science and industry are trying to find 
ways to transform traditional linear economies 
into sustainable and intelligent circular 
economies (European Commission, 2020). The 
scientific debate on how to measure and 
assess circularity is ongoing. Several studies 
suggest that circularity indicators like the 
Material Circularity Indicator (MCI) (Ellen 
MacArthur Foundation & Granta Design, 2015) 
should not be used solely, but in combination 
with Life Cycle Assessment (LCA) to provide a 
complete view on the overall sustainability of 
circular economy strategies (Glogic et al., 2021; 
Lonca et al., 2018; Niero & Kalbar, 2019; 
Schulte et al., 2021). LCA has increasingly 
been used in the last years to evaluate the 
environmental performance of recycling and 
end-of-life (EoL) processes. Still, those studies 
often fail to properly address the 
methodological challenges that arise with the 
assessment of circular value creation cycles 

instead of linear value creation chains (Astrup 
et al., 2015; Laurent et al., 2014a; Laurent et al., 
2014b). From a modelling point of view, the 
LCA methodology provides no clear guidance 
when assessing continuous life cycles, as 
envisioned in a circular economy (Niero et al., 
2016). Modelling choices like allocation have to 
be aligned with the scope of assessing closed 
product loops (Astrup et al., 2015; Vadenbo et 
al., 2017). A study design must be chosen that 
reflects the quality of recycled materials as well 
as possible losses in material quantities. 
Circularity assessment is often characterized 
by poor data availability. For example, life cycle 
inventory data on recycling processes are 
highly under-represented in commonly used 
LCI databases like ecoinvent or GaBi.  
 
A well-structured approach is essential to close 
the loop in life cycle assessment for complex 
products like photovoltaic (PV) modules. This 
paper aims to give an overview of the 
challenges encountered in closed-loop 
modelling for life cycle-based sustainability 
assessment and provides a framework on how 
to systematically tackle these challenges on the 
example of silicon PV modules. 
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Towards Circularity Assessment for PV 
modules: Status-quo 
Global installed capacity for solar PV modules 
could reach 14 TW by 2050 (IRENA, 2021). 
Despite the environmental benefits of an 
energy system transformation towards 
renewable energy sources, their massive 
deployment will cause production emissions 
and an increased demand for certain resources 
(Gervais et al., 2021). Circular economy 
strategies have the potential to partly 
compensate for the growing raw material and 
energy demand.  
 
PV modules are part of the WEEE directive 
which administers the take-back and disposal 
of waste electrical and electronic equipment 
(WEEE, 2012/2018). Present-day PV recycling 
usually takes place in facilities for metal and 
glass recycling, recovering the bulk materials 
aluminum, glass and copper (state-of-the-art 
recycling, Figure 1a). The laminate -including 
cell, plastics, lead, silver and others- will be 
shredded and land-filled after energy recovery 
through incineration. More dedicated recycling 
is being developed on lab-scale and prototype 
level and is depicted in Figure 1b (highest value 
scenario) according to current research.  
 
Table 1 illustrates several waste management 
pathways which lead to different recovery rates  
of recycled material. Material quantities but also 
resource quality can vary before and after the 
end-of-life treatment process. Products with a 
long lifetime can be more affected by 
mechanical and physical stress during use 
phase which can alter their material properties. 
Energy technologies are often also exposed to 
climatic stresses like high insolation and a 
corrosive atmosphere.  
 
During their useful lifetime, PV modules suffer 
from performance losses due to degradation 
(Köntges et al., 2017). Changes in materials 
and product properties during the use phase 
can have an influence on their cyclability. Also, 
for other product groups, especially plastics 
(e.g. food packaging), contamination or losses 
occurring in use can affect their cyclability as 
well (Eriksen et al., 2019). Changes in the 
material properties during this phase can lead 
to the respective materials not being suitable for 
reuse in the same product segment, but to 
downcycling or energy recovery. 
 

Various aspects make PV modules a good 
study subject for analyzing circularity. With 
growing PV installations worldwide, also their 
EoL treatment is increasingly becoming the 
focus of studies and regulations. PV modules 
have a relatively well-defined lifetime of around 
30 years and a well-known material 
composition. Projections on future deployment 
exist as well as documentation on how many 
modules are currently installed worldwide 
(VDMA, 2020). Modelling and assessing PV 
module value creation cycles face however 
major data-related challenges, as listed below. 
 

Key Challenges for modelling circularity 
in life cycle-based PV assessment 
Based on a literature search and on our own 
findings, we identified the key data-related 
challenges for modelling closed loops in life 
cycle-based approaches to assess the 
ecological sustainability of products. 
 
Downcycling, material and quality loss for PV 
modules 
Recycled material is often assumed to replace 
an equal amount of virgin material, thereby 
neglecting that material degradation or 
inefficient recycling processes can cause 
reduced material quality which is only suitable 
for application in lower quality products. 
Further, material losses during use, waste 
collection or waste processing must be 
considered when modelling product systems for 
a circular economy.  
At present, downcycling in PV module EoL 
treatment appears at least for the high-quality 
solar glass, which is usually shredded, 
processed and reused as flat glass. Aluminum 
and copper are sold on the market for 
secondary metals. In the future, silver and other 
precious metals will be recovered to feed the 
growing demand of scarce and valuable 
resources. Further, the recovery of silicon for 
reuse either in PV wafer production or in other 
electronic applications is anticipated (Table 1). 
Silicon wafer production needs high quality 
solar grade silicon as an input, making multiple 
purifying and processing steps necessary to 
reuse secondary silicon. Those processes are 
not developed to date and need to be closely 
monitored by LCA studies to prevent trade-off 
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Module 
section 

Material Mass 

composition
 [1]

 
Recovery rate

 [2]
 Possible EoL management 

pathways
 [3]

 

Front glass Glass 67,02 % 95-100 % Recycling (glass fiber, glass wool, 
float, container, glass foam), landfill 

Frame Aluminium 16,16% 94-100% Recycling (secondary aluminium) 

Junction 
Box 

Copper 0,59% 0-100% Recycling (secondary copper) 

Plastic 
(HDPE) 

0,18% 0-100% Incineration (energy recovery) 

Encapsulant EVA 6,66% 0% Incineration (energy recovery), 
hazardous landfill 

Backsheet PET 3,47% 0% Incineration (energy recovery), 
hazardous landfill 

Solar cell Silicon 5,29% 80-95% Recycling (metallurgical-grade 
silicon), landfill 

Aluminium 0,32% 0-50% Recycling, landfill 

Copper 0,19% 79-100% Recycling (secondary copper), 
landfill 

Silver 0,02% 50-94% Recycling (secondary silver 
production), extraction in refinery 
industry 

Other 
metals 

Tin 0,10% 0-100% Incineration, landfill 

Lead 0,01% 0-100% Recovery, landfill 

Table 1: Possible EoL management pathways for silicon PV modules and possible recovery rate. Own 
calculations based on [1] Frischknecht et al. (2020). [2] Latunussa, Ardente, et al. (2016); Huang et al. 
(2017); Strachala et al. (2017); Jung et al. (2016); Wang et al. (2012); Latunussa, Mancini, et al. (2016). [3] see 
Latunussa, Ardente, et al. (2016); Tsanakas et al. (2020); International Energy Agency Photovoltaic Power 
Systems Programme (2017); Strachala et al. (2017). 
 

 
between processing emissions and recycling 
benefits. The recycling of the polymer fraction, 
namely PV backsheet and encapsulation, is, to 
the author’s knowledge, not a focus of current 
PV research, due to its low share of the 
modules production emissions (up to 2 % for 
the backsheet (Herceg et al., 2021) in 
combination with its low economic value.  
Material loss due to incorrect handling during 
waste transport and sorting can result in glass 
fracture or breakage of the laminate, which can 
make it difficult or impossible to separate the 
product components at the recycling facility 
(UBA, 2020). 
 
Product and material composition 
In most cases, waste is received at a waste 
treatment facility without further information on 
its origin or its composition. Sorting and 
cleaning are done manually or by sorting 
machines and robots in different procedures 
according to visual appearance or certain 
material properties like weight or magnetism. 
Still, many materials cannot be identified and 
end up in incineration or landfill. 

Different PV technologies from various 
manufacturers are on the market. For example, 
the EoL treatment of thin-film modules varies 
from the recycling of silicon PV modules. 
Overall, module size and bulk material 
composition is relatively well-known within one 
technology. Still, additional components such 
as insulation materials can be contained within 
the module which pose a challenge to 
recyclers. New developments in PV 
technologies like perowskite or organic solar 
cells bring more uncertainty into the prediction 
of PV waste configuration. The exact material 
composition is especially hard to address for 
materials with a lower share in mass fraction 
like plastic components and metals like tin, lead 
or silver. Their composition might vary widely 
and currently does not have to be reported by 
the manufacturer.  
 
Allocation and modelling choices 
Allocation in life cycled based modelling is 
always necessary when a product system 
produces multiple outputs. For EoL treatment, 
this can include disposal, energy recovery or  
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the production of secondary material, which are 
all outputs with a certain market value and can 
therefore be considered as co-products. In the 
case of EoL treatment, environmental burdens 
and benefits do not only have to be split 
between different products but also between 
different life cycles.  
Three approaches have been defined to 
address allocation in EoL modelling 
(Frischknecht, 2010; Koffler & Florin, 2013; 
Werner & Richter, 2000). The recycled-content 
or cut-off approach draws the system boundary 
at the point of waste generation, crediting no 

recycling benefits to the product system under 
study but providing secondary material as an 
input burden-free. The avoided-burden or end-
of-life approach is crediting the product system 
with recycling benefits but attributing the 
burdens of recycling to the subsequent life 
cycle to the amount that it will utilize secondary 
material. A third approach is trying to 
systematically address the issue of 
downcycling. The so-called value-corrected 
substitution (VCS) gives partial credit of primary 
burdens based on an economic correction 
factor that reflects the price ratio of secondary 

Figure 1: Waste management pathways of a PV module state. Material flows for a) state-of-the-art 
recycling and b) a highest value scenario. 

a) 

b) 
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vs. primary material. This approach has 
originally been suggested for metal-based 
products. For a complex product as a PV 
module, time-consuming research on all 
components would have to be conducted. 
There is no common agreement on how to treat 
allocation in the EoL modelling for PV modules. 
(Wambach, 2017) provide two LCI data sets for 
PV EoL treatment, one for cut-off and one for 
end-of-life, whereas the cut-off approach is 
recommended to be used to complement 
existing PV LCI data. In general, this decision 
should be based on the specific goal of the 
study. Still, in some cases it can be useful to 
come to consensus about this allocation 
decision, for example in the face of upcoming 
political regulations like the current inclusion of 
PV modules in the work program for Eco-
Design by the European Commission 
(European Commission, 2016). For example, 
the metal industry which is one of the industries 
with the highest recycling rates worldwide, has 
decided upon using the EoL approach in LCA 
on life cycles of metals (Atherton, 2007). 
 
Life Cycle Inventory (LCI) 
While EoL treatment is becoming more 
important in politics, economics and research, 
this development is not reflected in publicly 
available LCI data for most technologies. For 
example, the ecoinvent database (Wernet et 
al., 2016), which is among the most used by 
LCA practitioners, does not offer one process  

for plastic recycling, while certain processes of 
waste plastic recycling have been well-
established for several years. 
However, more and more individual LCIs are 
published, like the Life Cycle Inventories for the 
production of recycled plastics from waste 
electrical and electronic equipment (WEEE) 
(Ecosystem, 2021). Also, for PV modules there 
have been strong efforts to increase data 
availability for the end-of-life treatment 
(Wambach, 2017), which make it possible to 
compare different waste management 
pathways (Herceg et.al, 2020). Also, for other 
PV system components like inverter and 
mounting structure, there are increasing efforts 
to close this data gap (Stamford & Azapagic, 
2018). 
 
Existing structures on the waste market 
Especially developed countries like Germany 
claim that they utilize up to 81 % of their waste 
(Destatis, 2020). Amongst recycling, this can 
also mean energy recovery or composting of 
materials. For some materials, there is a vital 
export market, for example for shipping plastic 
wastes from European to Asian countries. 
While those waste utilization strategies are 
often not beneficial for or even harming the 
environment, they can have a significant 
economic value. This consideration should be 
taken into account for allocation decisions when 
designing a life cycle-based study to model a 
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Figure 2: End-of-Life mass of PV modules depending on expected service life time (in million tons). 

Calculations based on waste projections from (IRENA, 2021). 
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closed loop product system. According to the 
international Basel Convention on the Control  
of Transboundary Movements of Hazardous 
Wastes and Their Disposal (1989), e-waste 
may not be exported to countries that do not 
have adequate recycling infrastructure. Still, 
illegal export is happening, thereby relocating 
the waste problem to other geographic 
locations (Deutsche Umwelthilfe, 2018).  
For PV modules, there is not yet a viable 
recycling industry due to the currently small 
amount of PV waste flow. Still, considerations 
that might address the use of scarce or precious 
resources will be affected by economic 
decisions, thus economic considerations will 
influence waste treatment pathways.  
 
Product Lifetime 
A constant and substantial waste flow is crucial 
in making recycling profitable and recycling 
facilities more effective. This might collide with 
other circular economy goals as to increase 
product lifetime and to hold resources in the 
product cycle for as long as possible. 
PV modules have a very long product lifetime of 
around 30 years. The amount of module waste 
is increasing steadily (Figure 2). Circular 
economy strategies do not only focus on 
efficient recycling strategies, but also on 
extending product lifetimes by repair and 
second-use strategies. More insight is needed 
on optimal product lifetime from an ecological 
point of view, not only for energy using but also 
for energy producing products. Since no 
information can be found on this regard, 
decisions rely almost exclusively on economic 
reasons. Centralized and specialized waste 
treatment facilities might be a better solution 
over decentral solutions on a national level. 
However, environmental trade-offs due to 
transportation over large distances should be 
considered (Heath et al., 2020). 
 
Multiple recycling loops 
Circular Economy aims to keep products, 
components and materials at their highest utility 
and value in a closed loop. However, some 
materials cannot be recycled infinitely, and 
each recycling loop results in quality 
degradation. This should be addressed in life 
cycle modelling when the goal of the study is to 
address a representative product. This can be 
done by integrating and averaging the LCI of 
the waste treatment process according to the 
different amounts of secondary goods recycled 
at different frequencies to obtain a 

representative LCI (European Commission, 
2012).  
Further, the reuse of materials, especially in 
blends and alloys, bears the risk of an 
accumulation of polluting or even hazardous 
substances. For PV modules, this might 
particularly be the case for dopants in the silicon 
fraction or for non-declarable substances like 
additives in polymer fractions. Two of the more 
harmful substances widely used in PV modules 
with the risk of potential accumulation through 
multiple recycling loops are antimony in the 
solar glass as well as fluor which is used in PV 
backsheets. Since to date, no information can 
be found that allow the evaluation of such 
impacts in life cycle-based modelling, different 
concentrations of potentially harmful 
substances should be considered in a 
sensitivity analysis to detect possible trade-offs 
of recycling strategies.  
 

Conclusions 
The lack of data on exact material quantities, 
reduced material quality and recycling 
processes is a central obstacle when modeling 
circular value chains in PV technology. 
Overcoming this challenge through targeted 
collection of information during the use and 
end-of-life phase while simultaneously 
selecting appropriate allocation and modeling 
approaches are the first steps in identifying 
ecologically sensible circular economy 
strategies. The requirements of information 
conceptualized here represent the key 
challenges for modelling circularity in life-cycle 
based PV assessment on the one hand but also 
provide potential solutions for a data 
management structure on the other. 
 
Until this data gap is closed, sensitivity 
analyses or in the case of future projections, 
scenario-based modelling should be applied. 
However, all these aspects should be carefully 
considered in defining the goal & scope of an 
LCA study, even when data availability will 
finally be improved. 
 
To transform linear supply chains into 
sustainable value creation cycles, digital 
technologies can be applied to trace a products 
life cycle from cradle-to-cradle. For example, 
the use of block chain technology which stores 
information of the modules every life cycle 
stage should be used as intelligent material 
tracing system and provides information on 
material composition to the recycler as easily as 
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by scanning an QR- or Barcode attached to the 
module (TAB, 2020). Digitally stored, 
anonymized product information could further 
be fed into LCI databases for scientists and 
certifiers to provide up-to-date environmental 
recommendation based on industry data and 
for recyclers to make informed decisions on 
best treatment approaches.    
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Abstract: This paper presents findings of research focused on the divestment of material possessions. 
It argues that divestment can be better understood as a process instead of a moment in the lifespan of 
a product. The term divestment refers to the process through which owners separate physically or 
emotionally from their possessions.  Using qualitative data obtained through the Photo-Elicitation 
Interview method, the study explores the experiences of people on three types of items: clothing, 
furniture and mobile phone aiming to understand how the separation between owners and possessions 
occurs. The results were systematised to build a taxonomy of divestment. This taxonomy analyses the 
divestment process as a negotiation between value-waste, capturing the moments in which the value 
of a product increases or decreases. The taxonomy consists of five different categories: physical 
divestment, virtual divestment, keeping/no use, irregular use and in use. The categorisation of these 
moments through the taxonomy allows to identify moments for interventions in the lifespan of products 
to promote more sustainable ways of divestment. It also becomes a useful tool for understanding the 
complexity of product’s lifespan and possible interventions for promoting more sustainable ways of 
consumption. 
 

Introduction  
The present paper analyses the divestment of 
material possessions as a process. The 
concept of divestment refers to the process 
through which owners separate physically or 
emotionally from their things. Starting from the 
premise that the lifespan of products is 
determined by different factors that affect their 
longevity, this article suggests that, to 
understand better the events between the 
purchase and the disposal of a product and 
their influence in their longevity, divestment 
should be studied as a process. 

The rise in consumption and the 
subsequent increase in waste generation is 
becoming the biggest challenge for 
sustainability (World Economic Forum, 2019; 
WRAP, 2017). The case of durable goods 
consumption represents an environmental 
problem since the acquisition and replacement 
of these items has increased consistently in the 
last years. As an example, the electronic waste, 
-the fastest-growing waste stream worldwide, 
has reached 50 million tonnes in 2018 (World 
Economic Forum, 2019). Another case that 
illustrates this issue is the clothing 
consumption, which in the United Kingdom 
grew from 950,000 tonnes to 1,130,000 in 2016 
(WRAP, 2017, p. 9). 

Contemporary solutions for sustainable 
consumption are framed around waste 
reduction through prevention, recirculation and 
through innovation as a tool to generate new 
products, processes and materials centred on 
technology and science (Jackson, 2006). 
Several studies have explored the possibilities 
of enhancing lifespans by improving the 
durability of products (Cooper, 2010). 
Significant progress has been made in specific 
areas of sustainable design supporting the 
notion that longer lifespans can reduce the 
environmental impact of overconsumption and 
waste generation. This study aims to contribute 
to find ways to boost sustainable consumption 
practices and enable the circularity of products 
and materials. 
 

Lifespans of products and divestment 
Post-acquisition stages of products have been 
gaining relevance in the last decade since 
recent studies have revealed how longevity of 
products is not exclusively a matter of 
performance and durability in goods. These 
studies have provided insights for a better 
understanding of sustainable consumption 
practices through the optimisation of  “efficiency 
and sufficiency” (Cooper, 2005, cited in Cooper, 
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2010, p. 14) of products. One of these post-
purchase stages is divestment. 
 
In particular, previous studies on divestment 
(Encino-Muñoz, Sumner, Sinha, & Carnie, 
2019; Glover, 2015; Gregson, Metcalfe, & 
Crewe, 2007) have identified the channels 
through which people divest their possessions. 
These studies also highlight the importance of 
routines and social interactions in this practice. 
Nonetheless, the events that shape the lifespan 
of products until they reach the end-of-life have 
been less explored.  

For these reasons, a more 
comprehensive understanding of the 
divestment process is needed considering the 
fact that, under the frame of sustainable 
consumption and circularity, it is in this moment 
in which products can either enter into the 
waste stream or move into a new cycle for 
reuse or material recovery. Therefore, studying 
divestment can contribute to find ways for 
resources usage optimisation and waste 
management improvements. 
 

Methods 
In order to unveil the complexity of the 
divestment process, this study used the Photo-
Elicitation interview (Harper, 2002): a 
qualitative method that combines in-depth 
interviews with the use of images. This method 
helps participants to provide deeper and 
precise information. Given the importance of 
acquisition and replacement of durable goods, 
three categories of products were used as units 
of observation in order to follow participants’ 
experiences in divestment practices: clothing, 
furniture and mobile phones.  

A total of 30 participants were involved 
in the study. The data collection was carried out 
in two stages: (i) participants were asked to take 
a series of photographs prior to the interview, 
including three different items of each category: 
a recently acquired item, a cherished item, and 
an item to be discarded; (ii) a face-to-face 
interview where the researcher enquired in-
depth about divestment experiences in order to 
find relevant events that influence the lifespan 
of products.  

Divestment, as one of the post-
acquisition stages, has the possibility to 
connect with three important moments in 
consumption: with acquisition stages (through 
the replacement of goods); with retainment 
activities and with disposal (waste generation). 
Hence, by including these three different 
moments in the consumption spectrum, it was 

possible to address the aim of constructing a 
taxonomy of divestment. 

 
Findings and discussion: A 
Taxonomy of Divestment 
Findings of the study show that divestment is a 
dynamic and non-sequential process. The 
study aimed to intersect different stages in the 
consumption spectrum on the grounds that, 
divestment is a process resulting from the 
coexistence and conciliation of two concepts: 
value and waste. It is for this reason that a 
taxonomy for divestment is proposed. A 
taxonomy is a particular system of classifying 
things. Hence, divestment taxonomy classifies 
the value-waste negotiations that occur during 
the lifespan of a product.  

Data from interviews suggests that 

some of the divestment elements can be found 

in the initial stages of products' lifespan, 

showing that divestment is not a straight-

forward individual decision and it does not 

follow an established pattern. This complexity 

derives from the fact that there are activities that 

are part of social life that can interfere with 

former decisions, accelerating or slowing the 

divestment process. In some of these cases, 

the user is more a passive agent than an active 

one. Hence, events that strongly impact the 

divestment practices can be shaped in the early 

stages of products. By gathering participants’ 

experiences and classifying them, it was 

possible to build a taxonomy of divestment 

organised in five main categories (Figure 1). 

Figure 1. Categories in the Divestment Taxonomy 

Describing the classes in the taxonomy  
The five categories in the taxonomy include 
different subcategories comprising the main 
factors that influence the lifespan of products. 
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To illustrate better each category, some 
examples extracted from the data were added.  

 
A) Physical divestment  
This is the most tangible type of divestment 
since it implies a physical separation and it 
holds no conflict between the decision-action 
dichotomy. In physical divestment, the intention 
of divesting an item and the action required for 
doing so, come together.   

In this category, three main reasons for 
divesting items were identified: (i) function: 
when there is a significant failure that prevents 
the object from working, (ii) self-identification 
termination: when the owners feel that the 
object does not longer correspond to the self-
image or their circumstances, and (iii) in-
appropriateness: it encloses items that are no 
longer suitable for a specific set of conditions 
(i.e. it is not the right size, it is not fashionable).  

In addition to the functional failures in 
items, there are more complex cases, for 
example, an interviewee declared as a valid 
reason for getting rid of a piece of clothing that 
“someone younger than her needed to wear it”, 
illustrating the case in which owners think an 
item does not represent them anymore.  

 
B) Virtual divestment  
It includes all items that users classified as 
unwanted but they still own them. As opposed 
to physical divestment, in which there is a 
spatial separation between the owner and the 
possession, virtual divestment is not 
manifested through physical separation, but a 
mind-set that leaves the item out of its normal 
use. No further action towards a physical 
divestment has been executed:  

“…It is really hard to find where to 
recycle electronics, I can see it here at my work 
but not as part of my personal habits. My wife 
still owns some previous phones and we don’t 
know what to do with them…”   

This is what a participant declared when talking 
about the reasons why he was still keeping old 
mobile phones. These experiences helped to 
identify three different types of restraints when 
the owners have decided to get rid of their items 
but something prevents them to do so: (i) 
Material restrains: when the person has 
identified a way to get rid of the item but cannot 
find an appropriate way for doing so; (ii) 
knowledge restrains: when the user has no 
knowledge on how to deal with the unwanted 
item and it is kept until the information is 

gathered; (iii) time restrains: when users have 
enough information on how to divest the item 
but the time required to do so prevents them of 
doing so.  
 

C) Keeping / no use 
One of the most complex categories in the 
taxonomy, the keeping class comprises all the 
possessions that participants labelled as “ready 
to go” and without having any material, 
knowledge or time constraints, they were still 
keeping them even when there was a clear loss 
in the value of the item compared to when it was 
new.  

Different reasons for saving the items 
were identified in this category: (i) psychological 
or cognitive function: some items helped to 
consolidate memories or relationships, they 
produce emotional evocations; (ii) social 
function: items that remain in the brain as a 
manifestation of connections with other 
moments and practices in people’s life. A case 
in this subcategory is explained by an 
interviewee who describes why is he keeping a 
piece of clothing after not wearing if for a long 
period:  

“…this jacket was a gift from my 
girlfriend. I have had it for four years and in the 
beginning, I was wearing it for her, but not 
anymore… I never liked it and it has to go 
because I don’t like it. It should not be in my 
closet; I think I would get rid of it now…” 

 
Finally, the last subcategory in this class is 
when item is kept because the person still 
perceives some material value in the item. Even 
when the object is described as not usable, the 
owner keeps it because she/he considers that 
some parts and/or after fixing the object, could 
still have some functionality. 

 
D) Irregular use 
A stage in which possessions have lost some 
value but the owner is still in the process of 
making a choice while occasionally using the 
product. In this category the item could be pre-
selected for a physical divestment, however, 
actions have not been done towards this. The 
main difference with the virtual divestment is 
that, in the irregular use class the owner still 
uses occasionally the item and reflects 
constantly about practicing a physical 
divestment.  

 “…I decided that I did not want it 
anymore four years ago but, last year I wore it 
a couple of times… I can wear it with many 
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outfits… This is why is hard to get rid of it, it is 
a life saver, that is why I keep it but, if I don’t 
force myself to get rid of it, the new item will 
never enter in my life, because the back-up is 
always there…” 

The Irregular use category can be a point for 
preventing divestment because the value of the 
item is still being constructed. Some other 
participants mentioned that through reflection 
they decided to take their items back to the 
regular or normal use category. Sometimes this 
action prevents items from divestment, in other 
occasions it leads to their virtual divestment. 

E) In use 
During this phase, the owners start to negotiate 
the value of the items. Throughout this stage, 
value is expressed in two ways: based on the 
item’s function and on its appearance, linked to 
the aesthetic and to its identitary elements. 
After a “normal” use of the item, it starts losing 
some of its value and it becomes an item of (i) 
second class use: items that have partially or 
totally lost their function or the appearance 
does not longer match the minimum required to 
be used; or (ii) third class: items in this category 
have been reduced to its minimum functionality 
and they are not used in social spaces. As an 
example, clothing in this category is used for 
housework and furniture is relocated to places 
out of sight:  

“…What I do sometimes is to keep a 
pair of trousers to do some work at home, for 
example, painting the walls or something 
similar…” 

Conclusions 
Findings of this study indicate that divestment 
can be gradual or abrupt according to the type 
of juncture or change that occurs to people in 
their lives. A gradual divestment indicates that 
possessions start to slowly lose some of their 
value, as it was shown through the different 
categories of the divestment taxonomy. An 
abrupt divestment can also occur when 
moments in life make the items lose the value 
that the owner previously conferred to them. 
Both of them are intersections of practices.  

The circularity of materials and 
products is an important strategy for 
sustainable consumption because it allows the 
reintegration of products and materials to the 

commercialisation channels, preventing that 
unused utility becomes waste. At the 
divestment stage, the opportunity to facilitate 
the circularity arises. It is at this moment that is 
possible to enable the unwanted items to be 
recirculated. 

The categories and subcategories of 
the taxonomy allow to identify moments for 
intervention to promote more sustainable ways 
of divestment and how these interventions 
could be carried out. Considering that not all 
products follow the same path, the taxonomy 
becomes a useful tool for understanding the 
complexity of product’s lifespan and a way to 
know better the factors that influence the 
divestment practice. 
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Abstract: Moving toward a zero-carbon transport system accelerates the diffusion of batteries in society 
through electric vehicles. This so-called “clean transport”, as kind as it is to the environment during its 
lifetime, could be a burden for waste management at end of life if not managed properly. A circular 
waste management system, alternatively, suggests exploring the appropriate actions and policies to 
create the right environment for the second use of end-of-life batteries. A temporal estimation of the 
remained capacity in end-of-life electric vehicle batteries enables us to find the fitting second-use 
applications. This paper will present a model which has been developed for Ireland which combines (i) 
predictions for the adoption of electric vehicles by class, (ii) vehicle lifetime estimates based on a 
combination of current EV & ICE vehicles, and (iii) estimation of end-of-life battery generation and 
associated reuse capacity. The model computes a range of scenarios to estimate the potential 
availability of EV batteries for secondary use in Ireland out to 2050. Our estimation shows that a scale 
of several ten, several hundred, and a few several thousand megawatt-hour energy capacities would 
be available by 2050 in small, medium, and large class vehicles.   

Introduction 
Electrifying the transport sector is a promising 
movement for vehicle technology which is 
accelerated by authorities to meet the green 
transportation agenda. Different policies are 
primarily implied to encourage the uptake of 
Electric Vehicles (EVs), while their End of Life 
(EOL) management is not fully comprehended 
yet. Enacting new legislation and schemes 
toward circular waste management would 
address some of these EOL concerns. (Baars et 
al., 2021) narrates some of the strategies for 
circular waste management by evaluating 
different scenarios and anticipating the 
outcomes. Among these, a longer lifetime of 
EOL EV Batteries (EVBs) is likely when their 
second use is feasible in less demanding 
applications. Yet the techno-economic viability 
of repurposing strategy is not clear.  
The key measures to address some of the 
technical burdens in EVB reuse are their scale 
and the State of Health (SOH) at EOL. The 
former further depends on the EV adoption rate 
in the vehicle technology transitioning period 
and the survival age of EVs themselves on the 
road. Several works in the present literature 
developed different models to estimate the scale 
of EOL EVBs either for recycling or reuse. (Ai et 
al., 2019) conducted a material flow analysis to 

develop a timely projection of EOL EVBs on a 
state and national scale. A regional reuse 
planning of EVBs is suggested by authors in (Ai 
et al., 2019) to match the energy storage 
requirement in renewable energy facilities in the 
state of California.   
(Moore et al., 2020) estimated the number of 
available Li-ion batteries from EOL EVs by 2040 
and discovered the strategic locations in Berlin, 
Germany that best suits for the second use of 
these batteries as back up supply for critical 
infrastructures in power system or emergency 
traffic signals. (Wu et al., 2020) provide a spatial 
and temporal estimation of EOL EVBs in 32 
states of China from 2020 to 2036 and 
compared the results for every state with their 
number of collection station and recycling 
facilities. Recommendation on EOL 
management are then provided based on their 
predictions.  (Castro et al., 2021) explored the 
EOL EV generation in Brazil by predicting the EV 
uptake considering three different scenarios. 
(Cusenza et al., 2019) assessed the impact of 
reusing EVBs in stationary storages in 
residential buildings on enhancing the 
environmental sustainability of the two systems.  
This work aims to project the volume of EOL 
EVB that are going to be disposed of during the 
next 30 years up to 2050 on a national scale in 
Ireland. This projection is broke down into an 
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estimation of the sale of EVs and the survival 
age of EVs on the Irish road.  
 
The rest of the paper is as follow: The 
methodology is discussed in the next section, 
followed by the result and discussion. A 
conclusion of the findings of this work is 
discussed in the conclusion section.  
 

Methodology 
The methodology in this work is approached 
through several steps. First, a model is 
developed to predict the sale of EVs in Ireland 
by considering the Total Cost of Ownership 
(TCO) of EVs that customers have to pay. TCO 
comprises the vehicle’s capital cost including 
VRT, fuel cost, and operation & maintenance 
cost including the annual motor tax and 
insurance. Finding the relative cost of EV to 
traditional vehicles, the S-shaped EV growth 
curve is modelled (Kwon, 2012) using the well 
known logistic function as the following equation 
indicates:  

𝑴𝑺𝒋 =
𝟏

(𝟏 + 𝒆(∝∗(𝑹𝑪𝒋−𝟏)))
 

 

Equation 1 

Wherein, RC is the relative cost of EVs and ∝ is 
the parameter indicating the market sensitivity of 
the new technology to the cost.  
Moreover, to include the impact of customer 
behaviour into the market diffusion model (MS 
model), we categorized the vehicle owners by 
their driving profiles based on the vehicle 
kilometre travelled. The rationale behind this 
categorization is that customers decision on 
purchasing a vehicle with a specific fuel 
technology depends on their travel needs. In 
another word, customers who travel higher 
distances may prioritise their purchase based on 
the fuel economy rather than other factors and 
might have more tendency toward buying EVs to 
reduce their fuel costs. Therefore, more 
similarity in decisions can be observed between 
customers with similar travel distances. 
Consequently, the MS model has been 
developed for three types of drivers naming mild, 
medium, and frequent drivers recognized by the 
vehicle class. Thus, the mild, medium and 
frequent driving profile is assigned to the owner 
of vehicles in mini & small class, compact, 
medium & executive class, and SUV & MPV 
class, respectively. j in Equation 1 is indicative 
for the customer category.  
 

After finding the EV share in the market, the 
survival rate of these vehicles is explored 
through an EOL assessment. Two datasets are 
accessed for EOL estimation: one is the EOL 
data for private passenger cars gathered from 
the National Motor Tax Office which issues 
certificates of destruction for EOL vehicles, and 
the other is the MOT test result from the UK 
(Department-of-Transport, n.d.) in which the 
specifications of vehicles are recorded either 
failing or passing the test. The survival age of 
vehicles in Irish roads is extracted from the first 
dataset and modelled by a distribution function. 
However, the number of BEVs in this dataset is 
not high enough to conclude, thus the number of 
EOL BEVs are extracted from the MOT dataset 
due to the similar availability of vehicle models, 
environmental conditions as well as ELV 
legislation. The distribution of EOL BEVs are 
modelled using the Weibull function as indicated 
in Equation 2, wherein α and β, known as scale 
and shape parameters, indicate the peak life of 
a vehicle and upper limit of lifespan, 
respectively. 
 

𝑬𝑶𝑳_𝒅𝒊𝒔𝒕(𝒏) = 𝟏 − 𝒆𝒙𝒑[−(𝒏 ∝⁄ )𝜷] 
 

Equation 2 

Having the annual number of EV sale and their 
EOL distribution, a material flow analysis is 
conducted to estimate the number of EOL EVB 
packs that are going to be disposed of over the 
years, as the following equation indicates:  
 

𝑁𝐸𝑂𝐿_𝐸𝑉𝐵(𝑡) = ∫ 𝑆𝑎𝑙𝑒(𝑡) ∗ 𝐿(𝑡 − 𝑡)́
𝑡

�́�=1

 
 

                                   Equation 3 

Wherein, the number of EOL EVB packs 
𝑁𝐸𝑂𝐿_𝐸𝑉𝐵(𝑡)  is calculated by summating the 

distributed return (𝐿) of EVs that have been sold 
from year 1 to year t.  
The available energy capacity of these EOL 
packs depends on their SOH at end of life. The 
ones with above 80% remained capacity can be 
reused, whereas the rest are directly recycled. 
However, testing and monitoring the EOL 
batteries are not effectively facilitated at the 
current leading to a low rate of reuse. This work 
assumes an increasing linear growth of 10% and 
20% per decade reuse rate in a high and low 
reuse scenario, respectively. We also assumed 
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an average 80% remained capacity for batteries 
that fit a second life. Subsequently, the available 
reuse capacity of EOL EVBs is calculated 
according to the following equation: 
 

𝑅_𝐶𝑎𝑝𝑊ℎ(𝑡) = ∫ 𝑆𝑎𝑙𝑒(𝑡) ∗ 𝐿(𝑡 − 𝑡)́ ∗ 𝐶𝐸𝑂𝐿(𝑡 − �́�)
𝑡

�́�=1

∗ 𝑅𝑅(𝑡 − �́�) 
 

Equation 4 

Wherein, the reuse capacity at year t 
(𝑅_𝐶𝑎𝑝𝑊ℎ(𝑡) ) can be calculated by multiplying 

the EOL capacity 𝐶𝐸𝑂𝐿 and the reuse rate 𝑅𝑅 to 
Equation 3.  
 
Results and Discussion 
EV market share has been estimated by MS 
model and using the projected relative cost of 
EV listed as percentage change from ICE 
(ICE=100) in Table 1. A cost parity occurs 
roughly in the year 2040, 2035, and 2027 in 
small, medium and large class categories as 
Table 1 shows. The higher decrease rate in the 
relative cost of EV in the large category is partly 
due to the huge difference in the fuel cost 
between EV and ICE vehicles as well as a more 
noticeable decrease in motor tax and 
maintenance cost comparing to other 
categories.  
Results of the MS model for three vehicle 
categories are illustrated in Figure 1. A different 
range of values for the ∝  parameter is 
considered in each category, as the legends in 
Figure 1 indicates, by matching the historical 
market share to the prediction curves. 
The results in Figure 1 suggest an earlier full-
electric market overtake in the large class in 
which above 80% market share is expected after 
2030. Whereas, a lower slop in EV market 
growth is estimated in the medium and small 
class.  In medium class, a range of nearly 60% 
to 80% market share is estimated by 2040, while 
the same range of market share is estimated to 

Figure 1. EV market share estimation for (a) 
small (b) medium, and (c) large class vehicles. 
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Small 45 43 41 39 37 34 32 30 28 26 23 21 20 18 17 16 14 8 1 -3 -7 

Medium 39 35 31 27 23 19 16 14 13 11 10 8 8 7 6 5 4 0 -3 -6 -8 

Large    21 19 6 5 5 4 3 2 1 1 0 0 0 -1 -3 -7 -8 -10 

 Table 1. Percentage change in the relative cost of EV over the years (ICE=100). 

 Year 
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happen a decade later by 2050 in the small 
class.  
The result of modelling the distribution of 
survival age of vehicles in Ireland using the 
Weibull distribution function is illustrated in 
Figure  2(a). The histogram and Weibull 
distribution of EOL BEV from UK data are also 
shown in Figure 2(b).  
Comparing the parameters and distribution of 
these two figures, It can be comprehended that 
most vehicles on Irish road reach EOL at 17 

years after their first registration, while for BEVs 
this happens 9-10 years after first registration. 
However, since the EOL distribution for BEV are 
only valid for vehicles that have been registered 
before 2005, and considering the technology 
developments in battery manufacturing and their 
increasing capacity in EVs, we expect that EOL 
distribution parameters also change over the 
years and be more similar to the EOL distribution 
of traditional vehicles. The logic behind this 
expectation is that at the moment the life of the 
electric vehicle is mainly driven by battery 
performance and lifetime, while in the future by 
decreasing the probability of battery failure, the 
EV EOL status is expected to be similar to the 
traditional vehicles. A series of evolutionary EOL 
curves are created by interpolating the Weibull 
parameters of electric and ICE vehicles as 
Figure 2(c) indicates.  
Having the results of EV market share in Figure 
1 and the EOL distribution in Figure 2, the 
numbers of EOL battery packs disposed of are 
estimated using Equation 3. Results are 
illustrated in Figure 3 in units of thousand for 
three classes of vehicles. According to Figure 3, 
this number is estimated to rise to a range of 2-
4.5, 15.2-15.8, and 42-48 thousand units by 
2050 for small, medium and large class vehicles, 
respectively.  
The reuse capacity of these EOL EVBs is further 
estimated using Equation 4. Results for the low 
and high scenario are indicated in Figure 4 and 
Figure 5, respectively. It can be observed that in 
the small class, the reuse capacity is estimated 
to grow around several ten megawatt-hours in 
2045 and further rise to 37-90 and 60-143 
megawatt-hours by 2050 in low and high reuse 
scenarios, respectively. Whereas in Medium 
class, the available reuse capacity starts to be 
noticeable by 2040 from few several hundred 
megawatt-hours and grows up to around 400 
and 700 megawatt-hours by 2050 in low and 
high reuse scenarios, respectively. In the large 
class, on the other hand, a major arrival of EOL 
EVBs to the waste suggests an earlier 
availability of reuse capacity on a considerable 
scale by 2035, rising to a range of approximately 
two to three megawatt-hours capacity by 2050.  
 

Figure 2. EOL distributions (a) Weibull 
distribution of EOL vehicles in Ireland (b) 
Weibull distribution of EOL electric vehicles in 
UK (c) predicted evolution of EV survival rate. 

(a) 

(b) 

(c) 
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Figure 5. EOL EVB packs disposed of – thousand units 

Figure 4. Estimated EOL EVB reuse capacity 
(MWh) in high scenario. 

Figure 3. Estimated EOL EVB reuse capacity 
(MWh) in low scenario. 
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Conclusions 
This work aimed to estimate the reusable 
capacity of EOL EVBs locally in Ireland. A 
material flow analysis was conducted in which 
the market share of EVs are simulated using an 
S-shaped curve with different growth rate. The 
survival rate of these vehicles on the road are 
modelled using the historical EOL data in Ireland 
and UK. Results indicate a considerable 
availability of reuse capacity after 2035, 2040, 
and 2045 for large, medium and small class 
vehicles. Our estimation shows more than fifteen 
hundred up to three thousand megawatt-hours 
battery capacity would be available by 2050 in 
EOL large class EVs. For medium class 
vehicles, a range of four to seven hundred 
megawatt-hours is estimated by 2050, whereas 
in the small class, this is ranged in between a 
few ten up to less than one hundred and fifty 
megawatt-hours capacity, based on different 
reuse support scenarios and EV market growth 
rate.  
This substantial battery capacity can be reused 
in less demanding applications comparing to 
EVs such as stationary storages. Finding the 
fitting applications locally in Ireland is 
recommended for future works 
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Abstract: To prolong product lifetimes, consumer behaviour in relation to everyday possessions is likely 
to evolve. Consumers are progressively expected to take part in efforts to prevent waste and keep 
everyday goods in conditions that permit reuse, repair and repurposing. This implies a variety of forms 
of shorter and longer term keeping not yet sufficiently represented in existing product consumption 
phase models. While periods of passivity or transition where products are kept awaiting repair, second 
lives or divestment are inherent in todays’ product relations, attitudes to keeping things are ambiguous.  
This article aims to contribute to better understanding of behavioural aspects of the passive phases of 
thing-relations and what may influence attitudes to keeping stuff. We discuss keeping and related 
constructs such as clutter, product hibernation, abandonment and sedimentation to better understand 
the diversity of passive object relations and the issues they raise. 
Design-oriented ethnographic research into different attitudes towards keeping in the context of 
everyday product relations highlights the ambiguity around the way we keep things. Six main emerging 
themes are identified: oppression, coping/questioning, projection, conscious use, reassurance and 
managing visibility. These diverse, co-existing themes illustrate the need to better understand the fluid, 
unstable and personal nature of passive product relations. 
 

Introduction  

To prolong product lifetimes, consumer 
behaviour in relation to everyday possessions 
is likely to evolve. Consumers in more circular 
consumption models will participate more in 
keeping everyday goods in conditions 
permitting reuse, repair and remanufacturing 
(Ortega Alvarado et al.,2019). This implies 
forms of shorter and longer term keeping.  
While keeping possessions seems inherent in 
many of the transitions between phases of 
active use to phases of devaluation/ divestment 
(ibid, citing Evans 2018), our attitudes towards 
keeping things are ambiguous. Forms of 
‘keeping’ behaviour can be very positive: 
preserving or conserving things (and 
memories), others on the contrary can be linked 
to procrastination, cluttering, stockpiling and 
hoarding.  
This article aims to contribute to better 
understanding of behavioural aspects of 
passive phases of thing-relations and what 
influences attitudes to keeping stuff. 
 

Defining Keeping 
The definition of keeping, from the verb to keep, 
is to continue to have (in your possession). 
Synonyms are to store, to stash, to save and to 

hang onto. (Cambridge Dictionary). ‘Keeping’ in 
articles related to longer product lifetimes 
(PLATE Proceedings, 2019 were analysed) 
mainly refers to keeping and using; of products 
(Ackermann et al. 2019, Whalen et al., 2019), 
components (Dokter et al. 2019) or materials 
(May et al. 2019). Here keeping means 
maintaining things in their initial state.  
Keeping can be an action opposed to replacing 
or divesting (Nishijima et al., 2019, Encino-
Munoz et al. 2019), synonymous with holding-
on-to (Braithwaite & Marroncelli, 2019) This is a 
passive state awaiting repair/reuse (Ozkan & 
Wever (2019), close to hibernation (Glöser-
Chahoud & Pfaff 2019). “Hibernation” implies a 
‘dead storage period’ of goods nolonger in use, 
but whose value might be ‘re-awakened’ 
(Wilson et al. 2017).  
These examples indicate ‘keep' moments 
which may be part of relatively active use of 
objects, or inversely related to pre-divestment 
moments. 
Casey et al. (2019) refer to (sWEEE) objects 
being abandonned/lurking, consciously stored, 
or kept due to emotional attachment. These 
states show kept objects existing on different 
levels of singularity (Kopytoff, 1986) and also 
visibility (Rinkinen et al. 2015). This invisibility 
could be linked to sedimentation (Rosenberger 
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& Verbeek, 2015); where bodily-perceptual 
habits lead to object transparency. 
The status for kept stuff ranges from negative 
(abandonned), neutral (stored) to positive 
(emotionally attached). Abandonment is the 
moment when things are left behind, 
(Pétursdottir, 2012) but also the meaningless or 
disturbing intervals between animated, useful 
phases, things out of context and out of control 
(ibid) This definition echoes that of clutter 
(Baker, 1995): “disordered things that impede 
movement…that part of our “self” that escapes 
“our” control.” 
Clutter can be associated with procrastination 
(Ferrari et al. 2018) and diminished subjective 
well-being (Roster et al. 2016). Clutter (and the 
more extreme ‘hoarding’) may interfere with our 
“ability to use living spaces in the way they were 
designed” (ibid), highlighting how these issues 
relate to design/design research. 
 

Passive object relations? 
Models of product lives (eg. Ball & Tasaki, 
1992) identify evolutions in relations to things. 
See Table 1. Drawbacks in these structures are 
the implied linearity and logical transitions.  
 

Ball & Tasaki, 1992 
Ortega 

Alvarado et 
al., 2019 

Karapanos et 
al. 2009 

 

Pre-acquistion 

 

 

Early ownership 

 

 

Mature ownership 

 

 

Pre-disposal 

 

 

Post disposal 

 
 

Acquistion 

 

Appropriation 

 

Appreciation 

 

Devaluation 

 

Divestment 

 

Disposal 

Anticipation 

Orientation 
(stimulation, 
learnability) 

Incorporation 
(usefulness, 

long-term 
usability) 

Identification 
(personal, 

social) 

Table 1. Phases of ownership, 3 models. 
 
The periods concerned by ‘keeping’ (signalled 
in heavier type, Table 1) are potentially varied, 
as also seen above. Equally a wide variety of 
everyday object is concerned by keeping. 
The diversity of objects implicated in repair 
practices (Hielscher & Jaeger-Erben, 2019) 
give an indication of categories potentially 
stored/kept. The majority of these overlap with 

our research (highlighted in heavy type, Table 
2.). 
 

- invisible workhorses 
- visible workhorses 
- daily tools 
- home-making objects 
- collections 
- memory objects 
- assemblages and containers 
- overflow objects 
- morally worn-out objects 
-  …… 

Table 2. objects implicated in repair practices 
(from Hielscher & Jaeger-Erben, 2019) 

 
Beyond object diversity is the problem of 
invisibility. The stuff concerned  is nolonger the 
focus of our everyday attention, something that 
‘should have been left unspoken’ (Miller, 2010). 
Material things have a tendency to withdraw, to 
remain unobtrusive (Thomas, 2020). 
Keeping relates both to things with personal 
value, and more transient objects (Fromm, 
1976, p61). Thierry Bonnot (2014) cites Morin’s 
(1969) distinction between ‘cosmo-
centered/protocol objects’ and ‘bio-
centred/biographic objects’; those that simply 
pass through our homes and those becoming 
part of the existance of their owner. As keeping 
practices cover both of these and what lies 
between, our research aims to address this 
diversity. 
 

Methodological Approach 
The research approach reflects the author’s 
design background, with a tendency towards 
divergence rather than convergence (Gaver, 
2012). Equally usage research is a key aspect 
of design research and design practice 
(Brandes & Erloff, 2012).  
This research was carried out in-context in 
everyday environments, actively involving 
participants (see Zucotti, 2015) in observing 
and inventory-making. We aimed to be open to 
the ‘permanent strangeness' of everyday 
practices (Brandes & Erloff, 2012) and the 
ideosyncratic nature of familiar environments 
and behaviour. (Thevenot, 2001).  
This article is based on data from 4 different 
studies, see Table 3. The first two were carried 
out as part of PhD research (Green, 2019) into 
longer object relations. The third was carried 
out during the PhD and reiterated for the 
present research. The fourth study aimed to 
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explore themes emerging from the PhD 
material on keeping. 
 

Initial Findings 
The question of ‘keeping’ came from self-report 
diaries in the probe study. Several participants 
noted few objects they intended to keep, and 
contradicted these intentions in other 
comments. Feedback from one participant, 
listing just 3 objects touched daily (Zucotti, 
2015) ‘for keeping’, illustrates this; “few daily 
objects I’m attached to, they are there out of 
necessity”. But she continues “nothing to throw 
out (in the end, I really conserve things)” The 
majority of daily objects may be neither “for 
keeping”, nor for replacing. 
Things are perhaps neither to be consciously 
kept, nor thrown out, with no recognised 
“lasting” status. 
 

method 
name 

description N=  
(cohort 
age) m/f? 

output 

1) PROBE 
OF EVERY-
DAY 
THINGS 

Probes, 
starting with 
all I touch in a 
day inventory  

8 (40 - 
71rs)        
f only 

Self-report 
notes in 
different 
formats, 
story-telling, 
photographs  

2) WHAT I 
SEE AT 
HOME 

Virtual + in-
situ recorded 
oral inventory  

3 (40 - 
55yrs)          
f only 

audio 
recording 
transcribed, 
researcher 
notes + 
photographs  

3) A 
THROW-
AWAY 
THING I 
KEPT 

illustrated 
story of an 
ephemeral 
object kept 

41 (18 - 
25yrs)          
f =15 

sketches 
and text, 
descriptions 
of reasons 

4) HOW I 
FEEL 
ABOUT 
KEEPING 

In-situ in-
depth 
interviews 

38 (18 - 
83yrs)     
f=23 

verbatim 
transcrip-
tions of 
audio 
recordings 

Table 3. Overview of studies. 

 
As this study was carried out in French there 
may have been a language issue. “Garder”, 
used in probe instructions, may have more 
negative inferences than “conserver”. Guillard 
(2009, 2013) uses “garder” to describe the 
mainly negative keeping trend she named the 
TTG (Tendance à Tout Garder). 

The second study highlighted use as a 
justification for keeping. Inventory transcripts 
also indicated a high level of invisibility in 
irregularly used objects, but also in actively 
used and even attachment related objects.  
The throwaway thing studies highlighted 
varying opinions around the end-of-life of 
objects and what constitutes “waste”. Things 
kept included stuff identified as ‘useful’ material, 
mono-material objects, those with perceived 
durability/practicity, and above all many forms 
of container. 
 

Interview-based study findings 
In the fourth study, 20 out of 38 participants 
identified themselves as ‘people who keep 
stuff', with just 6 mainly “positive” keepers. 
Keeping, for these interviewees, is linked to 
latent economic value, improving with age, 
uniqueness and love of fashion (Eve,36y.), or  
re-use, recycling, decoration, nostalgia and 
above all protecting the environment (Caroline, 
50y.). For Véronique (77y.) everything in her 
home is something she loves; things are 
beautiful, reassuring, show who she is, and are 
back-up ensuring not needing to rely on others. 
But despite this, she admits throwing things 
away when angry, and frustration around not 
having things to hand. 
7 interviewees described themselves as people 
who don’t keep things. Reasons given by one 
interviewee are; “not wanting to have long term 
relations with anything”, “liking to declutter all 
the time”. Like the “positive-keepers” above, 
none qualify wholly for the label we might be 
tempted to give them.  
Analysis of interview transcripts generated 55 
sub-themes, which are grouped into six clusters 
(Sleeswijk, 2009, Verhoeven, F. et al. 2013) of 
attitudes towards keeping.  
Reflecting the ambiguous nature of keeping 
behaviour, many interviewees are found in 
several, and in some cases all of these clusters 
 

Oppressive/negative 
Half of all participants in interviews made 
comments suggesting that material stuff itself is 
oppressive. Comments included “I don’t like 
when things hang about, drag”, “holding on to 
things has never helped…”. Many talk of feeling 
encumbered, constrained, burdened (see 
Hodder, 2014). Decluttering (Chamberlin & 
Callmer, 2019)), and pride in their ability to bin 
things easily is mentioned. The feeling of 
release at shedding off stuff is mentioned “to 
have more breathing space”, “to reduce the 
mental load and free up our spirit”. Participants 
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minimised their capacity for object-attachment, 
and described strategies to avoid accumulating. 
Interview transcripts show awareness of 
negative aspects of keeping. Interviewees 
identified concepts such as decluttering and 
minimal lifestyles, and also negative traits such 
as compulsive hoarding. This highlights 
potential for stigma (Chasson et al. 2018) 
around behaviour than can be linked to these. 
Stuff is linked to constraint, restricting 
movement (see treadmill effects; Binswanger, 
2006), or unwanted attachments (Latour, 
2000), physical (Green, 2021) and mental 
burdens.  
 

Coping/questioning 
The most widely represented theme, 
concerning over 80% of participants is 
provisionally named coping/questioning. This 
reflects contradictions and paradoxes that 
interviewees were aware of in their own 
behaviour. Interviewees could be described as 
coping with, or managing their relation to kept 
stuff. Questioning other people’s keeping 
behaviours was also very common. 
The illogical nature of their own behaviour was 
frequently mentioned; “well we have got three 
computers that nolonger work…”. Others 
mentioned  single socks, old school exercise 
books, badly closing Tupperware-type 
containers.  
Sub-themes grouped under coping/questioning 
express struggling or not knowing what to do - 
and finally sometimes making rash, 
unpredictable decisions (Pellegram, 1998).  
Equipment and spaces in our homes don’t 
always match needs. Sub-themes include 
random keep places or rooms, storing problems 
and indapted spaces. Hielscher and Jaeger-
Erben (2019) list some of these more or less 
controlled spaces; Hidden spaces, Waiting 
spaces, Rotation spaces, Routine spaces, 
Display spaces, Spaces outside the home…  
We can identify diverse keeping strategies 
(Brandes & Erloff, 2006) existing against a 
backdrop of spaces and furniture not conceived 
for questions people currently ask themselves 
on what to keep, environmental responsability 
and the potential of materials involved. 
 

Projection/keeping for… 
The interviews revealed that the status of many 
of the things kept could be described as 
“waiting to…” or “keeping for…”. This status 
seems linked to a form of projection, with two 
main families emerging; projection without a 
clearly stated aim and projection of movement.  

This first form of projection, present in two-
thirds of the interviews, includes sub-themes 
such as usefulness, might use, just in case, 
imagined future pleasure, or “just kept”. This is 
very similar to findings by Casey et al. (2019) 
on the projected use potential of EEE: things 
that would at some point be useful, serve some 
unforeseen purpose.  
The second group of replies related more to 
identifying things as being in transit, for 
example to give away (to charity) or to sell. An 
often recurring theme (ibid) was the idea of 
keeping on behalf of the social network.  
Casey et al. (2019) mention fluid, in-between 
states of meaning, but it might be more 
accurate in the case of our research to talk 
about a fluctuating status. Rinkinen et al   
(2015) write that “objects switch from latent 
background to foreground and back again”, and 
that “object worlds are constantly in flux”. Our 
research confirms this fluidity or ill-defined 
status, touching a wide range of objects and 
constituting a major keeping behaviour issue. 
 

Conscious use 
The notion of use is very widely mentioned as a 
justification for keeping things and as a form of 
vague projection (mentioned above). A more 
conscious form of use, long use and reuse was 
also mentioned by a third of interviewees. 
Perceived quality and durability are mentioned 
in relation to objects people talk about planning 
to keep for a long time. Participants mention 
trying to “use for the longest possible life”, 
“using right up to the end…”. This includes 
prolonging use “until they are really unusable, 
nolonger repairable…” and also that this long 
term keeping includes “recuperating parts and 
elements to reuse them…”. There is a sense of 
trying to keep active contact with the materiality 
of the objects. A certain satisfaction in being 
able to identify the use (fulness) of the object or 
material is expressed. 
 

Managing visibility/presence 
Everyday domestic keeping involves what we 
have provisionally named ‘managing 
visibility/presence. People manage the visibility 
of objects “if I don’t put them in an obvious 
place…I take them out on purpose so as to 
remember to use them”.  Another participant 
refers to a box containing useful everyday stuff 
“it’s right in the middle of the room, so it’s in view 
and in reach”, mentioning sight, but also spatial 
and bodily references. Wanting to display or 
show things is also expressed, to create forms 
of “vitrine” (see De Waal, 2010, Bonnot, 2012).  
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At the same time a recurring theme is 
consciously making things disappear. Things 
‘disappear' into drawers, ‘mess’ rooms, 
garages, parents houses. Reducing cognitive 
load is also commented on by interviewees “it 
limits the mental load and frees up our mind”. 
Kaufmann (1997, p119) suggests that objects 
are “saturated with implicit significations” so as 
we incorporate things into our daily lives we 
hurry to “make the object disappear as an 
external reality”. 
It appears relevant, in relation to keeping, to 
consider different types of visibility of stuff. This 
includes the invisibility that comes with 
habituation and daily use, the link to cognitive 
load and also the different levels of 
visibility/presence that we actively try to control 
and manage. 
 

Attachment/reassurance 
Keeping in relation to attachment to objects was 
widely commented. Sub-themes related to 
trying to protect certain objects (hiding things 
from others, avoiding breakages, paying 
attention to storage conditions…). The 
reassurance (Miller, 2008) of knowing that 
certain objects, while not currently with people, 
are safely stored is mentioned.. Describing a 
collection displayed in his bedroom, Tom, 20y 
says “This type of storage makes decoration at 
the same time, it will show my personality and 
bring comfort and warmth in the room…“.  
McCracken (1989)  describes the “homeyness” 
effect, a certain redundancy, bringing many 
homey things together so that places looked 
“lived 
in…accomodating…informal..secure…comfort
able…” This reassurance of kept things 
contrasts sharply with the themes of 
‘oppression’ and ‘coping’, echoing the 
astonishing diversity and uniqueness of 
[keeping] behaviour (Miller 2008). 

 
Containers? 
In addition to these clusters, a surprising 
research insight was the repeated reference to 
forms of container. Other object categories 
were not widely named by participants, perhaps 
reflecting the indistinguishable nature of ‘stuff' 
(Green, 2019).  
Containers might be implied when questioning 
keeping, being objects helping to keep things. 
Another explanation could be deeply 
entrenched habits linked to using different 
forms of container. Containers are historically 
“recipients,” for gathering food (Noteris, 2020, 
citing Le Guin, 1987 &  Fisher, 1975). Fisher 

(1975) writes “the first cultural device was 
probably a recipient....a container to hold 
gathered products…” Le Guin (1987) goes 
further suggesting that containing/keeping is 
perhaps what defines humans, since prehistoric 
times;  
 
“…it is a human thing to do to put something 
you want, because it's useful, edible, or 
beautiful, into a bag, or a basket… and then 
take it home with you, home being another, 
larger kind of pouch or bag, a container for 
people…” 
 

Conclusions/Future research 
This first stage of research reveals the co-
existence of multiple reactions and coping 
strategies in relation to everyday domestic 
keeping behaviour. Attitudes range from highly 
negative to neutral (avoiding, questioning, 
accepting) and also to pride. Equally these 
relations fluctuate and have a certain instability.  
Future research could aim to better identify, 
name and characterise the different forms of 
keeping in the domestic setting, taking into 
account human learnt behaviour, as well as 
unpredictability and ideosyncrasy. 
Initial conclusions from this research highlight 
the very varied status of what we keep and our 
attitudes to keeping. This research highlights 
six different families of behaviour - that can be 
placed on a positive-negative scale - while often 
coexisting. 
This research clearly raises more questions 
than it answers, but illustrates a need to 
generate acceptance and understanding of the 
different forms of keeping that are inherent 
today - but are currently often ignored or 
avoided - in order to better accompany them 
and design for them. 
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Abstract: The Right to Repair movement is a diverse coalition of consumers, independent repair 
technicians, environmental advocates, farmers, and medical repair technicians who advocate for repair 
access and increased autonomy over devices and equipment to reduce waste, save money, and 
increase product lifespans. The movement was formed in opposition to various barriers to repair that 
original electronic manufacturers (OEMs) impose on consumers and independent technicians. Barriers 
to repair contribute to premature electronic obsolescence and OEM monopolies on the repair market. 
Right to Repair legislation would require that manufacturers provide independent technicians or 
customers with service manuals, parts, tools, and diagnostics on fair and reasonable terms to allow for 
repairs. Advocates for Right to Repair use research reports as one tactic to advance the campaign. 
This paper discusses the findings from five advocacy research reports by U.S. Public Interest Research 
Group Education Fund, research’s role in the campaign in general, and the value added from research 
reports. Advocacy research tells the story of the campaign, engages and activates stakeholders, 
generates media recognition, and educates the public and lawmakers. Communicating the findings of 
research to the public is critical to confronting a financially and politically equipped opposition industry 
and combatting the lack of public awareness of Right to Repair legislation.  
 
Introduction: Barriers to Repair  

The Right to Repair movement has 
emerged over the last decade due to significant 
barriers to repairing consumer electronics, farm 
and medical equipment. Original equipment 
manufacturers (OEMs) frequently deny access 
to genuine parts, schematics, specialty 
hardware tools, software tools, or service 
manuals that are critical to repairing electronics. 
Barriers to repair result in two primary 
grievances: 1) premature electronic 
obsolescence resulting in the churn of 
environmentally taxing and oftentimes 
expensive devices 2) a reliance on OEMs for 
repair, creating an uncompetitive monopoly 
which inhibits small-business growth and limits 
choices. 

The premature end-of-life of electronics 
creates both environmental and economic 
grievances and is a core tenet of the Right to 
Repair movement. Premature obsolescence 
results in rapid cycles of production and 
disposal of devices, contributing to natural 
resource exploitation, landfilling, or incomplete 
recycling of otherwise useful devices. In 
addition to its environmental impacts, electronic 
obsolescence forces consumers to buy new 
devices periodically and restricts the availability 
of refurbished electronics, which can be a cost-
effective option for economically strained 
families (Proctor, 2020).  

OEM monopolies on repair have economic 
implications. Independent repair businesses, 

which are often small and local, farmers, and 
biomedical repair technicians are 
disadvantaged by barriers to repair resources, 
delays in OEM service, or unreasonably high 
prices for trainings, parts, or service (Green and 
Scarr, 2021).  

Since many OEMs do not provide access to 
repair resources, Right to Repair legislation has 
been brought forth as a policy solution to 
address electronic obsolescence and repair 
monopolies. Template Right to Repair 
legislation (Repair.org/legislation) mandates 
that OEMs provide fair and reasonable access 
to original parts, hardware tools, software, 
diagnostic, or pairing tools, firmware updates, 
documentation, service manuals or information, 
and, if applicable, trainings.   

Outside the car industry, a Right to Repair 
bill has yet to pass in any U.S. state legislature 
for three key reasons. First, the opposition is 
composed of an entrenched incumbent industry 
with political access, clout, and ample 
resources (Allendorf, 2018). Second, 
independent service providers are less 
organized than the opposition. Finally, while 
Right to Repair has high public support in the 
U.S., it has low public awareness. The 
legislation is supported by over 70 percent of 
those familiar with it, but 55 percent of 
Americans do not know what Right to Repair is 
(Waveform, 2020).  

This paper will discuss reports written by 
U.S. Public Interest Research Group (U.S. 

186



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Anne Marie Green, Nathan Proctor  
The Role of Advocacy Research in the Right to Repair Campaign  

 

- 2 - 
 

PIRG) and U.S. PIRG Education Fund targeted 
toward five different constituencies within the 
Right to Repair campaign: consumers, 
consumer electronics repair technicians, 
environmental advocates, farmers, and 
biomedical repair technicians, and identify the 
value that each report adds to the campaign. 
Finally, in the conclusion and discussion, we 
synergize the reports, explain their significance 
and identify challenges and opportunities for 
the movement going forward. Reports convey 
the story and stakeholders of the campaign, 
leverage media attention, network within 
stakeholder groups, and educate the public. 
More research and successive communication 
of research is essential to increasing public 
awareness of Right to Repair and motivating 
more citizens and organizations to support the 
legislation. 
 
Repair of Consumer Electronics 
What Are We Fixing? 

In February 2021, U.S. PIRG released the 
report “What Are We Fixing?” through state 
affiliates, which analyzed data from the popular 
repair website, iFixit.com, to identify the top 
devices and issues that residents of various 
states were repairing and addressing in 2020 
and the barriers they faced. The report also 
discussed how repair changed during the 
COVID-19 pandemic, told through interviews 
with repair shop owners. 

In California, the most populous state, the 
top devices Californians searched to fix were 
laptops, cell phones, and gaming consoles. 
Laptops became essential to learning online, 
working remotely, and remaining connected 
during the COVID-19 pandemic. Gaming 
console repairs increased as people sought 
entertainment indoors. People were also 
seeking out independent repair: seven out of 
ten repair shop owners interviewed had 
reported business increasing in the months 
after the pandemic (Green and DeBellis, 2021). 

The report revealed that while repair is 
popular, manufacturers impose barriers against 
it. For example, iFixit.com received 6.8 million 
unique visits from California, but six out of the 
top ten manufacturers of devices that 
Californians were trying to fix restrict access to 
repair resources (Green and DeBellis, 2021). 

“What Are We Fixing” contextualized Right 
to Repair within the pandemic and identified 
challenges, like supply-chain resiliency and the 
digital divide, or the unequal access to 
technology between poor and wealthy families, 
that Right to Repair legislation could address.  

The Fix Is In: how our smartphones get fixed, 
why it’s harder than it should be, and why that 
matters.  

“The Fix Is In” report, released in March 
of 2020, surveyed 302 independent phone 
repair technicians on their businesses and the 
barriers they faced from OEMs (Proctor, 2020). 
The report found that 78 percent of technicians 
offer repairs that OEMs will not perform. For 
example, Apple only offers four repairs: screen, 
battery, camera, or speaker replacements 
(Andeer, 2019). Experienced technicians can 
perform repairs for liquid damage, charging 
ports, data recovery, and more. Additionally, 89 
percent of independent repair technicians said 
their businesses would be more successful if 
they had access to software tools from Apple 
and Samsung, which collectively make up 
nearly three quarters of all cell phone sales in 
the country (Segan, 2018). “The Fix Is In” 
presented an economic argument for Right to 
Repair, underscoring that the legislation would 
support local businesses and provide 
consumers better options.  
Repair Saves Families Big 
  “Repair Saves Families Big,” released 
in January 2021, estimates the annual financial 
savings if an average American household 
were to repair instead of replace their 
electronics (DeBellis and Proctor, 2021). The 
report estimates that an average family could 
save $330 annually if they repaired instead of 
replaced their electronics. The collective 
savings across the United States equate $40 
billion annually (Figure 1). Released during an 
economic recession caused by the COVID-19 
pandemic, the report highlighted a clear avenue 
for families to save money.  

 

 
Figure 1. Annual savings from electronics repair 
calculated in “Repair Saves Families Big.” 
 
Environmental Impacts of Barriers to Repair 
  “The Fix Is In” and “Repair Saves 
Families Big” both discuss the role that barriers 
to repair play in generating electronic waste and 
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exploiting natural resources. “The Fix Is In” 
offers several illustrations of environmental 
harm from a smart phone. It is estimated that 
85% of a smartphone’s climate impact occurs 
before it is ever used (Wilson, 2018). An iPhone 
6 requires 295 lbs of raw materials, including 75 
lbs of ore and 220 lbs of water, to produce. By 
using the measurement of 122.7 pounds of 
carbon dioxide emitted per phone during 
production and 161 million phones bought in 
the U.S. annually, the report found that if 
Americans held unto their phones one year 
longer on average, the emissions reductions 
would be equivalent to taking 636,000 cars off 
the road annually. While these comparable 
calculations are generalizations, they give 
readers a tangible representation of electronics’ 
environmental impact. 

In addition to making an economic 
argument for Right to Repair, “Repair Saves 
Families Big” underscores the opportunity to 
address two problems at once through repair: 
both saving money and reducing electronic 
waste. The report found that the average 
American family generates 176 pounds of 
electronic waste (Leahy, 2017), or 6.9 million 
tons across the U.S. annually.  
 “The Fix Is In” and “Repair Saves 
Families Big” offer lawmakers and 
environmental advocacy groups support to 
make the environmental case for Right to 
Repair legislation. The figures in the reports are 
not original research and are meant to convey 
a problem and advance public awareness, not 
academic or scientific understanding. Once the 
problem is clearly communicated and 
understood, our campaign can better assert 
itself as the solution.  
 
Farmers and Farm Equipment 
 Right to Repair legislation solely 
focused on agriculture make up 14 of the 41 
state-level bills introduced in 2021. Farmers 
have been supporting Right to Repair for years, 
starting by petitioning for copyright exemptions 
for equipment repair. Key farm institutions 
support Right to Repair, including the American 
Farm Bureau, the National Farmers Union, and 
the National Corn Growers (O’Reilly, 2021, 7).  
 An increasing problem in repairing 
agricultural equipment is the novel importance 
of software. “Deere in the Headlights,” released 
in February 2021, catalogs the importance of 
software in modern farm equipment, and finds 
that farmers are restricted from accessing the 
software tools they need (O’Reilly, 2021).  The 
report investigates promises that John Deere 

and other OEMs made in 2018, claiming that 
their customers would have access to the tools 
necessary for repairs by January 2021 
(Koebler, 2018). Kevin O’Reilly, the author of 
the report, called twelve farm equipment 
dealers across the U.S. to investigate the 
accuracy of these claims. O’Reilly found that 
eleven dealers claimed they did not sell any 
repair software. The twelfth told him to send an 
email, to which he got no response.  

The report also shares several stories from 
farmers. For example, Missouri farmer Jared 
Wilson was forced to take his fertilizer spreader 
to a John Deere dealer to repair a blown 
mechanical valve, which is a repair he believes 
he could have done himself with the proper 
tools. The dealer took over a month to perform 
the repair, and Wilson estimated that the month 
he went without the machine cost him $30,000 
to $60,000 in revenue. Stories like Wilson’s are 
helpful tools in illustrating the necessity of Right 
to Repair in human terms, especially in the 
media. Forty-four articles and opinion columns 
were published in various states after the 
release of the report, each of which featured at 
least one story (For example, O’Reilly, 2021).  

“Deere in the Headlights” was successful in 
advancing the campaign for three key reasons. 
First, it engaged the farming community 
through interviews with farmers and farm 
unions. This constituency can be translated into 
new Right to Repair advocates, building the 
power behind the campaign. The report also 
generated notable media coverage. For 
example, Vice furthered the report’s 
investigation by calling an additional eleven 
farm equipment dealerships, none of which sold 
the software tools promised. Finally, the report 
investigated a voluntary right-to-repair 
agreement from industry groups and found that 
they did not fulfill their promise. Without this 
research, it is unclear when or if this would have 
been realized.   
 
Hospitals and Medical Equipment 
Hospital Repair Restrictions: Manufacturer-
imposed barriers to fixing medical equipment 
cause inefficiencies and delays  

As society faced new challenges during 
the COVID-19 pandemic, the Right to Repair 
campaign re-focused on medical equipment, 
finding new stakeholders and partners. While 
many Americans read about ventilator 
shortages at the beginning of the pandemic, 
biomedical repair technicians, or biomeds, the 
men and women who repair medical 
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equipment, perceived the story differently. For 
many biomeds, it was not a matter of whether 
enough ventilators were available, but if 
biomeds had the ability to repair or maintain 
them. U.S. PIRG Education Fund surveyed 222 
biomeds about their experience fixing 
equipment from March to June in a report, 
“Hospital Repair Restrictions,” released in July 
2020 (Proctor and O’Reilly, 2020). The majority 
of biomeds surveyed, 64 percent, reported that 
they were often or somewhat frequently denied 
access to service information for critical 
equipment. Nearly half, 48.8 percent, said they 
had been denied access to critical repair 
resources between March and June. Of the 70 
percent of survey respondents who serviced 
ventilators, 29.2 percent said that they had 
ventilators that could not be used due to 
barriers to repair, and half said that they had 
ventilators in use that they could not service if 
they broke down. 
 U.S. PIRG Education Fund published 
an update to the original survey in February 
2021 (O’Reilly, 2021).  The update revealed 
that despite some improvements in access to 
repair resources since July, biomeds were still 
barred from repairing certain equipment. Out of 
129 biomeds, 76 percent were denied access 
to repair resources for critical medical 
equipment from December to February. 
Further, 80 percent of biomeds reported having 
equipment on site that they could not service 
due to OEM restrictions. An overwhelming 
majority, 97 percent, of the biomeds agreed that 
removing barriers to repair is important to their 
work, and 90 percent responded that the uptick 
in COVID-19 cases in January increased their 
need for Right to Repair legislation (Figure 2).  
 “Hospital Repair Restrictions,” and the 
consecutive survey gave fresh urgency to the 
Right to Repair movement by connecting the 
issue to the pandemic response. The report 
expanded the scope of the campaign as 
hundreds of biomeds were engaged for the first 
time. Finally, the report’s findings encouraged 
legislation. In August 2020, a month after the 
initial report release, Senator Ron Wyden 
introduced the Critical Medical Infrastructure 
Right to Repair Act of 2020: the first federal 
Right to Repair legislation (Wyden, S.4472, 
2020). Three states also introduced medical-
only Right to Repair bills: Texas, Hawaii and 
California (Eggman, SB605, 2021).  
 

 

 
Figure 2. Figures from the update of “Hospital Repair 
Restrictions.”  
 
Conclusion 
 U.S. PIRG Education Fund’s reports 
serve a variety of purposes for the Right to 
Repair campaign. First, the reports together 
convey the story and the stakeholders of the 
campaign. “What Are We Fixing,” “The Fix Is 
In,” and “Repair Saves Families Big” 
demonstrate how premature electronic 
obsolescence caused by barriers to repair 
impacts consumers, small businesses, and the 
environment. These reports also address how 
the OEM-dominated uncompetitive monopoly 
cap small business growth and success. “Deere 
in the Headlights” demonstrates the 
applicability of Right to Repair for farmers, who 
are a powerful political constituency. “Hospital 
Repair Restrictions” identifies an unlikely group 
of Right to Repair advocates in biomeds and 
connects the movement to the COVID-19 
pandemic. Finally, both “Deere in the 
Headlights” and “Hospital Repair Restrictions” 
reveal how an uncompetitive repair monopoly 
impacts specific industries, making our systems 
of food production and healthcare less cost-
efficient and resilient in the face of challenges. 
Taken together, these reports show that the 
premature obsolescence and uncompetitive 
monopolies that ensue from barriers to repair 
have significant negative social impacts for a 
diverse array of individuals and groups.  
 Second, reports engage and activate 
stakeholders. Reports require outreach in the 
form of surveys or interviews. In this outreach, 
connections are made and groups are 
transformed from supporters to advocates.  
 Third, reports generate media 
attention, often at critical times. Media coverage 
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elevates an issue’s relevance, making bills 
more likely to be introduced and eventually 
passed. Media attention also has the potential 
to reach new supporters or lawmakers. Finally, 
a report may be released at a strategic time: 
concurrent with a bill’s announcement, after a 
committee hearing, or before a floor vote. The 
release of a report generates new media for 
Right to Repair when it is most important. 
 Finally, reports educate the public on 
the importance of removing barriers to repair. 
Reports are written to be easily 
understandable, relatable, and energizing for a 
public-facing audience.  
 More work is needed to educate the 
public on barriers to repair and encourage 
advocacy for Right to Repair legislation. In the 
wake of a strongly organized opposition with 
ample resources, a lack of awareness among 
half of the American population is a primary 
impediment to passing Right to Repair 
legislation. Future research has the potential to 
elevate the public conversation around repair, 
but the subsequent marketing and reporting of 
this research is critical to moving the Right to 
Repair movement forward.  
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Abstract: Parents are faced with a plurality of choices and concerns when it comes to the acquisition 
of clothing for their children. This paper explores how parents employ longevity in consumption of 
children’s clothing from a practice-oriented perspective. The material consists of 6 focus groups with 40 
parents who have at least one child under the age of 18. The aim of the groups was to establish 
children’s clothing needs: how many they need of each garment, how long parents expect the garment 
to last and what they understand as quality in clothing.  
The analysis shows that parents mainly opt for an ‘one or the other’ strategy; they choose what they 
understand as quality, often affiliated with specific brands, and accept paying more for the garment, or 
they mainly choose based on low prices, and expect less of the garment. Quality is evaluated based on 
the garments’ durability and function. More specifically, the parents measure the service lifetime of a 
garment based on the number of seasons it lasts, either in terms of wear and tear or the child growing 
out of it. The expected lifetime is defined by uncertain sources, from their own and friends' experiences, 
and their desire to justify their own choices as well as routinised practices. Our discussion section 
employs these findings and contextualise them within product lifetime discourses. By doing this, we 
provide knowledge about how quality is understood, and how brand and price are used as indicators. 
We show how lack of information about products, especially on garments, leads to uninformed 
consumption practices that have consequences for how quality and longevity are prioritised and 
understood.  
 
 

Introduction  
In studies of clothing consumption, it is often 
taken for granted that the person who acquires 
and owns the clothes is also the user, but this 
is not always the case (Klepp & Laitala, 2018). 
Parents acquire clothes for their children, and 
are faced with a plurality of choices and 
concerns (Rose, 2013). Based on focus group 
interviews with parents in Norway, this paper 
explores how parents deal with consumption of 
children’s clothing, and how they employ 
longevity in buying clothing for their children. 
We provide knowledge about how quality is 
understood and how brand and price inform the 
practice of acquisition. We argue that lack of 
information about products, especially on 
garments, leads to uninformed consumption 
practices that have consequences for how 
quality and longevity are prioritised and 
understood. Even though we have studied 
parents and children’s clothing from a 
Norwegian perspective, our findings also have 
relevance for other countries and for other 
types of clothing consumption. 

 

Children's clothing 
The playful child is a persistent part in the idea 
of childhood and has been important for the 
development of children's clothes. This line of 
thought originates from Rousseau's 
(1762/2010) philosophy of children and 
education. The significance for children's 
clothing is well described by Berggren Torell 
(2007) and studies by Corrigan (1989, 2008) on 
family clothing consumption include a 
perspective on ownership. In these studies, 
childhood is considered as a time with 
independent value. In line with this, children 
have their own types of clothing that allow them 
to play.  
There has been lacking attention to children 
and parents in studies of consumption, as noted 
by Cook (2008) and Martens, Southerton, and 
Scott (2004). Much of the research on clothing, 
including clothing for children and young 
people, is focused on the different styles and 
fashions and the idea of a close connection 
between clothing and identity (Crewe & Collins, 
2006). A study by Chen, Au, and Li (2004) on 
Chinese parents and children's clothing found 
that quality and style were important features of 
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purchasing, while functionality, durability, price 
and brand were less important. A study from 
Turkey revealed other important factors such as 
size of garment, price, quality, easy trade and 
payment options (Köksal, 2007). Some studies 
apply consumption theory to investigate how 
parents as consumers have a very specific role 
regarding their children’s consumption (Klepp, 
Laitala, & Skuland, 2019; Storm-Mathisen, 
2008). Thus, children’s influence  on  household 
consumption is an important part of how 
consumption practices should be approached. 

 
Dressing children in a Nordic climate  
Both youth fashion and the playful child are 
international ideas, but we also have clothing 
standards that characterise Norwegian clothing 
practices. An important idea is to be able to 
dress for outdoor activities, often summarized 
as "there is no bad weather, only bad clothes" 
(Hebrok, Klepp, & Turney, 2016). Clothing 
consumption for Norwegian children is 
especially characterized by clothing for the 
outdoors and for activities demanding 
functional and practical clothing. Children are 
outdoors regardless of weather and season, 
and the Nordic climate with its varying weather 
during all four seasons, demands clothing that 
can protect the child from being cold and wet 
and that enables movement. Kindergartens and 
schools have certain demands for clothes, both 
the ability to stay dry and warm and the amount 
of clothes (Klepp et al., 2019). Purchasing 
children’s clothing, such as winter overalls and 
outdoor jackets, is expensive and can therefore 
be seen as a risk to the household economy if 
the garment is worn out faster than the child 
grows out of it (Klepp et al., 2019; Rutanen, 
Raittila, & Vuorisalo, 2019). Thus, longevity is 
an important consideration for some of the 
Norwegian parents. If a child lacks the 
necessary clothing, the parents themselves can 
be judged for poor parenting skills. As such, 
children’s clothing can be viewed as an 
exhibition of the parents’ competence and care 
(Brusdal, 2007). 
 

Method 
The material consists of 6 focus group 
interviews with 40 parents who had at least one 
child aged from 0 to 17 years. The interviews 
were conducted during December 2019 and 
February 2020 as part of the Norwegian 
Reference Budget for Consumer Expenditures 
(Austgulen & Borgeraas, 2018). In December 
2019, groups 1 to 4 discussed the number of 

clothes and shoes related to specific occasions, 
such as clothing for indoors, outdoors, 
festivities and underwear. Based on this 
material, the authors developed a list of 
garments and expected use phase, and these 
lists were presented to groups 5 and 6 in 
February 2020 for quality check. A criterion for 
participating, in addition to being a parent, was 
that the informants had the main responsibility 
for their child’s clothing consumption or shared 
the responsibility 50/50 with a partner. In sum, 
the informants had 74 children and 27 
informants had two or more children with a 
majority of boys. Each group represented 
parents with different income, housing, age and 
cultural background. The informants were 
asked to imagine what children need based on 
an ordinary level of consumption. This level 
should reflect that children have the clothes 
they need to be socially active for sport and 
leisure activities, and different social and festive 
occasions, throughout all seasons of the year. 
The interviews were recorded and transcribed 
verbatim. For this paper, they were analysed 
through thematic content analysis, where we 
looked for descriptions of how many children 
need of each garment, how long parents expect 
the garment to last and what the parents 
understand as quality in clothing. 
 

Results 
The analysis shows that parents mainly opt for 
‘one or the other’ of two competing strategies. 
One is buying what they understand as quality. 
The other is to buy cheap. The strategies are 
associated with different types of garments and 
materials, which are affiliated with brands, 
prices, and expectation to the garment. 
 

 
Figure 1. Strategies during acquisition.  

 
In the following, we will concentrate on 
«quality». What is quality, how is it recognized 
and what is the relationship between quality, 
price, brand and longevity. As noted in Figure 
1, there are certain types of garments that are 
often selected based on this strategy. 
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Indications of quality  

Longevity 
To “feel” that something has quality is an 
expression several of the informants use about 
garments. On questions such as “how long 
does this garment usually last?”, the informants 
reply that it depends on the quality and the 
brand of the garment. Thus, it appears that the 
quality is actually longevity. 
Quality is evaluated based on the durability of 
the garment, that is, how many winters it will 
last. If the child is too big for the garment before 
its end of use, it may be considered as quality. 
However, quality can also be related to price if 
a cheap garment turns out to last longer than 
the informant expected. As previous studies 
show (Klepp 2020), the lifespan of clothing can 
be measured in three ways: the number of 
times used, the number of years or the number 
of users. For parents, the last two methods are 
most relevant. They explain that durability for 
winter clothes means at least one or perhaps 
two seasons, but also that the child can grow 
out of the garment, which means they do not 
have to buy a replacement because of wear and 
tear, but because of size. For particularly 
expensive garments, the parents are also 
concerned with that clothes can be inherited 
between siblings, thus two users. 
The parents expect that expensive clothing and 
clothes from specific brands have high quality. 
However, one informant experienced that a 
garment from a brand known for good quality 
had a short lifespan, which was then blamed on 
the child's ruthlessness during outdoor playing. 
If the theory does not play out, they are thus 
prepared with an ad hoc hypothesis, that it is 
the child who is special, and the impression (of 
the well-known brand with a higher price) can 
be maintained. Some parents are sceptical of 
this way of understanding quality and mention 
that the logo of the brand can generate an 
additional cost and thus that higher prices do 
not only mean better quality. The problem with 
using one's own experiences is, as two of the 
informants pointed out, that the child's way of 
playing can affect the durability of the garments. 
If the child plays unruly and abnormally, they 
can tear on the garment despite its good quality. 
As quality cannot be manifested in solid proof, 
it is expressed by the informants as a feeling. 

Social, material and cultural 
As mentioned, parents buy on behalf of their 
children. The system with kindergarten from an 
early age, long school days and a lot of outdoor 

time in a harsh climate, means that the parents' 
care and concern for their children is highly 
directed towards them being warm, dry and 
thus "safe". Consumption of clothing can thus 
be understood as an act of love in line with 
Miller (1998), because it is manifested and 
reproduced in social actions towards other 
people. This also relates to the fear of being 
perceived as a bad parent because a child is 
lacking the right type of clothing. This fear is 
more common among immigrants and parents 
struggling to make ends meet, as it requires 
capital in the form of competence and money to 
dress children in "quality clothes" (Klepp et al., 
2019). 
There are no labelling schemes that indicate 
the quality or expected lifetime of clothing and 
the only compulsory information is fibre 
labelling. In lack of factual information, the 
parents rely more on their social network, online 
user reviews and personal experience. Thus, 
the perception of quality depends on a range of 
practices that are accompanied by different 
types of clothing, which is also decisive for the 
motivation to choose durable products. The 
expected lifetime is defined by uncertain 
sources, from their own and friends' 
experiences, and their desire to justify their own 
choices as well as routinised practices 
As we have seen, the parents want to prioritize 
quality for some clothes. Choosing quality is 
often based on experiences with brands, where 
there is high trust in brands the informants are 
familiar with. When evaluating these brands, 
the most common strategy is also the simplest, 
expensive clothes are expected to last longer 
and they choose the more expensive option. At 
the same time, we know from comparative tests 
that more expensive is not always better. One 
bad experience with a brand can be enough for 
the informants to never buy from that brand 
again, despite the fact that comparative tests 
show that the quality within one brand can vary 
a lot. 

Discussion 

Environmental implications 
In the material, there is a lack of environmental 
discussions, which may seem strange. 
However, eco-labelling on clothing is unusual in 
the Norwegian market. It is possible that the 
focus groups' intentions and emphasis on an 
ordinary consumption level has impacted this. 
Still, we argue that environmental concerns are 
not part of the parents' priorities as it is more 
pressing to provide good clothes for the child. 
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Furthermore, as this task is complex due to the 
lack of information available, taking into 
account other considerations is not perceived 
as possible. The same is shown by a previous 
study where the environment is set up as one 
of several alternatives for what is emphasized 
when buying children’s clothes (Roos et al., 
2020). Thus, by simplifying acquisition, and 
making the practice of acquisition more 
informed, it is possible that other concerns such 
as environmental ones can be taken into 
consideration. 

Uninformed consumer practices 
The perception of quality depends on a range 
of practices that are accompanied with different 
types of clothing, which are also decisive for the 
motivation to choose durable products. Longer 
lifespan for the clothes is a very effective 
environmental strategy, and even if the parents 
want longevity for economic reasons, the effect 
can still be significant for the environmental 
impact. The problem is that the criteria parents 
use to find garments with the potential for 
longevity are uncertain and give much influence 
to marketing strategies such as brand building 
combined with price. The lack of information 
about garments, leads to uninformed 
consumption practices that have consequences 
for how quality and longevity is prioritised and 
understood. The parents' desire to appear as 
competent consumers and good parents gives 
more power to the little information there is, 
such as price and brand. If expensive clothes 
from well-known brands break quickly, it is 
obvious to blame the active playful child. Some 
children obviously wear out many clothes, but 
this is also the ‘right way’ to be a child in 
Norway. Thus, a win-win situation arises. The 
parents have not been deceived, the child is 
physically active and the marketing strategy is 
not seen through. 

 
Children’s clothing in other countries 
Consumption of children's clothing is 
determined in an interplay between claims, 
children, market and regulation in the form of, 
for example, school uniforms and requirements 
for activities in kindergarten and school. A 
larger study of the lifespan of children's clothing 
could systematically compare countries with 
different conditions between these actors. Our 
analysis shows that how longevity is 
understood and recognized is not the same for 
all clothing. It will be important to understand 
how more clothing can be procured with priority 
given to longevity. To do so, a first step is to 

include several users as an important strategy 
for children’s clothing. Inheritance, for example, 
is an important issue which we have not been 
able to discuss in this paper. 

Conclusions 
Parents emphasise either low price or "quality" 
when buying clothes. Environmental concerns 
are not important when buying children's 
clothes, and longevity is understood as a 
question of finances. Quality is not important for 
all types of garments, but for outerwear, winter 
clothing and water and windproof clothing as 
well as shoes. Low price is emphasized for 
underwear, summer clothes, cotton clothes, t-
shirts and tops. Quality is understood as 
clothing with good usability and technical 
durability and is recognized through high prices 
and well-known brands. 
Material, social and cultural aspects are 
important for how quality and longevity are 
employed. The expected lifetime is defined by 
uncertain sources, from their own and friends' 
experiences, and their desire to justify their own 
choices as well as routinised practices. The 
way quality is recognized by parents gives great 
power to market forces, and consumption 
practices are characterised as uninformed. If 
the lifespan of children's clothing is to increase, 
the parents' opportunity to choose clothes that 
will last longer must be easier, and the concept 
of quality must be developed and concretized. 
An important environmental strategy to stop the 
growth in the number of new clothes produced, 
is to ensure that each garment is used longer. 
Children, and especially young children, grow 
fast. Therefore, children's clothing are a type of 
clothing where more users are often needed to 
ensure that the clothes wear out.  
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Abstract: The circular economy has become a dominant perspective for better integrating firms’ value 
creation activities with sustainable development. In contrast to the linear take-make-waste approach, it 
is based on closed product, component, and material flows with the aim to maximise material 
productivity and resource efficiency at the level of the production and consumption system, while 
reducing waste. Existing business models often hinder organisations to become an integral part of 
circular value creation. In this paper, we present a new take on circular business models which puts a) 
an actor’s position in the value cycle, b) the actor’s dominant circular strategy, and c) the service degree 
with which circular solutions are provided to the market at the core of business model design. We 
propose a typology with 22 actor-specific circular business model patterns, each customisable 
according to three service degrees: product-oriented, use-oriented, and result-oriented product-service 
system offerings (together leading to 42 business model sub patterns). Each pattern is described in 
detail regarding how different service degrees enable circular strategies, the role of circular product 
design, potential partnerships along the value cycle, and practical experiences from case examples. 
These patterns can be freely combined by organisations to form a custom circular business model. 
 
 

Introduction  
The circular economy (CE) has become a major 
paradigm for advancing sustainable 
development. It is meant to overcome the 
destructive “take-make-waste” value creation 
paradigm which has developed and strived in 
the past decades by advancing the restorative 
use of products, components, and materials in 
the highest possible qualities over multiple 
cycles (Morseletto, 2020). 
From a product perspective, the CE represents 
an extension of life cycle-oriented innovation in 
which products are designed, managed, and 
evaluated along the entire value chain from 
resource provisioning to recovery (Hansen, 
Große-Dunker, & Reichwald, 2009; Ny, 2006). 
Product circularity is rooted in 4R frameworks 
(Kirchherr, Reike, & Hekkert, 2017) and can be 
grouped into slowing (e.g. repair, reuse, 
remanufacture) and closing (i.e. recycling) 
strategies (Bocken et al., 2016). It aims at 
lifetime extension on product, component, and 
material level, and is facilitated through new 
product designs (Hopkinson et al., 2018).  

The result is a self-replenishing system in which 
losses (i.e. waste) and virgin resource inputs 
(including energy) are minimized.  
To advance the CE, a systems innovation 
approach to sustainability is required (Adams et 
al., 2012), in which environmental benefits are 
achieved by interconnecting producers, service 
providers, users, and recovery organisations 
(and related infrastructures) through repeated 
cycles of restoration.  
The Ellen MacArthur Foundation (EMF) sees 
three levers to advance the CE: managing 
reverse cycles, product design, and business 
model innovation (EMF, 2013). While all three 
levers are important and interlinked, we focus 
on the business model as it is crucial for the 
commercial introduction of new market 
offerings. Many typologies have been 
conceptualised for circular business models 
(e.g. Lüdeke-Freund et al. 2019), but while they 
often elaborate different circular strategies and 
service degrees (Urbinati, Chiaroni, & Chiesa, 
2017), they largely remain blind to the different 
positions of the actor in the value cycle (e.g. 
material supplier vs. producer). Against this 
background, our research aim is to develop a 
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circular business model (CBM) typology which 
better differentiates business model options 
across actor positions. 
 

Circular Business Model Literature 
from the Perspectives of Actors, 
Circular Strategy, and Service 
Degree  
The business model has become of major 
interest in sustainability (Schaltegger et al. 
2016) and CE research and practice (Bocken et 
al., 2016; Fraccascia et al., 2019; Guldmann, 
Bocken, & Brezet, 2019; Hansen et al. 2021). 
Key to advance circular business models 
(CBMs) in organisations is to grasp their 
diversity and complexity. This is facilitated by 
classifications (e.g., typologies, taxonomies) of 
generic CBMs (e.g. Kortmann & Piller, 2016; 
Lüdeke-Freund et al., 2019). What these 
classifications have in common is that circular 
strategy (i.e. from recycling to maintenance) 
and service level (i.e. from product-oriented to 
result-oriented product-service systems) are 
key dimensions of CBM designs. What is less 
explored in research, is how CBMs differ 
according to the position of the focal actor in the 
value cycle (Zufall et al., 2020). In the following, 
we review CBM literature from the perspective 
of actors in the value cycle, circular strategy, 
and service level (respectively product-service 
system type).  
 

A: Actor’s Perspective 
The actor perspective, though less often 
tackled in the literature, is crucial to identify 
suitable CBMs and to understand the actor’s 
specific characteristics as well as the respective 
enablers and barriers. A key difference often 
made is whether CBMs are applied in business-
to-business (B2B) or business-to-consumer 
(B2C) settings. So far, B2B settings are more 
pronounced in the literature and studied in more 
detail. If the goal is to diffuse CE practices more 
widely, it is required to advance CBMs in B2C 
settings as well.  

• Beyond distinguishing between B2B and 
B2C, the adoption of CBMs leads to new 
roles in the value cycle (Hansen & Revellio, 
2020;). For example (Zufall et al., 2020), a 
“circular resource company” may expand 
its value cycle coverage from mere (non-
renewable) virgin resource extraction to 
resource recovery and related recycling 
practices. 

• Circular manufacturers, based on vertical 
integration, extend from mere transactional 

sales of products to distribution, use-
related services, or end-of-life services. 

• Usage-extending or sufficiency-advocating 
retailers may extend from mere retailing to 
services during use (e.g., repair) and take-
back. 

• New third-party refurbishing and recovery 
service providers (often gap exploiter; 
Bakker et al. 2014) collect used devices 
and, if possible, repurpose and remarket 
products or, otherwise, forward them to 
recycling.  

 
We consider the following actors based on their 
main or dominant role in the value cycle (we 
speak of roles, because next to the dominant 
role of an actor, the actor may take additional 
roles, which then results in fewer actors still 
covering the entire value cycle): 
• Suppliers (raw materials): Actors providing 

raw materials and other substances 
needed for production processes. 

• Suppliers (machines and equipment): 
Actors producing components and 
machines needed by producers. 

• Producers (OEM): Actors producing 
proprietary materials, components, and 
products. 

• Retailers (and wholesale): Actors selling 
products. 

• Repair providers: Actors offering repair 
services. 

• Prosumers: Non-market actors organising 
DIY and other informal activities. 

• Logistics providers: Actors providing 
logistics services and spare parts 
management. 

• Recovery managers: Actors recovering, 
managing, and sorting materials. 

• Intermediaries: Actors operating platforms 
for coordinating recycling, used products, 
or sharing activities. 

• Emerging actors: This umbrella category 
contains further actors and actor roles in 
support of the key actors’ business models 
(e.g. financial service providers) and leaves 
room for entirely new type of actors yet to 
be identified. 

 
In principle, all existing actors can extend their 
businesses towards other stages of the value 
cycle. Also, new actors can enter the value 
cycle at any stage. Overall, this leads to a 
significant dynamic of the actor setting, their 
positions in the value cycle, and the roles they 
play. In consequence, in addition to the original, 
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usually still dominant role a given actor plays in 
the value circle, additional roles to address 
circularity may be taken. This can be done 
either with own resources through vertical 
integration (“Make”), by partnering with others 
(“Ally”), or through rather short-term contractual 
relationships via the market (“Buy”). Changing 
the positions in the value chain has traditionally 
been a major competitive force (Porter, 1980). 
If focal actors refrain from offering any voluntary 
circular business in the market, they take a 
“Laissez-faire” approach and leave more room 
for new entrants (Hansen & Revellio, 2020). 
While individual actors are important, circular 
solutions usually cannot be successfully 
implemented by a firm alone, even when high 
degrees of vertical integration are pursued. Still, 
the traditional business model concept 
represent the “focal firm’s plan” for creating, 
delivering and capturing value (Adner, 2016). 
Hence, the focus is on the focal firm, not on the 
actor constellation participating in the activities 
(Adner, 2016). We therefore support the call for 
adopting a circular ecosystem perspective 
(Konietzko, Bocken, & Hultink, 2020; Takacs, 
Stechow, & Frankenberger, 2020) which 
equally considers partners’ business models 
(Adner, 2016, p. 51). According to Takacs et al. 
(2020, p.3), a circular ecosystem 

“coordinates itself across the business models of 
different complementors to create sustainable 
value propositions with closed resource loops that 
are based on an aligned product design. Based on 
this, the CE can be seen as the interplay of 
complementing business models along a circular 
ecosystem.” 

 
Different actors in the value cycle can pursue 
the role of an ecosystem orchestrator with 
remaining actors serving as potential partners 
(Hansen & Schmitt, 2020; Konietzko et al. 
2020). Hence, CBMs by different actors in the 
value cycle usually have to be aligned.  
 

B: Circular Strategy Perspective 
Circular strategies are at the core of CBM 
development (Lüdeke-Freund et al., 2019). 
They describe how actors are approaching the 
concept of circularity through their value 
creation activities. These activities are in turn 
derived from different types of cycles. The 
renown ‘butterfly framework’ developed by the 
Ellen MacArthur Foundation (EMF, 2013), for 
example, distinguishes different cycles 
according to the separation of technical and 
biological spheres of the industrial metabolism 
(this way of defining cycles and corresponding 

circular strategies has its origins in the original 
works by Braungart & McDonough 2009, Stahel 
2006/2010 and others):  

• Technical cycling: Includes maintaining, 
repairing, reusing, remanufacturing (or 
refurbishing, as a lighter version), and 
recycling.  

• Biological cycling: Refers to organic 
feedstock (i.e. renewable inputs) as a basis 
to develop biodegradable or compostable 
products.  

 
Technical cycles are at the core of the CE 
(because biobased materials/products should 
optimally also be technically cycled before 
being biodegraded) and are therefore focused 
in the present paper. Moreover, we apply an 
ambitious understanding of technical cycles as 
closed-loop systems (Braungart, McDonough, 
& Bollinger, 2007, p. 1343):  

“A technical nutrient […] may be defined as a 
material … that has the potential to remain safely 
in a closed-loop system of manufacture, recovery, 
and reuse …, maintaining its highest value through 
many product life cycles”  

 
Moving from open to closed-loop systems has 
considerable environmental benefits (Dubreuil 
et al., 2010; Haupt, Vadenbo, & Hellweg, 2017). 
This applies not only to open vs. closed-loop 
recycling, but to all circular strategies (Hansen 
& Revellio, 2020). Moreover, closed technical 
loops also provide strong incentives for 
individual organisations to fully embrace the 
CE, because they demand considerable 
changes to their own (circular) value creation 
activities (e.g., use of secondary next to primary 
materials, remanufacturing next to primary 
production, reused next to new goods sales). 
And because products, components, and 
materials then ultimately return to the own 
organisation, it becomes necessary to 
introduce more circular and higher quality 
materials, components, and products into the 
market in the first place. It is particularly these 
closed-loop changes which demand a more 
radical business model innovation perspective 
as applied here.  
Based on this understanding of closed technical 
cycles, we consider the following circular 
strategies relevant for guiding the development 
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of CBMs (Lüdeke-Freund et al., 2019; 
Morseletto, 2020):  
• Repair, maintain, and upgrade1 
• Reuse 
• Remanufacture 
• Recycling 
In line with the established waste hierarchy and 
Stahel’s inertia principle, these loops are 
ordered with environmental and economic 
benefits principally decreasing from repair to 
recycling (Stahel, 2010; Kirchherr et al., 2017; 
EMF, 2012).  
According to the resources states framework by 
Blomsma & Tennant (2020) The way how 
circular strategies can be applied also depends 
on the state of the resources in question. 
Whether these resources occur as particles, 
parts, or products has an influence on the 
circular strategy and, as a consequence, on the 
CBM. For instance, chemical leasing (UNIDO 
2020) is a CBM on the level of the molecule, 
while car rental is on the product level. Usually, 
organisations have to choose a core circular 
strategy and complement it with supporting 
strategies, which together represent a circular 
strategy configuration (Blomsma & Tennant, 
2020) or loop configuration (Hansen & Revellio, 
2020).  
 

C: Product-Service System Perspective 
Several CBM designs propose to put product-
service systems (PSS) at the core of the 
business model (Alcayaga et al., 2019; Urbinati, 
et al., 2017; Yang et al., 2018). Urbinati et al. 
(2017) propose that regarding downstream side 
of the offering, customer value proposition and 
interface is strongly influenced by product-
service system considerations. Stahel has also 

 
1 It should be borne in mind that maintenance, repair, 
and upgrading strategies are not always fully distinct in 

emphasised a servitisation approach based on 
the levels of molecules, materials, and goods 
(Stahel 2019, p.67). In their seminal paper, 
Braungart et al. (2007) highlight “material 
pooling” and “material banks” as new material-
oriented business model.  
Product-service systems has been used to 
promote sustainability for several decades 
(Tukker, 2004) and has recently also been 
reframed as business model types for the CE 
(Tukker, 2015). The scope of PSS can probably 
be best understood by using Tukker’s (2004) 
continuum of eight types of PSS, classifying 
them into three main categories of product, use, 
and results-oriented PSS. Result-oriented PSS 
are seen as those with greatest potential for the 
CE, but also require the most radical change of 
the business model (Tukker, 2015).  
Combining the aforementioned circular 
strategies and the three main types of PSS 
allows constructing a maturity matrix (Figure 1) 
that can be used to estimate the maturity of 
CBMs. It is assumed that the circular potentials 
of a CBM increase both with more ambitious 
(core) circular strategies and more ambitious 
service levels.  
 

An Actor-Centric Circular Business 
Model Typology 
A Pattern Approach 
The identified patterns in the typology are 
generalised and ordered to create a systematic 
classification. ‘Patterns’ are commonly used to 
generalise and order the various business 
models that are available. Some of these 
classifications (e.g., Abdelkafi, Makhotin, & 
Posselt, 2013; Remane et al., 2017) follow 

practice. The typology presented here may therefore 
combine them where appropriate. 

Notes: *Higher-level strategies include the possibility to pursue lower-level strategies simultaneously, increasing the synergistic 
potential for circularity 

Figure 1. CBM Maturity Grid Consisting of the Choice of a Core Circular Strategy and the PSS Level. 
(Source : Hansen et al. 2020, p.12) 
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Alexander’s (1977) understanding of the notion 
of pattern:  

“Each pattern describes a problem which occurs 
over and over again in our environment, and then 
describes the core of the solution to that problem, 
in such a way that you can use this solution a 
million times over, without ever doing it the same 
way twice.” 

 
The advantage of following a pattern approach 
lies in the fact that is allows identifying and 
generalising domain-specific business models, 
in our case circular business models, and that 
these can serve as a source of inspiration for 
various types of organisation, across industries 
and geographical contexts. CBM developers 
can use these patterns to come up with their 
own interpretations and solutions adapted to 
their specific cases and contexts. 

 

Typology 
By combining actor’s main role (A) and circular 
strategies (B), Table 1 provides an overview of 
the 22 main CBMs (plus the emerging actor 
class). These patterns are not exhaustive. We 
focus on those patterns which:  
• Indeed, require business model changes  
• and go sufficiently beyond compliance and 

other mainstream practices. 
Adding different service levels (C) to these 
patterns allows distinguishing three subpatterns 
each. Each (sub)pattern can be further 
characterised, which, however, goes beyond 
the scope of this paper (see Fig. 2 in the 
Annex).  
These patterns are in most cases not entire 
business models. Therefore, they should be 
combined (e.g., the producer’s ‘maintenance’ 
business model can and should be combined 

Table 1. An Actor-Centric Circular Business Model Typology (Source: Hansen et al. 2020, p.13) 

Actor's Main Role Circular Id Business Model Pattern Sub Pattern: Service Level

Strategy Product-oriented Use-oriented Result-oriented

Supplier

(Molecules/Materials)

Recycle A1 Circular Rawmaterial Supplier Molecule & Material 

Recycling

Material

Bank

-

Maintain A2 Process Molecule Service Provider - Molecule & Material 

Leasing

Molecule & Material 

Performance

Supplier

(Machine building)

Reman B1 Machine/Component "As New" Machines/Compone

nts "as New"

Rental 

Machines/Compone

nts "as New"

Pay per Reman 

Machine-

Performance

Reuse B2 Machine/Component Remarketing Used 

Machines/Compone

nts Sales

Rental 

Machines/Compone

nts

--> see B1 Pay per 

Reman Machine-

Performance

Producer Recycle C1 Proprietary Material Cycles Waste Cherry Picking Material Bank 

Partnership

-

Reman C2 Product "As New" Selling Products "as 

New"

Product Leasing 

"as New"

--> see C6 Total Care

Producer 

Reuse C3 Used Product Remarketing Used Product Sale - -

Repair C4 Out-of-Warranty Repair Service On-Demand Repair --> see C6 "Leasing 

OEM"

--> see C6 Total Care

Producer 

Repair & Upgrade C5 Upgrades, Spares & Accessories Modules & 

Accessories Shop

Upgrade 

Subscription

-

Maintain C6 Maximising Product Uptime Fee-based 

Maintenance

Leasing

Producer

Total Care

Producer 

Retailer & Service Points Recycling D1 Retailer as Cycle Manager Retailer as Cycle 

Manager

--> see C1 Material 

Bank Partnership

-

Reuse D2 Retail Remarketing & Reman Used Goods 

on Sale

Rent-a-Wreck Fleet 

Manager

-

Maintain & Repair D3 One-Stop Shop (Retail) Integrated Service 

Point

Rental Retail Total Care

Retail

Repair Provider Repair E1 Repair Gap Exploiter Repair Transaction Repair-based Rental -

Prosumer Maintain & Repair F1 Prosumer Support System Do-it-Yourself Repair Peer-to-Peer Sharing -

Logistics Provider Recycle G1 Material Reverse Logistics - - Pay per Recycling 

Logistics 

Performance

Reuse & Reman G2 Refurb Logistics Services - - Pay per Refurb 

Performance

Repair G3 Spare Part Management - - Pay per Spare Part 

Performance

Recovery Manager Reuse H1 Revitalised Products Used Goods Bargain - -

Recycle H2 Coordinator of Informal Collection Fair-trade Recyclate - -

Intermediary Recycle I1 Recycling Platform Recycling Platform - -

Reuse I2 Used Goods & Sharing Platform Used Good Platform Sharing Platform -

Emerging Actors All J1..x ? ? ? ?
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with all other producer business models). The 
synergetic use of several patterns (and related 
circular strategies) will advance circularity more 
holistically and increase positive environmental 
impact.  
 

Discussion 
In this paper, we put forward a circular business 
model typology which goes beyond existing 
works by conceptualizing more detailed and 
practically grounded business model patterns 
based on the combination of three independent 
dimensions: actors in the value circle, circular 
strategy, and product-service system type. With 
these more detailed proposals for business 
model patterns, we aim at giving more practical 
guidance to practitioners aiming at redesigning 
their value chains and business models 
towards circularity. We also highlighted the role 
of partnerships to successfully implement 
CBMs and, relatedly, the orchestration of the 
various partners’ business models within a 
circular ecosystem.  
Our work is not without limitations: we focused 
on technical cycles based on the assumption 
that, independent of technical or biological 
nutrients, they should be (technically) cycled in 
the industrial system in order to unearth 
resource-efficiency potentials in the overall 
system. This does not mean that biological 
cycling is unimportant for the CE – much the 
contrary is true (e.g. biodegradability 
characteristics to address plastic littering) – but 
we see more relevance for business model 
change in the domain of technical cycling. Also, 
while we partly address bottom-up “do-it-
yourself” circularity, the typology is more 
strongly inclined towards the industrial circular 
economy (Stahel, 2019, p. 7).  
Future research should further elaborate the 
business model patterns, explore the role of 
partnerships in the related ecosystems, validate 
them with real companies, explore the 
dynamics when they are adopted within the 
context of firms’ innovation processes, and 
analyse the economic, environmental, and 
societal impacts of their adoption. From a 
practical viewpoint, it could be worthwhile to 
further develop the typology into an innovation 
toolkit to serve innovation managers and 
facilitators. 
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Annex 
 
Each individual business model pattern can be structured along a) the actor’s perspective, b) circular strategies and related 
product design enablers, c) three sub-patterns based on the service level and the related circular potentials, d) potential 
partnerships with other actors, e) barriers, f) social impacts, and g) industry case studies. 

Figure 2. Individual business model pattern in detail (Source: Hansen et al. 2020, p.14). 
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Consumer practices for extending the social lifetimes of sofas and 
clothing  
Haugrønning, Vilde(a), Laitala, Kirsi(a) and Klepp, Ingun Grimstad(a) 
a) ) Consumption Research Norway SIFO, Oslo Metropolitan University, Oslo, Norway 
 
 
Keywords: product lifetimes; consumer practices; clothing; sofa; social lifespans.  
 
Abstract: Consumers play an essential role in efforts to extend product lifetimes (PL) and consumers’ 
practices can determine how long and active lives products get. Applying the framework of Social 
Practice Theory, this paper argues that in order to suggest changes to how consumers can contribute 
to longer product lifespans,  research needs to focus on consumer practices. The data material consists 
of 4 focus group interviews with 38 participants about household goods and 29 semi-structured 
interviews about clothing. Previous research shows that consumers’ expectations of product lifetime 
has decreased, while satisfaction with products is relatively high, which may indicate that product break 
down and/or replacement is more accepted. Therefore, we argue, it is necessary to focus on social 
lifespans.  
Our findings show that products such as clothing and sofas often go out of use or are disposed of before 
their physical lifespan ends, and it is more common to donate or sell old clothing and sofas than buying 
the products second hand. There are a number of routinised practices, such as disposal of functional 
items, that are considered normal, which leads to less reflexivity of seemingly unsustainable practices. 
The material in products, or the expectation to the material, is highly influential for practices that can 
extend the social lifespan, such as maintenance. We conclude that by understanding practices as 
integrated and influenced by elements of the material, social and cultural, policy interventions may have 
a greater impact on the social lifespan of products.  
 
 
Introduction  
In the past 20 years, the consumption of 
furniture and clothing in Norway has increased 
by 119% and 37%, respectively (SSB, 2019). If 
the increase is to continue, this will make it 
difficult to meet the EU’s Circular Economy 
Action Plan (European Union, 2020). A great 
potential for reducing environmental impacts is 
longer product lifetimes (Cooper, 2010). This 
can reduce material recovery, pollution and 
energy consumption in all phases of a product's 
life cycle because a longer service life can 
replace or postpone new purchases (Downes et 
al., 2011). Consumers cannot control the 
quality or markets for products, but they can 
decide when, how and what to acquire, use, 
clean, maintain, repair and discard. Previous 
research on product lifespans finds that many 
products go out of use before their physical 
lifespan ends (Cox et al., 2013). This especially 
applies to products such as clothes and sofas 
(Hebrok, 2016; Laitala, 2014b). While the 
‘physical lifespan’ is related to the product’s 
durability and strength, the ‘social lifespan’, 

sometimes referred to as emotional lifespan, 
denotes the time the product is socially 
acceptable (Klepp et al., 2020). In some cases, 
when a social lifetime ends for one user, the 
product may find a continued lifespan with a 
new user. However, this is not an optimal way 
of consuming as it supports rapid replacements 
and a throw-away mentality, in addition to 
increasing the environmental impacts of 
transport. It is therefore important to explore 
how the social lifespan of products, such as 
clothing and sofas, can be extended.  
 
In order to understand and suggest changes for 
how consumers can contribute to longer 
product lifespans, research need to be focused 
on consumer practices from an everyday life 
perspective (Spurling et al., 2013). A review of 
consumers’ expectations of product lifetimes 
found a decline over the past 25 years 
(Gnanapragasam et al., 2018; Gnanapragasam 
et al., 2017). At the same time, there is 
evidence that consumer satisfaction in general 
is relatively high (ibid.). It appears that 
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consumers have come to accept products that 
break down early and/or have become 
accustomed to replacing products more rapidly. 
This cannot simply be reduced to consumer 
behaviour alone, as there is a plurality of factors 
in the everyday life that influence how practices 
are performed. Based on 4 focus group 
interviews with 38 participants and 29 semi-
structured individual interviews, we seek to 
understand: how do everyday consumer 
practices influence the social lifespan of sofas 
and clothing? Our analysis employs the 
framework of social practice theory (Shove et 
al., 2012), where social practices, such as 
acquisition, laundry, maintenance and disposal 
are the main focus. In line with a number of 
studies on consumer practices (Sahakian & 
Wilhite, 2014; Spurling et al., 2013), we argue 
that understanding the dynamics of practices 
that impact the social lifetime of products is 
crucial if we are to change consumption 
towards more sustainable patterns. This paper 
is informed by the Norwegian research project 
LASTING1, which aims to study how to increase 
the lifespans of durable products. 
 
Theory 
Highlighting both practical and meaningful use 
of products in everyday life, Social Practice 
Theory understands the individual agent as a 
carrier of practices, and consumption as “a 
moment in almost every practice” (Warde, 
2005, p. 137). Practices are reproduced by 
activities (bodily and mental) relying on 
practical and socio-cultural competence, 
motivations and emotions, and material objects 
(Reckwitz, 2002; Warde, 2005). Following the 
framework developed by Shove et al. (2012), 
practices are composed of three elements, as 
illustrated in Figure 1: the material (product, the 
body, environments and infrastructure), 
meanings (cultural standards, shared norms) 
and competence (social skills, knowledge of 
laundry and maintenance), which conduct a 
dynamic flow that affects practices related to 
social product lifetimes. As these practices are 
repeated and routinised, they are intimately 
linked to reproducing what people understand 
to be normal (Shove, 2003) and as such, they 
are difficult to change. However, all practices 
alter and evolve over time (ibid.) and to foster 
the necessary change towards more 
sustainable consumption, we need to 

 
1 See wep page: https://lasting.world/ 

understand the constitutive elements of 
practices and how they shift.  
 

 
Figure 1. Elements of social practices, modified 
from figure in Shove et al. (2012)  
 
Method 
The data material consists of 4 focus group 
interviews with 38 participants about sofas and 
29 semi-structured interviews about clothing. 
These data were collected to study product 
lifetimes, among other topics. The focus groups 
were conducted as part of the Norwegian 
Reference Budget for Consumer Expenditures 
(Austgulen & Borgeraas, 2018). The informants 
were asked about their consumption of sofas, 
how long they should last, cost and how often 
they replace sofas, and on quality versus price. 
The semi-structured interviews on clothing 
were conducted for two different purposes; 16 
of the interviews with 18 informants were part of 
the research project Textile Waste. Informants 
were located in Oslo, Trondheim and 
neighbouring counties. The informants were 
chosen to represent a variety of consumers with 
different life situations, age, gender, civil status, 
income and family size. They also had varying 
levels of interest in clothes, fashion and 
environmental issues (Laitala, 2014a). The 
informants were asked about clothing-related 
practices such as acquisition, use, laundry and 
disposal. The remaining 12 interviews were 
conducted as part of the research project KRUS 
(Klepp, Tobiasson, et al., 2019) and informants 
were located in the western part of Norway. 
These questions also revolved around clothing-
related practices, but with a focus on local 
clothing, wool and labelling. The interviews 
were recorded and transcribed verbatim. For 
this paper, they were analysed with thematic 
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content analysis, where we looked for 
descriptions of everyday consumer practices 
that impact the lifespan of sofas and clothing.  
 
Social and physical lifespan 
How long we keep and use clothing and sofas 
is determined by both physical and social 
conditions. Physical life is how long the product 
can be used before it is so worn that it is 
considered broken. Physical service life is often 
referred to as "quality" but is also affected by 
how the product is maintained and used (Laitala 
& Klepp, 2020). How much wear and tear is 
accepted depends on both practical 
considerations and how this is perceived. For 
example, a slightly worn garment may not be 
accepted as formal wear, while the same 
degree of wear is okay for leisure. A stained or 
worn sofa is likely to be more acceptable in the 
kids’ room than the living room. Therefore, it is 
difficult to define physical service life without 
saying something about the cultural and social 
meanings that influence how much wear and 
tear is acceptable. Socially durable products 
are those that can be used over a long time and 
still be valued or accepted. How long this is, 
depends on many factors. For clothing, this 
phenomenon is often associated with fashion. 
However, many clothes become socially 
unacceptable for other reasons. These include 
clothes that no longer suit our age, body and 
taste or transitions in life such as pregnancy 
and work situations.  
 
Results and discussion 
Our data shows that consumers are more 
inclined to donate or sell their old clothing and 
sofas than buying the products second hand. 
This corresponds to a survey conducted in 
Norway, where 86% of clothing acquired were 
new and less than one garment per person per 
year is purchased used (Laitala & Klepp, 2020). 
In 2019, 31 700 tonnes of textiles were 
collected in Norway, and 97 % of these were 
exported to a global market (Watson et al., 
2020). Sofas are frequently advertised at online 
marketplaces for used products in Norway. In 
2016, approximately 46.400 sofas were 
attempted to be given away at the biggest of 
them. In the same year, 157.000 sofas were put 
up for sale (Finn.no, 2017). This means that up 
to 9% of Norwegian households wanted to 
dispose of used furniture via the marketplace 
during 2016. Sofas are often replaced before 
they are physically broken, but we do not know 
how many of the sofas find a new owner. 

However, this indicates that a large proportion 
of them could have had a longer life.  
 
There are several differences between the 
product groups of sofas and clothing, that have 
implications for their social lifespan. Clothes are 
often considered as non-durables with a 
guarantee period of 2 years, while sofas are 
considered as durables with a 5-year 
guarantee. These factors will impact the 
differences between sofas and clothing, and the 
following sections will first present findings from 
each product group and then compare these 
from a practice-oriented perspective.  
 
Clothing flows 
The social lifespan will vary tremendously 
based on the type of garment. Our data showed 
that coats and woollen sweaters had a much 
longer social lifetime than clothing for specific 
occasions, such as weddings. Informants 
occasionally donated large volumes of 
functional clothing, either because the garment 
did not fit anymore or because it was a long time 
since they had worn them. The donations would 
usually happen during a decluttering of the 
wardrobe, which for many had become an 
annual or biannual event. A common trigger 
was a lack of space. Clothing is rarely 
purchased as a replacement for discarded 
garments (Maldini, 2019). Practices of 
acquisition and disposal are connected but 
independent processes (Maldini & Stappers, 
2019), affecting the social lifespan and volume. 
The tendency of wardrobes filling up, which 
leads to occasional and almost ritual 
decluttering, has become a characteristic of 
clothing consumption in affluent societies 
(Klepp, Laitala, et al., 2019), exemplified by 
phenomena such as the ‘KonMari’ method by 
Marie Kondo (Chamberlin & Callmer, 2021; 
Kondo, 2014). The problem, however, is that 
the practice of decluttering frees up space for 
new items, and as our data shows, for some 
consumers, it facilitates the purchase of new 
clothing as a routinised practice. 
 
Sofa exchanges 
The expected lifespan of sofas raised many 
discussions in the focus groups. A consensus 
between the groups was a social lifespan 
between 5 and 10 years, with 4 years being the 
shortest lifespan agreed upon in one of the 
groups. The main difference between the 
consumption of clothing and sofas is that sofas 
are not acquired in the same quantities as 
clothing. For sofas, the practice of decluttering 
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also impacts the replacement of new sofas, but 
the decluttering may be part of a larger 
refurbishment or moving. In Norway, frequent 
refurbishment of the home is common. Our data 
showed that such refurbishment was highly 
connected to the replacement of sofas, which 
also corresponds to previous studies (Hebrok, 
2016). One informant expressed that the 
expected physical lifespan was not even 
relevant, as they had a habit of replacing sofas 
occasionally. As with clothing, the sofas 
disposed of by the informants were rarely 
completely broken and were therefore often 
sold or donated to a flea market. Other factors 
affecting replacement were the design and 
colour, but also wear and tear, especially from 
children and pets. Most informants had an 
impression that the quality of sofas, and 
furniture in general, was better before. In other 
words, the expected social and physical 
lifespan is relatively short and influenced by an 
expectation of planned obsolescence. 
 
Everyday practices 
The practices of tidying up, decluttering and 
disposing of items are formed by economic, 
social and cultural elements that combined may 
lead to more functional products being 
disposed of. If external measures, such as the 
right to repair and improved consumer rights, 
are to have an effect on social lifespans, 
considerations that also target practices are 
more likely to have an impact on unsustainable 
routines in a throw-away culture. 
 
The standards of what is normal behaviour, for 
example that it is considered normal to donate, 
sell or in some way dispose of functional 
garments and sofas, are manifested in cultures. 
This will affect the meaning and performance of 
practices related to both acquisition of new 
products and the expected social lifespan. An 
important factor that affects clothing is the low 
prices that lead to more acquisitions and more 
disposal, which means that the material itself 
affects the social lifespans. Because shared 
notions of what is a normal length for a 
products’ social lifespan is evidently 
decreasing, this may affect the length of time 
consumers find it acceptable to keep products 
in use. In addition, the low expectations 
regarding product lifetimes and planned 
obsolescence may lead to second-hand 
products being less attractive (Wieser & Tröger, 
2016). 
 

For both clothing and sofas, it is socially 
accepted and considered normal to dispose of 
items even though they are not broken. 
However, it is considered low morale to throw 
away products as waste before their technical 
lifespan ends, and our findings show that 
people are happy with selling, donating or in 
any way giving away their old products to make 
room for a new. Thus, an essential factor that 
actually drives the practice of acquisition is the 
practice of disposal. The infrastructures that 
facilitate these disposal practices are textile 
collections, flea markets and web pages and 
apps for consumer-to-consumer sales. 
Because there is an alternative to disposing of 
items as waste, disposal is accepted based on 
the belief that a textile collector or flea market 
will take care of the product. However, it is 
rarely known what happens to discarded items 
and it appears that this is also less reflected on 
by consumers, which accentuates the practice 
of disposal as routinised. The issue of 
environmental concern is that the social and 
technical lives do not coincide. Buying used is 
one of many ways to increase longevity, but it 
would be better if more clothes were acquired 
only when clothes are worn out, and that no 
sofas were acquired during refurbishment.  
 
Conclusion 
This paper has argued for the need to 
understand the performance of social practices 
in everyday life as related to how consumers 
engage with product lifespans. In order to 
increase the physical lifespan, it is necessary to 
also increase the social lifespan. Expectations 
of short physical lifespans impact the social, 
and vice versa, which leads to a decrease in 
maintenance and care. Extending the social 
lifespan of sofas and clothing will involve 
different practices, related to the acquisition, 
use and maintenance such as repair and 
laundry. It may also involve measures that 
influence how long consumers expect products 
to last, both physically and socially. Such 
measures can involve the material, by making 
clothing in flexible sizes or by providing ways to 
let consumers change the cover of sofas after 
some years. Material adaptations can also 
prevent social factors related to new needs, 
such as changes in life situations or other 
transition stages. Decluttering that leads to 
donations for reuse are practices that ultimately 
shorten the lifespan. For policy interventions to 
have an effect, it is necessary to target 
routinised understandings, competences and 
use of materials that ultimately lead to shorter 
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social lifespans. Many of the donations made to 
flea markets end up as waste, as very little is 
reused locally compared to the amounts of 
products discarded. It would thus be of 
environmental benefit if there was a correlation 
between the physical and social lifespan. 
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Abstract: With an increasing interest in the circular economy, current environmental policies in Europe 
aim to prepare economies for a ‘green’ transition. Contrary to circularity, however, product longevity 
has yet to become a policy buzzword. To date, circularity has largely been operationalised as waste 
management, and circular strategies tend to neglect the everyday use of products. In this paper, we 
explore how product longevity has been positioned in Norwegian environmental policy over the past 20 
years. By doing so, we aim to understand why product longevity seems to fall behind compared to 
concepts such as circularity, recycling, dematerialisation, and efficiency, and what we can do to change 
it. The data material consists of three sets of document analyses: 1) party programmes from six political 
parties in Norway 2000-2020, 2) Official documents from the Parliament and the Government 2000-
2020, and 3) newspaper articles 2000-2020. A thematic analysis was used to study the timeframe, 
contexts and policy instruments in which product longevity appears. Our findings show that the concept 
is hardly mentioned in Norwegian environmental policy or public debate. However, there is a significant 
increase from 2016-2017 in combination with circularity but only at a theoretical level while concrete 
policy instruments are still lacking. We also see a clear link between focus on product longevity and on 
consumers and consumption activities. In conclusion, we therefore argue that circular economy policies 
must be oriented to an everyday life perspective on consumption and consumers to develop effective 
instruments to increase product longevity. 
 

Introduction  
Over the past decade, environmental policies in 
the European Union, member states and 
associated countries have been framed within 
the Circular Economy (CE) line of thought. The 
basic argument of the circular economy is to 
move away from a linear model of production, 
consumption, and disposal, to a circular model 
generating new resources from waste. The core 
principles include concepts such as reduce, 
reuse, and recycle (the 3Rs), as well as 
redesign, remanufacture and recover 
(Kirchherr, Reike, & Hekkert, 2017). At a 
theoretical level, the CE moves up the waste 
management hierarchy by aiming at preventing 
waste, not merely using waste to generate 
resources. In academia, circular economy 
ideas were linked to product longevity in the 
1970s and 80s through the work by Robert 
Lund (e.g. Lund, 1977) and Walter Stahel 
(including Stahel, 1986, 1994, 1998; Stahel, 
2010, 2013, 2016, 2019; Stahel & Reday-
Mulvey, 1981; Stahel & Reday, 1976). Their 
basic idea was shifting design, production, and 
consumption processes from a linear cradle-to-
grave and towards a cradle-to-cradle principle 
where extended product life is considered in all 
phases (Cooper, 2020).  

The EU’s use of CE concepts has 
however been widely criticised from scholars 
across disciplines. Despite principal support of 
the concepts at a general level, uptake is 
significantly lagging (Fitch-Roy, Benson, & 
Monciardini, 2020; Hartley, van Santen, & 
Kirchherr, 2020). According to Stahel (2013), 
the insights from product lifetime research have 
only now slowly started to transcend into policy-
making, yet policymakers still tend to focus on 
singular issues and less on holistic solutions 
across sectors and they are, as Stahel phrases 
it; “geared to overcome economic problems by 
promoting growth in the industrial production 
economy” (p.1). Gregson, Crang, Fuller, and 
Holmes (2015, p. 220), argue that the EU 
economizes the circularity concept by stating 
that “the key move is to view nature not as an 
uncosted externality but as a set of stocks, 
potential resources, flows and services that can 
be measured an assigned a value”. In doing so, 
the market becomes an important domain and 
consumers in those markets key actors to 
accomplish the circular economy transition. 
According to Mylan, Holmes, and Paddock 
(2016), there is however a lack of attention to 
the domestic domain, which is crucial to the 
enactment and change of consumption 
practices, and where many practices that affect 
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product longevity takes place. While the 
endpoints including design, production and 
waste are given much attention in the form of 
concrete policy instruments, Welch, Keller, and 
Mandich (2016, p. 25) note that “the centrality 
of the domain of use and consumption is 
routinely acknowledged in reports and policy 
statements”, whilst offering no political 
instruments to address the use phase.  

Norway has followed the EU’s uptake 
of the circular economy as its core concept for 
future environmental policy. In 2021, the 
government plans to launch their first circular 
economy strategy, very much inspired by the 
“New Circular Economy Action Plan” (European 
Commission, 2020). In this paper, we study the 
concept of product longevity in Norwegian 
environmental policy based on political party 
programmes, official policies and media texts 
over the past 20 years. In doing so, we get in-
depth knowledge of how one single concept, 
product longevity, is positioned within the much 
more general idea of environmentalism, 
sustainability and circularity, as well as its 
development over time.  

The paper starts with presenting the 
methods, data material and analytical strategy. 
We then explore three types of positionings: 
historical, contextual, and operationalisations to 
policy instruments. We conclude by arguing for 
greater attentiveness to consumption as an 
array of everyday activities, which in turn might 
enable more efficient policy instruments than 
those proposed under the EU’s understanding 
of the circular economy. 
 

Methods and data material 
The paper uses document analysis to conduct 
a systematic evaluation of product longevity in 
Norwegian environmental policy. Documents 
can be referred to as social, in the sense that 
they are produced, shared, developed and 
discarded within a social context (Atkinson & 
Coffey, 2004). With this framing in mind, the 
analytical procedure has consisted of (i) 
selecting relevant documents, (ii) evaluating 
their content by means of thematic and 
theoretical concepts, and (iii) synthesizing the 
content of the documents (Bowen, 2009). 

The main source of documents used in 
this paper is political party programmes of four 
of the biggest political parties in Norway (Høyre 
– the Liberal conservative party, Venstre – the 
Liberal party, Arbeiderpartiet – the Social 
democratic party, and SV – the socialist party) 
in the time periods 2001-2005, 2005-2009, 
2009-2013, 2013-2017; the last one covering 

the period until 2021. Høyre and Arbeiderpartiet 
have been the dominant parties in the period 
and the bases for coalition governments, while 
Venstre and SV have aimed at becoming the 
main environmental alternative on the right and 
left side, respectively. In addition, we have 
analysed the most recent party programs 
(2017) of Fremskrittspartiet, a “right wing” and 
partly liberalist party and Miljøpartiet de Grønne 
(MDG), an environmental or “green” party. The 
programs are either available online or have 
been sent to us by the party administrations. 22 
programs have been examined.   

The party programmes are 
supplemented by two further sources. The first 
is all official documents from the Norwegian 
parliament and government web archives that 
contains the word “product longevity” (or similar 
phrases), which is only seven documents 
between 1996-2021, four of which are 
published between 2016-2021. The second is 
all media texts between 2000-2020 that 
contains the word “product longevity” (or similar 
phrases). These were identified using the 
Norwegian media archive Retriever. The 
material consists of 45 texts, of which 27 were 
published in 2019-2021. Before 2019, there 
have been between 0-3 texts each year.  

Evaluation and synthetising have been 
of a thematic and discursive character (Fereday 
& Muir-Cochrane, 2006; Kohlbacher, 2006). We 
have identified the occurrence and placement 
of the longevity concept in each document, their 
social, cultural and political contexts, and the 
dominant societal discourses that longevity is 
placed within, outside, or in the outskirts of.  

Although document analysis is an 
efficient, cost-effective and easily conductible 
method, we are aware of biased selectivity in 
our focus on product longevity. Moreover, we 
have strategically selected the timeframe 2000-
2020 based on an assumption that longevity is 
little mentioned in the previous decades. When 
relevant, documents before 2000 are included. 

 

Historical positioning: Few mentions 
before 2017 
For three of the parties we followed from 2001, 
product longevity appears for the first time at 
the end of our period, in the 2017-2021 
programs, with a weaker focus for the liberal 
and social democratic party than for the 
socialist party. Expectedly, we find a distinct 
presence for the environmentalist party, but we 
have no history prior to 2017. It is however not 
clear if, and to what extent, the appearance of 
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product longevity in 2017 will change the 
political and societal discourse, but negatively, 
the absence of durability focus from 2001 to 
2017 proves that these perspectives have not 
dominated. Among researchers, product 
lifespans have been seen as important at least 
since the 1990s (Hille, 1993; Klepp, 2001; 
Strandbakken, 1997, 2007; Throne-Holst & 
Lange, 1996). One possible explanation for this 
rather sudden appearance is the introduction of 
CE policies at the EU level in 2015 in the 
“Closing the Loop” action plan (European 
Commission, 2015), emphasising the need for 
longer lasting products, at least at a theoretical 
level. 

It should also be noted that a mere 
mentioning of a set of concepts, ideas and 
measures in a party program says little about 
the party’s real priorities. In their day-to-day 
politics they might prioritize other environmental 
tasks, like public transport in urban areas or 
production of renewable energy over the 
longevity theme. This is not a claim that 
durability will not dominate future politics, but it 
is a reminder that the appearance of the theme, 
positive as it is in our perspective, is no 
guarantee for a political breakthrough. 
However, product longevity has (at last) 
entered one arena for debates on 
environmental policy.  

Official parliament and government 
documents show a similar story. Except for one 
White paper on waste prevention in 2002, 
longevity has not been discussed much in 
environmental policy documents. Our analysis 
of media texts might bring us one step closer to 
day-to-day politics. Product longevity has not 
been part of the public debate in Norway over 
the last twenty years. Only four of the 45 texts 
we have identified appear in regional or national 
newspapers. The rest is mentioned in thematic 
magazines or magazines for specific industries. 
A large share of the texts is related to the 
technology and electronics industries. 
Moreover, some of the texts refer to our own 
research on product longevity, e.g., on textiles, 
and some are referring to our ongoing 
LASTING project, of which this paper is part. In 
contrast, a search for the phrase “the circular 
economy” results in 2476 media texts, 1902 of 
them were published between 2019-2021, 
which might indicate that the general 
understandings of and discourses related to the 
circular economy does not include the topic of 
product longevity.  
 

Contextual positioning: 
Consumption and the consumer 
When product lifetime is mentioned in 
environmental policies at all, it is mentioned in 
connection with consumption and the 
consumer. Political parties without a clearly 
defined consumption focus in their 
environmental policies or clearly defined 
consumer policies also lack a focus on product 
longevity. Up to the 2017 program, the four 
parties that were analysed historically varied in 
terms of environmental ambitions, preferred 
approaches and in their choice of prioritised 
themes. But energy production and saving, 
mobility, nature production and international 
cooperation were core issues across parties. 
This is no surprise in a Norwegian context, as 
the country produces hydropower and has had 
a strong focus on integrating electric vehicles 
as means of transport. The consumer was not 
a central actor in these environmental policies, 
and consumption, households and everyday life 
was quite absent. The most consumer-oriented 
aspects concerned energy saving in 
households and handling of domestic waste.  

When the environmental policies are 
contextualised within a consumption and 
consumer framework, consumers are also 
made responsible for engaging with strategies 
to increase longevity in a myriad of ways that 
are sometimes conflicting. They are expected 
to act as act as purchasers, maintainers, 
repairers, sellers, sharers and collaborators, as 
well as engaging with waste, sorting and reuse. 
Similarly, the policies see consumers as active 
agents (they make choices in the market, they 
must engage with circular innovations), as well 
as passive agents (they are confused and must 
be provided with accurate information). By 
referring to a multitude of so-called innovative 
modes of consumption, including sharing, 
collaborative economy, service economy, local 
community initiatives and so on, the policies 
envision the consumer to radically change their 
consumption patterns (Maitre-Ekern & 
Dalhammar, 2019).  

 
Operationalisations of product 
longevity concepts to policy 
instruments 
Along with the increased focus on product 
longevity from 2017 onwards, we find an 
increase also in commitment and specificity, 
although varying across political parties.  

Venstre frames its take on product 
longevity under the CE. The program is very 
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clear in its pinpointing of the problem: “A large 
part of the global problems with overuse of 
resources are due to too much consumption of 
products with short lifespans”. Hence, Venstre 
wants to “stimulate the development of more 
durable products”. It seems, however, as if the 
only concrete policy instrument that is 
mentioned is “increased focus on national eco 
labelling”.  

Arbeiderpartiet too, frames durability 
under the CE theme: “We will speed up the 
development of a circular economy for the sake 
of the environment, and because it will help 
create new businesses and jobs”. The program 
mentions three tools, but it does not really target 
implementation, it is more a list of possible 
measures (even if the party demands the first 
two): “more eco-friendly product design and 
materials use”, “repair”, and “consider better 
warranty schemes in order to secure longer 
lifespans for products”. The most specific tool 
here would be the third, better warranty, but 
here the formulation is “consider” and thus 
rather vague in terms of political commitment.  

The most ambitious and clearly most 
specific 2017 program is the one from SV. The 
program holds a strong focus on consumers, 
everyday life and what we have called the 
product perspective, and it targets the durability 
theme more under “eco-friendly everyday life”, 
rather than under the CE. Their proposed tools 
are not very unlike those of the others, but they 
are formulated stronger and more specific, 
even if SV also uses formulations like “want to” 
and “it should be possible”: “give consumers 
expanded warranty/right to complain/ increase 
warranty to six years”, “increase the retailer’s 
burden of proof from 6 months to two years”, 
“make it easier to repair our things. We will have 
more competition in the market for repair”, 
“have products repaired by professionals 
without affecting the warranty”, and “have the 
municipalities to facilitate for the establishment 
of reuse and repair workshops”.  

Interestingly, SV’s framing also places 
(some) responsibility for product longevity at 
different actors. Warranty and retailer’s burden 
of proof would have to be placed in the 
legislative, as would Venstre’s “national 
labelling”. The proposed new rules for opening 
the repair market for professionals resembles 
some European initiatives but would have to 
implemented within Norwegian 
consumer/market law. The responsibility for 
product design and efficient materials use 
would, in the last resort, land at the retailers, 
even if there are standards, guidelines and 

rules to be followed. The consumers should be 
“encouraged” to use eco labelling and to 
choose repair over new purchases when 
feasible, but this will be influenced by financial 
considerations, perception of quality in addition 
to the level of environmental commitment.   

 
Conclusions 
In this paper, we have provided three lenses for 
positioning product longevity in environmental 
policy, using Norway as a case in point. The 
historical positioning shows that longevity-
related concepts are largely absent from 
environmental policies before 2017 and the 
introduction of the circular economy concept. 
However, this does not necessarily mean that 
an uptake of a circular line of thought will lead 
to more policies to extent product longevity. The 
contextual positioning clearly shows that focus 
on longevity increases with a focus on 
consumption and the consumer. The final 
positioning of operationalisations to concrete 
policy instruments indicates that when 
environmental policies encompass a broad 
understanding of everyday life, consumption 
and the consumer, policies to increase product 
longevity are more explicitly defined.  

Yet, we still find that even when 
consumption and everyday life is in focus, there 
is no clear understanding of the consumer role. 
Increasing political focus on consumption and 
everyday life must be done with an 
understanding of all aspects of consumption; 
from the acquisition, to the use and disposal of 
products and services, that taps into almost all 
of our everyday practices (Warde, 2005). They 
are never unrelated, and they determine 
actions in implicit and inconspicuous ways. 
There is thus a need to move beyond simply 
stating a myriad of consumer roles and 
responsibilities (co-producers, sharers, 
collaborators etc.) and start looking at how we 
might integrate these ideas in our already 
complex and multifaceted everyday lives. 
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Abstract: The fashion supply chain is a complex network of stakeholders, connections and resources 

that coalesce for the production, trade and (sometimes) recovery of textile merchandise. This dense 

fashion supply system frequently conceals innumerable harmful activities including the questionable 

procurement of raw materials, disputed transactions, and improper labour practices. Within this opaque 

landscape, the emerging backend technology of blockchain is proposing mechanisms to make supply 

chains more transparent and incentivise circularity. However, despite the possibilities, in its current state 

of development, blockchain technology presents as many shortcomings as advantages. Blockchain’s 

disadvantages include lack of interoperability, risk of erroneous data input and difficulty achieving 

cooperation among competing parties. Furthermore, the ideal blockchain implementation of full-scale 

transparency would require widespread adoption and stakeholder collaboration for the system to 

operate efficiently. Indeed, blockchain cannot exist without cooperation. This study sets out to 

investigate the level of cooperation required for the effective implementation of blockchain for 

transparency along the fashion supply chain. The study finds that many of the current use cases of 

blockchain in the fashion supply chain are limited to private, permissioned blockchains – thus effectively 

shutting out other players. Through a qualitative approach this investigation examines a proof of concept 

(POC) within the small to medium enterprise (SME) context. The study demonstrates that regardless of 

the complexity (and immaturity) of blockchain technology, SMEs already possess agility and strong 

business partnerships that are also bound by shared values. This paper adds to the growing literature 

on emerging blockchain technology applications, specifically in relation to the fashion supply chain and 

its potential to facilitate circular economy solutions in the SME sector. 
 
 

Introduction  
This study investigates the challenges and 
opportunities experienced by sustainable 
fashion enterprises that adopt emerging digital 
technologies.  Producing fashion sustainably 
has become an imperative (Gwilt, 2014), and 
entrepreneurship is increasingly expected to 
support this objective (Parrish, 2010). While 
enterprise is seen as a system designed to 
create value for the customer and capture value 
for the firm (Pal & Gander, 2018), sustainable 
practice provides additional value, both socially 
and environmentally. However, sustainable 
practice is also associated with higher costs 
and organisational challenges that may impact 
on the firm’s success. The application of 
emerging digital technologies within 

sustainable fashion enterprises may mitigate 
the challenges of sustainable practice and 
increase the uptake and delivery of value. This 
paper presents the investigation of one of these 
technologies, namely blockchain and its 
application to the sustainable fashion supply 
chain.  
 

Small scale fashion enterprise 
The global textile industry is divided by 
economies of scale, that is large scale and 
small – with each sector generating its own 
ecosystem of dynamics.  Small scale and micro 
businesses comprise the bulk of enterprises in 
the clothing and textiles industry 
(FashionUnited, 2020). They are seen as more 
agile and likely to facilitate change (Kozlowski, 
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Searcy, & Bardecki, 2018). As the independent 
fashion entrepreneur is positioned in the midst 
of the supply chain network, any changes, 
disruptions or improvements achieved by the 
designer may positively affect the remainder of 
the sector both up and downstream. The small-
scale independent fashion enterprise (SIFE) 
presents an easily recognisable business 
model that can support the sustainability 
objective. Unlike large scale conglomerates 
subject to the pecuniary interests of 
shareholders, SIFEs can draw on alternative 
value systems and in this way contribute to the 
advancement of sustainable practice. 
 

Sustainable fashion enterprise 
The overproduction and overconsumption of 
textile products resulting in tonnes of waste and 
unnecessarily ending in landfill every year has 
led to a call for systems and behavioural 
change towards a circular economy 
(Geissdoerfer, Savaget, Bocken, & Hultink, 
2017, Parajuly, Fitzpatrick, Muldoon, & Kuehr, 
2020). A response to facilitating these changes 
and achieving a waste free world rests on 
tracing textile products to expedite their 
retrieval (Morlet et al., 2017). However, one of 
the most critical issues currently facing the 
textile industry arises from the lack of 
transparency and traceability of providers along 
the supply chain (Thind & Jackson, 2020). This 
lack of transparency has effectively hidden 
some of the most harmful effects of the industry 
including social injustices and environmental 
destruction (Beth, 2020). Correct flows through 
the circular economy are difficult to achieve, but 
innovative business models coupled with 
technology may provide the answers that meet 
these challenges and make these processes 
more feasible. 
 
From the retail perspective, consumers need 
incentives to easily recycle their textile waste. 
For example, if consumers wish to resell an 
item, they need the assurance of buying and 
selling in a market that is increasingly 
demanding correct credentials.  Take for 
example the recently established Alexander 
McQueen subsidiary, MYAMQ that tracks 
garment resales – information about an item 
can be accessed when customers join the ‘club’ 
and buy a product.  Consumers can then 
confidently resell with evidence of the product’s 
authenticity. This business model incentivises 
sales activity on the platform – while promoting 
sustainable practice. Similarly, corporate 
consumers (e.g. uniforms, hospitality etc) also 

require their waste to be correctly channelled, 
thus avoiding stockpiling and saving disposal 
fees. For instance, firms may wish to know (and 
publicise) that their commercial uniforms were 
converted into a park bench! However, an 
unresolved issue is the sorting and separation 
of textile waste into the most efficient and 
appropriate systems for continued circulation 
(Powell, 2019). This can be achieved through 
the deployment of a number of technologies – 
first the original fibres require identification and 
second the data on the fibres need to be 
entered, stored and retrieved before the textiles 
can be separated and allotted to different 
recycling processes. Fibres can be identified 
through radio frequency identification (RFID) 
tags, near frequency codes (NFC) or quick 
response (QR) codes and more recently 
nanotechnology – in which the fibres are 
embedded with tracking capability (Fibretrace, 
2019). Not only does this provide upstream 
information on the supply chain, but also offers 
information to recyclers at the end of life (Morlet 
et al., 2017). In principle this sounds ideal, but 
few use cases exist to date.  Those that do exist 
are found within the large-scale sphere. For 
example tech firm VeChain has collaborated 
with fashion brands such as H&M, Babyghost, 
and Reebonz to develop digital tags that use 
blockchain technology to secure supply chain 
tracking and help customers verify 
manufacturing information and authenticity 
(Gates, 2019).   

 
Blockchain for the sustainable fashion 
enterprise 
In the decade since its inception (Nakamoto, 
2008, 2019), the research on blockchain has 
been growing. After releasing his white paper in 
2014, Buterin developed the Ethereum platform 
which opened the generalised blockchain - 
offering capabilities beyond cryptocurrency and 
more specifically could be deployed for the 
supply chain. Within the fashion system 
blockchain technology can be applied to 
securely distribute product and supply chain 
information including complete databases of 
inventory at stock keeping unit (SKU) level. 
Blockchain creates peer-to-peer and a 
decentralised network that connects all 
stakeholders in the value chain (e.g. farmers, 
raw material suppliers, brands, manufacturers, 
transporters, distributors, retail outlets, banks, 
consumers and other parties of the complete 
supply chain) thus providing a record of 
provenance. Further applications for the 
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fashion industry include the registering and 
clearing of intellectual property (IP) rights, 
controlling and tracking evidence of use, and or 
the legitimate use of a trademark. Blockchain 
can also be applied in enforcing IP agreements, 
licences, royalties, exclusive distribution 
networks, transmitting payments and 
authentication (Burstall & Clark, 2017). In other 
words, blockchains may be understood as 
indexes of standardised information that can 
also be shared with organisations outside the 
firm – including customers and competitors. 
This would represent a significant shift in the 
functioning of the fashion system, which 
previously has relied on secrecy for competitive 
advantage and profit assurance.  
 
Blockchain technology potentially provides the 
transparency needed to ensure raw materials 
are ethically produced, and that products are 
environmentally safely manufactured, and 
thereby provides all stakeholders along the 
supply chain with trust not seen before. 
Blockchain programs can prove to consumers 
that a brand is not greenwashing. “Adding this 
blockchain layer means it is much harder for 
brands to cheat. It’s about bringing trust back,” 
according to Guinard, founder and chief 
technology officer at tech firm, Evrythng 
(Maguire, 2019). Interestingly, firms that are 
implementing blockchain are suggesting that 
not all transactions will be ‘on-chain’ and that 
they will retain traditional databases 
concurrently. This seems a cumbersome 
solution – but may also signal the transition 
stage the fashion system currently finds itself in. 
However, studies beyond verifying origin and 
authenticity of luxury goods are scant. Many 
studies agree that, considering its complexity 
and multifaceted applications, blockchain 
deserves more research – and in particular 
empirical research (Kouhizadeh & Sarkis, 
2018). This study adds to the current body of 
knowledge, drawing on empirical evidence to 
demonstrate its potential for the circular 
economy within the fashion industry as well as 
firm success. 
 

Blockchain challenges 
The fashion industry’s multiple interconnecting 
suppliers add to the complexity of adopting the 
technology.  This means that not only is the 
supply chain lengthy, it has several sub 
branches. These stakeholders enable the 
assembly of a garment – and in a circular 
economy – its disassembly. Blockchain 
configurations also present challenges.  

Blockchains need to interoperate (effectively 
connect with each other) for the system to work 
at ideal capacity. Flexibility between 
blockchains is critical. Evrythng claims to 
ensure that different physical products can 
easily participate in multiple blockchains and 
avoid creating more data silos through their 
development of the Blockchain Hub which 
delivers an array of services such as Software 
as a Service (SaaS), Internet of Things (IoT) 
capabilities and data storage. Evrythng claims 
to have a plug-and-play technology for data 
input, as the scan process is supported by any 
smartphone. However considerable 
understanding of technology is required to 
deploy the software – and does not lie within the 
capabilities of the average fashion 
entrepreneur, thus requiring the services of a 
programmer (Volpicelli, 2018). Furthermore, 
while there are initial costs of hiring tech firms 
like Avery Dennison and Evrythng to create a 
unique digital ID, the price potentially escalates 
according to the number of times a brand 
creates another block, the complexity of its 
supply chain and the amount of data uploaded. 
Is it worth all the effort? Deloitte, which has 
undertaken extensive surveys on the 
technology, says that many of its clients are 
“making meaningful investments in the present 
day, starting new businesses based on the 
unique value proposition offered by blockchain 
and tokens” (Pawczuk, Massey, & Schatsky, 
2018). There is little evidence of long-term 
business applications not to mention widely 
accessible software.  

 
Value creation 
Studies on the benefits of the technology by 
Fosso Wamba and Guthrie (2020) show that 
blockchain adoption has improved competitive 
advantage for the supply chain businesses they 
investigated. Beyond transparency, Warren et 
al (2019) discuss the economic advantages and 
other forms of new value creation including 
cross sector communication. However, 
according to the tech consultancy firm 
Accenture’s report on building value with 
blockchain (Warren et al., 2019), more than 64 
percent of blockchain initiatives are currently 
being funded by IT or research/innovation 
budgets—implying that the focus is on 
technology, rather than on aligning with the 
main areas of opportunity within organisations. 
Nonetheless, the IT firms’ value driver 
frameworks aim to help organisations identify 
the value of blockchain technology by building 
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corresponding business cases (to attract 
investment in the technology). When 
implementing blockchain technology, although 
value is created by organisational members, 
value capture is determined by the perceived 
power relationships between economic actors 
(Arthur, 2018; Sargeant, 2017). Cao et al. 
(2020) state that value will be realised when 
competitors in the market offer the technology 
as a ‘value add’ to their product – effectively 
gaining market dominance. Tellingly Cao et al. 
(2020) point to the value derived from 
information itself and the value the firm and the 
customer places on the indisputable proof of a 
claim. This may seem to stray from ‘sustainable 
fashion practice’ but does hint at the direction 
entrepreneurial principles may take in the 
future.  
 

Compromises 
Developers are finding that blockchain is not 
always practical – or more precisely, not always 
wanted in its ‘purest’ form by large scale firms 
(Allen, 2020; Ohlsson, 2020). For example, 
Asia Pacific Rayon (APR) already has a very 
robust blockchain tracking and tracing system 
developed by Singapore based tech company 
Perlin. Bales of cellulose produced from 
plantations in Indonesia (and sometimes 
Canada and USA) are marked and tagged with 
beacon technology.  The records are publicly 
accessible on their use-case website (APR, 
2020). The APR ‘follow your fibre’ website is 
clear and comprehensive. Information on tree 
provenance seems very thorough but 
information on labour practices for example is 
missing. Yes, we are told the ‘good news’ that 
more than 60% of the workforce has tertiary 
qualifications – but what of the other 40%?  
What of the 25% of workers not between the 
ages of 24 – 35, how old are they? Is child 
labour involved – or hidden by lack of statistics? 
Firms can elect to omit certain pieces of 
information that may be misconstrued or 
harmful.  This is their decision of course – but is 
not in the spirit of ‘full’ blockchain 
communication. This ‘manipulation’ of the 
technology ultimately questions the trust that 
can be placed in it. Indeed, laws pertaining to 
blockchain regulations currently in development 
look at its method of use rather than the 
technology itself (DISER, 2018). It can be 
customised, individualised and privatised and 
tell the story the company wants to convey 
rather than the ‘whole’ truth.  
 

Methodology  
A data base of tech enabled fashion enterprises 
was created in a matrix that identified the 
modes of business models, the types of 
technology adopted as well as sustainability 
aims. Interviewees were selected from this 
matrix which also yielded rich information on 
the interrelationships of enterprise, technology 
and sustainability. Fourteen semi-structured 
interviews were conducted with fashion 
entrepreneurs and technology providers. 
Entrepreneurs were invited to describe their 
experience as either a sustainable fashion 
brand that implements technology or as a 
technology expert serving the SIFE.  
 

Findings 
The main finding of this study is that while 
blockchain technology is inevitable, little to no 
adoption is evident in the SIFE landscape. 
Designers should not fear they are ‘missing out’ 
at this point. According to Deloitte (2018) the 
technology is in a maturing phase – and during 
this time it may be wise to build blockchain 
literacy as well as gather and store data that will 
be used on-chain in the future. This study found 
that fashion entrepreneurs do not necessarily 
understand what the technology can and 
cannot achieve or the detail of information 
which is required for the technician or solutions 
designer.  The technologist also does not 
understand the details of the fashion industry. 
In fact, this impasse partially led to the collapse 
of many blockchain start-ups at the end of 2017, 
after the generalised blockchain platform 
Ethereum was created by Buterin (2014). Since 
2018 there has been an upsurge in blockchain 
start-up success – mainly thanks to better 
communication between stakeholders and 
more suitable projects (Cao et al., 2020), 
demonstrating the need for blockchain literacy. 
 
In preparing the groundwork for blockchain 
implementation according to Cao et al. (2020) 
the problem should be specific to the firm 
(rather than a generic – ‘make the supply chain 
transparent’). For example, the solution may 
include performing data authentication and 
auditing, storing and retrieving data, managing 
smart contracts, interoperating with other 
blockchains; and/or connecting with legacy 
systems such as accounting, inventory or 
enterprise management systems (ERPs), 
ecommerce and hosting platforms, cloud 
storage and so on, that already exist within the 
firm.  The feasibility study or preparatory stage 
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also involves checking for existing solutions, 
determining how the intended solution can offer 
a better result, and ensuring that resources 
(time and money) are available for investment 
in the development and implementation of the 
technology (Saxena & Srivastava, 2019).  A 
sustainable fashion brand participating in this 
study, offers an exemplary – if perhaps 
unwitting preparation in gathering and 
publishing data in fine detail about the 
provenance of the supplies for each of their 
garments.  This will be the requirement for all 
firms that wish to show this level of 
transparency on-chain in the future. It may be 
worthwhile considering the storage of current 
inventory management or ecommerce 
information in preparation – and any systems 
the firm has that carry this information right now. 
Another participating firm has enlisted and 
subscribed to a slew of certification agencies 
but the owner laments no significant advantage 
or recognition of their efforts. The firm is 
interested in adopting the technology but is 
sceptical of its benefits. 
 

Stakeholder Collaboration 
Another concern in adopting blockchain voiced 
by the participants is how to get all the suppliers 
up and downstream on board.  It may be difficult 
for a single brand to instigate this – as they may 
well be viewed as a competitor or ‘spy’ and 
creates the supplier paradox – the 
competition/co-operation clash (Schmidt, 
Foerstl, & Schaltenbrand, 2017; Wilhelm & 
Sydow, 2018). As inter-firm relationships are 
already quite tenuous and fiercely guarded in 
some cases, this might be another reason to 
avoid any ‘outside interference’ from 
blockchain. Furthermore, if the brand goes on 
to involve other suppliers – this risks their 
original suppliers becoming suspicious. Supply 
chain relationships although ostensibly 
transactional are finely tuned and sometimes 
precariously balanced. This collaboration 
mindset also forms part of the preparation for 
blockchain readiness. An unexpected response 
to the supplier paradox was provided by one of 
the respondents in a secondary interview.  Two 
firms, one an organic cotton grower and the 
other a local, sustainable jeans manufacturer, 
collaborated on creating a ‘beginner’ blockchain 
with each other and their main suppliers.  Their 
motivation had less to do with any triple bottom 
line objectives – and more to do with the 
common desire to experiment.  Each were 
willing to absorb costs, share time, expertise 
and know-how to implement the innovation. 

One of the partners owns a technology firm as 
well. The platform was launched in November 
2020 and as yet has not shown any tangible 
economic results such as increase in sales. 
And yet, the initiators are delighted with their 
achievement, seeing themselves as pioneers in 
the space – also believing it to enhance their 
business profiles. Indeed, the partners have 
been nominated for an innovations award to be 
held in December 2020.  The first-in-market 
theory can also be a strong motivator for many 
firms arguably strengthening brand reputation 
and market leadership (Morales, 2020; Tellis & 
Golder, 1996).   Cao et al. (2020) agree that 
blockchain implementation requires the 
collaboration of several parties such as 
suppliers, manufacturers, software developers, 
strategists, project managers and so on. 
Indeed, it is through the consortium model that 
blockchain adoption could be facilitated among 
small scale firms to the point where peak 
industry bodies may take on the challenge and 
clear the path for its member organisations.  
 

Discussion 
It is clear from the ‘division of labour’ between 
the fashion firm and the technology firm that 
there are a number of tasks to undertake and 
resolve.  In many instances each party is not 
aware of the other’s difficulties and complexities 
in identifying ‘pain points’ and reaching 
solutions.  On the one hand, a fashion firm may 
find it perfectly normal to order dozens of 
supplies – from firms that in turn require 
hundreds of components. The tech firm would 
find this ‘complicated’ (Richter, 2020). On the 
other hand, the blockchain tech company will 
have several operations that are 
incomprehensible to the fashion firm – including 
creating non-fungible tokens (NFTs), or 
decentralised applications (dApps), digital 
twins, connecting wallets, node deployment, 
testing on the testnet or launching on the 
mainnet and so on. Just as within the fashion 
organisation, the tech company will interact with 
several providers of different services. At this 
point a consulting firm or solutions design firm 
may be called upon to function as the 
communicator between the entities and 
streamline operations. This adds costs to the 
solution – ranging from $25K - $1M per solution 
(Saxena & Srivastava, 2019). The costs are 
justified considering the hours involved, 
however, the SIFE may well query the ‘return 
on investment’ (ROI). Building a private 
blockchain for small scale firms seems 
economically out of reach, consuming 
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unavailable time and attention, and frankly not 
feasible for the average SIFE.  To create a 
universal application that is globally accessible 
for fashion firms such as an ecommerce plug-in 
seems even less likely considering the 
magnitude of the undertaking. Notwithstanding 
the various initiatives currently in motion 
including the application of government 
regulation on blockchain deployment (DISER, 
2018), or the enormous sums required to 
develop a private chain, there may be 
alternative business models which would make 
access possible for the small-scale enterprise. 
For example the subscription model of 
Blockchain as a Service (BaaS) is gaining 
attention (Bhardwaj, 2020a, 2020b; Morales, 
2020) and warrants further investigation. 

 

 
Conclusion 
Maintaining a viable fashion business is 
difficult, and sustainable practice adds to the 
challenge.  
The main outcome of this study is the discovery 
of specific barriers to adoption in the fashion 
industry, the need for increased blockchain 
literacy, the potential paths forward and the 
technology’s potential advantages for new 
value creation. This study found that a number 
of factors have hindered the adoption of 
blockchain by small scale fashion 
entrepreneurs. A significant number of time and 
cost intensive steps are required in developing 
applications. Stages include building an 
understanding of the capabilities of the 
technology, the systems the technology is 
working with, the collaboration of several, 
sometimes competing stakeholders, integration 
and interoperability with numerous other 
technologies as well as strategies around 
governance. Rather than nominating these 
factors as barriers to entry, the findings suggest 
that these are the complex entrepreneurial, 
technical and administrative areas that still 
need to be navigated and resolved before the 
technology is globally adopted and works 
seamlessly as an external enabler for firm 
success not to mention a force for good. The 
contribution of this study lies in its 
recommendation to SIFEs to prepare their 
businesses – whether already established or 
yet to start up. It recommends building 
knowledge around emerging digital tools that 
enable business missions and values to be 
realised such as social justice, stakeholder 
participation and sustainability. This study 

represents an initial review of the place of 
blockchain in the small scale fashion enterprise 
landscape.  
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Abstract: Recently, the concept of circular economy (CE) has become more popular amongst 

researchers and practitioners as a solution to current unsustainable production and consumption 

practices. Several indicators meant to quantitatively assess the CE have been suggested in both the 

academic and grey literature. For companies, indicators are crucial for monitoring progress and to 

support decision making towards improved circularity. However, no consensus regarding the definition 

of the CE exists and as a result there is a significant divergence of what CE indicators in fact measure. 

Taking a product-system perspective and focusing on resources, we review existing CE indicators at 

the product-level and map the physical resource flows they quantify over the life cycle on a novel, 

generic system model in the form of a flowchart. The analysis highlights the difference between the 

indicators and shows that most only address parts of the life cycle with a focus on recycling-related 

flows. Existing gaps identified primarily relate to the use phase, e.g. lifetime extension measures like 

repair, maintenance, or repurposing, but also include other relevant aspects in the use phase like 

energy auxiliaries. The constructed flowcharts can guide the future development of indicators or point 

to ways of combining several indicators to capture larger parts of the product system. 

 

Introduction  
 
The concept of the circular economy (CE) is 

widely suggested as a means for addressing 

and overcoming current unsustainable 

production and consumption patterns 

(Geissdoerfer et al., 2017). The CE proposes a 

system where the value of resources is utilised 

for as long as possible by closing cycles, and 

by promoting strategies like design for long-life 

products, industrial symbiosis, and 

remanufacturing (Bocken et al., 2016; Ghisellini 

et al., 2016). Currently, views diverge in terms 

of what the concept entails, both regarding its 

definition and of the terminology and strategies 

related to its operationalisation (Kirchherr et al., 

2017; Reike et al., 2018).  

 
To measure progress towards the CE, actions 
would benefit from being supported by 
quantitative assessments for monitoring 
changes and for supporting decision-making. 
Comprehensive methods like material flow 
analysis (MFA) and life cycle assessment 
(LCA) have been widely used for assessing 
circularity at various scales (Böckin et al., 2020; 
Haas et al., 2015), but these are time and 
resource intensive and can be difficult to utilise 
in practice, especially by practitioners. In 

contrast, indicators are relatively simple to 
apply and allow for effective communication 
and can therefore be a complement to other 
assessment methods. This is particularly 
relevant for companies, key actors in 
implementing the CE, for whom indicators are 
important tools for assessing changes in their 
product portfolios, for communication to 
customers and suppliers and benchmarking 
with competitors.  
 
In recent  years, numerous indicators for 
assessing the CE at various scales have been 
developed within academia and by practitioners 
(Saidani et al., 2019). However, the lack of 
consensus regarding the CE’s definition and its 
perceived content make assessments 
problematic, since what exactly should be 
assessed remains unclear (Moraga et al., 
2019). As a result, existing CE indicators vary 
in terms of scope, focus, purpose, and potential 
use.  
 
Several studies have reviewed existing 
indicators for the CE. Kristensen & Mosgaard 
(2020) analysed what CE strategies micro-level 
indicators address and how they align with the 
different dimensions of sustainability. Moraga et 
al. (2019) found that existing indicators are 
limited in scope and fail to account for strategies 
aimed at preserving the function of products. 
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Saidani et al. (2019) created a taxonomy of CE 
indicators based on 10 criteria, e.g. the scale an 
indicator is implemented at, whether it can be 
generically applied and how it can be used. Elia 
et al. (2017) evaluated existing indicators’ 
ability of assessing what they identified as the 
end goals of the CE and Parchomenko et al. 
(2019) used a multi-correspondence analysis to 
determine how existing CE metrics are 
associated with each other and what aspects of 
the CE they address. They found that few 
metrics assess CE strategies related to what 
they identify as maintenance of value, e.g. 
longevity. Helander et al. (2019) took a systems 
perspective to analyse the extent to which 
indicators at different scales capture 
environmental pressures. They found that 
indicators only address parts of the material 
cycle and that none capture environmental 
pressures directly.  
 
None of the previous reviews have investigated 
what de facto is captured along the life cycle of 
a product when existing indicators are applied. 
Taking a product system perspective and 
focusing on physical resources, the aim of this 
paper is therefore to review and map the 
physical resource flows addressed by existing 
CE indicators, which can be relevant for 
companies to assess the resource-related 
effects of implementing different CE strategies. 
The reason for focusing on resources is 
twofold: 1) resources are a key component of 
the CE, which have been argued to have an 
overarching aim of, e.g. extending the 
productive life of resources (Blomsma & 
Brennan, 2017), retaining resource value 
(Reike et al., 2018), or closing, slowing, and 
narrowing resource loops (Bocken et al., 2016), 
and 2) resource consumption is arguably 
connected to environmental impacts 
(Steinberger & Krausmann, 2011). Knowledge 
of resource use can thus potentially be utilised 
by companies to gain some level of insight 
about the environmental performance of their 
products without necessarily performing a time 
and resource intensive analysis in the form of, 
e.g. an LCA or MFA.  
 
A systematic literature review is carried out to 
identify relevant indicators in the literature, after 
which these are analysed by mapping the 
resource flows captured by each indicator on a 
novel, generic flowchart system. Furthermore, 

 
1 The following search terms were used: indicator, 
metric, score, measur*, index, or indices in the title, 

existing gaps are identified by extending the 
system model with physical resource strategies 
for the CE identified in the literature.  
 
The research question guiding the work is 
stated as follows: 

- What resource flows are captured by 
existing product-level CE indicators 
and which gaps, linked to processes 
and strategies related to the CE, can be 
identified? 

 
Method 
 
Systematic literature review 
A systematic literature search was carried out 

to find appropriate indicators from both 

academic and grey literature. 422 publications 

were found through a search in the Scopus1 

database. Publications with irrelevant topics, 

CE review papers, and indicators at the meso 

and macro scale were excluded from the 

selection. Snowballing was then used to find 

additional indicators from grey and scientific 

literature. A total of 41 publications containing 

75 indicators resulted from this process. A 

second selection was then performed to identify 

indicators that specifically address physical 

resources. Indicators with unavailable 

methodologies, or that require economic data, 

subjective inputs from experts, or are based on 

software simulations were also excluded from 

the analysis. Furthermore, seven publications 

describing indicators based on LCA results 

were excluded, since the aim is to identify 

indicators that have a resource focus but does 

not require a full LCA. The final selection 

consisted of 36 indicators from 16 publications. 

Resource flow mapping 
To analyse the flows and processes along the 

product system that the indicators capture, a 

generic flowchart model was constructed. The 

method description and data requirements of 

each indicator were analysed to determine the 

specific resource flows or processes that are 

quantified when the indicator is applied. This 

was done in an iterative manner, starting with 

the main industrial processes, i.e. extraction, 

production, use, and waste management, and 

continuously extended with new flows and 

and circular economy or resource efficiency in the 
title, abstract or key words. 
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processes as these became apparent over the 

course of the analysis. As a result, the flowchart 

model was made as detailed as needed to 

cover all aspects of the investigated indicators, 

while also allowing for a clear comparison of the 

parts of the product system accounted for by 

the indicators. The model represents five main 

life cycle phases: 1) raw material extraction, 2) 

material production, 3) component and product 

manufacturing, 4) use, and 5) post use. To 

visualise the aspects of the CE not yet 

addressed by existing indicators, the system 

model was then extended with processes and  

flows related to physical CE strategies 

suggested by Böckin et al. (2020).  

 

Results and discussion 
 
What do CE indicators capture? 
Figure 1 shows the result of the flowchart 
mapping, which indicates all flows and 
processes that are addressed by at least one of 
the selected indicators. To summarise the 
mapping of the 36 indicators, Table 1 presents 
the indicators, the life cycle phases they 
address, and whether they also require data on 
energy, function, or time.  
 
A life cycle phase is considered addressed by 
an indicator if it captures a flow or process in 
that part of the life cycle in some capacity. This 
can relate to a resource flow between two 
processes, the energy required in a process, or 
an activity related to a process or life cycle 
phase, e.g. a parameter expressing the lifetime 
of the product.  
 
The extraction phase is aggregated into a 
singular process, raw material extraction. This 
is, e.g. included as indicator parameters 
expressing the total material requirements of 
producing a product or the waste generated in 
the extraction phase. The material production 
phase is separated into production of non-
renewable and renewable materials, which is, 
e.g. included through the mass of recycled 
content in a product or the mass of renewable 
material used. The manufacturing phase, which 
includes both manufacturing of components 
and finished products, is included in many 
indicators as, e.g. a parameter describing the 
total weight of the product, the mass of useful 
co-products or the waste generated. The use 
phase is accounted through parameters 
describing the actual use of a product, e.g. the 

service lifetime. Finally, the post use phase is 
captured in several ways, e.g. material rates 
that are recycled at end-of-life, the ratio of a 
product that potentially can be incinerated for 
energy recovery, or the mass of unrecoverable 
wastes. 
 
The most common flows included in the 
indicators are those related to recycling. 28 of 
the 36 indicators incorporate recycling in some 
capacity, e.g. through various recycling 
efficiencies, by quantifying the amount of 
potentially recyclable materials, or the recycled 
content of a product. Only two indicators, RR 
and CR (Haupt et al., 2017), make an explicit 
distinction between open- and closed loop 
recycling. All other indicators treat these as the 
same.  
 
Eight indicators require energy data. For 
instance, the EI and CPEI (Lokesh et al., 2020) 
incorporate this by comparing the energy 
requirements of the production process to the 
mass of useful products and co-products, while 
the CEV (Fogarassy et al., 2017) includes the 
energy used in production and in recycling as 
one of several parameters. Six indicators also 
make use of data on function and/or time in their 
computation. As an example, in the MCI, PCI, 
and MCI-BB (Bracquené et al., 2020; Ellen 
MacArthur Foundation & ANSYS Granta, 2019; 
Razza et al., 2020), this is addressed through a 
 

Figure 1. The generic flowchart system constructed through an 

analysis of the flows and processes addressed by existing 

resource-based product-level CE indicators. Abbreviations: E, 

extraction; MPa, non-renewable material production; MPb, 

renewable material production; M, component production and 

product assembly; Rem, remanufacturing; U, use; Sep, 

pretreatment and separation; Tr, biological treatment, In, 

incineration; Rec, recycling, L&I, treatment of wastes (landfilling 

& incineration). 
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Table 1. The 36 selected CE indicators describing the life cycle phases in which resource flows are 
addressed and whether they also include data on energy, function, or time. Abbreviations: E, extraction; 
MP, material production; M, component and product manufacturing; U, use; PU, post use; F, function, T, 
time. 

Reference Name Life cycle phases Energy Function/Time 

(Marvuglia et al., 2018) RBR E       PU X  

(Juntao & Mishima, 2017) RE-EEE E   M U PU   

(Cullen, 2017) CI E MP     PU X  

(Lokesh et al., 2020) CPEI E MP M   PU X  

(Lokesh et al., 2020) CPWF E MP M   PU   

(Lokesh et al., 2020) EI E MP M     X  

(Ljunggren Söderman & André, 2019) RNL E MP M U PU  F+T 

(Winzer et al., 2017) SERI E MP   U PU X F+T 

(Lokesh et al., 2020) WF E MP M       

(Cradle to Cradle Products Innovation 
Institute, 2016) C2C   MP     PU   

(Fogarassy et al., 2017) CEV   MP M   PU X  

(Lokesh et al., 2020) CPFI   MP M   PU   

(Lokesh et al., 2020) FI   MP M       

(Mesa et al., 2018) LFI2   MP M   PU   

(Ellen MacArthur Foundation & ANSYS 
Granta, 2019) MCI   MP M U PU  F+T 

(Razza et al., 2020) MCI-BB   MP M U PU  F+T 

(Graedel et al., 2011) OSR   MP M   PU   

(Bracquené et al., 2020) PCI   MP M U PU  F+T 

(Lokesh et al., 2020) PMC   MP M       

(Lokesh et al., 2020) PR   MP M       

(Graedel et al., 2011) RC   MP M       

(Ardente & Mathieux, 2014) RCR   MP M       

(Ardente & Mathieux, 2014) Rrec     M   PU   

(Ardente & Mathieux, 2014) Rrecov     M   PU   

(Ardente & Mathieux, 2014) Rreuse     M   PU   

(Mesa et al., 2018) PRI-rec     M   PU   

(Mesa et al., 2018) PRI-reuse     M U     

(Figge et al., 2018) C       U PU   

(Figge et al., 2018) L       U PU  T 

(Haupt et al., 2017) CR         PU   

(Graedel et al., 2011) EOL-RR         PU   

(Marvuglia et al., 2018) LRR         PU X  

(Graedel et al., 2011) OSCR         PU   

(Graedel et al., 2011) RPER         PU   

(Haupt et al., 2017) RR         PU   

(Marvuglia et al., 2018) RYR         PU X  
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ratio that benchmarks the lifetime and function 
of the product to a market average. The 
inclusion of these aspects makes it possible to 
detect changes in the function provided or the 
use intensity of a product, despite this not 
necessarily having direct resource implications.  
  

Comprehensiveness and scope 
A majority of the indicators address only one or 

two life cycle phases, primarily material 

production, manufacturing, or post use. For 

instance, some indicators only account for 

processes related to recycling and thus only 

address the post use phase. Others focus on 

the material production and manufacturing 

stages, e.g. by benchmarking an input to the 

total mass of a product. As a result, many 

indicators only cover a limited set of resource 

flows and can thus only provide insights about 

changes that occur in parts of the product 

system. This highlights the importance of fully 

understanding which parts of the system that 

are, and are not, quantified when the indicators 

are applied. Furthermore, to avoid potential 

burden shifting between life cycle phases going 

undetected, either several indicators could be 

used in parallel or other assessment methods 

should be used.  

A number of indicators are more 

comprehensive in their coverage of the product 

system. For instance, the RNL (Ljunggren 

Söderman & André, 2019) is the only indicator 

that covers aspects of all five life cycle phases. 

It includes losses occurring throughout the life 

cycle, the function provided by the product and 

the service lifetime. To illustrate the range of 

comprehensiveness and focus in the indicators, 

Figure 2 compares the flows captured by the 

Rrec (Ardente & Mathieux, 2014), which has a 

sole focus on recycling, and the RNL. The 

significant difference between the indicators is 

suggestive of the broadness, and potentially of 

the current lack of consensus, of the CE 

concept itself (Blomsma & Brennan, 2017; 

Kirchherr et al., 2017). 

Existing gaps in resource-based indicators 
To highlight the existing gaps found when 

analysing the CE indicators, the generic 

flowchart model was extended to include 

processes related to physical CE strategies as 

outlined by Böckin et al. (2020). Figure 3 shows 

the system model in which the identified gaps 

are highlighted in red. These are primarily 

related to strategies aimed at extending the 

lifetime of products and resources. For 

instance, no indicator accounts for 

maintenance or repair, neither in terms of the 

materials required for these activities nor the 

wastes produced. Repurposing, meaning reuse 

of a product in a different function than originally 

intended, is not accounted for by any of the 

indicators. Furthermore, use phase auxiliaries, 

in terms of materials or energy, are also not 

captured. This makes it particularly difficult to 

make informed decisions about the resource 

performance of active, long-lasting products 

where auxiliaries like fuels or water potentially 

Figure 2. The constructed flowchart model for two of the 36 
indicators, showing flows or processes directly measured 
(blue), flows indirectly accounted (black), and unaccounted 
flows (thin lines). 
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make up a significant part of the total resource 

consumption over the life cycle (Kim & 

Wallington, 2013; Wasserbaur et al., 2020).  

 
Conclusions 
 
This paper has identified existing resource-
based CE indicators at the product-level and, in 
a detailed and systematic manner, mapped the 
resource flows they incorporate in their 
calculations. While there is a vast difference in 
the comprehensiveness of the indicators, most 
address only a section of the life cycle with a 
specific focus on flows related to recycling. The 
divergence in terms of focus and scope 
highlight the necessity of selecting indicators 
carefully, since the insights gained are likely to 
depend heavily on the parts of the product 
system that are quantified. By making the flows 
and processes captured by resource-based CE 
indicators explicit, the constructed flowcharts 
clarify how indicators can be applied in specific 
cases and facilitate an interpretation of the 
results of their computation. The flowcharts can 
also act as a guidance for choosing 
complementary sets of indicators, e.g. by 
ensuring that the necessary parts of the product 
system are covered.  
 
Current gaps are primarily related to lifetime 
extension strategies, e.g. repair, maintenance, 
and repurposing, or to flows relevant to the use 
phase, like material and energy auxiliaries 

during use. As a result, there is a risk of 
resource implications related to some of the 
activities identified as key for the CE remaining 
undetected if indicators are applied. Other 
assessment methods should therefore be used 
to evaluate the effects of such measures. 
Furthermore, the highlighting of currently 
unaddressed flows and processes can be used 
as a starting point for the development of new 
indicators.  
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Abstract: Following the ban on multiple single-use plastics approved by the European Parliament in 
2019, effective alternatives will be necessary by 2021. Unfortunately, already existing alternatives are 
not always used in a sustainable manner. This study is a first attempt to seek answers to the following 
questions: (i) What thresholds prevent the (continued) usage of alternatives for single-use plastics? (ii) 
How do different types of ecological users perceive these thresholds, and (iii) what are the differences 
between these groups? (iv) What is the relation between the perceived level of behaviour change and 
the type of sustainable intervention in the lifecycle of these products?  Several existing alternatives were 
discussed during three focus group sessions (n=5). Part of these products were selected from the 
Ubuntoo platform, which collects the newest innovative solutions against plastic pollution. This way, 
both common (e.g. reusable drinking bottles) and less common (e.g. refillable coffee pads) products 
were investigated. Participants were clustered according to their ecological lifestyle and use of reusable 
products into three explorative focus groups: Eco 1 (least ecological), Eco 2, and Eco 3 (most 
ecological). The target group consisted of Belgian students who live in student accommodations. The 
key result of the study indicated that the main thresholds are caused by a change of environment, the 
cost of the product, personal preference and the practical aspect of the use of the alternative compared 
to its single-use item, although it is important to note that these results are preliminary. These thresholds 
could be further examined in the future by testing real-life solutions in the long term, with different target 
groups.  
 
Introduction  
Plastics form the main source of litter found in 
oceans and inland waters (Essel et al., 2015). 
Mass production of plastics started in the 1950s 
(UNEP, 2016), and in 2015, up to 322 million 
tons of plastic were produced worldwide 
(Beckman, 2015). In particular, single-use 
plastics are a cause for concern since they are 
disposed of very quickly (Moore, 2008). To 
tackle this problem, the European Union 
decided on a ban and in some cases tax on 
plastic bag sales (European Commission, 
2018). Since the ban was put into practice, the 
usage has been reduced by two thirds (Zhu, 
2011). Paying for plastic bags that were 
previously free of charge motivates customers 
to bring reusable bags (Muralidharan & 
Sheehan, 2016). In 2019, the European 
Parliament approved a new law banning 
multiple other single-use plastics such as 
single-use plastic cutlery, plastic plates, plastic 
straws, etc. (European parliament, 2019). 
However, based on several lifecycle 
assessment studies (Ayres, 1995), it is known 

that a reusable cotton bag has a much higher 
environmental impact compared to a single-use 
low-density polyethene (LDPE) bag. To 
compensate for this higher environmental 
impact, the cotton bag needs to be reused 52 
times (Bisinella et al., 2018). To succeed in 
lowering the impact, it is not only necessary to 
persuade consumers to adopt sustainable 
alternatives for single-use plastics, but also to 
make them change their behaviour towards 
more sustainable patterns of use. Many recent 
studies on alternatives for single-use plastics 
have focussed on the adoption and purchase 
intention, rather than the actual (long-term) 
usage of the products. Studies applying the 
‘Theory of Planned Behaviour’ (Ajzen, 1985) 
concluded that a positive correlation is found 
between intention and behaviour (Kumar & 
Bipul, 2012), suggesting that the intention to 
use an alternative for single-use plastics can be 
a predictor for actual usage. However, 
challenges arise when attempting to include 
habits and long-term, repeated behaviour 
change in explaining and predicting the 
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continued usage of alternatives for single-use 
plastics, since habit strength has a negative 
influence on peoples’ willingness to change 
their behaviour (Jansson et al., 2010). The gap 
between environmental concern and the actual 
purchase and usage of sustainable products is 
called the ‘Intention- Behaviour Gap’ (Sheeran 
& Webb, 2016). 
 
Aim of the research 
A substantial amount of research has been 
done on sustainable purchase and adoption of 
alternatives for single-use plastics and other 
pro-environmental products. However, the 
continued usage of alternatives for single-use 
plastics has not yet been widely investigated.  
 
Regarding this longer-term usage and related 
behaviour, the following questions arise: What 
thresholds prevent the (continued) usage of 
alternatives for single-use plastics? How do 
different types of ecological users perceive 
these thresholds, and what are the differences 
between these groups? What is the relation 
between the perceived level of behaviour 
change and the type of sustainable intervention 
in the lifecycle of these products?   
 
Students are an interesting target group to 
investigate within this research (Cuzdriorean et 
al., 2020; David Lee et al., 2016), as they are 
often early adopters regarding more ecological 
lifestyles and are less likely to be fixed by too 
much routine behaviour (Rogers, 2003).  
  
Methods 
Three explorative focus group sessions have 
been conducted at the University of Antwerp to 
carry out formative qualitative research, as it 
allows open discussion between participants. 
By applying this method, we could gain insights 
into the participants’ shared experiences and 
views on their use of alternatives for single-use 
plastics. Within the target group of students, the 
participants were limited to those who live in 
student accommodation during the week. 
Contrary to students who still live with their 
parents, they have more freedom to make their 
own decisions about their (ecological) way of 
living. The ages of the participants ranged 
between 18 and 25 years old. Posters put up on 

the city campus of the University of Antwerp 
and social media posts were used to recruit 
participants for a short online questionnaire to 
determine their ecological mindset and current 
ecological behaviour. This short survey 
included a list of alternatives of single-use 
plastics. The respondents had to indicate which 
products they were already using. The list 
consisted of 7 products and there was an option 
to add extra products. If the respondents 
answered (less than) 1 item of this list, they 
were added to the eco 1 group. If they indicated 
more than 4 products, they were considered 
eco 3. The respondents that answered 2,3, or 4 
products, were added to the eco 2 group. This 
division in groups is comparable to other 
research such as the five sustainable attitudes 
stages (McNeill & Moore, 2015), where stage 0 
(incorporative) and 1 (impulsive) were merged 
into ‘Eco 1’, stage 2 (imperial) and 3 
(interpersonal) into ‘Eco 2’, and stage 4 
(institutional) was translated into ‘Eco 3 (table 
1).  
 
Out of the 21 eligible participants of the 
questionnaire, three groups of five participants 
were selected and invited for the focus group 
sessions. The respondents did not necessarily 
need to have experience with all the products, 
since the focus groups were meant to explore 
their thoughts, empathy, and experience on and 
with the products. Single-use plastics were 
used as a reference point to discuss the 
alternatives. The discussions ran for 90 to 120 
minutes and took place at the University of 
Antwerp, in November 2019 (pre-COVID19). 
From the participants selected for the third 
focus group (eco 3), two did not show up, 
resulting in a focus group session with only 
three participants. The sessions were 
audiotaped and transcribed afterwards. During 
the focus group sessions, the discussion was 
facilitated by a moderator. Next to the 
moderator, a timekeeper and notator were 
present. Based on the results of the different 
focus group sessions, a comparison could be 
done to answer RQ5 regarding the potential 
difference between different eco-lifestyles. The 
data was analysed mostly descriptive and 
coded by applying the grounded theory 
(Charmaz & Belgrave, 2015) to legitimize 
qualitative research. 
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Table 1. Descriptions of Eco 1, Eco 2, and Eco 3. 
 
Selection of alternatives 
To get a broad varying selection of different 
alternatives for single-use plastics, next to a list 
of common alternatives (e.g. reusable drinking 
bottle), the online platform ‘Ubuntoo’ was used 
to collect more innovative products that are less 
well-known (e.g. reusable coffee pads) 
(Schelstraete & Kini, 2020). The Ubuntoo 
platform was considered to be suitable as the 
platform is growing relatively fast and putting 
lots of effort into combining all products that 
support ending plastic pollution. Within the 821 
solutions presented on the platform, only daily 
consumer goods were taken into consideration 
for this study. This focus was chosen because 
64% of plastic products' end-users are 
households. (Giles & Bain, 2000). Since the 
remaining list of 42 product types was too large 
to discuss in detail during the focus groups, we 
decided to select products that are gender-
neutral and within the life context of students, 
i.e. a menstrual cup was not selected. 17 
products from the original 42 were discussed 
during the focus groups (table 2). 
 

 

Table 2. List of selected alternatives. 
 
Results 
 
Causes of (un)successful adoption of 
alternatives for single-use plastics 
The first question asked in the focus groups 
was: What holds you back to adopt or try an 
alternative for single-use plastics? The answers 
to this question did not differ within but between 
focus groups. Eco 1 mentioned practicality as 
their main concern, followed by the extra effort 
needed, and the potential lack of hygiene. Two 
out of five respondents said that cost of 
alternatives is a factor that holds them back in 
trying alternatives as well as their personal 
preference for single-use items. Two people 
mentioned that they were not sure whether their 
effort has that much of a significant impact. The 
influence of the social environment (positive 
or negative) was mentioned as being a reason 
(not) to use alternatives. For Eco 2, Cost is a 
recurring reason not to adopt an alternative, as 
well as extra effort, followed by practicality. 
Eco 2 answered personal preference (e.g. ‘my 
bottled shampoo is better than any bar 
shampoo I tried’) as well. Two out of five 
mentioned this as a reason why they would not 
adopt an alternative. In Eco 3, one person gave 
health and medical reasons as clarification on 
why they feel held back in trying new 
alternatives because their partner deals with 
severe allergies. One participant stated that the 
only reason not to try an alternative would be 
the lack of knowledge thereof. Some 
mentioned their personal preference for a 
single-use item as a reason not to use an 
alternative. 
 
Reasons for giving up alternatives for 
single-use plastics 
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The participants were asked whether they ever 
stopped using an alternative for single-use 
plastics. Most of the reasons given by the 
participants could be traced back to the same 
cause: change of environment, where their 
old patterns of use were broken and new 
habits would emerge. By moving from their 
parental home into student accommodation, 
participants suddenly had to do their own 
household chores. They experienced that 
effort is needed to maintain an ecological 
lifestyle. For example, a participant from Eco 1 
buys sparkling water in plastic bottles because 
there is no room for a SodaStream in his room. 
A participant from Eco 2 does not use a 
SodaStream anymore because he would need 
to buy it for himself and it is too expensive. This 
led to a second observed reason to stop using 
alternatives: cost of alternatives. Next, the 
practical aspect of alternatives was another 
reason to stop using them. One participant 
stated that he does not drink sparkling water 
from glass bottles because they weigh too 
much. Therefore, he buys plastic bottles. 
Another participant mentioned that he does not 
use a lunchbox because it takes a lot of space 
in his backpack. In short, they stop using the 
alternative if they find it annoying or when it 
does not fit in their daily life or planning. Another 
reason to stop using alternatives was personal 
preference. The participants would start using 
an alternative, but along the way, they notice 
they do not like the product. As an example, a 
participant from Eco 3 explained she started 
using a shampoo bar. After using it a few times, 
she noticed that the formula would not work with 
her hair type. After testing alternative shampoo 
bars, she concluded that shampoo bars would 
not work for her, and gave up. In Eco 2, 
someone explained that she started buying 
bottled water because she did not like the tap 
water in her student accommodation. She later 
switched to a Brita-can to eliminate the problem 
and to avoid the usage of plastic bottles. Also, 
hygiene was mentioned, as some reusables 
are hard to clean. There were some slight 
differences between the three focus groups 
regarding the second research question. When 
participants from Eco 1 stopped using an 
alternative, they would not search for a better 
solution and only switch to another alternative if 
it was presented to them. This is in contrast to 
Eco 2, who put more effort into searching for a 
better solution for the alternative they stop 
using. When someone from Eco 3 stopped 

using an alternative, he or she often tested out 
different alternatives. They would actively 
search for the best solution. 
 
Evaluation of the perceived required 
behaviour change 
During the second part of the focus group, the 
participants had to collectively classify the 
selected 17 products in a matrix, with on the x-
axis the required level (difficulty) of behaviour 
change (low, low-medium, medium, medium-
high, high, and on the y-axis the type of 
sustainable intervention in the product lifecycle 
(reuse, material optimization, disposal). Every 
focus group classified each product in the same 
category on the y-axis, confirming their basic 
knowledge on the principle of product lifecycles. 
Differences were observed on the x-axis 
between Eco 1, Eco 2 and Eco 3, as can be 
seen in Figure 1. Participants in Eco 3 classified 
half of the products in the category ‘low’ and 
none in the category ‘high’. They perceived the 
behaviour change as being less difficult. Eco 1 
and Eco 2 both classified the products in the 
matrix more or less the same way. From the 
differences in classification between Eco 1, 2 
and Eco 3, we can conclude that there is a gap 
in the perception of behaviour change between 
people with different levels of engagement in 
ecological living. Whoever is already engaged 
in ecological living and using most of the 
products, considers them as requiring less 
behaviour change since it matches their actual 
behaviour more.   
 

 
Figure 1. Classification of alternatives for single-
use plastics according to their required 
behaviour change. 
 
Level of behaviour change in relation to 
type of impact  
Products focussing on reuse were spread along 
the line of the level of behaviour change, from 
some products requiring almost no behaviour 
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change (low behaviour change), to others being 
perceived as quite difficult and impactful on 
current patterns of use (high behaviour 
change). Products focusing on fewer materials/ 
resources were often put in de middle spectrum 
of behaviour change: low-medium to medium-
high. Products focussing on disposal were all 
considered to require no or very little behaviour 
change.  
 
Discussion and conclusion 
The purpose of this study was to explore 
barriers that prevent a successful continued 
usage of alternatives for single-use plastics. 
There are two main findings to note from this 
study related to existing models and theories 
from behavioural psychology. People mostly 
stopped using products that require 
significant behaviour change and are 
considered as less practical, showing us the 
importance of habit strength, convenience, and 
situational factors. Another interesting finding is 
the influence of a change of environment in 
this specific target group. It can be considered 
as a situational factor, as well as a habitual 
influence: the students’ habits completely 
change, which makes it more challenging to 
keep sustainable practices, but also offers 
opportunities for creating new habits. These 
results are consistent with the CADM model for 
behaviour change from Klöckner and Blöblaum 
(Klöckner & Blöbaum, 2010) and the Theory of 
Planned Behaviour (Ajzen, 1985), which offer 
potential for further investigations. In addition, 
other causes for unsuccessful adoption are the 
cost of the alternative and the practical aspect 
of the use of the alternative compared to its 
single-use item (convenience). Consumers 
already showing pro-environmental behaviour 
are more likely to consider the adoption and 
longer-term usage of new alternatives easier 
and require less behaviour change, but are also 
more likely to find points of improvements 
regarding their efforts for the environment. 
When designing reusable alternatives, hygiene 
and quality should be ensured to create product 
trust and consumer satisfaction. 
 
Limitations of our exploratory study need to be 
acknowledged, most notably the relatively small 
sample (5 students in each focus group). The 
study was only conducted with students that are 
residing in student housing facilities, so no 
generalisations can be made on the whole 
population. This research should be repeated 

with a larger sample group and more 
participants per focus group. However, this 
exploratory, qualitative research enabled us to 
find a focus for further research activities. The 
preliminary findings, such as the influence of 
habit strength and change of environment, 
should be further investigated over a longer 
period of time. This research focuses on 
intended and reported behaviour, while more 
research is needed on actual and habitual or 
unconscious behaviour. The impacts of (the 
perception of) environment and context should 
be further investigated. 
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Abstract: It is widely acknowledged that transitions towards a circular economy (CE) are based on the 
complementary development of circular business models and design strategies. One strategy to 
enhance the lifetime of products is modular design. Concepts for modular product designs have been 
around for a long time, but it was only with the rise of the CE debate that they have been linked to more 
sustainable consumption patterns. Much research on modular designs has focused on smartphones, 
as they are considered to be a suitable product to make use of the advantages derived from modular 
designs. Still, there currently is little research that looks at how modular design strategies fit into 
people’s existing daily practices and media ensembles let alone the competences and knowledge 
needed to do so. This paper presents new empirical evidence gathered through in-depth interviews with 
people about their daily practices with their smartphone and modular design strategies. We discuss 
opportunities for modular smartphone designs and related product service systems. Our results show 
that issues of convenience and optimisation play a key role when establishing domestic media 
ensembles in people’s daily lives where the reliability and ease of use of people’s smartphones are 
crucial. These meaning present challenges for an integration of modular smartphones into everyday 
lives. Modular strategies as part of transitions towards CE cannot be enabled through products and 
services alone but would need complimentary political regulation and standardisation to support these 
developments.  
 
 
A modular smartphone within a 
circular society    

It is widely acknowledged that transitions 
towards a circular economy (CE) are based on 
the complementary development of circular 
business models and design strategies (Stahl 
2016; Agrawall and Bellos 2016; Bocken et al. 
2017). Among the prominent design strategies 
are modular product architectures that break 
products down into components that can be 
independently and easily replaced or reused 
(Agrawal and Ulku 2013; Proske et al. 2016). 
Modular product designs have been around for 
over 50 years (Starr 1965). In the beginning, it 
was mainly considered to be an opportunity to 
decrease lead times in the production process, 
and later, it became a means to offer 
customised products to the masses. It was only 
with the rise of the CE debate that modular 
product designs have been linked with more 
sustainable consumption patterns. From the 
perspective of producers and manufacturers, 
modularity allows an extension and 

simplification of services, since modules can be 
replaced more easily in case of malfunctions 
and/or upgraded in case of changing customer 
needs or technological advancements.  

Much research on modular product designs 
focuses on smartphones. Smartphones are 
considered a suitable product to make use of 
the advantages derived from modular designs. 
They offer a wide functionality spectrum that 
can be translated into independent modules or 
components. Surveys have shown that 
smartphones are used on average no longer 
than two to two and a half years (Jaeger-Erben 
and Hipp 2018; Wieser and Troeger 2017). 
Most smartphones still work when being 
replaced (Jaeger-Erben and Hipp 2018). Due to 
these relatively short replacement cycles, the 
lifetime of the overall smartphone could be 
lengthened if only modules are being replaced 
and contribute to transitions towards CE. 

The history of concepts of modular 
smartphones is mainly focused on design and 
technological developments, with Phonebloks 
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and Google ARA as prominent examples. 
Questions about whether people who use 
smartphones would make use of phones that 
are easy to repair and upgrade are never really 
reflected upon. From our point of view, 
understanding existing practices with 
smartphones is key to developing notions of 
modularity as a sustainable design strategy and 
business model options for a CE. Even more 
so, we consider transitions to be not mere a 
question of new business models and design 
strategies, but also a fundamental 
reorganisation of practices and processes i.e., 
considering everyday social changes towards a 
‘Circular Society’. 

But how do everyday practice, including people 
competences and meanings around 
smartphones need to develop for modular 
designs to be integrated into people’s lives? 
This question goes beyond a mere examination 
of the public acceptance of modular 
smartphones. Modular devices not only require 
users to accept the smartphone but also 
specific competences and skills (e.g., 
knowledge of repair and upgrade options), 
values (e.g., desire to keep the phone for long 
periods), and willingness for more frequent 
interactions with product service providers.  

Proske and Jaeger-Erben (2019) have 
discussed the relations between different types 
of modularity and people’s use patterns and 
potentials for prolonging the use time of 
products. They have described four different 
types of modularity focused on functionality 
aspects: maintenance that allows easy repair; 
adaptation, which allows for customisation and 
a better fit to people’s needs; upgradability that 
enables a replacement of components; and 
expandability that makes it possible to add new 
components. All four forms of modularity have 
the potential to increase the longevity of a 
device, since components can be replaced or 
added instead of buying a completely new 
product. 

In this paper, we investigate the role of 
modularity in existing smartphone practices and 
delve into some empirical examples of how 
people live with their smartphones in everyday 
life.  
	
Smartphone use in everyday life and 
associated sustainability issues   

The use of smartphones in everyday life has 
been the topic of several research disciplines 
and areas: media and communication studies, 
anthropology, human computer interaction, 
design and psychology just to mention a few.  

Scholars from media and communication 
studies have argued that the smartphone ‘is not 
itself a medium but is instead a convergence 
point for a wider range of media’ (Farman 
2016:4), allowing for diverse uses and research 
topics to be examined from smartphone 
application use (e.g., Boehmer et al. 2011) to 
texting practices, asking who texts and with 
whom (Ling et al. 2012). Some of these studies 
are not only about how often and how 
smartphones are being used, but also the 
changing experiences and organisations of 
everyday day life and associated interpersonal 
relations (e.g., Brown et al. 2002; Katz and 
Aakhus 2002; Baym et al. 2004; Lapierre and 
Custer 2020). For example, Ytre-Arne et al. 
(2020) have examined how people manage and 
experience time through their smartphone. 
They have found that although smartphone 
promise to make some everyday tasks more 
efficient, this is not always straightforward to 
achieve in everyday life as strategies for time 
management need to be implemented that 
have to overcome several temporal conflicts 
(Lohmeier et al. 2020; Ytre-Arne et al. 2020).  

Similarly, a group of anthropologists have 
conducted ethnographies into the impacts of 
smartphones on the experience of mid-life 
(Miller et al. 2021). They have argued that the 
smartphone’s capacity to be smart does not 
derive from their design and production, but 
rather how they come into being through people 
configure their phone through applications and 
settings and the phone’s ability to learn about 
its user over time (based on algorithms). As 
outlined in a recent book description, the 
authors have highlighted that ‘smartphones 
have become as much a place within which we 
live as a device we use to provide ‘perpetual 
opportunism’, as they are always with us’ (Miller 
et al. 2021). The smartphone is not just a device 
that provide people access to different 
applications, etc., for example, for some people, 
‘it has brought back the extended family and old 
friends and helped resolve intergenerational 
conflicts through facilitating new forms of 
grandparenting’ (Garvey and Miller 2021).  

In addition to the above literature derived from 
media studies and anthropology, research 
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studies have emerged that examine strategies 
and ways towards a more sustainable use of 
smartphones. Studies have looked at, for 
example, replacement cycles (e.g., Wilson et al. 
2016; Wieser and Troeger 2017), energy 
consumption when using smartphones (e.g., 
Tarkoma et al. 2014), including practices of 
charging and managing power (Horta et al. 
2016), phone hibernation reasons (Wilson et al. 
2017), and sustainable product service systems 
(e.g., Hobson et al. 2018). Short replacement 
periods have been considered to be one of the 
core issues when examining the sustainable 
use of smartphones, which have instigated a 
small number of studies into the product 
replacement, repair/ maintenance and reuse of 
phones (see Wieser and Troeger 2017 for an 
overview). Since 2015, replacement cycles 
have steadily become longer over the years, 
from 23.8 months in 2014 to 33.6 months in 
2020 (Statista 2021). Reasons for this increase 
have been argued to be a move away from 
smartphone contracts, mature markets and 
higher prices (see also Wieser 2021). Still, most 
smartphone are being replaced before their 
useful lifetime.  

The starting point for most studies surrounding 
sustainability issues are people’s motivations 
and attitudes about particular aspects linked to 
the more sustainable use of smartphones, for 
example, would people like/ accept an easy to 
repair smartphone and would they use a repair 
shop if the price would not be too high. This 
paper aims to slightly move away from these 
investigations and is an attempt to bring into 
conversation the literature on the domestication 
of smartphones into people’s everyday life i.e., 
changing people’s everyday routines and 
relationships with the literature on the more 
sustainable use of smartphones, in particular, 
possibilities for modular smartphones. It 
therefore first asks ‘what is the smartphone’ and 
‘what types of everyday practices are 
associated with it’ before returning to the 
question of sustainable use.  

 
Researching people’s daily 
practices with their smartphone  

To collect data for our research, in-depth 
interviews with people and their smartphone 
were carried out between August 2019 and 
August 2020. The selection of interviewees was 
based on theoretical sampling; that is, 

categories about possible contrasting use 
patterns of smartphones were continuously 
tentatively developed, discovered, and refined. 
The interview guide was broadly based on five 
themes: daily practices linked to the 
smartphone, a tour of people’s smartphone 
(show and tell), smartphone set in wider media 
ensemble in people’s homes, norms and 
meanings attached to smartphones, and 
modular smartphones. A total of 24 interviews 
were analysed based on interview transcripts, 
open coding and constant comparison, using 
the ATLAS.ti qualitative analysis software. We 
drew on the grounded theory principle of 
constant comparison (Straus and Corbin 1990) 
and rules for an empirically grounded type 
construction (Kluge 2000). Our examination 
should be considered as a first step to typology 
of people and their smartphone to be able to 
discuss the potentials of the integration of 
modular smartphones into people’s daily life. In 
the next section, the initial constructed types 
are described by means of their combinations 
of attributes as well as their meaningful 
relationships.  
	
Empirical findings: People and their 
smartphone in everyday life  
 
This section outlines our initial empirical 
findings, by introducing a typology of people 
and their smartphone in everyday life. Overall, 
we identified seven types, but for this paper we 
describe three tentative types based on how 
people live with their smartphones. Rather than 
claiming that all empirical examples within one 
category are equal, what is claimed is that 
certain empirical examples fit more neatly with 
one analytical category (thus one type) than 
with another (Collier et al., 2008). 

Thriftiness & distant  

Barbara is a writer in her late 30s. She lives with 
her husband and two children. She uses her 
smartphone for her work and private life, as she 
mainly works from home. Barbara does not feel 
that she uses her smartphone a lot, often 
leaving it at home. She does not tend to use the 
smartphone’s full capacity because she tries to 
limit the number of functions that are actually in 
use. Barbara attempts to use her smartphone 
as long as possible. Her current use patterns 
are representative of thriftiness and distance. 
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As part of Barbara’s usual daily routines, she 
does not pick up her phone until she sits down 
and starts working in her home office. 
Overnight, Barbara prefers to not have her 
smartphone on her bedside table. She does not 
regularly know where she has left it the day 
before and has to look for it in the morning. On 
a usual workday, she needs to spend about an 
hour on her smartphone. Her usage increases 
if she has to leave her home office and, for 
instance, meet someone. This is when Barbara 
makes use of some of the other functions on the 
phone, such as looking at maps or listening to 
some music. During her spare time, Barbara 
regularly misses calls and messages, or her 
battery runs out without her noticing. Although 
she does not feel reliant on the phone, she still 
has several applications on her phone so that 
she can communicate with friends and family; 
more easily travel via public transport; take 
pictures and record videos; and keep up to date 
with the news, time, and weather. 

Barbara mainly makes use of some of the basic 
functions of her smartphone such as the 
address book, messaging service, 
communication tools, camera, and World Wide 
Web. She added one or two other applications 
that are relevant for her daily travel, that is, 
public transport and map applications. Barbara 
occasionally uses the pre-installed newsfeed 
and weather forecast. More recently, she 
discovered an application that allows her to 
stream music onto her smartphone, which, 
since then, she has appreciated very much. 
She uses Bluetooth to connect to her external 
loudspeaker. A few of the applications that she 
downloaded Barbara no longer uses, such as a 
mediation app. Barbara keeps a paper-based 
diary because she is too worried about losing 
the entries of a digital version.  

Barbara purposefully does not make her 
smartphone a ‘personal all-in-one medium.’ 
Although Barbara enjoys some of the 
conveniences the phone provides, including 
making it easier to get around, she does not 
want to become dependent on the phone for her 
everyday life. A modularity that would allow her 
to be able to ‘adapt’ her phone (to downsize it 
to a few functions) could potentially work for this 
frugal user. This would be a smartphone that 
can be customized to people’s needs and does 
not use up much storage so that the frugal user 
can keep it for longer. A modular phone that can 
be easily ‘maintained’ would also fit the frugal 
user. Such a maintenance and adaptability form 

of modularity would be grounded in people 
using only a limited number of functions and a 
low dependency on the phone for everyday life 
activities, including the willingness of the 
person to look after it to be able to prolong the 
phone’s useful life. 

Overwhelm & reliance  

Nicole is a senior consultant who is in her 40s 
and lives with her partner and young child in a 
two-bedroom house. She owns her own private 
smartphone and received an additional one 
from her workplace. Nicole often feels 
overburdened by the number of smartphones 
on offer and their settings, functions, and 
applications. Nicole could develop the 
competences to understand her smartphone 
better, but for her, it is sheer ‘laziness’ that 
stops her from engaging more deeply with the 
phone. 

When Nicole talks about her daily smartphone 
use, it becomes apparent that it plays an 
integral part of her daily life. The smartphone is 
her alarm clock and weatherman several times 
a day. It also helps her to organise her private 
life through sharing diaries and note-taking 
applications with her partner and using 
communication apps to make ad-hoc childcare 
arrangements. She also keeps in touch with 
friends and family who live abroad. Her 
smartphone is connected to her laptop. This 
way, she can use the communication 
applications on her smartphone and laptop. In 
the office and at home in the evening, the 
smartphone becomes an entertainment device 
by playing music, podcasts, and the evening 
news. On the weekend, she likes to take photos 
with her smartphone, films her guitar teacher so 
that she can copy the songs at home, and 
sometimes uses it to look up recipes to cook 
dinner. Nicole still likes to use her digital camera 
to take some pictures rather than using the one 
on her smartphone. 

Nicole’s daily life with her smartphone makes 
apparent how the smartphone has become a 
device that has converged different 
technologies, such as alarm clocks, diaries, 
television, camera, and cookbook. This does 
not necessarily mean that the smartphone has 
replaced these devices. Nicole still owns a 
watch, physical diaries and cookbooks, a large 
screen on which she and her partner watch 
television, and digital cameras. The 
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smartphone has not necessarily reduced the 
number of devices at home but rather changed 
some of her daily practices.  

The smartphone is not only a device in itself, for 
instance, allowing us to phone a friend, but also 
an intermediary, connecting different digital 
devices (e.g., playing music from the 
smartphone through the stereo) and facilitator, 
allowing for varying practices to emerge (e.g., 
keeping a digital diary). This connectivity and 
facilitation often only become visible if 
something no longer works on the phone. 
Nicole has replaced her smartphone whenever 
the storage capacity was full, and some 
software updates were no longer possible to be 
able to keep the ‘functionality’ of the phone 
going. It might be possible to suggest the more 
connections and facilitations exist, the more 
vulnerable the smartphone becomes to losing 
its functionality. Although Nicole seems to rely 
on her smartphone to carry out her daily life, 
she is not willing to spend a lot of time 
maintaining her phone. Any form of modularity 
might overburden this type of user. 
Maintenance and upgradability that are 
delivered through a service rather than purely 
through the design of the smartphone could 
potentially attract this type of user to modular 
smartphones. 

All-round & enthusiasm  

Natalie is a head of educational counselling and 
in her late 40s. She lives with her husband and 
two children in a flat in a small town. She owns 
several digital devices and currently uses a 
laptop, tablet, and two smartphones; that is, she 
sometimes switches between the two. 

Natalie regularly reflects on her media 
ensemble (i.e., different types of electrical 
devices) at home and how she could reduce it 
and/or optimise its use. The tablet probably 
enables most of her digital activities: watching 
sports, listening to the radio and audio books, 
looking up the news, and planning family 
projects. Although her smartphone can provide 
the same functions, she prefers to use the tablet 
at home, as it has a larger screen. Still, every 
now and again, one of her children takes the 
tablet, and she has to revert back to using the 
smartphone. The size and mobility of phones 
mean that whenever they go on holiday, Natalie 
is glad to have it. She can upload applications 
that allow her to organise public transport, 

theatre, cinema, exhibitions, and travel on her 
smartphone. This is straightforward because 
she has already set them up in a cloud system 
and is regularly able to load them on her 
smartphone and take them off again if she no 
longer needs them for a while. During holiday 
trips, her smartphone becomes a ‘multi-
functional tool’ for her and the family. She does 
not really need this type of tool during everyday 
life. If she could have one rather than four digital 
devices, this would really help her to ‘structure’ 
her life. 

Examining more closely Natalie’s ways of 
organising her applications on the smartphone 
and connectivity between devices, the ‘all-in-
one device’ seems to be hidden within her cloud 
system. She has tried to change her operating 
system several times because she does not 
believe in the companies’ values of her current 
system. Even though she spent several hours 
on it, Natalie was unable to create the same 
connectivity between devices that allowed her 
to sync all of her data across them. With her 
current operating system, the cloud somehow 
becomes a spatial device that holds all of the 
information that can be uploaded and taken off 
several physical devices. These physical 
devices are like ‘empty shells’ that are being 
filled with data by cloud systems. They become 
exchangeable because any device can hold 
this information if it has the needed storage 
capacity. Finding this ‘all-in-one device’ seems 
to be a project, where Natalie constantly 
changes her media ensemble over time, re-
introducing devices that have no longer been in 
use (i.e., the television), swapping devices (i.e., 
two smartphones), and buying new ones (i.e., 
new smartphone). 

Natalie’s search for optimisation seems to be 
grounded in sometimes reducing the number of 
devices, making one device the main one, and 
creating a cloud system that smoothly links and 
syncs all of her devices whilst at the same time 
protecting the amount and types of data that are 
being shared with the outside world within the 
family home. Although Natalie has repaired and 
upgraded the battery on one of the 
smartphones (i.e., applying the maintenance 
and upgradability modularity), this has not really 
prolonged the useful life of the smartphone. 
This is her second smartphone that she gets out 
every now and again. The phone has a different 
operating system to the other phone, and the 
cloud system does not work as well on it. For 
Natalie, the non-connectivity to her existing 
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cloud system makes the smartphone not 
particularly user friendly. She therefore only 
uses it occasionally. A mixture between 
adaptation modularity, which allows for 
customisation and a better fit to the consumer 
needs at the time of purchase, and 
expandability modularity, which makes it 
possible to add new components, could be a 
technological development that might help to 
prolong Natalie’s smartphone’s useful life. This 
would also require her to finally find her ‘all-in-
one device’ so that the functions on the other 
devices could be reduced, keeping functions 
and application on the devices relatively stable. 

 
People living with smartphones in 
everyday life and reflection on 
modular smartphones 

The comparison of the three contrasting forms 
of living with a smartphone reveals a diversity 
of meanings, competences, and material 
arrangements that are associated with 
smartphones in everyday life. Growing old with 
your smartphone does not seem to be a 
straightforward process in everyday life, seeing 
that the technological design of modular 
smartphones does not seem to be able to keep 
up with the ‘conviviality’ of the smartphone. Our 
findings show that the thriftiness & distant type 
would benefit from maintenance and 
adaptability modularity, whereas the all-round & 
enthusiasm type would value expandability 
modularity. The overwhelm & reliance type 
would potentially feel overwhelmed by all types 
of modularity, but a service model that provides 
maintenance and adaptability modularity could 
be an attractive way forward. Still, it is unclear 
whether these types of users and linked forms 
of modularity would actually prolong the useful 
life of smartphones. Natalie’s example shows 
that although one of her smartphones is easily 
repairable and upgradable, its life is not 
necessarily prolonged. She does not consider it 
‘user friendly’ and uses her second smartphone 
most of the time because it allows for 
connectivity, whereas the easy-to-repair-and-
upgrade phone only comes out of the drawer 
every now and again. 

Even though a thriftiness & distant type might 
use the smartphone less frequently and limit the 
number of functions and applications on the 
phone (see Barbara’s description), the 
utilisation of adaptability and maintenance 

modularity to promote sufficient use might not 
be straightforward. Similar to the other user 
types, the thriftiness & distant user still 
discovers new functions and applications (such 
as streaming music) on the phone over time, 
whereas other ones (such as the meditation 
application) become irrelevant. A customised 
phone (linked to adaptability modularity) 
requires the user to be extremely reflective 
about their existing and potential future 
practices that are enabled by the smartphone to 
prolong the customisation and associated use 
as long as possible. Although digital 
technologies such as smartphones are not 
neutral, notions of longevity and sustainability 
are not inherent in them (even if these are 
modular smartphones). These technologies get 
interpreted and adapted into existing patterns of 
people’ everyday life. How people use and live 
with their smartphones is deeply embroiled 
with, for instance, existing digital 
infrastructures, media ensembles, family 
relations, and changes to work situations and 
lifestyles. The developments towards an 
increasing ‘conviviality’ of use patterns and 
integrated designs of smartphones do not 
necessarily make it straightforward to introduce 
different types of modularity to prolong mobile 
phones’ useful life. 

Thus, a smooth transition from a presently 
rather unsustainable use of the static 
modularity of a smartphone towards a 
sustainable consumption and CE-enabling use 
of a dynamic modularity seems very unlikely. 
We will discuss the implications of our results 
so far in the last section. 
 
Discussion & conclusions  

Even though our findings are part of an ongoing 
research project that needs to be further refined 
and validated, we can draw some initial 
conclusions that are relevant to future research 
on transitions towards a CE. 

Our results show that the sociotechnical 
developments of mobile phones over time have 
been signified by integrated technological 
designs (rather than interchangeable, i.e., 
modular, ones). Mobile phone parts, such as 
batteries, which could be easily replaced a few 
years ago, are now integrated into the mobile 
phone design where only experts can change 
the parts when they no longer function. At the 
same time, smartphones have taken on more 
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and more functions of other everyday objects 
(e.g., alarm clocks, newspapers, and stereos), 
that is, media convergence, allowing for a 
performance of multiple daily practices. The 
convergence of functions and applications is 
not the whole story when examining 
smartphones in everyday life. Miller (2020) has 
argued to consider the smartphone ‘convivial,’ 
allowing people to choose from several 
possibilities of how they want to communicate 
with others, compose thoughts, plan the day, 
and entertain oneself through the device, that 
is, media deconvergence. Although this 
conviviality goes along with notions of modular 
smartphones that adapt to people’s lives, our 
findings have shown that the idea of 
smartphones growing old with their owners 
does not seem to be easily transferred into 
everyday life. Forms of modularity might by no 
means be clear-cut strategies for a CE. 

An additional issue that arises from our 
investigation is about roles and responsibilities 
taken by different actors within the CE. 
Examining the sociotechnical development of 
smartphones over time, the increasingly 
integrated technological design features 
become visible, raising questions about 
smartphones’ reparability, compatibility of 
parts, availability of software updates, and so 
on. Regulations that counter some of these 
market developments in terms of eco-design 
requirements or standardisation of components 
could be considered when discussing 
extensions of smartphones’ useful life. Easy 
and affordable replacements of screens and 
batteries can prevent some early product 
replacements. Recent activities by the ‘right-to-
repair’ movement advocating for people being 
able to fix their electronic products (including 
smartphones) draw attention to producers’ 
responsibility of creating more sustainable 
smartphones. These developments might be 
steps towards normalising the prolonged use of 
smartphones in everyday life, moving towards 
a more CE. 
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Abstract: This study investigates how user practices and connected narratives of sense making 
affect product longevity by drawing on practice theory and the narrative paradigm. Empirical basis is 
provided by qualitative interviews with consumers about their use of electronic devices. By zooming in 
into the everyday life of consumers the six common narratives newism, functionality, sufficiency, 
quality, repair does not work, and planned obsolescence are described. This analysis outlined how 
the narratives are used as justification for practices regarding product lifetimes. The narrative of 
planned obsolescence, for example, shows how certain attributions of meaning can be connected 
with life-extending or life-shortening practices. The perspective on user narratives reveals that while 
consumers may act inconsistently overall, their practices may well make sense when viewed and 
understood as embedded in the social context and in relation to other narratives. The discussion 
explores how sustainable narratives which characterizes devices as valuable might promote life-
enhancing practices. In the conclusion, we zoom out to outline the role of narratives in the linear 
economy. 
 
 
1 Introduction  
Product longevity is an important factor for 
sustainability - especially for electronic devices 
- yet products often see shorter lifespans. The 
lifespan of devices depends not only on the 
product design; it relies significantly on user 
practices too. Studies show that users act 
inconsistently with regard to their attitudes and 
actions towards the different phases of use like 
acquisition, use and disposal (Echegaray, 
2015; Evans & Cooper, 2010). This study aims 
to investigate the relationship between "doings 
and sayings" (Schatzki, 2000, p. 56) as 
regards to product lifetime by answering the 
question: How do user practices and 
connected narratives of sense making affect 
product longevity? The basic assumption is 
that usage practices are often routine (Jaeger-
Erben, Winzer, Marwede, & Proske, 2016) and 
are supported by narratives that provide 
orientation and give meaning to actions.  
By zooming in into the everyday life of 
consumers, common narratives that 
accompany everyday consumption practices 
are presented. In the discussion, the 
connection between practices and narratives is 
briefly outlined. In the conclusion, we will be 
zooming out to discuss the role of narratives in 
the linear economy. 

2 Bringing social practices and 
narratives together 
Practice theories assume that structure 
influences actions and actions form structure 
(Giddens, 1984). Thereby, they emphasize the 
materiality of the social and cultural on the one 
hand and the implicit, informal logics of the 
social life on the other hand (Reckwitz, 2003). 
Individuals are conceptualized as the carriers 
of practices (Reckwitz, 2003), using artefacts 
meaningfully therefore needing a specific 
know-how. Based on the actor-network-theory 
(Latour, 1994), artifacts are ascribed a certain 
degree of agency – whether as a reference 
object, as part of the negotiation between 
people or as a teammate in the practices – 
and they are conceived as part of practices as 
material arrangements and providing context 
for practice (Brand, 2011; Hillebrandt, 2014; 
Reckwitz, 2002; Reckwitz, 2003). Almost all 
social practices are associated with 
consumption, since the performance of 
practices often requires consumption (Warde, 
2005). Schatzki points out that “sayings and 
texts contribute to what makes sense to 
people to do and the intelligibility of things in 
the world” (Schatzki, 2017, p.134).  
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The narrative paradigm (Fisher, 1984; Fisher, 
1985) is based on the assumption that humans 
connect events in a narrative way. The 
connection between episodes constitutes 
meaning. Narratives, in turn, influence how the 
world is perceived as they convey values and 
emotions (Richardson, 1990). According to 
Wagenaar, narratives give practices 
coherence in time and in space. They reduce 
complexity and grant certainty of action by 
providing the basis for judging actions 
(Wagenaar, 2011). Narratives play a strategic 
role in constituting and stabilizing society 
(Müller-Funk, 2008). From a practice theory 
perspective, the epistemic question is not 
asked (is it truth?), instead it is interesting what 
function the narrative takes within the network 
of social practices (Bueger, 2014; Neumann, 
2002).  

 
3 Methods 
To investigate the affect of user practices and 
connected narratives of sense making 
regarding lifetimes of electronic devices, 15 
qualitative in-home interviews with users in 
Germany from different social segments (age, 
gender, education level, size of residence) 
were conducted. The sampling was based on 
theoretical sampling according to the 
methodology of the grounded theory. Each 
interview lasted about 90 minutes. The topic 
was the use of electronic devices with a focus 
on smartphones and washing machines. Data 
was analyzed using grounded theory (Bryant & 
Charmaz, 2011; Strauss & Corbin, 1996).  
 
4 Results 
The interviews indicate that devices are mostly 
gradually devalued by the user during the use 
phase (Hipp, 2020). The devaluation of 
devices was not only due to partial defects and 
aesthetic wear, but with regard to symbolic 
meaning and expectations too. The 
devaluation of used devices was mostly not 
expressed directly, but is revealed through the 
usage practices and connected narratives. For 
example, narratives and not fact-based 
calculations were predominantly used to justify 
what lifespan consumers expected, depending 
on their experience of how long devices had 
lasted in the past. How long the expected 
lifespan was estimated influenced in some 
cases how carefully devices were handled and 
whether repair was considered in the case of a 
defect. 

Interviewees themselves connect practices 
and narratives and traced them to three 
origins: memories of experiences with devices, 
stories from friends about their device use, and 
narratives reproduced by media. These stories 
about longer and shorter periods of product 
lifetimes and about the meaning of products 
function as a reference system that structures 
social practices through sense-making. 
People’s stories reflect wider social narratives 
on durability, usability and object-related 
values and serve as justification for different 
actions. In the interviews, these stories 
correspond with the users’ self-image and 
perspectives on devices too. People described 
themselves, for example, as powerless 
consumers, advice seekers, smart repairers, 
rational users or early adopters. Devices are 
pictured, for example, as helpers, best friends, 
logically acting machines, invisible 
infrastructure and ticking time bombs. Product 
designers are characterized as great 
inventors, superficial and deceivers.  
In the following, six main narratives and 
connected practices are presented, that were 
frequently mentioned in similar form in the 
interviews:  
 Newism: early adopter narrative; promotes 

new purchases through passion for 
innovation; found in advertisements and 
self-description of users 

 Functionality: rationality narrative; device as 
infrastructure for the management of 
everyday life; users’ self-presentation as 
benefit-maximizing actor; influence on 
product life span is linked to benefit-cost 
calculation 

 Sufficiency: renunciation narrative; own 
needs are negated, either because of 
criticizing digitalization or sustainability in 
order to distinguish from "throw-away 
society"; serves as justification for 
ownership of few devices and little usage; 
can have a resource-saving effect 

 Quality: Narrative of differentiation of 
devices according to their product design; 
self-image as connoisseur of quality; used 
as explanation for spendings on high 
quality devices, often combined with 
willingness to do time-consuming research; 
often also higher willingness to repair 

 Repair does not work: Narrative about 
unsuccessful repair; frustration connected 
to useless effort and high repair cost; used 
as justification for not repairing, sometimes 
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strengthens intention to consider 
reparability in purchasing decision 

 Planned obsolescence: victim-perpetrator 
narrative; according to which manufacturers 
intentionally build predetermined breaking 
points into devices in order to increase 
sales; justification used by consumers to 
buy cheap devices and neglecting repair, 
as well as repair themselves to check for 
built-in obsolescence 

How narratives as practices of saying are 
connected with the practices of doing is 
complex, because Interviewees mention and 
combine narratives depending on the setting, 
although narratives can appear contradictory 
from an object perspective. Thus, no straight 
causal connections can be drawn between the 
narrative and the practice of doing. For 
example, in the interview, Person A attributed 
the defect of a device to intentionally installed 
predetermined breaking points by the 
manufacturers (narrative planned 
obsolescence). „And I think it's just a bit mean, 
because you can manufacture these devices 
nowadays, so that they are indestructible, but 
it is not done, because then simply the 
economy suffers from it, because then the 
company then says: Yes, then I sell to 
everyone only one washing machine in life. 
That's not profitable." He argued that devices 
are always manipulated, and repairs are 
generally not worthwhile 1 , which he 
additionally justified referring to bad 
experiences (narrative repair does not work). 
In another part of the interview, this person 
described that he had some high-priced 
devices because this brand would last longer 
and justified this with reported experiences 
(narrative quality). The obvious contradiction 
was not noticed by the person himself.  
Person B too believed in the narrative of 
planned obsolescence. He checked defective 
devices for manipulation by opening them 
himself. He justified his commitment to repair 
by saying that sufficiency is important 
regarding sustainability. Person C was not 
sure, whether planned obsolescence exists or 
not. He stated that as long as he does not 
experience a premature break down of a 
device himself, it does not affect his actions. 

                                         
1 The hypothesis that the belief in planned 
obsolescence can promote lifespan-shortening 
consumption practices was a conclusion of a study 
in Vienna too (Wieser, Tröger, & Hübner, 2015). 

Anyway, it is less important to him to use his 
equipment for a long time, because he is very 
interested in technical innovations (narrative 
newism).To sum it up, the narrative of planned 
obsolescence can be – like other narratives 
too – interwoven with practices in different 
ways, depending on settings, and other 
connected narratives.  
 
5 Discussion 
Analyzing the connection of narratives and 
practices illustrates that people's actions are 
less likely to follow a stringent logic overall, but 
are embedded in the context. Everyday 
narratives about product use can become 
deep convictions, but they are constantly 
reproduced or modified by practical 
experience. Narratives are not fixed, but are 
told and modified in different ways, depending 
on the setting and the audience (Gubrium & 
Holstein, 2010). Studies indicate that 
consumers often express a strong interest in 
long product use, but still behave differently 
(Echegaray, 2016; Evans & Cooper, 2010; 
Wieser, Tröger, & Hübner, 2015). The 
“attitude-behaviour gap” often noted in social 
sciences (Perry & Chung, 2016; Shaw, 
McMaster, & Newholm, 2016) is here replaced 
with taking a practice theory perspective 
(Shove, 2010; Spurling, McMeekin, 
Southerton, Shove, & Welch, 2013) and 
embedding social practices back into the 
social settings in which they are performed, 
and are coupled with connected narratives. 
When people tell stories about their 
possessions, they are also talking about their 
own identity as moral agents in society. 
Humans are not only consumers, but also 
"producers of cultural displays and co-
constructors of meaning" (Hurdley, 2006), p. 
13). Overall, it can be said that narratives that 
occur together with short periods of use 
predominantly portray a rather negative image 
of devices. In such narratives, devices are 
associated with a rapidly declining symbolic 
value. The devices are considered to be less 
robust, hardly repairable and beyond the 
user's control. Narratives that are connected 
with long periods of use (“sustainable 
narratives”), on the other hand, often convey a 
rather positive image of devices. Such 
sustainable narratives sketch an image of 
robust and repairable devices that the user 
can understand and influence, and whose 
ascribed symbolic value is maintained for a 
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comparatively long time. Meanwhile, notions of 
convenience, money, time efficiency, and 
practical know-how are woven into the 
narratives and are shaping the options of more 
or less sustainable consumption. 
Studies indicate that narratives might be more 
convincing than fact-based argumentation 
(Winterbottom, Bekker, Conner, & Mooney, 
2008), which is why narratively composed 
reviews might have a stronger influence on 
purchase intentions than fact-based ones 
(Hamby, Daniloski, & Brinberg, 2015). Fischer 
sees a strong potential for sustainability 
communication, as storytelling can be used to 
explain complex issues in a simplified, low-
threshold way. However, he also mentions the 
risks, because simplifications can lead to 
misconceptions (Fischer, Schäfer, & Borner, 
2018; Fischer & Storksdieck, 2018). 
 
6 Conclusions 
The paper has shown that practice theory 
combined with a focus on narratives offers 
new perspective beyond the often lamented 
"attitude-behavior gap" that can help to better 
understand how users embed their usage 
experiences and the stories told by media and 
friends about short and long product lifetimes 
into structures of meaning. This 
understanding, in turn, can help develop new 
narrative communication approaches and 
strategies to support long product lifetime. 
In this regard, not only product designers 
influence product lifetimes of device, the 
stories conveyed in marketing might influence 
behavior too (Harmon & Mazmanian, 2013). 
Overall, there are a lot of factors which affect 
the lifetime of a device like product design, 
innovation cycles, intensity of use, contextual 
factors like repair infrastructure, and user 
competences. However, it seems obvious that 
social narratives on material objects, their 
“proper lifetime” and associated values also 
develop a practical relevance, similar to a self-
fulfilling prophecy, because: only those who try 
to repair a device can experience that the 
repair was worthwhile.  
By zooming out and looking at the dominant 
economic regime of linear production, parallels 
between the narratives of everyday product 
use and the prevalent narratives in current 
policies for innovation and technological 
development can be made. The process of 
product use and lifetime is accelerated and 
driven by powerful and influential narratives on 

the privilege of short-term monetary value over 
long-term social or ecological value and the 
predominance of novelty and acceleration over 
reproduction and durability. However, 
sustainable narratives can be found in 
examples of social innovation like repair 
initiatives, everyday practices of care, and 
current policy strategies for the Circular 
Economy. These narratives alone will not 
change the consumption pattern, but together 
with product innovations supporting longevity, 
with a transformation of the provision systems, 
and with settings and knowledge, narratives 
can play a significant role in transforming 
consumer culture.  
Narratives circulate through private 
conversations as well as through media 
reports, depending on whether they are fitting 
to existing narratives and worldviews 
(Andrews, 2002; Bueger, 2014; Kruck & 
Spencer, 2014). How narratives could 
influence lifetime enhancing practices remains 
open to further research. One strategy could 
be to portray old devices as usable and 
valuable to normalize long product lifetimes. 
For this purpose, a turn to communication 
studies and especially to the wide-ranging 
research on framing theory seems promising 
(Chong & Druckman, 2007; Dewulf et al., 
2009; Yang & Hobbs, 2020). Framing 
emphasizes aspects of a phenomenon and 
excludes others to create a specific view that 
is not only associated with a causal 
relationship and a moral judgment, but also 
suggests specific actions (Entman, 1993, p. 
52).  
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Abstract: Research on the lifetime of electronics has so far hardly investigated the role and influence 
of “third-party” stakeholders like NGOs, political agencies, consumer rights associations and lobby 
groups on the public discourses and expectations regarding lifetimes. These stakeholders do often 
lobby for particular goals like preserving consumer rights or fostering eco-efficiency and sufficiency. 
They influence for example political decisions making concerning lifetime regulation or consumers 
self-perception. We first conducted eleven problem-centered interviews with representatives of 
different organizations and associations in Germany. In a second phase, we compared their 
perspectives with the results from problem-centered interviews with users of electronics. The results 
show that many third-party stakeholders tend to underestimate the complexity of everyday life, and 
reduce user practices to rational information-processing and decision-making (following a homo 
economicus model) as well as to status seeking. In contrast, the user interviews revealed that the use 
of products is part of everyday life routines. The users primarily expect that their devices work 
properly, and they do not want to spend too much time and energy seeking for information. We found 
in the interviews that users often "outsource" decisions about which device to use or whether a repair 
is worth it, by asking relatives or friends for help. While third-party stakeholders understand the social 
dimension of using technology primarily as a matter of social distinction, comparison and competition, 
we found that social cooperation and reciprocity is far more important for usage practices. Thus, we 
argue for a new perspective in the promotion of product longevity which recognizes and strengthens 
the “homo cooperativus” instead of the homo economicus.  
 
1 Introduction  
Research on the actors that exert an influence 
on the lifespan of electronic devices has 
focused primarily on product designers and 
how they inscribe lifetimes into their products 
(e.g., Design for Longevity), or it investigated 
the role of users or business models. In 
contrast, nongovernmental organizations, 
political agencies, consumer rights 
associations and lobby groups, which may 
play an important role as mediators in the 
socio-material construction of product 
lifetimes, have been rarely investigated so far. 
These actors, which we call "third-party 
stakeholders”, often follow specific goals, such 
as protecting consumer rights or promoting 
eco-efficient products and sufficient 
consumption. Their actions are guided by 
implicit theories about how markets work, how 
consumers behave, or how social change 
occurs. These third-party stakeholders 
influence the public discourse on product 
lifetimes by giving interviews as experts for 
product lifetimes. They publish statements on 
current issues, design and commission 
research projects, organize information 
campaigns and influence political decision-

making processes by making use of their 
position and networks. Therefore, we were 
interested in the perspective of these third-
party stakeholders on product lifetimes and the 
consumers’ role in promoting or reducing 
longevity. The goal was on the one hand to 
identify differences and similarities between 
these third-party stakeholders. In a second 
step, we compare their views on users with 
users’ self-descriptions in order to identify blind 
spots and issues that deserve more attention 
from the stakeholders in the future. 
 
2 Methods 
A qualitative approach was chosen in order to 
capture the perspectives of third-party 
stakeholders on the lifetimes of devices and on 
users as broadly as possible. Eleven problem- 
centered interviews were conducted with 
representatives from environmental protection 
organizations (like Greenpeace and WWF), 
consumer protection associations and product 
testing agencies (like Verbraucherzentrale 
Nordrhein-Westphalen, Stiftung Warentest), 
governmental agencies (like the German 
Environmental Agencies) and a manufacturers' 
association in Germany. The interviews took 
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place in summer 2020 via video phone calls, 
and lasted about 70 minutes. The interviews 
focused on the perception of the causes and 
drivers of obsolescence in the area of 
electronic devices and the role of users. The 
transcripts were analyzed using content 
analysis (Mayring, 2015). The answers were 
compared for similarities and differences.  
In a second step, the statements of the third-
party stakeholders were compared with the 
perspective of users themselves. Basis for the 
comparison were 15 problem-centered 
interviews with users conducted in 2017 – 19 
in a previous project phase. The interviews 
lasted 90 min each, and were conducted at the 
respondents' homes in Germany. The topics 
covered the social practices of electronics 
consumption and their relation to product 
lifetimes. The data were analyzed using 
grounded theory (Bryant & Charmaz, 2011), 
since the focus of the research process at that 
time was to develop a model to explain user 
behavior. The results of this previous research 
have already been published (Hipp, 2020).  
 
3 How do third-party stakeholders 
perceive the issue of product 
lifetimes? 
The following section describes the awareness 
and perception of the third-party stakeholders 
concerning the problems, the causes and 
drivers of short lifetimes, as well as their views 
on possible solutions and future avenues.  
All third-party stakeholders interviewed 
consider the fact that electronic devices are 
often used for shorter periods than possible as 
problematic. The third-party stakeholders 
agree that it makes sense to extend the 
lifetimes of products in order to reduce social 
and environmental impacts. They have 
different opinions about the urgency they 
assign to this issue compared to other 
sustainability challenges. Differences can be 
seen in the assessment of whether the use 
time of electronic devices generally tends to 
decrease or to stagnate (at a low level) 
depending on the type of device. 
Product design and manufacturers are seen as 
main responsible for product lifetimes. In some 
cases, the design of high-quality products is 
perceived to depend on the customers' 
willingness to accept higher prices. In the case 
of household appliances, lifespan is linked in 
particular to whether it is financially worthwhile 
to repair them. In the case of information and 

communication technology (ICT), the main 
focus is on whether functioning devices are 
exchanged for new releases, which are 
associated with greater prestige. From the 
perspective of the interviewees, main drivers 
for short product lifetimes are shortcomings in 
product design due to time and cost pressures 
in the production process, which in turn are 
increasing due to growing global competition. 
In addition, technological trends like 
miniaturization, digitalization and the 
standardization of components and tools are 
recognized to promote premature product 
replacement because, as a result, devices are 
either more susceptible to defects or more 
difficult to repair. The interviewees perceive a 
lack of governmental intervention for longer 
living products, and assume that, instead 
many behavioral incentives favor premature 
product replacement. New low costs 
purchases and comparatively high repair 
prices favor new acquisitions, which are 
additionally facilitated by easy to perform 
online shopping.  
Unanimously, the third-party stakeholders 
expect stronger governmental control and 
intervention. The most effective measures are 
considered to be an extension of the 
guarantee and warranty periods and product 
lifetime labels. The majority also call for 
product design regulations. Regarding users, 
the assessment of how users can influence 
product lifetimes at all and how practices that 
favor durability can be promoted is linked to 
the user image. 
Most third-party stakeholders are optimistic 
that the lifetimes of electronics in the EU will 
increase, as policy makers have embraced the 
issue and an increasing awareness is 
observed among the population. A distinction 
is often made between different product 
groups. In the case of smartphones, for 
example, longer product lifetimes are expected 
because the innovation cycle is becoming 
slower. However, the ascribed urgency to 
prolong product lifetimes sometimes leads to 
criticism that the process is too slow in total.  
Overall, it turned out that the third-party 
stakeholders have a broad common sense in 
regard to their view of the issue of product life. 
However, their perspective is also linked to 
their own professional position. Political 
institutions focus on processes of lawmaking 
at different levels. Consumer protection 
representatives call for more consumer rights. 
The manufacturer association is in favor of 
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rights that provide planning security in the long 
term, meanwhile environmental protection 
associations, on the other hand, complain that 
existing laws are hardly followed by companies 
and that monitoring is lacking. 
 
4 What is the third-party 
stakeholders' image of product 
users? 
The perspectives on product users vary greatly 
among third-party stakeholders. Some third-
party stakeholders understand all consumption 
practices as motivated or steered by monetary 
considerations and costs, others draw a 
complex picture instead that not only considers 
different motivations and differentiates 
between product and user types, but also 
realize the multi-causality and embeddedness 
of human action. We identified eight aspects to 
characterize users based on different theories 
or concepts about how people "function." The 
aspects relate to different dimensions like 
motivational intentions, emotions and 
behavioral principles, and are each linked to 
specific starting points on how to promote long 
lifetimes. Third-party stakeholders combine 
and contrast the aspects in different ways. 

Figure 1 shows an overview of the eight 
identified aspects systematized into a two-
dimensional matrix. The horizontal axis 
indicates the attributed typical length of 
lifetimes associated with the aspect. The 
vertical axis marks the potential influenceability 
of the user through interventions according to 
third-party stakeholders. The further to the 
right an aspect is located, the longer the 
typical lifetime of the product, and the further 
up an aspect is located, the easier it is to 
extend the lifetime through interventions that 
target consumers. 
Table 1 characterizes the eight aspects of 
third-party stakeholder perceptions and the 
associated starting points for promoting long 
product life times. Behavioral costs and 
knowledge were mentioned by all third-party 
stakeholders. The interviewees frequently 
mentioned that consumers should learn more 
about the benefits to make them conduct the 
desired action: "If you want to get people, you 
have to tell people how much money they're 
saving". Furthermore, all of the interviewees 
expect users to prematurely replace 
equipment because of their status and 

Figure 1. Aspects of user images and connected influenceability and prouct lifetime © own illustration. 
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innovation orientation. While some see this 
behavior as legitimate, others criticize it, and 
connect this sort of orientation to alienation 
between users and their real needs. This 
alienation is seen as caused by marketing and 
overwork: "We should (...) not reward 
ourselves with things for doing work we don't 
want to do (...). Then we don't need the 
substitute drug of consumption." Whether 
sufficiency is seen as unrealistic or necessary 
is coupled to the image of technology, and 
thus to the question of whether technology is 
seen as a prerequisite for quality of life or 
whether a reduction in technical equipment is 
seen as desirable. 
Some third-party stakeholders emphasize that 
some users already try to use devices as long 
as possible (orientation toward longevity). This 
was partly traced back to socialization through 
the parental home and school, and thus linked 
to norms, as it corresponds to the human 
image of a homo sociologicus (Dahrendorf, 
1964). 
Some complained that the market does not 
meet their needs: "But I actually don't know 

any manufacturer who obviously advertises 
that they produce durable and robust." Users 
with a strong interest in longevity are 
sometimes credited with being outraged when 
devices break sooner than expected, 
sometimes linking this to the narrative of 
planned obsolescence (Packard, 1960; Slade, 
2006). Other third-party stakeholders, 
however, attribute a lack of supply of durable 
products to low demand, justifying it by saying 
that "consumers crave innovation" and that 
"ultimately, price is the main deciding factor" 
and "quality [...] is a matter of price." 
 
5. How do third-party stakeholders’ 
views correspond to the users’ 
everyday life? 
The third-party stakeholders' images of users 
were compared with the results of the user 
interviews. A main result was that the third-
party stakeholders seem to underestimate the 
complexity of everyday life. Their image of 
human conduct and agency is predominantly

Aspect Description Starting point for intervention 
Behavioral costs  Homo economicus: rational comparison 

of benefits and costs (price, effort and 
time) 

Cost-benefit analysis on life cycle costs, 
increase behavioral costs for short life and 
decrease for long life, internalization of 
external costs 

Knowledge Logical action based on one's own 
competences or on the basis of one's 
own knowledge  

Providing information, repair competence, 
basic technical understanding and knowledge 
of social and ecological impacts 

Status and innovation 
orientation 

Striving for social distinction through 
prestigious devices, enthusiasm for 
innovations 

Few potentials for change are seen, status 
through durable products or sometimes, 
promoting the sale of used devices to enable a 
second life of replaced product 

Orientation toward 
longevity 

Intention to use devices for as long as 
possible and corresponding behaviors; 
motives: product loyalty, appreciation of 
the old, saving money, sustainability 

Making durable and repairable devices 
available, lifetime labeling, sharing offers, 
repair services 

Outrage Negative affective reaction to technical 
failures; belief in "planned 
obsolescence", 
criticism of “throw away culture” 

Make repair instructions and services 
available, repair café; institutionalize feedback 
to manufacturers, call for boycotts 

Norms norms and values shape actions, 
contrasting "in the past = long useful 
lives" and "today = short useful lives"  

Familial and institutional socialization; revival 
of traditional values: valuing and caring for 
things, image campaign 

Alienation Human being as alienated from own 
needs and from devices, consumption 
as compensation for lack of social 
interaction 

Time prosperity, deceleration and sufficiency, 
“smartphone detox” and self-reflection, 
promotion of product attachment 

Attitude-behavior gap High environmental consciousness 
paired with low environmental behavior  

Sometimes no starting points are seen due to 
feeling of powerlessness; others use target 
group models  

Table 1. Aspect of user images and associated starting points for promoting product longevity 
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based on a homo economicus model (Wilson 
& Dixon, 2014), whereas the relevance of price 
seems to be overestimated compared to other 
criteria such as time and effort. In the 
interviews with users, the expected effort was 
often mentioned as a limiting factor hindering 
the maintenance or the repair of a product, 
especially if everyday life is busy. For 
example, one user describes throwing away a 
partial broken device with the expression 
"another problem less". The third-party 
stakeholders often rely on the communication 
of more or better information to support 
consumers, but they underestimate the time 
and effort involved in lifetime-enhancing 
practices. Providing information does not 
automatically influence action, as studies show 
(Spurling et al., 2013). They also tend to forget 
that information on the social and 
environmental consequences of short product 
lifetimes might be valuable in purchase 
situations but are not relevant to the conduct of 
everyday life and the everyday usage of 
product. Here it is more important to have 
functional products available and to know, in 
case of disfunction, how to get it fixed as quick 
and easy as possible. The willingness of users 
to actively seek information and acquire 
competences seems to be taken for granted 
by most third-party stakeholders. We found 
that a large share of users also tends to 
"outsource" these practices and leave 
decisions about their own devices to members 
of their family or friends. The investigation of 
everyday usages of electronics revealed the 
social embeddedness of the related practices. 
People do not only talk about their products, 
they help or support and rely on each other, 
particularly in case of problems and 
malfunctions. They do not only share products, 
but also their practical know-how, their 
experiences and competences. Thus, it is 
important to consider the setting and social 
embeddedness of social practices and how 
forms of cooperation and mutual support 
sustain the usage of products.  
According to the third-party stakeholders, 
users replace their functioning devices 
primarily because they associate a more 
modern device with a higher symbolic value, 
that could enhance their own status in society. 
However, the distinctive value of replacements 
hardly played a role in the investigation of 
everyday lifes. Most devices are not part of 
interactions between peoples at all. The 

replacement of functioning devices was mainly 
due to limits in comfort of use.  
The third-party stakeholders divided the 
condition of devices into "working", "defective 
but repairable" or "completely defective and 
not repairable". The investigation of everyday 
usages revealed moreover, that device 
conditions are dynamic and could be better 
described as a process: Even perfectly 
functioning, but old devices can be devalued 
due to their shorter expected lifetime. In 
addition, small partial defects (e. g., a button 
that no longer works), decreasing performance 
(e.g., lower battery capacity) and infrequent 
failures (e.g., random reboot) as well as 
aesthetic wear can lead to a successive 
devaluation of the device, even if the basic 
functions are still mostly usable. How long a 
user wants to put up with these seems to have 
high relevance for longevity. Furthermore, 
most of these devices were sold as second 
hand or passed on to family and friends. 
 
6 Discussion 
Overall, third-party stakeholders seem to 
reduce the social, interactive dimension of 
everyday consumption and use of electronic 
devices to its distinctive value. Social 
competitiveness and comparison is seen as 
the main driver for electronics consumption, 
particularly for new purchases and early 
replacements. An investigation of everyday 
lives and social practices of electronics 
consumption suggests instead that technology 
is primarily used to make everyday life easier. 
Thus, functional value and functionality are 
much more important than symbolic value. In 
their effort to keep their everyday helpers as 
functional as possible, users rely on their 
social surroundings, on social support and 
mutual help. Thus, the "social" aspect of 
technology use is not about competition, it is 
about cooperation. We argue that recognition 
of how the use of devices is embedded in 
social interactions, in forms of cooperation and 
in social reciprocity could be an interesting and 
promising starting point for promoting 
longevity-enhancing practices. Policy or civil 
strategies should be more directly linked to the 
social ties and mutual support that already 
exist in society among users for technical 
matters. The basis for this could be the model 
of a homo cooperativus (Rogall, 2002) instead 
of a homo economicus, which is also open to 
shared, sufficiency-based forms of product 
use. 
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7 Conclusions 
From our perspective, product lifetimes are not 
a fact or a characteristic of an object but a 
process that unfolds throughout the whole 
product biography, and which is influenced by 
many aspects and actors. In this paper, we 
highlighted the implicit or indirect role of those 
third-party stakeholders that exert influence on 
public discourses and the public awareness on 
perception of product lifetimes. Their 
perceptions of the conduct and agency of 
users, as well as their understanding of how 
change happens, are very significant in this 
realm. We identified underlying models of 
change, and the human conduct that possibly 
guide their public or policy interventions, 
information or image campaigns are based on 
theoretical assumptions – regardless of 
whether these are reflected or not. If the homo 
economicus remains a dominant model in the 
perception of users, the interventions risk to 
fail in the long run, since they are not able to 
significantly connect to the everyday life of 
users. Whether the homo cooperativus is a 
more successful model for designing 
interventions remains to be seen and studied 
more thoroughly in future research. However, 
when third-party stakeholders want to 
influence consumer practices, a reflective and 
target group adaptive approach may be able to 
more effectively reduce scatter effects that 
occur through try-and-error attempts to reach 
consumers, and in turn to save costs and time 
for the third-party stakeholders.  
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Abstract: In this paper we present challenges that resale-based circular business models (CBMs) face 
when trying to scale up, as well as strategic resources that mitigates these challenges and facilitate 
scaling. The study is anchored in empirical findings from 10 retail companies operating with resale 
initiatives in the Swedish market. To structure the study, and provide a broader view of scalability that 
better fit the logic of CBM value creation, we draw on two streams of literature; the notion of novelty- 
and efficiency-centred business model design elements and resource-based theory. The findings show 
that for resale-based CBMs to scale, these need to overcome challenges related to operational 
complexity in connection to handling large volumes of unique garments as well as lack of out-of-the-
box solutions. The study also offers insights into strategic resources and capabilities which can work as 
guidance for practitioners who want to analyse and manipulate their CBM's ability to scale. 
 
 
Background  
As a response to the growing awareness of 
environmental issues such as resource usage 
and waste generation, business models 
building on circular economy practises have 
gained traction in the otherwise heavily 
resource-draining and polluting fashion 
industry. The aim of these circular business 
models (CBMs) is to remove the need for virgin 
material in the creation, delivery and capture of 
value by closing, slowing and narrowing 
resource loops (Bocken et al., 2016). These 
models take a triple bottom line perspective, 
even though the environmental and economic 
values have received more attention than the 
social (Geissdoerfer et al., 2017).  
In recent years, both established firms and 
newcomers have initiated and experimented 
with CBMs such as curated resale stores, 
resale of used own-brand products and 
renting/leasing models (Watson et al., 2014). 
Nevertheless, despite increased interest from 
policymakers and consumers alike, these 
initiatives often remain small and seem to lack 
resources and capabilities to take market 
shares and transform the industry toward a 
circular industrial economic system (European 
Environment Agency, 2019). A reason for this, 
which so far has received limited attention, is 
the scalability (Pal and Gander, 2018) which 

can be defined as the ability to grow in size or 
scope without increasing the corresponding 
cost base or losing quality of the output in the 
process.  
A business model's scalability is often referred 
to in terms of increased efficiency by scalable 
technology (e.g. Hasselblatt et al., 2018) or 
economy of scale in production processes (e.g. 
Täuscher and Abdelkafi, 2018) which  make it 
possible for businesses to expand 
geographically and increase turnover. 
However, since CBM build on novel as well as 
broader logics for creating value (Linder and 
Williander, 2017) compared to linear models, 
the perspective of scaling also needs to be 
broadened. In social innovation literature, the 
notion of scaling social impact has led to the 
inclusion of tactics involving improving the 
conditions for scale, e.g. by impacting social 
norms, culture and policy (Moore et al., 2015). 
Thus, scalability is not limited to efficiency, it 
also encompasses finding innovative or novel 
ways to increase the initiatives' impact at scale. 
In other words, novelty related elements of the 
business model design should be considered in 
addition to efficiency related elements.  
In the same line of reasoning, existing 
strategies suggested for scaling business 
models and the creation of new, tailored to the 
unique context of CBMs, is necessary. 
However, in the growing body of literature on 
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CBMs, the subject of scalability is lacking. The 
discourse revolves more around adoption, 
implementation and environmental 
performance (e.g. Bocken et al., 2018; Franco, 
2017; Linder and Williander, 2017). 
Thus, the purpose of this study is to explore the 
challenges to, and related strategic resources 
needed for, scaling CBMs. 
To do this, we draw inspiration from two 
streams of literature (see fig 1). First, the two 
business model design themes of novelty and 
efficiency (Zott and Amit, 2007), as these reflect 
fundamental alternatives to create value. Just 
as Zott and Amit argue that these themes are 
particularly suitable when studying 
entrepreneurial firms, we argue that they are 
appropriate when studying CBMs since they 
often aim to break new ground through novel 
value creation approaches. Particularly by 
including a broader perspective of value that is 
not limited to economic gains. Secondly, 
resource-based theory is used as a lens for 
exploring the development and utilisation of 
strategic resources that influence scalability. 
The analysis is structured around the four 
resource categories physical, human, 
organisational and financial (Barney, 1991; 
Barney and Mackey, 2005).  

 
Figure 1. Framework 

Method 
This paper presents an exploratory interview 
study of how resale business models scale up. 
Data have been collected through 14 semi-
structured interviews with managers from 10 
different companies operating on the Swedish 
market (see table 1). Interviews were held using 
online video conference software and lasted on 
average 45 min. The interviews were recorded 
and transcribed for the analysis. 
The companies were selected by purposeful 
sampling for maximum variation, e.g. size, 
sales channels, years of operation etc. 
 

                                         
1 Note: L - CBM initiative operated parallel to a linear 
business model. C - Operates a predominantly CBM. 

Company1 Role of the 
respondent (no. 
of interviews) 

Size, employees 

L1 Sustainability 
manager (1) 

51-200 

L2 Sustainability 
manager (2) 

1,001-5,000 

L3 Circular business 
developer (2) 

10,001+  

L4 1: Sustainability 
manager (1) 
2: Manager of 
CBM initiative (1) 

201-500 

L5 Business 
developer (1) 

11-50 

C1 Creative director 
and co-founder (1) 

51-200 

C2 Sustainability 
manager (1) 

11-50 

C3 CEO (1) 2-10 
C4 Owner (1) 51-200 
C5 Owner (2) 2-10 

Table 1. Description of respondents and case 
companies 
 
The analysis roughly follow the three steps 
suggested by Brinkmann and Kvale (2015) 
when analysing for meaning. First, the interview 
transcripts were read thoroughly, and excerpts 
relevant to challenges and resources in 
connection with scaling, were highlighted. 
These first-order codes were then compared to 
the a priori themes of the theoretical framework, 
e.g. resource categories and novelty- and 
efficiency-centred business model design 
elements. In the third phase, the challenges 
and resources were further developed, 
condensed and given representative labels. 
 
Findings 
In this section the challenges related to the 
efficiency and novelty business model design 
themes are presented as well as the most 
highlighted strategic resources  found in the 
empirical data.  
 
Efficiency-centred challenges and related 
strategic resources 
The challenges related to efficiency of the 
business model design describe how handling 
large volumes of unique garments leads to 
operational complexity and high labour costs.  
The unpredictable availability of second-hand 
garments, and the fact that each item needs to 
be evaluated individually, often result in time-
consuming manual routines surrounding the 
activities of  selecting, curating and keeping 
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track. At the same time, this must be done with 
care since putting together a cohesive relevant 
fashion offer is a critical component in the 
business model's value proposition. 
To overcome these challenges, we have 
identified strategic resources and capabilities 
that are accessed and employed for increasing 
the scalability in terms of efficiency.  

 Physical resources 
Standardisation and automation of certain tasks 
are vital strategies to render efficiency and 
achieve economy of scale in processes. 
However, to use these strategies, the 
organisation needs access to IT-systems that 
are integrated and adapted to their operations. 
Depending on the specific business model 
design, these systems perform different tasks. 
For example, it can refer to a cash-register 
system that automate some of the tasks of 
registering products which speed up the 
process (e.g. C2, C4), or POM-systems that 
facilitate data analysis and aids the buying 
process at scale (e.g. C1, C3).  
The other strategic physical resource that was 
found in reference to efficiency is the brick and 
mortar store. Even though e-commerce is 
generally seen as more scalable with its 
unlimited geographical reach, the resale 
business model cannot easily capitalise on that 
scalability potential due to the low product 
standardisation. For each individual item, 
descriptions and photos need to be uploaded. 
The customer then needs the patience to scroll 
through pages of listings before finding 
something they want, not to mention the 
complexity and cost of logistics. One of the 
respondents "noticed a big change when 
opening the brick and mortar store. /…/ Delivery 
costs went down and it is just quicker." (Owner, 
C5). Since the customer can evaluate the 
product themselves, the handling cost and time 
per garment go down.  

 Human resources 
The resale business model is labour intensive, 
which negatively affects the scalability since it 
adds to the overhead costs and complicates 
replication. However, to maintain quality, 
human resources cannot be entirely eliminated. 
Instead, some of the respondents refer to 
leveraging existing staff and customers. 
Organisations that operate a linear business 
model parallel to their CBM initiative have the 
advantage of using existing staff and piggyback 
on the linear business while scaling up.  

Similarly, the work of customers can be 
leveraged. For example, "by using the app [to 
register garments for sale] the handling process 
will be faster and the garments will enter our 
system automatically. /…/ we can offer higher 
returns to the seller because they help us doing 
part of the work." (CEO, C3) 

 Organisational resources 
When increasing in size, information needs to 
be shared with a growing number of people. 
Transferring information efficiently to new staff 
and units requires standardised routines and 
knowledge packs. The rate at which a business 
model can be scaled up will be negatively 
affected if the organisation is too dependent on 
informal face-to-face sharing of experience. 
Company C2, for example," have to open one 
[store] at a time" since their ability to scale is 
limited by the fact that staff need to be present 
in the new store to educate the new staff, 
parallel to running the "old" store.  
Another strategic organisational capability is 
the trend and sales analytics routine. The 
buying process of resale is quite different from 
linear retail models. Since the supply is 
unpredictable, the organisation is at the mercy 
of what is available, not what they decide in a 
design process. To buy at scale, the 
organisation needs to predict demand and 
translate it to information that can be used when 
selecting the assortment. In our interviews we 
found three general approaches connected to 
this resource. Some respondents describe a 
decentralised approach where garments are 
selected based on individual staff members' 
experience, although supported by general 
instructions from a trend responsible. This 
approach is used by the companies C2, C4 and 
C5 which collect from consumers and sell on 
commission.  
Others describe a more centralised approach 
where dedicated teams make the selection 
based on previous sales and trend forecasts. 
The team either make the selection or codifies 
instructions for other staff. Company C4 has 
managed to do this at scale by assigning 
standardised attributes to the garments which 
generates manageable product categories. 
Sales data and trend forecasts are then 
analysed based on these categories.  
A third approach is to collaborate with a partner 
that has this capability and buy an already 
carefully selected assortment. Company L2 use 
this strategy since "we are experts in selling, 
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producing and designing garments. So we need 
partners who are experts in their fields." 

 Financial resources 
Financial resources are, of course, important 
since even a highly scalable business model 
needs some investment to support the scaling 
process. However, this is not highlighted as a 
strategic resource for scaling related to 
efficiency.  
 
Novelty-centred challenges and related 
strategic resources 
Challenges related to the novelty element of the 
business model design mainly concern how to 
overcome the lack of out-of-the-box solutions 
and lack of knowledge (and scepticism) both 
internal and external to the organisation. This 
can take the form of difficulties getting access 
to IT-systems that support new routines and 
business model configuration or convince 
stakeholders of the business model's 
legitimacy.  
Following strategic resources have been 
identified as mitigating these challenges.  

 Physical resources 
Whether it is a consignment model or the 
organisation owns the products, the product 
assortment is a critical resource. Consumers 
engage in reuse for various reasons, e.g. save 
money, environmental concern or the possibility 
of finding unique items (Ferraro et al., 2016). 
Nevertheless, if they do not find the assortment 
interesting, they will not engage in it, and they 
will not spread the word to their peers. "It 
sounds obvious but we're in retail, we're selling 
fashion, the fashion have to be bang on… 
[even] if you are [only] nailing that 20%, you'll 
stay relevant continually." (Creative director 
and co-founder, C1) 
The respondents in this study highlight the 
importance of an attractive location, both online 
and offline. The owner of C4 for example 
express it as "a must that we are where the 
customer is". Devoted second-hand shoppers 
will probably find their way to the store even at 
a less attractive location, but to scale up and go 
from niche to a mainstream retail destination, 
access to an attractive location is a vital 
resource.  

 Human resources 
Competencies and skills required in resale are 
not part of the curriculum in fashion and 
business education and, therefore, not 

available at scale in the job market. Instead, this 
needs to be developed after hire. Since the 
logic behind conventional retailing is different 
from the resale model, the respondents even 
describe how new staff need to "erase whatever 
is in your head because we are going to teach 
you to sell second-hand" (Creative director and 
co-founder, C1). Hence, staff trained in reuse is 
a strategic resource for operating and scaling 
the business model. This applies to all levels of 
the organisation, from data analysts to people 
working in the store.  
The respondents also highlight key individuals 
with time and competencies essential to 
developing improved conditions for scale. The 
competencies that the respondents describe 
concerns the development of IT-systems and 
tailored operational processes. Manual or 
generic systems and routines may work very 
well at a small scale, but as the operation 
grows, there is a need to develop standardised 
processes that are easy transfer and tailored for 
the internal operations. To do this, the 
organisation needs individuals that understand 
the business model's particularities and have 
the competence to develop routines and 
supporting IT-systems tailored for it. 

 Organisational resources 
Since consumers often have two roles in the 
resale CBM, both as the supplier and customer, 
a loyal customer community is a vital strategic 
resource. A thriving community will spread the 
word creating informational increasing returns 
by word-of-mouth. "It's a pretty fitting concept to 
go and talk about in that way, because you are 
involved in it" (Owner, C4).  
Established brands have the benefit of being 
able to leverage their already existing 
community when scaling their resale initiatives. 
Others need to build their own by engaging with 
the customer.  

 Financial resources  
As mentioned earlier, capital is not highlighted 
by the respondents as a strategic resource for 
scaling in connection to efficiency. However, 
what is stressed is new metrics for measuring 
and comparing performance between CBM 
initiatives and linear models. This is mentioned 
in relation to external investors but more 
accentuated when it comes to accessing 
internal resources and funds. As the circular 
business developer for L3 said, to avoid ending 
up last in the line for access to resources, "we 
must find new ways of measuring the cost of the 
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conventional business /…/ then find the 
financial arguments for [CBMs]". 
 
Conclusions 
This study contribute to a broadening of the 
notion of scale in a CBM context. Just like 
papers on social innovation has shown that 
scaling can include activities that influence the 
environment outside the organisation, this 
study show that the novelty elements affect a 
business models ability to scale.  
Efficiency-centred challenges require the 
organisation to access physical resources that 
reduce organisational complexity. Connected to 
this is the organisational resources of clear and 
standardised routines. On the other hand, 
novelty-centred challenges deal with lack of 
knowledge and out-of-the-box solutions. 
Therefore, human resources, such as people 
with the knowledge and skill to develop new 
solutions and routines, are given more 
emphasis.  
Additionally, the finding show that companies 
can use different strategies to access and 
employ the strategic resources for scale. There 
is no generic recipe, instead this should be 
adjusted to the individual company's business 
model and bundle of resources. 
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Abstract: The circular economy has been embraced by the fashion industry as a solution to pollution, 
overproduction and textile waste, and circular business models proposed as a way for people to access 
goods within a circular fashion system. Despite the pervasiveness of fashion shopping in contemporary 
culture, little consideration has been given to how customer value is created in a circular system, or 
how retail practices and customer experience design can promote or impede a circular transition. This 
study examines how brands and retailers are implementing circular business models, communicating 
the circular value proposition, and involving customers in value co-creation. Initial findings suggest that, 
despite public commitments, many firms are not integrating circularity into their customer-facing 
processes. Customer participation is necessary to realising circular value propositions, and further 
research is needed into how design of retail sites can promote circularity in fashion.
Introduction  
The Circular Economy (CE) promises a future 
in which people’s needs are met through 
various forms of access and use, wider than just 
purchasing. This suggests a radical 
transformation of consumer engagement in the 
marketplace which has not been studied in 
depth. Despite the ubiquity of markets and 
shopping activities taking center stage in 
people’s daily life in developed societies, CE 
marketplaces and related customer practices 
have been broadly neglected by scholars. As 
the environmental damage caused by the 
fashion industry grows, there is a need to attend 
to the role of retail practices in fueling 
overconsumption and to investigate 
opportunities for the emergence of retailing 
models that support the CE principles of 
sustainability and systemic change.  
  
This paper describes an ongoing study which 
forms part of a doctoral research project 
examining retail in the CE. The research 
examines the value proposition (VP) of circular 
business models (CBMs) in the fashion industry 
as it is presented to the customer in retail 
settings. It aims to illuminate new possibilities 
for the design of market sites, contexts and 
customer experiences which will facilitate the 
expanded set of interactions required in future 
CE fashion retailing scenarios.   
  

The scope of this research focuses on 
customers (consumption) practices rather than 
production aspects in CE, and therefore 
excludes work that focusses on new materials, 
product design, production methods, recycling 
methods or technologies, intra-firm issues 
related to culture or capabilities, and inter-firm 
issues related to implementation of circular 
business models or initiatives. 
 
Literature review 
It can be argued that the majority CE literature 
presents an industrial design and management 
perspective (Lofthouse & Prendeville, 2018; 
Kuzmina et al, 2018) in which production is 
central and consumption corollary. Lack of 
research and knowledge on the customer value 
end of the spectrum has resulted in circular 
business models (CBMs) being developed 
under certain assumptions and omissions, 
without an explicit theoretical economic model 
underpinning key concepts. One stated aim of 
a circular system is “to keep products, 
components, and materials at their highest 
utility and value at all times” (EMF, 2015). The 
goal of CBMs is to “help companies create 
value through using resources in multiple 
cycles and reducing waste and consumption” 
(Lüdeke-Freunde, Gold & Bocken, 2019). Yet, 
core concepts including value are often 
undefined (Widmer, Tahjono & Bourlakis, 
2018). The failure to define the nature of key 
concepts means aims lack clarity, and 
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resources are directed toward objectives which 
often do not produce the desired outcomes. 
The slippery conceptualisation of value in CE 
literature undermines efforts at systemic 
transformation in at least four ways: 
 
1. Value and cost   
First, value creation and cost-minimising 
activities are occasionally conflated. While the 
conventional view is that value is created either 
by providing unique benefits or minimising 
costs to the customer (Porter, 1985), some CE 
authors assume that minimising environmental 
costs automatically creates value (Table 1).   
 

Author/ 
Institution 

 

Ellen MacArthur 
Foundation, 
2015 

“CIRCULAR ECONOMY […] 
SOURCES OF VALUE 
CREATION  
  
“[…] Repairing and 
maintaining a product [..] 
preserves more value than just 
recycling the materials […] 
preserv[ing] more of a 
product’s integrity, complexity, 
and embedded labour and 
energy.  
  
“[…] Reusing a product a 
number of times or extending 
product life […] avoids the 
material, energy and labour of 
creating a new product or 
component.  
  
“[…] Diversifying reuse across 
the value chain […] 
substituting for an inflow of 
virgin materials into the 
economy.  
  
“[…] Uncontaminated material 
streams increase collection 
and redistribution efficiency 
while maintaining quality, 
particularly of technical 
materials, which in turn 
extends product longevity and 
thus increases material 
productivity.” 

 
CIRAIG, 2015  

“Value is created using the 
tightest possible loops for both 
technical and biotic nutrients.”   
  
“Cascading and toxicity 
reduction are also value 
creation drivers.”   
 

Lüdeke-Freund, 
Gold & Bocken, 
2019 

“[CBMs] show how focal 
companies can create value 
through implementing CE 
approaches such as eco-
design or cleaner production”. 

Rosa, 
Sassanelli & 
Terzi, 2019 

“The economic value of a 
product can be maintained 
through a series of activities, 
like: i) lowering the 
dependence from virgin 
materials, ii) shifting from non-
renewable to renewable 
energy systems, iii) adopting 
more sustainable production 
practices and iv) greening the 
entire value chain.” 

Table 1. Selected examples of authors conflating 
value creation with cost-minimisation. 
 
Unfortunately, many firms achieve low prices 
not through efficient or innovative cost-
minimising measures, but through cost-
externalising practices including environmental 
and labour abuse. The CE promises a system 
in which the “full costs of negative externalities 
are revealed” and priced in or designed out 
(EMF 2015). However, research does not 
support the assumption that such activities will 
necessarily create value for customers. Ritch 
(2020) finds that mainstream apparel 
customers do not prioritise options without 
externalised costs, preferring them only in the 
absence of trade-offs. Consequently, improving 
workers’ labour conditions or the environment 
by pricing in and minimising previously 
externalised costs can lead to a reduction in 
customer value where prices increase.   
 
The failure to differentiate between cost 
minimising and value creating activities 
prevents recognition of how cost externalisation 
is a customer value driver for some firms. 
 
2. The irrational customer  
Many CE proposals neglect the motivations and 
capabilities of the customer. Many authors have 
uncritically adopted the neoclassical model of 
the consumer as an omniscient, rational actor 
who seeks to maximise utility through their 
consumption choices. The EMF’s headline 
benefit of circular textiles for “citizens and 
society” is “greater utility and choice […] for 
customers” (2017). This depiction of the 
customer as a utility-maximising agent 
underpins the logic of CBMs which sell access 
to or performance of goods (Bertoni, Rondini & 
Pezzotta, 2017). Unfortunately, this ‘economic 
man’ does not exist. Evidence shows that 
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people have bounded rationality, relying on 
incomplete information, subjective factors and 
moral imperatives in decision-making (Thaler & 
Sunstein, 2009; Hodgson, 2013) while 
operating in a marketplace shaped by 
sociocultural contexts, norms and practices 
(Santamaria, Escobar-Tello & Ross, 2016).   
  
Customer value is a multidimensional, 
interactive, emergent experience (Holbrook, 
1999; Leroi-Werelds, 2019) which is the 
fundamental core of a firms’ competitive 
advantage and business model design (Porter, 
1985; Leroi-Werelds, 2019). Holbrook posits 
eight different types of value in his widely used 
typology which groups utility and choice 
together as self-oriented-extrinsic economic 
value types, termed excellence and efficiency 
respectively (1999). Approaches centering 
utility and choice neglect intrinsic value types 
entirely (e.g. Piscicelli, 2015; Santamaria, 
2016), circumscribing the scope of activities 
which could create perceived customer value in 
a circular system.   
  
Broader approaches that recognise value 
creation as a multidimensional, emergent 
experience could enable new roles for the 
customer, shaping value perceptions and 
decision making through service and customer 
experience design. The capacity for design to 
shape the contexts of customer experience and 
value creation in CE transformation is under-
examined. 
 
3. The role of the market  
The function of the market in assigning and 
realising value is not recognised. To the 
contrary, CE literature often describes the value 
of goods and materials as inherent or 
embedded properties which are created, added 
or maximised by producers (see Table 1). This 
presents the value chain as a cumulative set of 
activities with each link adding value to the 
finished good. With value assigned to a product 
or material itself, a financial value for those 
goods can be estimated. The widely cited claim 
that “USD 500 billion of value is lost every year 
due to clothing underutilisation” is calculated 
using the replacement cost of discarded 
garments (EMF, 2017). This assumes that the 
unrealised value of discarded garments is equal 
to the value of new garments which has been 
realised in the market. 
 

Author / 
Institution 

 

Lacy, Keeble & 
McNamara / 
Accenture, 2013 

“Circular economy business 
models all have unique ways 
to protect embedded value in 
a product, component, 
material or process” 

Ellen MacArthur 
Foundation, 
2015 

“The essence of value 
creation lies in the opportunity 
to extract additional value 
from products and materials” 

Ellen MacArthur 
Foundation, 
2015 

Repairing and maintaining a 
product [..] preserves more 
value than just recycling the 
materials […] preserv[ing] 
more of a product’s integrity, 
complexity, and embedded 
labour and energy.” 

Ellen MacArthur 
Foundation, 
2015b 

“Circular economy 
technologies and business 
models aim to maximise the 
value extracted from finite 
stocks of technical assets and 
materials” 

BSI, 2017 “In the circular economy, 
materials should not be 
discarded as wastes, but 
treated as raw materials with 
inherent value.” 

Lüdeke-
Freunde, Gold & 
Bocken, 2019 

“‘Value added’ is a typical way 
to depict the economic value 
created through business 
models and accumulated 
across supply chains. The 
value created along forward 
supply chains is quite 
evident—raw materials are 
processed into products that 
are sold.  
  
[…]  
  
“Business models that 
support a CE would retain 
either product or material 
value.” 

UNEP, 2020 “The activities linked to value 
creation such as business 
models, investments and 
regulation.” 

Table 2. Selected examples demonstrating the 
conceptualisation of value as a property added 
or embedded by production activity. 
 
According to the goods-dominant logic 
employed, the shops and warehouses full of 
goods unsold during the Covid-19 pandemic 
are stockpiles of ‘embedded value’. Yet, without 
marketplaces where value can be realised 
through exchange with customers, firms have 
collapsed and workers deprived of wages due. 
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Far from being assets with ‘embedded value’, 
large inventories were liabilities requiring 
“damage control” through write-downs or stock 
clearance (Amed et al, 2020). The firms who 
have prospered are those reaching customers 
through online shopping, successfully creating 
value through exchange.   
  
In a CE, value is created through exactly the 
same market exchange mechanism as items 
are cycled “through sale and resale, repeated 
rental, or being sold, repaired, returned, 
refurbished or recycled, and resold again” 
(Amed, 2020). CE design proposals which 
focus on materials, production processes or 
products overlook how circularity will require 
repeated interactions and new pathways across 
the interface between producer and customer 
(Lofthouse & Prendeville, 2018; Kuzmina et al, 
2019). How service and interaction design can 
be employed to create market transaction 
innovation remains a significant gap to be 
addressed.  
  
Retail has a long history of dynamic change, 
with new formats developing to meet changing 
customer needs and commercial opportunities 
(Hamilton & Petrovic, 2011; Leong, 2001; 
Herman, 2001). Department stores, shopping 
malls, box-stores and online shopping have all, 
in turn, employed new technologies, 
infrastructure and experience design to stay 
relevant for customers (Leong, 2001a). 
Concurrently, the emergence and spread of 
new retailing formats has reshaped culture, 
society, physical infrastructure and political-
economic structures (Crawford, 1999; Chung, 
2001; Leong, 2001a; Leong, 2001b; 
McMorrough, 2001; LeCavalier, 2016). A 
significant body of trade and academic 
literature addresses the design of retail spaces, 
services and customer experience as methods 
for increasing sales. Yet, how design, 
technology and innovation can be employed to 
create new contexts for circular customer 
interactions has been neglected.  
 
4. Legitimising the status-quo  
From a marketing perspective, Vargo (2021) 
argues that designating production activity as 
the source of value legitimises a system 
predicated on the unending consumption of 
value-laden goods. Service-dominant logic 
offers an alternative model which shifts the 
locus of value creation to the beneficiary, i.e. 
the customer (Vargo, 2021). SD-logic 

conceptualises value creation as a process in 
which the customer integrates available 
resources from the value proposing firm and a 
broader service ecosystem with its own 
emergent properties and coordinating 
institutions (ibid).  
  
As institutions linking large groups of 
consumers and suppliers, retailers are market-
makers and organisers of the global economy 
(Hamilton & Petrovic, 2012). Respectively, 
transformation of the market-making institution, 
it’s norms, conventions and supporting service 
ecosystem should be a vital endeavour in a CE 
transition. Yet, consideration of retail sites as a 
key venue for presentation and customer 
evaluation of circular business model VPs is 
lacking.  
  
New approaches to understanding value 
creation in the CE and the design of CBMs are 
needed which distinguish between value 
generating and liability creating activities; 
acknowledge the role of the market in assigning 
and realising value; centre the customer as an 
active value co-creator; and enable people to 
meet their multidimensional needs via wider 
interactions beyond continuous consumption 
(and disposal) of goods. 
 
Methodology 
Study Aim and Objectives 
The fashion industry has embraced circularity 
as a solution to its problems with 
overproduction, resource scarcity and waste. 
The aim of the study was to explore how 
circularity is presented to customers in online 
retail settings, the value offered customers, and 
the customer role in realising and co-creating 
value.   
  
The study objectives were:  

• To examine what circular business 
models are currently being 
implemented by firms  

• To identify what value is offered to 
customers    

• To consider the customer role in 
realising the VP within these models   

 
Sample 
Approximately 125 retailers and brands were 
identified who have partnered with the EMF’s 
‘Make Fashion Circular’ initiative, signed the 
GFA 2020 Circular Fashion Commitment, or 
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appear as exemplars in grey and academic 
literature. An initial random sample population 
of 51 firms’ customer facing websites were 
visited to locate information about CBMs 
employed and identify the customer VP.  
 
Method 
Business model – To identify CBMs employed 
by each firm, a basic typology of CBMs 
employed in the fashion industry was adapted 
from sources in literature (see table 3) and 
used. Eco-efficient practices were noted but are 
not included as a type of CBM; efficiency gains 
do not constitute a business model (Geissdorfer 
et al, 2020).   
 
 

CBM Definition and circular 
strategy 

Durability/ long-life Materials are selected for 
durability and goods are 
constructed to a high 
standard for an extended 
lifespan.   

Remanufacturing Damaged or otherwise 
unusable goods are 
disassembled, and 
materials or components re-
used to create new 
products. 

Rental/ Leasing / 
PSS 

Customer pays for the 
performance of or access to 
a good. May include 
intensifying usage of a 
good.   

Repair / 
Refurbishment 

Extending the lifespan of a 
garment through mending 
or reconditioning.    

Resale Finished goods are sold on 
to new ownership for re-
use.    

Takeback Goods and materials are 
recovered by firms. May go 
to re-sale, downcycling, 
recycling or energy 
recovery.   

Table 3. Circular business model types, adapted 
from Bocken et al, 2016, BSI 8001, 2017; Henry et 
al, 2020; Geissdorfer et al, 2020; Lüdeke-Freund, 
Gold & Bocken, 2019. 
 
Customer value – Having identified website 
content related to the firms’ CBM offering, a 
textual content analysis was employed to 
identify the customer value proposed. A 
secondary analysis categorised VPs according 
to Holbrook’s widely used typology of customer 
value (1999).   
 

Findings and Discussion 
Many brands prominently displayed information 
about eco-efficient practices, yet 43% of 
businesses in this sample employed no CBMs. 
Over a third, 35%, employed only one, 
suggesting that circular practices are not well 
integrated or embedded into these 
organisations. It’s notable that the majority of 
Kering Group brands are not employing any 
circular strategies or communicating 
sustainability messages to their customers at 
all, despite the Group’s efforts to position itself 
as a sustainable fashion leader. 
 

 
Figure 1: Percentage of firms offering CBMs 
 
The majority of circular VPs were not related to 
the product or material. The only exceptions to 
this were durability and quality, related to the 
long-life model offered by 24% of businesses. 
Despite frequent claims in literature, particularly 
grey literature, that “technology” is key to 
realising circularity, only one firm employed a 
technology-based solution in their CBM 
offering. Financial incentives or discounts were 
offered by 34% of retailers, many of which 
appear designed to promote new purchases. 
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Figure 2: Percentage of firms offering various 
types of CBMs 
 
Many brands communicated the sustainable 
VP in terms of their own beliefs or practices 
before or instead of explaining a benefit to the 
customer. These offers followed a particular 
structure: the firm’s belief system is related, a 
sustainability principle is set out, an ideal 
customer behaviour is described, followed by 
an invitation to participate by purchasing.   
  
CE conceptualisation of circular VPs are often 
centred on utility or choice of products, 
excellence and efficiency respectively in 
Holbrook’s typology. Yet, all firms offering 
CBMs extended multi-dimensional VPs beyond 
these two self-oriented extrinsic value types.   
  
Firms offering one CBM had the least complex 
VPs, which tended to comprise a combination 
of the extrinsic value types – status or esteem 
and efficiency or excellence. CBMs which 
include charitable donations are frequently 
offered alongside a self-oriented VP, offering 
extrinsic esteem or status value by casting the 
customer as a benevolent charity donor, rather 
than intrinsic ethical value. One firm 
encouraged customers to “donate […] for a 
good cause – and feel great about making room 
in your wardrobe for your new season favorites” 
(Lane Crawford, n.d.) while several others 
offered discounts on new purchases. This type 
of offer does little to change consumption 
behaviour or promote systemic change, merely 
offering incentives to continue the cycle of 
continuous consumption.   
  

Responding the Leroi-Werelds’ argument that 
externalised costs created “negative value” for 
customers (2019), Ritch finds that customers 
can and do avoid information about firms’ bad 
behaviour (2020). Creation of altruistic, ethical 
value relies on customers understanding 
negative impacts and actively choosing to avoid 
them. Several firms incorporated information 
intended to educate customers about 
externalised costs, thereby creating the option 
of an ethical choice. Others relied on customers 
existing knowledge or understanding, for 
example that sending textiles to landfill was 
undesirable. While research finds that intrinsic 
values and motivators including aesthetics, 
creativity and self-expression drive fashion 
participation (Fletcher & Grose, 2012; Bly, 
Gwozdz & Reisch, 2015), realising ethical value 
proposals rely on customers internalising and 
acting on relevant sustainability information 
(Bly, Gwozdz & Reisch, 2015; Ritch, 2020).    
  
Firms offering a core CBM or greater number of 
circular activities was correlated with a greater 
variety and complexity of VPs, which were more 
integrated with the main VP and value creating 
activities of the firm. Customer participation was 
central to the creating the value offering. Nudie 
Jeans, Patagonia and Eileen Fisher all offered 
resold, repaired and remanufacturing services 
in which value is co-created through active 
customer participation. Hvass’s (2015) case 
study of Filippa K’s resale programme 
acknowledges the role of customers in value 
co-creation in a limited way, as product 
suppliers (2019). Yet, in the aforementioned 
examples, value is actively generated by 
customers through the use and care of 
garments. Nudie Jeans, in particular, presents 
heavily seasoned denim as more valuable than 
lightly used pairs, carefully documenting 
information about repairs and previous 
ownership. Fletcher (2012) documents these 
“practices of use”, yet the vocabulary needed to 
describe the unique value generated through 
care and personal contact is still lacking.   
  
Farfetch, Poshmark and Depop’s resale 
services present curation and styling by 
previous owners as activities which create 
aesthetic value for their customers. Many 
resale platforms emphasise value co-creation 
in descriptions of their communities of 
participants. In these cases, garment owners 
are not simply consumers of value but actively 
creating value through their relationship with 
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the products and firms. Palma, Trimi & Hong 
(2019) identify the importance of intrinsic 
factors in motivating customer participation, 
while Michie et al. (2011) emphasise motivation 
as a key factor influencing behaviour change. 
Further research and consideration are needed 
to integrate customer value co-creation, 
motivation and behaviour change theory in 
support to a CE transition.  
  
The sector is changing rapidly, and a recent 
Vogue article notes the appearance of gap-
exploiting start-ups offering repair, 
refurbishment and customisation services 
(Webb, 2021). Such positive developments 
should be met with caution; sustainable fashion 
start-ups frequently fail (Hussain, 2018) 
including one of the gap-exploiting resale 
platforms in this research sample and the 
apparel market remains dominated by large 
firms. Yet, the rise of resale platforms and firms 
demonstrates the market-making and 
organising power (Hamilton & Petrovic, 2012) 
of the retail interface, which merits further 
investigation.   
 
Conclusions 
The research is limited by conditions which, at 
the time of writing, make it impossible to visit 
physical retail sites to assess circular initiatives, 
e.g. takeback schemes. However, this initial 
research found a significant number of brands 
and retailers failing to provide customers with 
information about sustainability or employ 
circular practices – despite public commitments 
to do so.   
  
Literature and management practice are not 
aligned on the nature of the customer VP. Value 
offered by firms is multidimensional, even the 
simplest propositions offered more than 
increased utility or choice, including both 
extrinsic and intrinsic value types.  
  
Firms who were most advanced in their 
integration of CBMs employed a range of 
operational practices which increased active 
customer participation in value co-creation, 
expanding the role and experience of the 
customer. Further research is needed toward 
developing the vocabulary and methods of 
customer experience and participation in 
CBMs. 
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Appendix 1: List of brands and retailers 

Adidas EMF ‘Make Fashion Circular’ participant; GFA 2020 Commitment 
signatory 

Asos EMF ‘Make Fashion Circular’ participant; GFA 2020 Commitment 
signatory 

[BESTSELLER Brands] EMF ‘Make Fashion Circular’ participant; GFA 2020 Commitment 
signatory 

Jack & Jones Hvass, 2014 
[Bank & Vogue] Beyond Retro EMF ‘Make Fashion Circular’ participant 

Boomerang Hvass, 2014 

Burberry EMF ‘Make Fashion Circular’ core partner 
C&A EMF ‘Make Fashion Circular’ participant 

Circos (formerly Vigga) Petersen & Riisberg, 2017 
Depop Gillick-Daniels, 2020 

Eileen Fisher GFA 2020 Commitment signatory; Hvass, 2014;  

Elanic Gillick-Daniels, 2020 
Farfetch EMF ‘Make Fashion Circular’ participant 

Browns  
 

Filippa K  GFA 2020 Commitment signatory; Hvass, 2014 

Guess EMF ‘Make Fashion Circular’ participant; GFA 2020 Commitment 
signatory 
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H&M EMF ‘Make Fashion Circular’ core partner; GFA 2020 Commitment 
signatory; Gillick-Daniels, 2020 

Katvig Hvass, 2014 

[KERING BRANDS] EMF ‘Make Fashion Circular’ participant; GFA 2020 Commitment 
signatory 

Alexander McQueen  
 

Balenciaga  
 

Bottega Veneta  
 

Brioni  
 

Christopher Kane  
 

Gucci  
 

Saint Laurent  
 

Lane Crawford Carrara, 2019 
Lee EMF ‘Make Fashion Circular’ participant 

Levi Strauss Hvass, 2014;  

M&S EMF ‘Make Fashion Circular’ participant; GFA 2020 Commitment 
signatory; Hvass, 2014;  

MUD jeans GFA 2020 Commitment signatory; Carrara, 2019 

Nanushka EMF ‘Make Fashion Circular’ participant 
Nordstrom EMF ‘Make Fashion Circular’ participant 

Trunk club  
 

Nudie Jeans GFA 2020 Commitment signatory 

Patagonia Hvass, 2014;  
Poshmark Gillick-Daniels, 2020 

[PVH BRANDS] EMF ‘Make Fashion Circular’ core partner 
ARROW  

 
Calvin Klein  

 
Geoffrey Beene  

 
IZOD  

 
Olga by Warners   

 
Tommy Hilfiger GFA 2020 Commitment signatory 

True & Co  
 

Van Heusen  
 

Warners  
 

Reformation EMF ‘Make Fashion Circular’ participant 

Rent the Runway Gillick-Daniels, 2020 
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Stella McCartney EMF ‘Make Fashion Circular’ core partner 
Swedish Stockings Carrara, 2019 

The Gap EMF ‘Make Fashion Circular’ core partner; GFA 2020 Commitment 
signatory 

ThredUp Gillick-Daniels, 2020; EMF ‘Make Fashion Circular’ participant 

[Inditex] Zara EMF ‘Make Fashion Circular’ core partner; GFA 2020 Commitment 
signatory 

 
 

271



 

 

4th PLATE 2021 Virtual Conference 
Limerick, Ireland - 26-28 May 2021 

1 
 

 
“The problem is I like to use my mobile for a long time” – The 
negotiation of product qualities in online chats and its relation to 
product longevity 
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Keywords:  
Abstract: The majority of consumers search the internet if they want to buy a new product, either to 
gather information or to buy online. Many of them also use web forums to discuss purchase 
opportunities and get help from other consumers or experts. These forum discussions are an interesting 
source of information on how consumers evaluate the qualities of products, how they weight longevity 
relevant qualities like reliability and reparability over aspects like appearance and price. The paper 
presents a study on internet forums which are focused on purchase advice between peer consumers. 
Main questions were: How do the discussion differ between an up-to-date-product like smartphones 
and a durable product like washing machines? What is important for consumers to know before they 
decide for a product, what are the important qualities and what kind of experiences do they share in 
these forums? How long do consumers plan to use their product and how does this relates to the price 
they want to pay? The paper presents some initial qualitative and quantitative results on expectations 
and aspirations as influencers of washing machine and smartphone choice. They show that the 
valuation of longevity relevant product characteristics is influenced by the overall lifetime expectation 
and the range of functions a product offers. We assume that online forums and chats are a valuable but 
underexplored source of information about how product are perceived and valued and how these 
perceptions and values are socially constructed. For the research on product lifetimes they could 
provide first-hand information on the role of longevity relevant aspects in purchase decisions. 
 
1 Introduction  
In the early days of online communication – in 
the Web 1.0 - using the Internet was 
comparable to reading a book (Kozinets 2010). 
Content was usually created by only a small 
group of administrators and served many users 
exclusively as a source of information. At the 
beginning of the 21st century the so-called Web 
2.0 ultimately transformed the way the Internet 
was used and turned it into a platform for all 
kinds of interaction. Instead of a linear 
communication between sender and receiver 
the Web 2.0 makes use of the collective 
intelligence of users and engages users in an 
ongoing development process (O'Reilly 2007). 
Users are able to contribute their individual 
data, to share their experiences and comment 
on each other’s contribution. The boundaries 
between producers and consumers of online-
based content blurred and new forms of 
communication emerged (Janowitz 2010). One 
example are online discussion forums. Here 
website operators provide a variety of virtual 
spaces on any kind of topics, such as 
technology, lifestyle, history, housekeeping or 
education. Each forum is divided into so-called 
threads, which deal with a specific issue. A 
thread usually consists of several postings. 

Forum communication takes place 
asynchronously, i.e. the production and 
reception of a post do not take place 
simultaneously and need to be considered in a 
larger communication context. It is not only 
experts who exchange information and 
expertise via online forums but also laypersons 
who search for and give information, 
particularly when it comes to information about 
and experiences with products. Online forums 
offer a wide range of customer opinions and 
recommendations that can be highly relevant 
for a purchase (Plennert et al. 2008). In 
Germany more than half of the internet users 
used blogs, forums and product reviews as a 
source of information before the purchase of a 
product (Statista 2016). According to the 
"Social Media Atlas 2013", 38 % of forum 
readers have already made purchase decisions 
based on forum discussion, with consumer 
electronics accounting for 34% of the purchase 
decisions Altrogge (2014). 
Thus, forum discussions are an interesting 
source of information on how consumers 
evaluate the qualities of products, what their 
aspirations are and how they weigh longevity 
relevant qualities like reliability and reparability 
over aspects like appearance and price.  
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In the following we present the initial results of 
an analysis of online forums which are focused 
on the purchase of smartphones and washing 
machines. These two product groups were 
chosen for their contrasting qualities: 
Smartphones as an “up-to-date” product and 
washing machines as a “workhorse” (Cox et al 
2013). The first part takes a qualitative 
approach, the main question was: How do the 
discussion differ between an up-to-date-
product like smartphones and a durable product 
like washing machines? What is important for 
consumers to know before they decide for a 
product, what are the important qualities and 
what kind of experiences do they share in these 
forums? The second part adds some 
explorative quantitative results, focusing on the 
forum discussion on smartphones and the 
relation to market development.   
 
2 Methods 
Part 1: Qualitative analyses of online 
forums 
The fact that users of the online forums do not 
exclusively consume its content, but actively 
shape and add to it themselves, provides some 
first-hand information for empirical social 
research. The term “netnography” – a 
neologism combining the words internet and 
ethnography (Kozinets 2010) – describes an 
unobtrusive method and research approach 
that uses the virtual world as a mirror of social 
reality and analyzes it to understand complex 
social phenomena and the co-construction of 
social meaning from the perspective of 
participating individuals (Kozinet 2002). For the 
study presented here, the expectations and 
experiences of consumers were of most 
interest. The data collection took place 
exclusively in German-language forums and for 
forum discussion between 2011 and 2018. The 
online forum at chip.de was used for 
smartphones. This platform provides visitors 
with news on technology and new products, 
product tests and a download portal for 
software. A separate section called 
"smartphone purchase advice" contains a large 
number of threads that bundle questions and 
chats about new purchases. There is no section 
on chip.de for washing machines, so other 
forums were searched for. This revealed that 
discussions about the purchase of washing 
machines are primarily held on platforms that 
are generally dedicated to household 
management. Two of these were particularly 
relevant: chefkoch.de (“chief cook”), which is 

primarily used to exchange cooking and baking 
recipes, but discussion forums also deal with 
lifestyle, household and leisure issues. 
fragmutti.de (“ask mom”) deals with all kinds of 
content relating to the household, such as 
cooking, cleaning, health, saving and 
gardening, but also exchanges about 
household appliances. For chip.de, a web 
crawler was used to read the entire content of 
this section and transfer it to a Microsoft excel 
format. Using this method, conversations could 
be filtered by date, number of replies, or user 
names, for example. The comprehensive 
database also made it possible to create 
descriptive statistics (see part 2). Data 
collection via Chefkoch and Frag Mutti was 
done manually by entering the appropriate 
search terms. Additional data for the 
smartphone market was added from the online 
directory gsmarena.com (“GSM arena”).  
In total 110 chats (80 for smartphones and 30 
for washing machines) were analyzed taking an 
inductive and discovery-oriented approach to 
reveal significant categories and insights 
grounded in empirical data. Each chat 
consisted of an initial question asking for advice 
in purchase decisions and between 5 and 25 
answers or reactions. The chats were first 
structured by open coding, i.e. codes were 
assigned depending on the content of the 
material, with a focus on characteristics of the 
product, the context situation of the initiator of 
the chat, the sources of relevant information, 
the experiences with products and the use 
expectations. The codes were structured 
alongside the purchase process: 1. Initial 
situation: Why is the person searching for 
information? 2. Negotiation of expectation: 
Which product characteristics are considered 
relevant against the background of the planned 
forms of use? 3. Valuation: What are the main 
sources of information and how is the 
information weighted and evaluated?  
 
Part 2: Quantitative analysis of smartphone 
chats 
The web-crawled data from the forum 
discussion on smartphones were used for 
further explorative analysis. The forum 
discussions usually started with a short 
questionnaire where the information seeker 
described some general expectations 
concerning price, size, expected usetime and 
other details of the desired smartphone. In the 
following we will describe some initial 
descriptive insights from 1.122 chats between 
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2009 and 2020 to provide some initial insights 
into the ongoing analyses.  
 
 
3 The online negotiation of 
significant product categories 
 
Initial situation: Why is the person 
searching for information?  
Concerning the reason for the new purchase it 
was particularly interesting if the new product is 
replacing a broken (absolute obsolescence) or 
a still functioning one (relative obsolescence). 
From the 54 smartphone chats that included the 
reasons for a new purchase, 39 chats (72%) 
revealed that the old phone was still working but 
had functional deficits or was experienced as 
out-of-date. The most common reason for 
replacing a working smartphone was the poor 
performance of the old device. Particularly in 
chats at the beginning of the 2010s, the 
technological transition from conventional cell 
phones to smartphones was a frequently cited 
reason for the new purchase. Contract 
extensions and offers from providers were also 
among the decisive factors. Less than a third of 
the information seekers looked for a new phone 
because the old one was not working anymore. 
In these cases it was not possible to assess 
whether the phone was broken beyond repair 
or the person only felt that the phone is not 
working properly anymore. In almost all cases 
the information seeker was reporting a cracked 
display which is normal an easy-to-repair 
failure. Some statement revealed that the 
failure was taken as an opportunity to buy 
something new: “The display is broken, so it has 
cracks. and I have not bought a current new 
phone for ages. So I treat myself to this :).”  
In the case of washing machines the relation 
between cases of absolute vs. relative 
obsolescence was the other way around. In 18 
of the 22 cases (82%) that revealed the reason 
for the new purchase the information seeker 
reported a total breakdown of the old washing 
machine. These cases were often 
characterized by a certain urgency, the 
information seekers described situations where 
“the laundry” piled up or the “machine was full 
of water”. In most cases the age of the machine 
was reported and some sort of grief was 
expressed “my Siemens washing machine has 
finally given up after 12 1/2 years of faithful 
service. World collapsed. Now a new one must 
come.” Or “Unfortunately, my mom's washing 

machine died, and she was only 18 years 
young.” In several cases the information seeker 
got to know the price of a repair and decided 
against it: “It can be repaired, but that would 
cost more than 1/3 of the price of a new 
machine.” In contrast to the smartphone chats 
the information seekers in washing machines 
chats were not looking forward to the new 
purchase, expressions like “unfortunately” and 
“I am afraid I have to” were very frequent. In the 
few cases where the old washing machine was 
still working, the information seeker revealed 
reasons like moving to a new house or 
dissatisfaction with the performance of the old 
machine (e.g. too slow). 
 
Negotiation of expectation: Which product 
characteristics are considered relevant 
against the background of the planned 
forms of use? 
In both samples, a list of product characteristics 
were coded that partly were grounded in the 
data and partly based on our research interest 
in categories that are relevant for the longevity 
of products. In this step, the contributions of all 
chat participants – information seekers as well 
as respondents – were coded. 
The following categories were of main 
importance 
• Durability and quality (robustness, estimates 

of lifetimes, quality of material, repairability) 
• Design and product size 
• Performance and equipment 
• Price  
• Brand 
Figure 1 show the relative number of codes 
related to the aforementioned categories for 
both products. In both cases a clear majority of 
characteristics that were discussed related to 
performance and equipment, whereas 
durability and quality as the second least 
important characteristic. Surprisingly, quality 
and durability were the least discussed product 
features for washing machines. A more 
thorough comparison between the coded 
sections revealed that aspects of durability and 
quality were mainly discussed in direct relation 
to brands. For example “I myself still have a 15 
year old Siemens, with stainless steel tank, I will 
keep it alive as long as possible.” Or 
“Nevertheless, I definitely believe Miele's 
claims of comparatively higher longevity.” The 
brand of the device was much more important 
for washing machines than for smartphones. 
Thus, durability and longevity was important but 
inextricably linked with the product brand. The 

274



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Jaeger-Erben, Leckert, Poppe, Proske, Wagner 
The negotiation of product qualities in online chats and its relation to product 
longevity 

 

4 
 

smartphone chats were mostly dominated by 
the comparison of different models and product 
generations concerning storage space, 
operating systems, graphics cards and camera 
resolution. In the discussion on durability it was 
of main importance if the device was water 
proof and robust in case of crashes. The prize 
of the device was of medium importance in both 
cases, but in smartphone chats the information 
seeker often defined a maximum prize they are 
willing to pay whereas in washing machine 
chats the participants of agreed that “quality 
has its prize”. 
 

 
Figure 1: Percentage of codes related to 
different categories of relevant product 
characteristics 
 
Valuation: What are the main sources of 
information and how is the information weighted 
and evaluated? 
While the previous section described the 
relative importance and frequency of product 
characteristics, this section is concerned with 
the valuation, i.e. how different product 
characteristics were weighted in relation to 
each other and how and what relevance they 
have in the decision-making process. As 
described before longevity of product was not 
among the most frequently named product 
characteristics for both devices, but in the case 
of washing machines both the age of the old 
washing machine and the lifetime expectations 
associated with certain washing machine 
brands was discussed in every chat. In each 
case the respondents either responded to 
lifetimes expectations expressed by the 
information seeker or they took up the subject 
on their own. The expectations were weighed 
against the price, but also against the 
background of the aspiration concerning the 
future of the information seeker, one 
respondent for example gave the following 
advice "I wouldn't like to have a Miele that lasts 
forever, because life circumstances change 

and so do washing habits." Others were 
pessimistic concerning the technological 
development in case of washing machines, 
e.g.: "Washing machines are no longer built to 
last forever. Anyone who still has an old one 
that still works should sit on it" or: "The times 
when washing machines lasted more than 10 
years are unfortunately over". The speed and 
direction of technological development was 
also of concern in the smartphone chats. But in 
contrast to washing machines, it was seen as 
positive (products get better) or more or less 
neutral. It was taken for granted that the 
technological evolution diminishes the lifetime 
or use time of products because the storage 
spaces soon will be too small or the software 
will be out of date and updates no longer 
available. These arguments were used against 
longevity aspects that respondents felt were not 
worth paying attention to: “So what's the point 
of a removable battery, with which you can get 
another 2-3 years, if the device is already a 
cramp to use today, and technically hardly 
better than your old phone? [You will soon 
have] an outdated software.” Smartphones can 
be described as multi-tools that are used for 
many different practices (see Hielscher et al., 
this volume). Therefore it is not surprising that 
the many different device features were 
discussed quite intensively in the smartphone 
chats. The most frequently used purchase 
arguments were battery performance, display 
quality, processor and camera. Of high 
importance was the availability and reliability of 
software updates, which was the most 
frequently mentioned criterion for or against a 
certain smartphone brand. The chats often 
contained links to datasheets and product tests 
or comparison portals. For the observer it was 
sometimes hard to follow since the discussions 
considered a great variety of models and 
release dates. The advices that were given in 
the washing machines chats had a completely 
different basis and were mainly based on 
experiences. In numbers: Concrete 
experiences with smartphones were shared 
only 16 times, compared with 166 experiences 
with washing machines. Smartphone purchase 
advice is more about consistent classification 
and weighing of product features. In most 
cases, therefore, the respondents give 
recommendation without any personal 
experience with the device. Washing machines, 
on the other hand, are predominantly 
recommended on the basis of experience with 
their own appliance and with the appliance 
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manufacturer itself. Age and reliability are in the 
foreground and are an integral part of most 
testimonials - both positive and negative. 
 
Focus smartphones: Expectations and 
market development 
Many information seekers provided some 
general expectations by answering a 
questionnaire. Several questions related to the 
price expectations. A comparison of the 
expectations in different years shows, that 
budget expectations have changed little in the 
last ten years (Figure 2). The mean price that 
information seekers want to pay was 350€ in 
year 2009 and 414€ in year 2020. The 
responses gave the impression that it is mainly 
people with low budgets or a low willingness to 
spend who ask questions in the forum. The 
budget information was quite often provided 
with comments like "as cheap as possible". 

Figure 2: Development of prices expectations 
between 2009 and 2020 
 
Since we were particularly interested on how 
the forum discussion and user expectations 
relate to market developments, we related the 
data to several market statistics from GSM 
arena. Figure 3 shows the proportion of middle- 
and high end smartphone models constantly 
increased in the last 20 years. This 
development is only partially reflected in the 
price expectations: While the supply gets more 
advanced and expensive the demand seems to 
remain quite stable.  

 
Figure 3: Proportion of middle- and high end 
smartphone models since 2002 
Figure 4 compares the number of user requests 
from 2010 to 2020 with the number of new 
smartphones releases in the same period. It is 
interesting to note that while both numbers 
constantly decline in the last 5 years, they show 
an asynchronous development in the years. 
The user requests peaked at 2012, but declined 
before the peak of smartphone releases in 
2014. With the available data, it cannot be 
explained whether this is a significant pattern or 
pure coincidence. However, further analyses 
could examine in more detail whether the 
market has reacted to an increased interest in 
smartphones in the public discourse and not 
vice versa. 

 
Figure 4: Number of user requests in the forum 
compared to number of smartphone releases 
per year 
 
5 Discussion 
The qualitative analysis revealed among others 
that the search for a new smartphones often 
started when the current one was still working, 
whereas those interested in advice for washing 
machines just experienced a total failure of their 
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current one. The forum users evaluated 
smartphones mostly in relation to numbers, e.g. 
the size of the screen, the capacity of the 
storage or the pixel of the camera. Discussions 
on washing machines however were full of 
memories, emotional attachment and trust in 
brands. These differences can be explained 
with differences in the technological evolution of 
both product. While they were several leaps of 
innovation in mobile phones in the last ten 
years, whereas washing machines can be 
described as a “ripe” technology. This is largely 
a logical consequence of the selection of the 
two products. Smartphones as up-to-date 
products are more quickly perceived as 
outdated; they are primarily valued for 
representing the latest state of the art. Washing 
machines as workhorses are valued for 
reliability and durability. Nevertheless, it was 
surprising that the emotional attachment to 
smartphones appears to be quite low, even 
though they are omnipresent in everyday life 
and receive a lot of attention. They are judged 
predominantly quantitatively, top scores are 
expected in various function categories, and the 
many models are in fierce competition with 
each other and with the new versions that are 
expected to appear in the future. A new 
purchase is seen as an opportunity to keep up 
with the technological evolution. Washing 
machines, on the other hand, are loyal 
companions and users know quite well how 
long they have been using it, almost as if the 
machines were part of their own biography. The 
current device is cherished for its service and a 
new purchase is more of a burden than an 
opportunity. Even though we only reported 
some explorative insights from the quantitative 
analysis, we could assume that prize 
expectations and demand for information are 
not an effect of market developments.  
 
6 Conclusions 
A major conclusion is that in the case of 
smartphones, consumers cherish top marks on 
data sheets over aspects like reparability and 
longevity while for washing machines the 
testimonials of other consumers on the 
reliability of trustworthy brands count most. This 
has mainly to do with the speed of technological 
innovations, even though they got quite 
incremental in the case of smartphones over 
the past few years. This cannot only 
significantly lower expectations of lifetimes and 
thus planned use times. It also ensures that 
users do not get attached to their device in the 

first place. The value placed on smartphones is 
primarily shaped by market developments; 
personal experience with the utility value of 
products hardly counts. This is an important 
insight for strategies that try to increase the use 
times of smartphones, particularly those 
strategies that aim for emotional attachment. 
We would assume that these strategies are not 
successful. Instead, the focus should shift more 
to the influence of marketing and 
communication on lifetime and use time 
expectations.  
From our perspective online forums and chats 
are a valuable but underexplored source of 
information about how product are perceived 
and valued and how these perceptions and 
values are socially constructed. For the 
research on product lifetimes they could 
provide insightful information on the role of 
longevity relevant aspects in purchase 
decisions.  
 
Acknowledgments 
Funding for this research was granted by the 
German Federal Ministry of Education and 
Research within the project “Obsolescence as 
a Challenge for Sustainability”. 
 
References 
Altrogge, G. (Hrsg.) (2014): Foren sind 

wichtigster Social-Media-Kanal für 
Kaufentscheidungen. URL: 
http://www.absatzwirtschaft.de/foren-sind-
wichtigster-social-media-kanal-fuer-
kaufentscheidungen-17335/  

Cox, J., Griffith, S., Giorgi, S., King, G. (2013): 
Consumer understanding of product lifetimes. 
In: Resources, Conservation and Recycling 
79, S. 21–29 

Janowitz, K. M. (2010): Was ist und kann 
Netnographie? Ethnographische Forschung 
im Social Web: Antworten bekommen, ohne 
Fragen zu stellen. URL: http://www.klaus-
janowitz.de/pdf/NetnographieSocialMedia.pdf 

Kozinets, R. V. (2002): The Field behind the 
Screen: Using Netnography for Marketing 
Research in Online Communities. In: Journal 
of Marketing Research 39, S. 61–72. 

Kozinets, R. V. (2010): Netnography. Doing 
Ethnographic Research Online. London. 
Thousand Oaks. New Delhi. Singapore: Sage 
Publications. 

O'Reilly, T. (2007): What Is Web 2.0: Design 
Patterns and Business Models for the Next 
Genera-tion of Software. In: Communications 
& Strategies (65), S. 17–37. 

277



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Jaeger-Erben, Leckert, Poppe, Proske, Wagner 
The negotiation of product qualities in online chats and its relation to product 
longevity 

 

7 
 

Plennert, T., Robra-Bissantz, S., Gaedke, Y. 
(2008): Studie: Der Einfluss von Online-Foren 
auf das Kaufverhalten. In: Meißner, K., 
Engelien, M. (Hrsg.): GENEME. 
Gemeinschaften in neuen Medien. Dresden: 
Technische Universität Dresden 

Statista (2016). Anzahl der Internetnutzer in 
Deutschland, die Informationen über 

Produkte und Dienstleistungen online 
suchen, nach genutzten Informationsquellen 
von 2013 bis 2016. 
https://de.statista.com/statistik/daten/studie/2
47023/umfrage/informationsquellen-fuer-
produkte-und-dienstleistungen-im-internet/ 

 

278



 

 

4th PLATE 2021 Virtual Conference 

Limerick, Ireland - 26-28 May 2021 

- 1 - 

 

 
 
 
Case Study 

Three Types of Approaches to Product Longevity: A Multiple Case 
Study of 18 Best-Practice Companies 
 
 
Peter Byrial Jensen(a), Louise Møller Haase(a) and Linda Nhu Laursen(a) 
a) Aalborg University, Department of Architecture, Design and Media Technology, Aalborg, Denmark 
 

Keywords: Product Lifetime; Planned Obsolescence; Product Durability; Product Lifetime Extension; 
Prolonged Product Life. 

Abstract: Product longevity is one of the keys to achieving more sustainable production and 
consumption patterns. However, in many companies, extending the longevity of products means 
overcoming several complex barriers. For small and medium sized enterprises, it may be difficult to 
identify where to start, and the available solutions may seem too complex or radical and therefore may 
be ignored as viable options. The purpose of this paper is to study how best-practice companies 
implement product longevity in everyday practices and map the principles of how they engage with 
product longevity at different stages of the development process, to provide knowledge about the 
solutions available to companies. 

We conducted a multiple case study of companies striving to design and produce long-lasting products. 

Through interviews with developers, CFOs and CEOs from 18 best-practice companies that work 

systematically with product longevity, we identified three key types of approaches to implementing 

product longevity: performance-driven approaches, behaviour change-driven approaches, and vision-

driven approaches. The key approaches forms a baseline for a discussion about companies 

implementing these types of approaches and their ability to adopt them. 
 

Introduction  
The consumption of consumer products 
(electronics, household appliances, etc.) is 
increasing worldwide (Wang, F. et al. 2013; 
Dwivedy, M. & Mittal, R. K. 2010). This has led 
to increases in resource consumption and a 
global problem with waste disposal. Increases 
in waste production have led to calls for new 
environmental initiatives, including extending 
product longevity. Looking at the entire footprint 
of products, the longevity of products must be 
increased to meet global environmental goals 
(Konietzko, J. et al. 2020). 
In the academic, political and public spheres, 
interest in product longevity has increased 
rapidly in recent years, and researchers have 
suggested and mapped various factors that 
influence product longevity.  
Much existing research on product longevity 
has focused on specific areas, to gain a deeper 
understanding of the mechanics that influence 
the longevity of consumer products. The 
findings show that  
business (Bakker et al. 2014; Ertz et al. 2019; 
Loon et al. 2020; Konietzko et al. 2020; 

Alqahtani & Gupta, 2017; Mohr et al. 2001; 
Bradley & Guerrero, 2008), marketing, 
(Simpson & Radford, 2012; Sinclair et al. 2018; 
Dixon et al. 2010; Amolo & Beharry-Ramraj, 
2016; Butz et al. 1996), design, (Hagedorn et 
al. 2018; Cupchik, 2017; den Hollander et al. 
2017; Page, 2014; Bridgens et al., 2015), 
development, (Cooper, 2010; Rivera & 
Lallmahomed, 2016; Cooper 2004; Cooper, 
1994; Bernard, 2019; Goel, 2006), legislation, 
(Bakker, 2017; European Commission, 2019), 
consumer behaviour, (Zhou & Gupta, 2019; 
Poppelaars et al. 2018; Boot et al, 2008; Boks, 
2018; Ackermann et al, 2018; Mugge et al. 
2006; Page, 2014; van Nes & Cramer, 2005), 
purchase behaviour (Skene, 2018; Hou et al. 
2020; Nieuwenhuis, 2008; Lilley et al. 2019; 
Montalvo et al., 2016; Cox et al., 2013; 
Dalhammer, 2015), and much more affect 
product longevity.  
For many SMEs, it might be difficult to identify 
how to approach, develop and succeed, as 
many factors influence each other. This affects 
the pace of implementation and development 
and, therefore, the total sustainability 
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transformation. Consequently, many 
researchers have argued for an incremental 
approach to extending product longevity, 
especially for SMEs, which are vulnerable to 
radical changes in production (Poppelaars, F. 
et al. 2018). It is therefore important to 
investigate how incremental changes within 
company structure and development 
approaches can mature companies to increase 
longevity while still maintaining a healthy and 
profitable business (Mura, M. et al. 2020). The 
debate therefore centres on longevity not only 
as a sustainability goal but also, and perhaps 
more importantly, as a sensible element of 
profitability and scalability. 
This multiple case study investigates 18 
companies striving for longevity and uncovers 
what enables them to produce long-lasting 
products.  
We argue that the most practical way for 
companies to learn about and adopt longevity 
is through examples. We therefore argue that it 
is important to map the existing solutions 
presented by best-practice companies and 
evaluate the feasibility for new companies to 
adopt. Except for Rizos et al.’s (2016) study of 
SMEs investigated the enablers of and barriers 
to a circular economy, no comprehensive best-
case study across product categories with a 
focus on longevity have been conducted. This 
paper, therefore, aims to answer the following 
question:  
What approaches do best-practice 
companies use when designing physical 
products for longevity? 
 

Method 
This study employed a qualitative research 
method, in which data were collected through 
interviews with key decision makers from 18 
physical product-producing companies. 
Selection of the companies was based on their 
efforts to increase longevity. Some of the 
companies exist in markets where high 
longevity is expected, whereas others have 
historically proven to produce long-lasting 
products. To broaden the study as much as 
possible and ensure variety, we selected 
companies of various sizes and ages and with 
various product categories. Likewise, the 
companies chosen for this study differed in 
terms of markets, portfolios and pricing. A few 
of the companies were relatively new but 

focused on delivering products with high 
longevity. 
This approach resulted in a collection of 
physical products producing B2B and B2C 
companies situated in Germany, the UK and 
Denmark. This differentiation contributed to a 
more elaborate and feasible collection of 
approaches among the companies.  
Participating companies in random order: 
Miele, Vola, Danfoss, Bang & Olufsen, Vitsoe, 
Skagerak Denmark, Hydrema, Takt, Rosti, 
Porsche Automotive, Marcus Pedersen, Toni, 
Butchers and Bicycles, Demant, Fredericia 
Furniture, Monstrum, Morsø Jernstøberi, and 
Nilfisk. 

Data collection 

At each of the 18 companies, with the help of 
an interview guide, we conducted qualitative 
semi-structured open-ended interviews with 1–
3 participants. The interview guide was 
supported by additional questions emerging 
from a thorough background check of each 
company to ensure that the questions in the 
interviews were as contextualized as possible. 
Some interviews were conducted with several 
participants and others individually to suit the 
preferences of the interviewees. Before the 
interviews, the interviewees were asked to 
name a single exemplary product in the 
company portfolio. This made the conversation 
more precise and tangible but still allowed for 
references to other products. 
The interview guide centred around four topics 
of interest: business (e.g. What do you 
experience as the greatest challenge or barrier 
when it comes to running a business based on 
long-lasting products?), development (e.g. In 
what ways would you say that your products are 
‘designed to last’?), consumers (e.g. What do 
you experience as the greatest challenge or 
barrier with respect to the customer or user of a 
long-lasting product?) and the future ambitions. 
The interview guide was not a systematic guide, 
but rather a list of questions to address different 
perspectives on longevity. This strategy 
allowed for a more relaxed conversation with 
spontaneous questions that permitted 
participants to elaborate on their answers and 
stories. 
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Interview 
# 

Company # # of participants Employment position Duration 

1 A 1 Owner & CEO 1:44:13 

2 B 2 CEO 
Lead Industrial Designer 

1:22:35 

3 C 2 CEO & Founder 
Design Director 

1:03:45 

4 D 1 CEO & Co-founder 1:15:39 

5 E 1 CEO 1:56:46 

6 F 2 Owner & CEO 
Senior Designer 

1:56:55 

7 G 3 CEO 
Sales & Marketing Director 
Head of Design/MA 

2:04:31 

8 H 2 VP R&D 
Director of Portfolio Management 

2:07:15 

9 I 1 Global Product Manager 1:27:20 

10 J 1 R&D manager 1:31:09 

11 K 2 CEO 
Creative Director 

1:18:17 

12* L 1 Head of Hardware development 1:14:02 

13* M 2 Brand manager 
Purchasing manager 

2:00:51 

14* N 1 Director, Product Quality Management 1:45:46 

15* O 1 Director 0:57:55 

16* O 1 Manager Advanced Design 0:43:59 

17* P 1 Vice President & Head of Innovation 1:37:20 

18* Q 2 Owner 
Head of Design & Product Management* 

1:48:04 

19* R 1 Vice President of Design 1:03:19 

20* R 1 Executive Director 1:12:03 

Table 1: Information on participating best-practice companies and employees. The letters that are listed 
twice (e.g. interviews 15 and 16, company O) refer to two individual interviews with different participants 
within a single company, whereas interviews with multiple participants are listed as one (e.g. interview 2, 
company B). All interviews were conducted physically at the company location, except for the interview 
marked with a * next to the interview number, indicating interviews conducted digitally due to COVID-19 
lockdowns. 

 

Data analysis 

The data analysis was conducted concurrently 
with the interviews. This enabled a grounded 
theory approach to all 20 interviews. Using the 
analysis programme ATLAS.ti, the interviews 
were coded using a basic open coding 
technique (Strauss, A & Corbin, J. 1998) 
regarding product longevity. The search was 

therefore a combination of breaking down the 
data into discrete parts, comparing the parts for 
similarities and differences and categorising 
them. Some of the key codes from this search 
were ‘personal vanity towards result’, ‘business 
transparency’, ‘long development times’, ‘brand 
nurturing through design’, ‘selling 
professionalism’ and ‘personal pride reflected in 
products’. These codes were then structured 

281



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Jensen, P. B., Haase, L. M. & Laursen, L. N. 
Three types of approaches to product longevity: A multiple case study of 18 
best-practice companies 

 
 

- 4 - 

 

using Corley and Gioia (2004) data structure 
model to distil the number of codes to analyse 
and find a more coherent interpretation. By 
grouping the codes into themes, we were able 
to compare codes across interviews and look 
for similarities and differences. Further 
clustering revealed an emergent pattern: there 
were several approaches to product longevity 
throughout the interviews.  

To further reveal a pattern among the identified 
approaches, we shifted the coding technique. 
With an offset from Jensen, Laursen and 
Haase’s (2021) mapping of barriers to product 
longevity, the second part of the data coding 
was based on how practitioners handled and 
recognised the 14 described barriers to product 
longevity described in the literature. 
 

Table 2: Overview of Jensen, Laursen and 
haase’s (2021) identification of barriers to 
product longevity 

The data analysis focused on whether the 
companies had faced or recognised the barriers 
described in the literature and how they 
managed the challenges. The solution 
principles to the barriers presented by the 
companies formed parallels to the initial data 
analysis.  

Findings 
Through this coding, it became apparent that 
there were three types of approaches to 
product longevity in best-practice companies 
striving for product longevity. Even though the 
companies engaged with significantly different 
product categories, the interviews revealed that 
their approaches could be categorised 
according to three types of approaches: 
performance-, behaviour change- and vision-
driven approaches to product longevity. 

 
Table 3: The three types of approaches to 
product longevity observed at the best-practice 
participants 

Performance-driven approaches 

The most salient approaches to product 
longevity concern the product performance. 
Striving for performance typically results in the 
use of better materials, more durable 
construction, and increased sturdiness, 
reparability and modularity (all tools that 
potentially prolong the physical longevity of the 
products). For customers, these are the most 
recognizable improvements to longevity, as 
many (but not all) of them are visually obvious 
in the purchase situation. Differentiation from 
other brands through performance (e.g. with 
unique designs or materials, such as solid wood 
instead of laminate or steel instead of plastic 
shells) can yield better customer impressions of 
product durability in the purchase situation. 
Likewise, choosing a sturdy technical build for 
a product is often recognised and appreciated 
by customers over time, as the product exceeds 
initial expectations. Some of the tendencies 
observed at the best-practice companies are as 
follows: 
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Examples of 
performance-
driven 
approaches to 
product 
longevity 

Description Quotes from the data 

Setting 
extraordinary 
performance 
criteria 

The companies set extraordinary performance criteria 
(e.g. being the most durable/fastest/clearest/strongest 
in the market). Products that deliver extraordinary 
performance and simultaneously differentiate 
themselves aesthetically from other products give 
customers satisfactory experiences and fulfilling 
emotions regarding their purchase.  

“Our customers just want to be 
comfortable, so there is no reason 
for a wide range of customization 
options. If we talk about low 
maintenance, then you also have 
to select components that are 
durable in the use situation.“ 
(Company D, 0:21:07) 
 
“I set up two criteria when we 
develop. The first is that it is not 
allowed to look like anything else in 
the marked […]. Secondly, it must 
perform extremely well. Naturally, 
there is also some underlying 
criteria to price points etc.” 
(Company F, 0:34:30) 

Following 
performance 
lead-user 

For the companies, uniqueness and extraordinary 
performance differentiation have led to the creation of 
independent communities of users. These discuss, 
enhance and customize their products and associate 
greatly with the product. These communities, therefore, 
form an independent user base, which companies 
observe and cater to without interfering and thus commit 
themselves to ensuring extraordinary performance and 
longevity in the future. 

“We are very careful not to 
interfere with these groups, as they 
provide us with the raw truth about 
our products. We use this a lot to 
tweak the product to become even 
better.” (Company F, 1:17:00) 
 

Implementing 
performance 
values 

Participating companies closely compared their new 
products to older successful products. One of the values 
expressed by the companies was ‘super optimized for 
longevity’. Such products were able to deliver 
extraordinary performance, aesthetics and functionality, 
which made owners cherish and keep the products 
longer. 

This applied to several of the companies, which were 
extremely aware of comparing their older products to 
new ones. 

“We need to design our future 
products to deliver on design, 
material and functionality” 
(Company M, 0:38:00) 
 
“When we keep evaluating your 
product, we develop a set of 
requirements, that we are bound to 
fulfil. This setup is our key to use 
the knowledge that we have to 
keep developing strong products.” 
(Company N, 0:27:19) 

Development 
iterations to 
improve 
performance 

The companies used extraordinarily long development 
times to ensure that they could deliver the best 
performance. They did this by looking at the longest 
surviving products in their respective portfolios. The 
products where recognized by customers as 
performance products in the product category and were 
therefore in demand. The companies were able to 
deliver in these areas, as the products underwent 
extraordinarily long development phases, with 
incremental improvements and changes to improve 
performance in these areas. Such slow development 
yielded extremely optimized product features. 

“the simplest product possible […] 
thought through, but not 
exaggerated in any way” 
(Company H, 0:54:00)  
 
“You can create products that can 
sell now or you can create 
products that are future proof for 
next sales. Even if the customer 
has new demands, the product still 
delivers.” (Company B, 1:18:49)  
 

Table 4: Examples of performance-driven approaches to product longevity 
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Behaviour change-driven approaches 

Behaviour change-driven approaches focus on 

how companies can change their behaviour 

and/or current or potential customers to 

increase the longevity of their products and, in 

some cases, encourage more sustainable 

production and consumption patterns. One 

example of behaviour change is the selection of 

a business model that supports greater product 

longevity. These initiatives engage with 

consumers to support product longevity and 

potentially improve customers’ perceptions of 

the company as a responsible seller. The 

behaviour change approach can also comprise 

initiatives by the company that are likely to 

increase customers’ attachments to products 

and thus increase their likelihood of taking 

better care of them. Both companies and 

customers actively change via these support 

initiatives, which potentially prolong the 

longevity of the purchased products.  

Examples of 
behaviour 
change-
driven 
approaches 
to product 
longevity 

Description Quotes from the data 

Transparency 
to production 

The companies used transparency to increase 
customers’ trust of their brands. 

An approach used by the case companies to 
provide a more authentic service was to increase 
customer’s accessibility and familiarity with the 
company. The trust and recognisability of the 
company among customers increased if 
customers were familiar with the company, which 
increased brand awareness. Selling an 
experience rather than simple products can 
engage customers and highlight the values and 
products that a company sells. Several of the 
participating companies actively worked with 
customer relationship through being present for 
the customers.  

“We want to be completely naked. You 
can see your product be assembled etc. 
It is almost a family feeling, that if you are 
one of our customers, then you are 
allowed to be part of the process.” 
(Company K, (0:13:00) 
 

“you can compare it to a restaurant with 

an open kitchen. You can see it all. The 

right raw ingredients and the cooking. 

When you are served your dinner, you 

have been on the full journey.” 

(Company K, 0:14:00) 

Local 
presence and 
after-sale 
services 

The companies committed themselves through 
service to deliver products with high longevity. If 
customers expect and demand continuous service 
after purchase, require the local presence of the 
service provider. If the company is unable to 
provide immediate service, the customer is 
unlikely to choose the same brand again. The 
longevity of a product is essential to minimizing the 
required service needed to satisfy a customer. 
While this commits a company to a strict service 
agreement, it also creates a strong market 
advantage in the geographical location in which 
the company is present. 

“We have decided that service is a 

business opportunity for us. We have to 

be present in the market where we sell” 

(Company J, 0:21:00) 

 

Change 
company 
illustration 

The companies consciously kept their portfolios 
limited and instead iterated existing products and 
designs even after market launch. Limiting the 
number of products in portfolio enables companies 
to limit the number of spare parts to keep in stock, 
which increases the reparability of the products in 
the future. The limited number of products, which 
all are preserved in the portfolio, are, however, in 
constant development. This is only possible due to 

“In nature, there are no new species. 
Species evolve and it is a constant 
sequence of small changes. So this 
whole notion that humans have come up 
with, that every year we have to go to a 
trade exhibition to see all this new stuff. 
That is absolute rubbish! We as a society 
have come to value new rather than 
better. Yet, as an industrial designer 
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a limited portfolio, as a broad portfolio with 
seasonal product changes would counteract this. 
The company, therefore, accumulates a specific 
knowledge of the exact product that helps it 
maintain a market advantage and a product that 
has, through consecutive evaluation, become the 
best on the market. 

yourself, you know that the most difficult 
challenge is to make something better. 
[…] That is what nature does and we as 
an economic society, we are wholly 
owned subsidiary of nature.” (Company 
P, 0:25:42) 
 
“We have not launched a new series in 
15 years. It seems like almost the same 
product today as 15 years ago, but 
naturally with upgrades.” (Company L, 
0:19:48) 

Long-lasting 
aesthetics  

The participating companies were very cautious 
about the design language they saw as 
representing their identity. The design language 
had to be unique, reflect identity and apply to all 
their products. When designing new products, 
companies can mimic the aesthetics of older 
successful, long-lasting products. Visually familiar 
products are associated with each other and 
likewise are the values and impressions of them, 
meaning that customers also expect the new 
products to be of high quality and longevity. One 
company, for example, expressed a desire to 
measure all new product suggestions against prior 
designs to mimic their aesthetics. 

“Before we even thought about drawing 

anything, we need to find out what is the 

DNA. This was the first time in a long 

time the company wanted to introduce a 

new series of products […] so it was very 

important that we continued to follow this 

DNA and that this too became a classical 

product. This was an ultimate 

requirement.” (Company G, 0:07:23) 

“The difference between being modern 

and being fashionable. […] Even when 

we make products that are supposed to 

be as modern as possible, we still try to 

keep away from fashionable design 

items and design languages. This is 

sometimes quite hard to distinguish, 

what is what. ” (Company O, 0:03:58) 

Limiting 
seasonal 
trends 

The participating companies in markets that are 
highly influenced by fashion only used fashion 
elements in exchangeable parts of their products. 
Products designed for fast-moving fashion are 
prone to substitution before they are worn out, 
which conflicts with longevity. The company aimed 
to design products, which was not prone to 
fashion, but sustained aesthetical relevance in the 
market, however, selected elements of products 
that were easily substituted included fashion-
driven design elements. The selected elements 
that were affected by trends were small and 
obvious substitutional parts of products, which 
only influenced the longevity of the part rather than 
the entire product. The ability to cater to fashion-
focused consumers positions companies in a 
unique market where a larger potential buyer 
group is present while producing products with 
high longevity. 

“We know that we have made a fashion 
element here, but we can also see a 
demand for this. So if we are pursuing 
these fashion elements, it must be on 
these selected parts.” (Company A, 
1:02:27) 

 

 

User 
involvement 
in assembly 

The companies used customers’ experiences to 
increase their relation to products. By engaging 
customers in the assembly process can generate 
a feeling of personal accomplishment. The feeling 

”many brands make a great effort to the 
storytelling. You can almost smell the 
workshop when you buy some products. 
Maybe you can deliver that experience to 
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of being part of the assembly process is likely to 
increase customer satisfaction and present the 
hidden details of a product. Customer who have 
good assembly experiences will remember it when 
looking at the product. This pleasant memory is 
likely to increase attachment and, in turn, increase 
the time the product stays in the customer's 
possession. 

the customer in a more realistic way so 
that it does not come through the ears 
and eyes but the hands and body. You 
get that from assembling your product. 
[…] I even may become happier with the 
chair. (Company C, 0:09:39). 

Table 5: Examples of behaviour change-driven approaches to product longevity 

Vision-driven approaches 

The companies’ visions differed and were 
phrased variously, but they all expressed their 
visions through the decisions they made. 
Vision-driven approaches often emerge from 
visionaries within a company that has 
successfully implemented its vision. The vision-
driven approaches seldom refer directly to 
products existing in the company’s usual 

category. Instead, they can seem undefined 
and universally applicable. However, some of 
the products of companies that are aware of 
and fulfil their vision remain prized possessions 
among consumers due to high attachment, 
even after the products break down. A 
combination of more specified business, design 
and customer management enables companies 
to establish and fulfil their visions. 

 

Examples of 
vision-driven 
approaches to 
product 
longevity 

Description Quotes from the data 

Solving long-
lasting 
problems 

The companies are engaged with solving ‘long-
lasting problems’, which could initially seem 
unrelated to the product category they produce. 
Long-lasting problems are defined by being static 
and basic (e.g. improving convenience or 
performance). Although long-lasting problems may 
seem vague and undefinable from an outside 
perspective, they constitute a foundation upon 
which companies build requirements and sub-
problematics, therefore controlling the design in a 
certain desired direction. Long-lasting problems, 
therefore, guide the design and the decision-making 
process towards the solutions to the surrounding 
problems that may not be immediately apparent, by 
adding new elements, aesthetics or features that 
add to the uniqueness and longevity of the product. 

“you have to make absolutely sure that 
you are solving the right problem.” 
“and the problem that you are trying to 
solve, need to have a certain 
relevance and longevity […].” 
(Company I, 0:42:22) 
 

Longevity 
through 
collective 
attachment 

The companies design for collective attachment 
rather than only personal attachment. A vision-
based approach creates products that last through 
value, pride and satisfaction. Stimulating a collective 
attachment means that the product is often better 
maintained, repaired and used, as the users not only 
appreciate the functionality of the product but also 
the underlying personal values such as pride or 
affiliation. This approach comprises a combination 
of focusing on the artistic and aesthetic values of a 
product while understanding the customers’ 
identities. This requires the production of custom-
made, unique solutions that are tailored to the 
community. 

“Right now, we exist in a nice market, 
where we are quite different from our 
competitors: specially designed 
products, we no standard assortment 
and this is the only thing you see when 
you visit our website.” (company F, 
0:09:00)  
 
“No standard production means that 
we are more directed to the customers 
and that we become increasingly good 
at producing specially designed things 
that can match the other companies in 
price, with high-quality materials. 
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Make a balance between longevity, 
design and everything so that it just 
works.” (Company F, 0:09:58)  
 
“If we can create something that gives 
identity to an area, then it is especially 
meaningful.” (Company F, 0:55:44) 

Confidence in 
product 
portfolio 

The companies expressed exceptionally high 
confidence in their product portfolios. This 
confidence was expressed as an insistence to keep 
the product alive in the portfolio even if sales were 
limited at times. Rapid discontinuation of production 
of a certain product is likely to lead to the product 
being forgotten by customer and indicate a lack of 
confidence in the product. Therefore, if the product 
remains available for decades, it can gain more 
recognisability and show proof of concept. This 
increases the chances of creating a ‘classic’ and 
signals future relevance.  

“If we had discontinued our production 
of the [product], it would not have 
become iconic, because it needs to be 
nurtured. You have to be brave 
enough to stick to one idea.” 
(Company O, 0:20:18) 
 
“It is, at its core, about running a 
business. Products that last is also 
about a well-managed business and 
that you keep showing the products 
and believe in them […]. If you believe 
in the product, you have to give it time 
to find its place in the market.” 
(Company Q, 0:26:09) 
 
“everybody wants to do something 
iconic. There is one big issue. An icon 
is not created. An icon is grown over 
decades. When we talk about making 
something iconic, it is not only about 
shape. It defiantly helps when you 
have a distinctive shape and I think as 
well there is a pragmatic involved. Is it 
well designed? […]” (Company O, 
0:17:16) 

Longevity as 
a quality 
parameter  

The participating companies perceived longevity as 
a quality parameter. Increasing longevity was 
understood as part of a vision to create quality 
products. The quality vision is expressed differently 
in each product and product group and longevity 
was always one of the parameters to consider, 
among others, such as convenience. 

“Our customers are very experienced. 
They have already owned a lot of stuff. 
They know about the energy you need 
to substitute products. When you are 
busy there is no energy left for this 
decision. […] therefore, it is much 
better to have something better, 
durable, working and does not add 
complexity to my life. This is an 
important success factor.” (Company 
R, 0:15:12) 

Table 6: Examples of vision-driven approaches to product longevity 
 

Discussion 
Looking at the three types of approaches, 
namely the performance-, the behaviour 
change- and the vision-driven approaches, it 
becomes apparent that there exist a hierarchy 
between the approaches. To be successful in 
the production of long-lasting products, 
companies first need to employ performance-
driven approaches. The physical experience of 
the product and product–user interaction 
constitute the baseline for the longevity of a 
product. Companies that employ vision-, 

service- or behaviour-driven approaches 
without experience with performance-driven 
approaches are likely to experience difficulties 
as the physical longevity need to live up to the 
expectation of the customers. Performance-
driven approaches are also the most tangible, 
as they are primarily concerned with material 
selection, patina, durability and performance. 
Companies committed to delivering products 
with high longevity can then extend 
engagement with longevity through behaviour 
change-driven approaches. Supporting an 
already durable product with service extends its 
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potential longevity and even further (e.g. 
authorized service and maintenance in the car 
industry prolong cars’ lifespans and signal that 
companies still vouch for their products even 
after purchase). 

 

Figure 1: Sequence of approaches to longevity 

It seems that the companies that employed 
more abstract approaches to longevity had also 
previously employed more physical 
approaches. However, over time, as the more 
tangible and physical approaches became 
incorporated into the business, they could 
concentrate on the more abstract approaches, 
and the physical approaches became a matter 
of course. The transition to being a producer of 
long-lasting products, however, still seems 
winding. It seems, however, that there is a slow 
evolution in the process towards total 
implementation of approaches and a need to 
improve the already implemented approaches 
in companies. Both the implementation and 
maintenance of approaches are time-
consuming processes, which shows that slow 
consumption is the result of slow evolvement 
and development. 
 

Conclusion 
Despite the ongoing international debate about 
environmental caution and awareness of 
consumption, global consumption continues to 
rise. One way to comprehend the increasing 
waste problem is through the longevity of our 
products. Through interviews and an extensive 
multiple case study of 18 best-practice 
companies producing a wide variety of 
products, we catalogued a number of business 
and development approaches that elucidate the 
concept of longevity. The approaches shared 
similarities but could be differentiated into three 
major types: performance-, behaviour change-, 
and vision-driven approaches to product 
longevity. We discussed the companies’ 
implementation of these approaches and 
concluded that, to be successful, companies 
first need to focus on product performance, 
then behaviour change and lastly vision-driven 
approaches. Finally, this study’s findings 

indicate that there, despite engagement with 
different product categories, exist similar 
approaches across product categories that 
form the baseline for companies’ views on 
product longevity. This knowledge can be used 
to develop more practicable strategies for 
improving the longevity of products. 
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Abstract: Product level indicators can be essential for companies to guide and monitor the transition 
towards a more circular economy (CE). In particular, CE indicators focusing on physical resource flows 
are needed for informing businesses on the environmental performance of their product portfolio. Many 
of those indicators have been suggested but a robust assessment framework has yet to be developed.  
Previous reviews highlighted the limited range of CE strategies covered by one indicator at a time and 
recommended the use of a set of indicators to ensure comprehensive assessments. Furthermore, many 
existing indicators have only been tested individually on few and simple products. The aim of this study 
is to examine the extent to which existing product-level circularity indicators are applicable to real case 
studies with different combinations of CE strategies. Starting from a review of the literature to identify 
resource-flow based indicators suitable for product-level assessment, 36 indicators are applied to three 
real case studies. Challenges linked to a high level of detail in product systems implementing CE 
strategies were encountered when applying communicated methodologies and analysing the 
quantitative results from the 31 indicators that were successfully applied. This paper suggests selecting 
both comprehensive indicators and a range of single-focus indicators to ensure an understanding of the 
systemic consequences of implementing CE strategies. The results also demonstrate the importance 
of a clear understanding of what is measured and what is missed by a given selection of CE indicators 
for informed decision-making. 
 
 

Introduction  
Indicators can be essential tools to guide and 
monitor the transition towards a more circular 
economy (CE), and are being developed at 
supra-national (European Commission, 2018), 
national (Geng et al., 2012), company and 
product levels (Saidani et al., 2019). For 
companies, a set of product-level CE indicators 
could be used for 1) internal purposes, such as 
monitoring progress or assessing potential 
changes to product portfolios, and for 2) 
external purposes, such as benchmarking with 
other companies and communicating with 
customers and suppliers. Good indicators are 
consistent, time-efficient and communicative 
measures that clearly reflect the objectives 
targeted for the transition. One such target is 
improving the environmental impact of products 
and services (Kirchherr et al., 2017). When 
studying the environmental impact of a product, 
physical resource flows that are part of the 
product system, either as input or output flows, 
or as internal flows, are taken as a starting 
point. Product-level indicators focusing on 
physical resource flows are therefore needed 
for informing businesses on the environmental 
performance of their product portfolio. 

Previous reviews of CE indicators agree on the 
necessity of combining existing indicators as 
they individually are too limited to sufficiently 
cover the range of potential CE strategies 
(Corona et al., 2019; Helander et al., 2019; 
Kristensen & Mosgaard, 2020). Furthermore, 
many existing indicators are only tested on few 
and often simple products. Testing indicators 
has however been recognized as an effective 
way to identify strengths and weaknesses in 
measurement frameworks for gradual 
improvements (Meadows, 1998). Only a few 
studies have used available indicators on cases 
for another purpose than exemplifying a newly 
developed indicator (Lonca et al., 2018; Niero & 
Kalbar, 2019; Saidani et al., 2017; Walker et al., 
2018). Only two or three CE indicators are then 
simultaneously applied to be compared to other 
assessment frameworks. 
This study aims to examine the extent to which 
existing product-level and physical resource-
flow based circularity indicators are applicable 
to case studies with different combinations of 
CE strategies. Both the challenges hindering 
the feasibility of consistent application of 
existing indicator methodologies and the 
conclusions provided by their quantitative 
results are analysed to formulate 
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recommendations for selecting and developing 
CE indicators. To this end, existing relevant 
indicators are identified and applied on three 
real case studies. 
 

Method 
Identification of CE indicators 
The identification of existing CE indicators in 
scientific and grey literature based on physical 
resource flows was performed with a 
systematic review in August 2020. 36 indicators 
were selected with a procedure detailed in 
(Harald Helander et al., 2021). All indicators 
were deemed applicable to assess products, 

excluding indicators with a wider scope such as 
companies.  
Using the framework from Böckin et al. (2020), 
the CE strategies in focus in the definition of 
each CE indicator were identified. The 
distinction between indicators focusing on one 
or multiple CE strategies emerged from this 
analysis (Table 1). Additionally, indicators 
requiring product lifetime and/or function were 
identified to be multi-focused and are further 
distinguished from multi-focused indicators 
without time or function consideration. Single-
focus indicators were also further distinguished 
based on the CE strategy in focus.  
 

CE strategy in focus Symbol Name Reference 

Reduce losses in 
production 

EI Energy intensity (Lokesh et al., 2020) 

FI Feedstock intensity (Lokesh et al., 2020) 

PMC Process material circularity (Lokesh et al., 2020) 

WF Waste factor (Lokesh et al., 2020) 

Change material 
composition 

PR Product renewability (Lokesh et al., 2020) 

RC Recycled content (Graedel et al., 2011) 

RCR Recycled content rate (Ardente & Mathieux, 2014) 

Use more of technical 
lifetime (incl. reuse) 

PRI reuse Potential reuse index (Mesa et al., 2018) 

Rreuse Reusability rate (Ardente & Mathieux, 2014) 

Recycle material CR Collection rate (Haupt et al., 2017) 

EOL-RR End-of-life recycling rate (Graedel et al., 2011) 

LRR Landfill to recycle ratio (Marvuglia et al., 2018) 

OSCR Old scrap collection rate (Graedel et al., 2011) 

OSR Old scrap ratio (Graedel et al., 2011) 

PRI rec Potential recycle index (Mesa et al., 2018) 

RBR Recycle benefit ratio (Marvuglia et al., 2018) 

RPER Recycling process efficiency rate (Graedel et al., 2011) 

RR Recycling rate  (Haupt et al., 2017) 

Rrec Recyclability rate (Ardente & Mathieux, 2014) 

RYR Recycle yield ratio (Marvuglia et al., 2018) 

Recover energy Rrecov Recoverability rate (Ardente & Mathieux, 2014) 

Multiple focus C Circularity (Figge et al., 2018) 

C2C Material Reutilization Score (C2CPII, 2016) 

CEV Circular Economic Value (Fogarassy et al., 2017) 

CI Circularity Index (Cullen, 2017) 

CPEI Circular-process energy intensity (Lokesh et al., 2020) 

CPFI Circular-process feedstock intensity (Lokesh et al., 2020) 

CPWF Circular-process waste factor (Lokesh et al., 2020) 

LFI2 Linear flow index for product families (Mesa et al., 2018) 

RE EEE Resource efficiency indicator for 
electrical and electronic equipment 

(Juntao & Mishima, 2017) 

Multiple focus with 
function and/or time 
included 

L Longevity (Figge et al., 2018) 

MCI Material Circularity Indicator (Ellen MacArthur 
Foundation & ANSYS 
Granta, 2019) 

MCI BB MCI for bio-based and biodegradable 
products 

(Razza et al., 2020) 

PCI Product Circularity Indicator (Bracquené et al., 2020) 

RNL Relative net loss (Ljunggren Söderman & 
André, 2019) 

SERI Specific Energy and Resource 
Indicator 

(Winzer et al., 2017) 

Table 1. List of indicators identified. 
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Testing on real cases 
The indicators are tested on the three following 
studies: 1) more effective use of incontinence 
products through recycling of production waste, 
partial reuse, increased share of renewable 
materials and customisation to user’s needs 
(Willskytt & Tillman, 2019), 2) reuse of laptops 
(André et al., 2019), and 3) weight reduction of 
a truck engine through 3D-printing (Böckin & 
Tillman, 2019). For each case included in those 
studies, the implementation of new CE 

strategies is compared to a business-as-usual 
(BAU) case, representing the current 
implementation of CE strategies, e.g. recycling. 
Each case is described in Table 2 and more 
details are available in the respective 
publications. Their modelling was based on 
collaboration with the respective companies 
involved which encompasses the complexity of 
CE implementation in contrast to theoretical 
cases. 
 

 
Study Case Main strategy Description 

Incontinence 
products 

Recycled 
production 
wastes 

Recover energy All production wastes to incineration. As for all 
strategies for incontinence products, the packaging 
box is recycled, and the product incinerated after 
end-of-life 

Reduce losses in 
production; Recycling 

All production wastes are recycled back to 
production 

Change to 
bio-based 
material 

Recover energy; Recycling Absorption pad with 63% renewable material 

Change material in product; 
Recover energy; Recycling 

Absorption pad with 73% renewable material 

Multiple use 

Recover energy; Recycling All-in-one product discarded after use  

Shift to multiple use; 
Recover energy; Recycling 

Absorption pad discarded after use, pants washed 
and reused 20 times before being discarded 

Effective use 

Recover energy; Recycling Choice of products according to user preference 

Use effectively;  
Recover energy; Recycling 

Choice of products after urinary leakage 
measurement, leading to an average of 20% of 
material reduction to provide the same function 

Laptop 
Reused 
laptop 

Recycling Laptop discarded after 3 years, 50% are collected 
for recycling 

Use more of technical 
lifetime (reuse);  
Recycling 

All 3-year-old laptops are collected. 70% are reused 
for 3 more years, 30% are sent to recycling. After 
second use, 50% are collected for recycling 

Truck 
engine 

3D-printing 

Recycling Conventional engine of 533 kg. As for all strategies 
related to the truck engine, the engine is shredded 
after use and major recyclable metal fractions are 
sorted and recycled. Recovery rate of 100% for low-
alloy steel, 90% for cast iron, 87% for stainless steel. 

Reduce use of auxiliary 
materials and energy;  
Reduce material quantity in 
product; Change material in 
product 

Engine of 499 kg. 20% of the engine is 3D-printed, 
with aluminium when replacing aluminium parts and 
with stainless steel when replacing cast iron and 
low-alloy steel 

3D-printing 
advanced 
technology 

Recycling Conventional engine of 533 kg. 

Reduce use of auxiliary 
materials and energy;  
Reduce material quantity in 
product; Change material in 
product 

80% of the engine is 3D-printed, leading to a weight 
of 418 kg. Aluminium when replacing aluminium 
parts and low-alloy steel when replacing cast iron 
and low-alloy steel. 

Table 2. Description of cases with BAU cases highlighted in grey. 

 
The selection covers a range of product types. 
Incontinence products are consumable and 
disposable products while laptops and truck 
engines are more durable products. The CE 
strategies applied in each case (see Table 2) 
are representative of the four groups of 
strategies highlighted by Böckin et al. (2020): 

extraction and production, use effectively and 
efficiently, extend use and post use. 
For each CE case and BAU case, the 36 
selected CE indicators are applied based on 
their published methodology in order to detect 
challenges in their application. The relative 
improvement 𝑅𝐼  is then calculated for each 
indicator and case as follow: 

294



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Adeline Jerome, Harald Helander, Maria Ljunggren, Matty Janssen  
Testing product-level indicators for a more circular economy 

 

- 4 - 

 

𝑅𝐼 =  𝛼
𝐶𝐸 𝑐𝑎𝑠𝑒 𝑟𝑒𝑠𝑢𝑙𝑡 − 𝐵𝐴𝑈 𝑐𝑎𝑠𝑒 𝑟𝑒𝑠𝑢𝑙𝑡

𝐶𝐸 𝑐𝑎𝑠𝑒 𝑟𝑒𝑠𝑢𝑙𝑡
 

with 𝛼 taking the value of 1 if higher values of 
this indicator are desirable or -1 if lower values 
are desirable. The relative improvements are 
used to compare CE indicators based on the 
conclusions they provide. 
 

Results and discussion 
Application of indicators 
Out of the 36 indicators identified, five were not 
possible to apply in this study. The Specific 
Energy and Resource Indicator (Winzer et al., 
2017) is too specific to lighting systems to be 
translated to other product types. The 
distinction between auxiliaries and other inputs 
for all pre-consumer processes necessary for 
the process material circularity indicator 
(Lokesh et al., 2020) and emergy data for the 
indicators from Marvuglia et al. (2018) were not 
available within the scope of this study. 
The remaining 31 indicators were successfully 
assessed, but the available methodology 
sometimes had to be supplemented with 
assumptions to be applicable to the studied 
cases. A first reason was the lack of application 
examples provided for two indicators, the 
Circular Economic Value (CEV) (Fogarassy et 
al., 2017) and the Resource efficiency indicator 
for electrical and electronic equipment (RE 
EEE) (Juntao & Mishima, 2017). The unclarities 
from their method description are then not 
possible to be checked on an example. For 
instance, the identification of appropriate 
system boundaries for the CEV or the specific 
resource flows that should be accounted as 
“really used in the product” (Juntao & Mishima, 
2017) in the RE EEE left too much room for 
interpretation. A second reason was the higher 
level of detail of the product systems in the 
tested cases compared to the theoretical 
systems described by some indicator 
methodologies. For instance, seven of the 
tested indicators (Material Circularity Indicator 
(MCI) (Ellen MacArthur Foundation & ANSYS 
Granta, 2019), MCI for bio-based and 
biodegradable products (MCI BB) (Razza et al., 
2020), Product Circularity Indicator (PCI) 
(Bracquené et al., 2020), CEV, and the three 
tested indicators from Mesa et al. (2018)) allow 
only to focus on one use cycle of a product. For 
the reused laptop case, the system boundary 

was then chosen to only include the treatment 
for reuse, the second use and end-of-life 
recycling of the laptop, but another choice could 
have been to include collected but non-
reusable laptops (0.3 per laptop reused) as 
wastes from the reuse treatment. The level of 
detail of the processes involved in real cases 
also requires high precision in the description of 
the flows to be included to guarantee reliable 
assessment, such as the distinction between 
the resource flow entering or leaving the 
recycling facility. The inclusion of a system 
flowchart such as for the PCI or the recycling 
ratios from Haupt et al. (2017) and Graedel et 
al. (2011) reduced risks of misinterpretation. 
This testing highlighted the need for a better 
documentation of existing indicators to allow a 
reliable systematic application of CE indicators. 
The implementation of CE strategies involves 
more complex relationships between processes 
and the combination of CE strategies (Blomsma 
& Brennan, 2017). Developing indicators to 
handle the complexity of real cases is 
important.  
Another challenge to the systematic application 
of the tested CE indicators was the highly 
demanding data requirements, especially for 
multi-focus indicators. For instance, efficiencies 
of all material and component production are 
expected as input in the PCI. Its assessment 
requires a comprehensive study of the product 
system but comes at the expense of time and 
data intensity and might not be appropriate for 
early-stage assessment in product design 
support. There is a trade-off between 
comprehensiveness and early guidance which 
requires clear understanding of what is 
measured and what is not. 
 

CE indicators results 
The values from the testing vary greatly from 
indicator to indicator, even for indicators with 
the same CE strategy in focus (Figure 1). For 
instance, the reusability rate (Rreuse) (Ardente 
& Mathieux, 2014) only accounts for 
commercial reuse and thus excludes 
improvement of a shift to multiple use of 
incontinence products performed by the user 
unlike the potential reuse index (PRI reuse) 
(Mesa et al., 2018).  
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Figure 1. Results for the 31 CE indicators per case. 

 
For some cases, the obtained values confirm 
the intended improvement of implementing the 
new CE strategies. For instance, the change to 
more bio-based content in incontinence 
products is highlighted by the product 

renewability (PR) indicator (Lokesh et al., 2020) 
and material reutilization score (C2C) (C2CPII, 
2016). The shift to multiple use of incontinence 
products and the reuse of laptops are 
emphasized by both positive values from 
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indicators focusing on reuse and from 
indicators considering product function and/or 
lifetime. For those latter, the extended product 
lifetime through reuse or shift to multiple use is 
either valued as more used lifetime of 
resources in the system (longevity indicator (L) 
(Figge et al., 2018)), as less system losses per 
functional unit (relative net loss (RNL) 
(Ljunggren Söderman & André, 2019)), as a 
better performance compared to an industry 
average (MCI, MCI BB and PCI for the case of 
multiple use of incontinence products), or as a 
reduction of virgin material in the product (MCI 
and PCI for the reused laptop case).  
For other cases, the outcomes from the main 
CE strategies implemented are more difficult to 
discern. In the case of recycled production 
wastes on incontinence products, no 
improvement for reduced losses in production 
(RL group in Figure 1) nor for material recycling 
(Rec group) is highlighted by single-focused 
indicators. Some multi-focus indicators (PCI, 
RNL) account for the recycling of production 
wastes as a reduction of losses from the 
system, and the recycled content (RC) indicator 
identifies an increase of recycled content in the 
product. Overall, the avoidance of production 
wastes is emphasized, leaving out choices in 
their treatment from the assessment. For the 
effective use of incontinence products and both 
cases of engine 3D-printing, the reduction of 
material quantity to provide the same function 
is not clearly apparent in the results. Only the 
RNL indicator is able to account for the absolute 
mass reduction per function provided, as 
material flows are not expressed relatively to 
other flows in the system. Finally, the reduced 
auxiliary material consumption during use, i.e. 
fuel consumption, for the 3D-printed engine is 
not visible from the results. 
Apart from highlighting the main CE strategies 
implemented, CE indicators also point to other 
consequences in the system. Energy intensive 
production processes for 3D-printing and for the 
reusable part of incontinence products are 
visible with the energy intensity (EI) and 
circular-process energy intensity (CPEI) 
indicators (Lokesh et al., 2020). Consequences 
on material content and end-of-life scenario 
from the new designs that are developed as 
part of CE strategies are underlined. For 
incontinence products, the variation of 
packaging weight, the only product part sent to 
material recycling, impacts recycling rates (Rec 
group) negatively for the case of bio-based 
product (lighter packaging) and positively for 
the case of multiple use (heavier packaging). It 

also impacts positively the renewable content 
(PR indicator) for the multiple use case. For the 
3D-printed engine, recycling rates (Rec group) 
are negatively impacted by the higher share of 
stainless steel, with a lower recovery rate, and 
positively with low-alloy steel in the case of 
advanced technology, with a higher recovery 
rate. Results for the effective use of 
incontinence products are more difficult to 
interpret as they result from many combined 
changes in the products.  
 

Choice of indicators for CE assessment 
The testing of CE indicators provides insights 
for recommending a selection of indicators. The 
different consequences on the product system 
are better understood with single-focus 
indicators. They can point to specific aspects 
that are masked by other changes in multi-
focused indicator results, which was essential 
for drawing detailed conclusions on the tested 
case studies. 
However, a comprehensive indicator combining 
several aspects into one value can give a clear 
value position in case of diverging results on 
several aspects, e.g. an improvement of the 
MCI in the case of the change to bio-based 
material in incontinence products with a smaller 
material share sent to recycling at end-of-life. 
Moreover, they compel to study a larger part of 
the product system and multiple aspects of the 
CE unlike indicators with a single focus. 
Consequently, it seems preferable to build a 
product assessment on one comprehensive 
indicator supported by a representative set of 
single-focus indicators to provide detailed 
explanations on the conflicting consequences 
to be addressed in product design. 
In the context of a contested concept such as 
CE,  the choice of indicators also shapes the 
understanding of the concept (Mair et al., 
2018). For instance, only one indicator of the 
two identified as focusing on reuse accounts for 
the shift to multiple use of incontinence 
products. It is then important to have a 
transparent indicator selection based on a good 
understanding of the systems that have to be 
assessed (Burgass et al., 2017). 
 

Conclusions 
In this study, 31 resource-flow based CE 
indicators were tested on real cases in order to 
provide recommendations on the future use 
and development of indicators. The results 
highlighted challenges linked to high level of 
detail of product systems implementing CE 
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strategies. First, methodologies should be 
adaptable to very different systems. 
Implementation examples as well as method 
illustrations on generic system flowcharts were 
empirically found to ease a reliable application 
of CE indicators. Then, it becomes necessary 
to draw conclusions from both multi-focus 
indicators and a set of single-focus indicators. 
The latter focuses on only one limited aspect of 
the product system but refines conclusions from 
comprehensive indicators by highlighting 
different consequences that could be 
addressed in a product’s development.  
The variability of values obtained for indicators 
with the same focus demonstrates the 
importance that the choice of indicators has on 
the understanding of the CE. With possible 
limitations in data availability for early phase 
assessments, a clear understanding of what is 
measured and missed by a selection of 
indicators is necessary for informed decision-
making. The results presented in this study 
showed for example the absence of 
consideration of auxiliary material consumption 
during use, but detailed information on the 
consequences on production efficiency and 
end-of-life scenarios. This study sought to 
provide empirical knowledge on the applicability 
of the indicators, and a next step in this direction 
would be to connect it to more theoretical 
analysis such as a detailed flowchart mapping 
of each indicator. 
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Abstract: This paper presents an estimation of the quantities of WEEE arising for the Solar PV waste 
stream in Ireland up to the year 2050. Solar PV will be a new WEEE waste stream in Ireland, one which 
has a significantly longer lifetime compared to the majority of other WEEE streams. As such, the Solar 
PV WEEE recycling operations and considerations need to be financed. Estimations of the quantities 
of WEEE arising into the future will be essential for such financing decisions to be made at the present 
time. 
   The work presented in this research estimates the quantities of Solar PV arising across both 
residential and commercial installations for Ireland up to the year 2050. It also discusses some of the 
options available to finance the recycling of this waste stream under an extended producer responsibility 
framework. 
 
 
Introduction  
Through the EU waste policy1, Europe seeks to 
improve resource efficiency, recover valuable 
and critical raw materials from waste and 
protect both the environment and human 
health. Of the 5 levels in the waste hierarchy, 
recycling of end-of-life (EOL) products and 
potentially hazardous waste such as WEEE 
(Waste Electrical and Electronic Equipment) is 
one approach which helps us achieve these 
goals and strive towards a greener, more 
circular economy. 

Throughout Europe and elsewhere, the 
recycling of WEEE is realised through an 
Extended Producer Responsibility (EPR) 
scheme – producers are held responsible for 
the treatment or disposal of EOL products. This 
responsibility may be financial and/or physical, 
depending on the country – aiming to give 
producers an incentive to change product 
designs to more environmentally/circular 
economy friendly versions.  

In Ireland, B2C WEEE EPR is handled 
through a Producer Responsibility Organisation 
(PRO) on behalf of the producer(s). The PRO is 
responsible for the collection, sorting and 
recovery of WEEE on behalf of the individual 
producers, as well as meeting national/EU 

 
1 1 https://ec.europa.eu/environment/waste/index.htm 

collection and recovery targets. To finance 
these operations, the PRO charges each 
producer a membership fee based on WEEE 
generated.B2B Solar PV WEEE is currently 
handled under a self-compliance model. 
Most Electrical and Electronic Equipment (EEE) 
nowadays has a relatively short lifespan which 
facilitates financial predictions for product 
lifetime(s), when they will become WEEE and 
the resources needed to fund such recycling is 
well documented and understood. However, 
recent additions to the WEEE product 
categories include electric vehicle batteries and 
solar photovoltaic (PV) panels, devices which 
have significantly longer and more complicated 
lifetimes.  
In this paper, the authors consider the specific 
example of solar PV as a long-life WEEE 
product. Producers are now starting to place 
solar PV products on the Irish market but their 
capacity to fund recycling 10-20 years into the 
future is unconsidered. Ensuring that the WEEE 
collection system is adequately financed to 
achieve the mandatory collection and recycling 
obligations for these products provides a 
serious of new and distinct challenges to the 
EPR scheme and policy makers.  
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To address this, this paper presents a model 
and associated projections for future volumes 
of solar PV WEEE in Ireland. In the “Literature 
Review” section, the authors consider some of 
the academic literature relevant to solar PV 
research, modelling and projections. This is 
followed by the “Methodology” section, which 
presents the model developed for predicting 
these future levels of Solar PV WEEE. The 
“Results” section then presents the output of 
this model – the predicted levels of solar PV 
WEEE arising in Ireland until 2050, as well as a 
discussion regarding the associated financial 
flows for such long-life emerging technologies. 
The paper then concludes with the summary in 
the “Conclusions” section. 
 
Literature Review 
The E.U. Waste Electrical and Electronic 
Equipment (WEEE) Directive enforces the 
extended-producer responsibility principle, 
requiring all producers supplying PV panels to 
the E.U. market (national, international or 
global) to finance the costs of collecting and 
recycling end-of-life PV panels put on the 
market in Europe (Weckend et al., 2016). 

The directive was revised 
(2012/19/EU) to include specifics on end-of-life 
management of PV panels. The revised WEEE 
Directive entered into force on 13 August 2012, 
was implemented by E.U. member states by 14 
February 2014 and thus introduced a new legal 
framework for PV panel waste, to be 
implemented individually in each of the 28 E.U. 
member states. 

The “high-value recycling” approach to 
PV recycling is the preferred option, ensuring 
potentially harmful substances (e.g. lead, 
cadmium, selenium) are removed and properly 
treated, rare materials (e.g. silver, tellurium, 
indium) are to be recovered and recycled for 
future use, materials with high embedded 
energy value (e.g. silicon, glass) are also 
recycled, considering the quality of the 
recovered material in this process. 

In addition to these quotas and 
treatment requirements, the revised WEEE 
Directive also references measures specific to 
PV panels to prevent illegal shipments 
(European Parliament and Council, 20062) and 
new obligations for trade (Directive 
2012/19/EC, Art. 143). One example of this is 
the need to provide information to the end-user 

 
2 https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX:32007R1418 

of the PV panels on the environmental impact 
of the product. Other provisions include proper 
collection mechanisms and the acceptance of 
old products free-of-charge if a replacement is 
bought. 

To assist in this regard, the pan-
European PV CYCLE initiative (Larsen, 2009) 
was set up in 2007. PV CYCLE is a voluntary 
association established by leading PV 
manufacturers and fully financed by its member 
companies, allowing PV end-users to return 
defective panels at over 300 collection points 
around Europe. It covers the operation of the 
collection points with its own receptacles, 
collection, transport, recycling and reporting. 
Large quantities of panels (currently more than 
40) can be picked up by PV CYCLE on request. 
In some countries, PV CYCLE has established 
co-operatives and it encourages research on 
panel recycling.  

The environmental and socio-
economic impacts of the different end-of-life 
waste management options for PV panels have 
been widely reviewed and discussed in the 
literature (Mueller et al., 2008; Held, 2009; 
Wade et al., 2017; Deng et al., 2019).  

PV systems generate clean, emission-
free electricity. A typical PV system returns the 
invested energy for its manufacturing and 
installation within 0.7 to 2 years. From there, it 
then produces ~95% net clean renewable 
energy over a 25- to 30-year service lifetime 
(ISE and AG, 2019). For example, the typical 
energy payback time for CPV-systems in 
southern Europe is less than 1 year. A PV 
system located in Sicily with multi-Si modules 
has an Energy Payback Time of just one year. 
Conservatively assuming a 20-year lifespan, 
this kind of system can produce twenty times 
the energy needed to produce it. 

However, the PV system is not without 
drawbacks. The process of producing PV cells 
is energy intensive and most PV manufacturing 
plants still do not use energy produced from PV, 
a measure which would reduce their 
manufacturing carbon footprint significantly.  

In terms of composition and materials, 
two-thirds of globally manufactured PV panels 
are crystalline silicon (c-Si), typically composed 
of ~90% glass, polymer and aluminium (all non-
hazardous waste). However, they also include 
some hazardous trace materials such as silver, 
tin and lead traces. Thin-film panels, by 

3 https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32012L0019&from=EN 
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comparison, are over 98% non-hazardous 
glass, polymer and aluminium, combined with 
around 2% copper and zinc (potentially 
hazardous), semiconductor or other hazardous 
materials. These include indium, gallium, 
selenium, cadmium, tellurium and lead 
(Weckend et al., 2016). 

PV recycling industry processes at 
present typically treats end-of-life PV panels as 
separate batches using existing general 
recycling plants. This allows for material 
recovery of major components such as glass, 
aluminium and copper for c-Si panels (with 
cumulative yields greater than 85% of total 
panel mass are possible). 

Such concerns and considerations for 
PV systems also feature prominently in the 
academic research. In (Chaudhary and Vrat, 
2017), for example, the authors consider the 
boom in solar panel installations in India and 
discuss the implications for the disposal of the 
end of life (EOL) solar panels in the future, 
assessing the lifetime energy payback time and 
carbon footprint for these PV panels. Estimating 
a lifetime of 25 years for these solar panels, 
projected EOL will occur in the late 2030s 
onwards. The authors highlight problems 
associated with the disposal of EOL solar 
panels and predict that these PV panels will 
constitute a major portion on India’s WEEE at 
this time. Analysing and considering best 
practices for PV panel recycling and 
management globally, the authors make 
specific recommendations for effective PV 
panel waste management in India.  

Elsewhere, (Heath and Engel-Cox, 
2020) also consider the question of PV EOL 
issues and their contribution to the global 
WEEE/e-waste situation. In 2014, global WEEE 
was estimated at 41.8 million metric tonnes, 
with PV WEEE contributing 0.1% of this. By 
2050, it is projected that PV panel waste could 
exceed 10% of global WEEE, with up to 78 
million tonnes of PV panel waste being created 
globally. The authors propose a circular 
economy solution to the problem, preparing the 
policies, systems and technologies to manage 
recycling and disposal of EOL PV waste. In this 
way, environmental impact and costs can be 
minimised while material recovery is 
maximised. 

 
Photovoltaics and PV systems are a 

fast growing market - the Compound Annual 
Growth Rate (CAGR) of PV installations was 
36.8% between year 2010 to 2018 (ISE and 

AG, 2019). Worldwide PV installations were 
~400 gigawatts (GW) in 2017 and are expected 
to reach 4500GW by 2050. 

In 2017, China & Taiwan accounted for 
70% of worldwide PV module production, with 
the Rest of Asia-Pacific & Central Asia 
(ROAP/CA) producing 14.8% of the global 
supply. Europe contributed 3.1% (compared to 
4% in 2016) while USA/CAN produced 3.7%. In 
terms of PV installations in 2018, 25% of the 
global total cumulative PV installations were 
located in Europe as opposed to 36% located 
in China. For 2017, installations in Europe 
stood at 26% with China accounting for 32% of 
all installations that year. 

Global installed PV capacity reached 
222GW at the end of 2015 and is projected to 
reach 4,500GW by 2050 (Weckend et al., 
2016). For 2050, high cumulative deployment 
rates are predicted for China (1,731 GW), India 
(600 GW), the United States (US) (600 GW), 
Japan (350 GW) and Germany (110 GW). From 
this report, for 2016, cumulative global PV 
waste streams reached 0.1%-0.6% of the 
cumulative mass of all installed panels (4 
million metric tonnes). By 2030, this figure will 
have increased to the equivalent of 4% of 
installed PV panels at that time, with waste 
amounts by the 2050s (5.5-6 million tonnes) 
almost matching the mass contained in new 
installations (6.7 million tonnes). Recycling or 
repurposing these PV panels at EOL in a 
circular economy fashion by 2050, the 
estimated value of the recovered material from 
PV panels alone could exceed USD 15 billion. 

PV Systems comprise more than just 
the PV cells – other major components in any 
PV system include the inverter, battery, 
transformer and balance of system (BOS) – the 
control electronics, fixtures and mounting 
fixtures which comprise the remainder of the 
system. Researchers such as (Domínguez and 
Geyer, 2017) have found that in countries such 
as Mexico, the physical PV modules comprise 
only 55% of the material contained in PV 
systems, the remainder being made up by the 
inverters, batteries and BOS. The authors 
estimate that close to 1 million metric tonnes of 
different metals are contained in this PV-waste 
stream over the next 30 years, broken down 
into 42% Fe, 26% Al, 26% Si and 5% Cu. The 
same authors performed a similar comparison 
for the United States (Domínguez and Geyer, 
2019), projecting a figure of 9.8 million metric 
tons (Mt) of PV waste to be generated between 
2030 and 2060. Of this, the physical PV module 
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makes up only 67% of the overall system waste 
- 6.6 Mt of the waste are PV modules, with the 
remainder being 2.7Mt of BOS, 0.3Mt of 
inverters and 0.2 Mt of transformers. 
 
Methodology 
This section of paper presents the methodology 
used to develop the model for projecting the 
future volumes of solar PV WEEE in Ireland. 
The model used for predicting the Solar PV 
levels for Ireland is as shown in Figure 1. 
 

 
Figure 1. Modelling the Solar PV flow for Ireland 
 
The model divides the Solar PV installation(s) 
in Ireland into two separate categories: - 
residential (B2C) installations and 
Commercial/Solar Farm (B2B) installations. For 
the residential installation, the model uses data 
collected from the Sustainable Energy Authority 
of Ireland (SEAI) and, in particular, the Building 
Energy Rating (BER) database. The database 
was interrogated for the number of houses with 
renewable energy sources/microgenerators in 
order to determine the number of solar panels 
currently installed across the Republic of 
Ireland. From these figures for the years 2010-
2019, installation number(s) for the years 2020-
2030 were then projected/extrapolated. For the 
commercial/solar farm installations, Ireland is 
currently installing the first set of solar farm(s) 
across the country. Based on these figures and 
information kindly provided from members of 
the ISEA (Irish Solar Energy Association), a set 
of Placed-On-Market (POM) figures for 
commercial solar panel installations for the 
years 2021-2030 was compiled.  

Once the Solar PV install base within 
Ireland had been established, the next step in 
the process was the projection of future 
volumes of Solar PV panels using a lifespan 
distribution model. For this, a Weibull model 

 
4https://ec.europa.eu/environment/pdf/waste/weee/W
EEE%20calculation%20tools/WEEE_Tool_IE.xlsm 

was used in order to model the expected 
lifetime of the products, with a lifetime index of 
25 years and scaling other Weibull parameters 
as specified in the EU WEEE Calculation Tool4. 
Taking as input(s) the number of solar panel(s) 
placed on the market in each year, the model 
predicts the return of these products as WEEE 
arising over the course of their lifetime. By 
compiling and collating all of these figures for 
both residential and commercial installations, a 
full picture of the level(s) of Solar PV in Ireland 
going forward is obtained. 
It should be noted that for the WEEE flows 
analysis of Solar PV in Ireland, the situation is 
simplified by a number of factors. For the Solar 
PV output flow, there is negligible export of 
second-hand/used Solar PV panels from the 
country for remanufacture or reuse. Similarly, at 
present there is no reuse market within Ireland 
for second-hand Solar PV panels. Both of these 
factors simplify the flows analysis for the 
modelling but future work will be required to 
correct for this if these practices emerge. 
Likewise, incorrect disposal through scrap 
collections will need to be monitored. These 
model findings are presented in the next section 
of the paper. 
 
Results 
The Solar PV WEEE arising predictions 
obtained from this research are presented in 
this section. The predicted levels of WEEE 
arising for Solar PV panels have been divided 
out into residential (B2C) WEEE, commercial 
(B2B) and total (i.e. the sum of both residential 
and commercial) WEEE. 

Figure 2 shows the Solar PV WEEE 
predictions for the residential (B2C) Irish market 
until the year 2050. 

 

 
Figure 2. SolarPV Residential WEEE Arising for 

Ireland 
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Figure 3 shows the comparable Solar PV 
WEEE predictions for the commercial (B2B) 
sector in Ireland for the years up to 2050. 
 

 
Figure 3. Solar PV Commercial WEEE Arising 

for Ireland 
 
Finally, Figure 4 shows the cumulative Solar PV 
WEEE predictions for Ireland for the years 2011 
to 2050. This is obtained by summing the 
residential and commercial predictions over the 
respective years. 
 

 
Figure 4. Solar PV Total WEEE Arising for 

Ireland 
 
As can be seen from the figures, expected 
levels for commercial Solar PV WEEE (up to 
300,000 units per year) far exceed the amount 
of WEEE arising from residential solar panel 
installations (up to 65,000 units per year). This 
yields a cumulative expected return rate of up 
to 300,000 Solar PV panels per year returning 
as WEEE into the WEEE recycling stream 
before 2050. 

In order to process this waste stream 
and finance the environmentally sound 
recycling of this WEEE, two distinct financing 
options for long-life solar PV WEEE are 
considered. These options are to charge 
current producers as they place products on the 
market (referred to as the “pay when placed” 
model) or deferring the charges until the 
products present for recycling (referred to as 
the “pay when collected” model). Both schemes 
have associated advantages and 

disadvantages which need to be considered. 
While the “pay when placed” model is fair and 
ensures the existence of a fund, it incurs 
additional management overheads and has an 
associated degree of uncertainty regarding the 
funds into the future. The “pay when collected” 
model finances based on market share and 
only pays when actually recycling the products, 
there is the risk that companies may not be as 
long-lived as their products (resulting in 
“orphan” products which need to be recycled). 
Furthermore, the market is heavily influenced 
by policy and so could change drastically 
between the time the product is placed on the 
market and when it is subsequently collected 
for recycling. This is doubly true in terms of 
“long life” WEEE products such as Solar PV 
panels. Understanding the financial flows 
associated with these options based on the 
WEEE quantities expected will prevent 
unsustainably high recycling costs when very 
large quantities of these PV panels appear for 
recycling in the future. 
 
Conclusion(s) 
This paper has presented a set of predictions 
for the quantities of WEEE arising from Solar 
PV panels for Ireland into the future. Solar PV 
panels are one of a series of EEE streams 
which exhibit a long use phase/lifetime and are 
therefore very different from other EEE streams 
which have very short lifetimes before being 
recycled. In Ireland, Solar PV is still very much 
in its infancy and as such, it is the ideal time to 
quantify or project future levels of WEEE arising 
from this waste stream in order to schedule 
recycling costs and capabilities for the waste 
stream into the future. 
To this end, a wastes flow model for the Solar 
PV WEEE stream in Ireland has been created 
as part of this research. This model has 
predicted levels of residential and commercial 
WEEE arising in Ireland as far into the future as 
2050, with the results presented in this paper. 
Solar PV WEEE amounts are expected to rise 
to 300,000 solar panels per year being returned 
for recycling within Ireland by this time. A 
discussion on some of the potential financing 
considerations and options available to fund 
this new recycling stream in Ireland is also 
presented. 
Future research will concentrate on these 
financial flows, modelling the Solar PV 
projections and financial flows associated with 
these options, in order to better quantify the 
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financial tools and options available to recyclers 
interested in operating in this space. 
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Could renting be the ‘new buying’? Perspectives on consumers’ 
role in prolonging product lifetimes 
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Keywords:  
Circular business models; Consumer attitudes; Theory of Planned Behaviour; Norm Activation 
Theory; Access-based consumption.  
 
Abstract:  
The circular economy (CE) has caught the interest of different stakeholders recently as a response to 
many of the current ‘grand challenges’ exemplified by the UN sustainable development goals. Whilst 
CE research outputs have increased exponentially, micro level studies focusing on the role of users in 
the CE are limited to date. A lack of understanding of consumers’ attitudes is one of biggest challenges 
facing companies wishing to transition towards more circular production forms. This paper empirically 
examines consumer attitudes and perceptions towards renting everyday durable consumer goods (e.g., 
clothes, toys, baby clothes, leisure equipment) and explores online rental business owners’ 
perspectives of the challenges linked to these circular business models. It comprises an online survey 
with a large UK sample of 18-54 years (n=1,300) and 10 semi-structured interviews with platform 
owners. Drawing on and extending two established key frameworks to explain pro-environmental 
behaviour, i.e. the Norm Activation Theory and the Theory of Planned Behavior, we demonstrate that 
personal norms (i.e. perceived moral obligation to choose renting consumer goods), perceived 
behavioural control (i.e. perceived ability to renting consumer goods) and outcome efficacy (i.e., 
perceived feeling to be able to address environmental problems) are the main direct predictors of the 
intention to rent consumer goods for a fee. We provide empirical support for the role of personal norms 
as mediator and further provide insights into how personal norms are activated in the context of access-
based consumption. This study has important managerial and policy implications for the transition to 
circular economy.  
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Keywords: Refurbishment; Recycling; Decision Making; Resource Efficiency; Circular Economy.  

Abstract: The research project “Resource Efficiency through smart Pumps” (ResmaP) aims at 
increasing the overall resource efficiency of heating pumps with their entire lifespan in mind. While the 
energy consumption of modern pumps is low compared to previous generations, the resource intensity 
of the products themselves is increased and the number of different materials used in the parts and 
components is higher than it previously was. One aspect to increase resource efficiency is prolonging 
the lifespan through software updates and remote maintenance processes. However, there are cases 
in which mechanical errors or other physical damage occur that require the exchange of a device. In 
these cases, the project aims at reusing and refurbishing parts extracted from reclaimed end-of-life 
pumps. Deciding how to proceed depends on information collected throughout the pump’s lifecycle and 
other factors such as the physical condition of the pump as well as the dismantling process itself 
resulting in a complex decision-making problem with several steps and decision points. Understanding 
the decision making for the cycle management process involves three steps: Mapping dismantling 
processes and identifying decision points helps to understand the processes involved and allows for 
the following step of Identifying decision problems. For each decision point in the process, the nature 
of the decision problem at hand is identified. A selection of decision support methods can be applied to 
support dismantling and recycling decisions and methods for each step. Finally, decision parameters 
the methods mentioned previously have to be identified and data requirements are derived. 
 

Introduction 
The research project “Resource Efficiency 
through smart Pumps” (ResmaP) aims at 
increasing the overall resource efficiency of 
heating pumps with their entire lifespan in mind. 
One aspect is prolonging the lifespan through 
software updates and remote maintenance 
processes. However, there are cases in which 
mechanical errors or other physical damage 
occur that require the exchange of a device. In 
these cases, the project aims at reusing and 
refurbishing parts extracted from reclaimed 
end-of-life pumps. Furthermore, the remote 
surveillance of the pump status will allow for a 
better error diagnosis leading to a more 
targeted replacement of parts thus reducing 
spare part consumption. Deciding how to 
proceed depends on information collected 
throughout the pump’s lifecycle and other 
factors such as the physical condition of the 
pump as well as the dismantling process itself 
resulting in a complex decision-making problem 
with several steps and decision points. 
In this paper, we aim to identify decision points, 
classify the corresponding decision-making 
problems, and offer insight into possible ways 

to decision making for these points as well as 
data requirements connected to these. 
 

Decision making for the circular 
economy 
Recently, a variety of work has been published 
on general decision making within and for the 
circular economy covering different stages of 
the product lifecycle such as the product design 
phase (Diaz et al., 2021) and the evaluation of 
available end-of-life options in the context of 
reverse logistics (Alarcón et al., 2020; Lechner 
& Reimann, 2020). Additionally, a number of 
relevant case studies have been published that 
focus on different decision problems and are 
mostly located in the field of electrical and 
electronic devices or vehicles (Alfaro-Algaba & 
Ramirez, 2020; Li et al., 2019; Raihanian 
Mashhadi & Behdad, 2017). 
Previous research identified as relevant to this 
paper commonly focuses on either a single 
decision point, a single product, or addresses a 
strategic decision-making problem covering 
multiple circular economy alternatives. The 
decision problem discussed in this paper is a 
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mixture and thus will use insight from different 
aspects of the referenced papers. 
Decision-making problems that can be solved 
by or supported through computers are often 
characterized using a 3-by-3 matrix covering 
structured (the way to obtain the best solution 
is known), unstructured (both the articulation of 
the problem itself and ways to its solution are 
unstructured and unknown), and semi-
structured (sitting in between structured and 
unstructured problems, e.g. deciding on optimal 
inventory levels in logistics) decisions for 
operational, tactical and strategic levels 
(Sharda et al., 2014, pp. 41–43). However, to 
classify the decision problems at hand, a 
reduced 2-by-2 matrix covering structured and 
semi-structured problems for operational and 
tactical decision levels, is sufficient as can be 
seen in Figure 2. 
 

Circular economy processes and 
decisions for end-of-life heating 
pumps 
The decision-making problem focuses on 
pumps returned from on-site repair and 
maintenance operations as well as potentially 
through take-back systems and may thus be 
the manufacturer’s own or external products. 
The degree of knowledge regarding the specific 
product varies accordingly. Additionally, newest 
generation pumps may contain more lifecycle 
information collected through their time of 
operation that can further support decision-
making. While the information availability is 
welcomed in helping to make better decisions, 
there is also the challenge to identify when a 
problem is linked to software malfunction 
instead of hardware failure. 
This paper explores the decision-making 
problems involved in end-of-life handling of 
pumps in a manufacturer-operated site that 
accepts both own and external pumps. 
Generally, the decision-making problem 
described is not limited to manufacturer-
operated sites, but data and information 
availability will be challenging for independent 
operators and thus would require adaptions. 
While the process at the heart of the project is 
a dismantling process dealing with a recursive 
set of decisions covering the degree of 
disassembly as well as the handling of parts 
obtained through disassembly, the inclusion of 
an overarching decision as to which circular 
economy principle (e.g. refurbishment or 
immediate recycling) will be applied is 

integrated as well. While general resource 
recovery is possible for a majority of the 
material used in the construction of pumps, the 
outcome varies based on the material recovery 
process (plastics are generally recycled to a 
lesser quality, rare materials are partly lost in 
the WEEE recycling process, metal recycling 
often produces lower quality alloys). 
Additionally, previous value creation may be 
(partly) reversed in the process when no reuse 
is practiced. These aspects have to be 
considered in the decision making as well. 
 

 
Figure 1. Circular economy decisions in end-of-
life handling of pumps 

 
Figure 1 above illustrates the decisions 
involved. D1 as the initial decision is a semi-
structured decision problem partly influenced 
by volatile, external factors addressing the 
tactical level due to the following 
considerations: 

• The degree of uncertainty regarding the 
pumps’ overall status in cases where the 
nature of the malfunction causing the end-
of-life status is unclear. 

• Demand for and market acceptance of 
refurbished pumps as well as refurbished 
parts depends on the age of the pump as 
well as inventory levels and may change 
over time. 

• Direct recycling may economically outweigh 
other alternatives in times of high demand 
for end-of-life devices and correspondingly 
high secondary raw material prices. In these 
cases, further dismantling may be too cost 
intensive for the additional economic 
benefit. 

The following disassembly decisions D2 
through Dn are wholly operational and may be 
structured or semi-structured based on the type 
of device and part: 
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• As general demand for refurbished parts 
and pumps has already been considered in 
decision D1 before, there is no need to 
further include it in these decisions, which 
means they are from now on entirely of 
operational nature. 

• While the appropriate degree of 
disassembly may be easy to identify in some 
cases (e.g. only one malfunctioning part 
identified upfront), it can be assumed that 
the more common case will be an iterative 
decision making process in which 
dismantled parts are then tested and further 
handling is decided. 

• The handling of parts obtained through 
disassembly depends on mostly structured 
information such as their physical condition 
and operativeness.  

 
Figure 2 below illustrates where the decision 
problems relevant to this paper are located in 
the classification framework. 
 

 
Figure 2: Decision types and planning levels for 
the decision-making problems in this paper 

 

Decision parameters and data 
requirements 
 

Decision parameters 
Several decision parameters are to be 
considered in the decision-making process. As 
the project “ResmaP” focuses on increasing the 
overall resource efficiency over the products’ 
entire lifetime, a focus on resource efficiency 
indicators rather than costs and profits alone 
seems reasonable. However, economic 

aspects have to be considered as well in order 
to ensure that the actual costs are not 
outweighing the environmental benefits. An 
additional aspect to be considered is the 
preservation of previous value creation which 
can be lost e.g. during recycling processes. 
Furthermore, inventory levels as well as 
production of spare parts have to be considered 
to avoid parts being obtained from a 
dismantling process only to be stored 
indefinitely. 
As previously discussed, the question whether 
the manufacturer’s own or an external pump is 
handled in the process, is decisive regarding 
the amount of information available for 
disassembly. Compared to own products where 
disassembly guides are available and costs and 
value as well as materials of individual parts are 
known, external products will usually only be 
disassembled to a lesser degree. 
For pumps where more information is available, 
the decisions can be made based on a broader 
variety of internal and external factors. Relevant 
decision parameters in this case are: 

• Status of the pump itself and its parts; which 
includes both the mechanical parts, 
electronics as well as the software 
components in the case of newer generation 
pumps. 

• Forecasts on demand for certain parts and 
pumps in the case of refurbishment of parts 
and pumps. 

• Economic parameters such as dismantling 
costs and potential revenues for parts and 
materials. 

• Parameters relevant to resource efficiency 
implications of certain decisions such as the 
refurbishment and reuse of a component. 

 

Data requirements 
Wherever possible, as much lifecycle data from 
the devices themselves should be utilized in the 
decision-making process, mirroring the 
decision parameters mentioned above, 
particularly including aspects such as the 
operational conditions (times within and outside 
of technical specifications), overall runtime and 
age as well as the pump’s repair and 
maintenance history. This information might be 
helpful to make decisions (e.g. regarding the 
degree of disassembly) earlier in the process 
than is currently possible once enough data has 
been collected on the accuracy of lifecycle 
information based decisions. Additionally, this 
data can be used to optimize future dismantling 
related decisions.  
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Additionally, external information is required in 
order to ensure decision making mainly 
regarding prices for recycling as well as for 
secondary raw materials. While the 
preservation of value creation and resources is 
crucial, they can only be achieved if dismantling 
operates on a profit – this is particularly 
important for potential independent service 
providers or in cases where the service is 
subcontracted to external actors.  
The most important information which is also 
most difficultly to obtain are those regarding the 
resource efficiency of individual decisions. 
Regarding own products and wherever 
processes are handled internally, the 
information required to carry out a proper 
assessment of the environmental impacts 
regarding resource efficiency are easier to 
obtain than for external processes. External 
processes can be assessed utilizing tools such 
as LCI databases. However, due to the 
complexity of the process – particularly when a 
high degree of dismantling is necessary – the 
ex-ante modelling of any potential outcome is 
not feasible. Thus, simplified indicators are to 
be developed in order to support the decision 
making in practice. 
 

Decision making methods 
For all decision points identified, case-based 
reasoning (CBR) presents itself as an 
appropriate tool to support decision making as 
it can deal with structured and semi-structured 
problems alike and has previously been used 
for decision making purposes in 
remanufacturing (Jiang et al., 2019). 
CBR as a method relies on the analysis cases 
from which conclusions can be drawn based on 
previous cases. Like other AI methods, CBR 
will deliver more robust results with an 
increasing number of diverse cases. As the 
number of cases that reach decision points D2 
through Dn is likely to be smaller than the total 
number of cases, the application of an 
alternative method for these decision points 
appears to be a reasonable course. 
Additionally, the data required to assess 
possible decisions at this point is more 
structured and the outcome of every decision is 
more likely to fall into a binary category (e.g. 
yes/no decisions regarding the continuation of 
the disassembly process). This suggests the 
use of either mathematical programming or 
multi-criteria decision-making techniques for 
decision support (Sharda et al., 2014, 437-439, 
453-455). The final selection of the methods to 

apply has not been made and will be made after 
the processes and their respective potential 
outcomes have been mapped and assessed 
entirely. 
 

Conclusions 
The decision-making problem discussed in this 
paper encompasses both structured and semi-
structured decision problems on operational 
and tactical levels and thus provides a 
challenging starting point for a decision system. 
The degree of internal information potentially 
available increases with every new product 
generation and has the potential to make 
decision making in this context more effective. 
However, the generation of environmental 
indictors for each part and process is a 
challenge particularly for externally 
manufactured devices. 
Two important aspects regarding information 
availability are to be emphasized: While internal 
data on a device’s lifecycle becomes more 
widely available, it is unclear how much of it can 
contribute to decision making and whether end-
of-life decision making can be considered 
during the earlier stages of product 
development. Secondly, data availability for 
external products is a challenge and may also 
impact more open approaches to the circular 
economy such as independent refurbishment 
centers. For both aspects, digital twins are a 
promising, emerging technology that can help 
distribute the right amount of information 
among involved actors. 
Finally, a mathematical model for the 
description of the decision problem has to be 
developed, tested and transferred to a decision-
making system that allows to incorporate both 
internal and external data for decision making. 
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Abstract: In the context of circular economy (CE) repair represents an important value retention 
strategy, as it adds value to goods, instead of using it up. Previous studies have explored individual 
level motivations and barriers to engaging in repair activities, and barriers typical to certain categories 
of goods. In our study we explore repair on the level of the economy: drawing on citizens’ personal 
repair experiences and insights of several key actors relevant for making repair more attractive and 
viable in the CE. Thus, our study aims to understand societal structures that enable or impede repair in 
the context of Finnish society. Understanding the social realities of repair calls for a theory capable of 
accommodating both macro-level factors and micro-level processes. In our analysis, we apply 
structuration theory to illustrate how non-repair practices are enabled by existing societal structures, 
such as rules and resources, and reinforced via discursive rhetoric and practical consciousness. Based 
on the analysis we propose integrative solutions to encouraging repair as a societally important activity, 
involving different actors across production and consumption. First, we suggest that integrating explicit 
content on repair to basic education can lead to new collaboration opportunities between schools, 
municipalities, and repair entrepreneurs.  Second, introducing positive rhetoric on repair requires 
organizing activities that engage actors from multiple industries to stimulate dialogue and innovative 
thinking. Re-establishing repair as a vital industry for a more circular society calls for processes that 
help to better integrate repair to local ecosystems.  
 
 

Introduction  
The importance of exploring circular economy 
(CE) from citizen perspective is becoming 
increasingly evident. For example, businesses 
and policy-makers perceive consumer lack of 
interest towards CE to be among top-rated 
barriers to CE progress and implementation 
(Kircherr et al., 2018).  Recent studies have 
shown that in the context of CE, recycle and 
reuse seem to get most attention, as they relate 
to the traditional roles of consumer, user and 
recycler of goods (Korsunova et al., 2021). The 
other behavioural strategies easily get left out 
of the discussion, although (or because) they 
extend beyond consumer and represent more 
active citizen roles. In our study, we focus on 
repair as a value retention strategy that actually 
adds value to goods, instead of using it up. 
Thus, it is important to explore how repair could 
be supported and enabled in the society.  
 
While studies suggest that the attitudes towards 
repair are positive, citizens’ actual engagement 

in repairing is still low (Cerulli-Harms et al., 
2018). Many of the systemic reasons for non-
repair have been recognized in the literature 
and in policy discussions, e.g. the planned 
obsolescence and the high costs of repairing 
vs. buying new goods (Cooper, 2004). At the 
same time, numerous initiatives to support 
repair and longer product life spans have been 
emerging, such as repair cafes and maker 
communities (Charter & Keiller, 2014), DIY 
videos, and repairability ratings of well-known 
brands and devices by iFixit (Ackermann et al., 
2018).  These initiatives have been important 
for facilitating repair among citizens, but still 
more action is needed to encourage repair.  
 
Previously, product care, including repair, have 
been explored as a sum of individual 
motivations, abilities and external triggers 
(Ackermann et al., 2018), through perceptions 
(Collett et al., 2013), through emotional 
attachments (Mugge et al., 2005) and other 
individual factors. In addition, studies 
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addressing specific product categories, like 
washing machines, provide good insights on 
drivers and barriers to repair typical for this 
category (e.g. Tecchio et al., 2019).  Some 
repair studies explore a pre-defined set of 
product categories (e.g. clothing, mobile 
phones and household appliances by Laitala et 
al., 2021), enabling a wider perspective through 
comparison of barriers across item categories.  
 
In our study, we aim to understand the societal 
structures that enable or impede repair in the 
context of Finnish society. We focus on past 
experiences of repair to answer the question of 
how do different factors intertwine to 
systematically impede the repair of consumer 
goods in Finland? This requires insights from 
various product categories, and so our study is 
not limited to a specific type of goods. The 
aspiration of our study is to consolidate existing 
research on barriers to repair across the 
different categories of goods and to elevate the 
discussion of enabling factors to the level of the 
economy, and the structures embedded there.  
 

Theoretical background 
Understanding social reality of repair calls for a 
theory capable of accommodating both macro-
level factors and micro-level processes. Thus, 
we turn to the structuration theory (Spaargaren 
& Van Vliet, 2000) where we consider repair 
related behaviours as practices, enabled by 
existing societal structures, such as rules and 
resources, and expressed via discursive 
rhetoric and practical consciousness. While the 
practices are framed by existing structures and 
ways to talk about it, these structures and 
rhetoric are also getting reproduced through 
performance of practices. In other words, it is of 
equal importance to understand the 
“objectively” existing rules and resources, and 
the subjective perceptions and expectations 
that accompany practices, as the practical 
consciousness emerges in justification of 
reproducing practices.  
 
In addition, we draw on ideas about the total 
consumer cost previously described in the 
literature in relation to purchasing and use of 
sustainable products (Belz & Peattie, 2012).  
Essentially, total consumer cost implies that 
besides the actual price of the good or service, 
other types of costs should be taken into 
account. For example, one must consider 
whether a certain behavior is fuzzy (requires 
obtaining information), difficult (requires skills), 
time-intensive, inconvenient or requires special 

transportation. These costs are closely linked to 
the abilities (time, skills, knowledge, etc.), as 
described by Ackermann et al., 2018.  

 
Materials & Methods 
In an effort to gain nuanced understanding 
related to decision-making and process of 
repair, we collected insights from short essays 
(47) of university students. The students were 
asked to recall and describe two situations: first, 
when they decided to repair a broken item, and 
second, when they decided against repairing. In 
addition, they were asked to describe their 
reasoning, motivations, enabling factors or 
what hindered them to repair the broken item. 
The data was collected as part of the master 
level course at the University of Helsinki.  
 
Following the leads that emerged from student 
reflections, we conducted semi-structured 
interviews with selected stakeholders that are 
highly relevant for decision-making on repair. 
Such stakeholders belong, for example, to 
repair service industry, to municipal recycling 
services and the educational sector (table 1). 
All interviews were recorded and transcribed, 
either in English or in Finnish. We employed 
content analysis to scrutinize the intersectional 
and nature of repair-related challenges.  
 

Sector 
 

Stakeholder Length 

Repair 
services 

  

 Owner of dressmaker 
(seamstress) shop 

34 min 

 Founder of a chain of 
smartphone repair 
services 

44 min 

   

Recycling 
services 

  

 Educator/Environmental 
expert, Re-Use Center 

44 min 

 Communications,  
Re-Use Center 

59 min 

Education   

 Teacher of craft 
education (primary & 
middle school) 

50 min 

Table 1. Follow-up interviews with stakeholders 
relevant for repair 

 

Findings 
Next, we present the findings in line with the 
structuration approach by Spaargaren & Van 
Vliet (2000), discussing existing societal 
structures (rules and resources) that complicate 

313



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Korsunova, A., Vainio, A. & Heiskanen, E.  
Improving repair viability in the circular economy: a multifaceted endeavor. 

 

- 3 - 

 

the repair process, as well as perceptions and 
expectations (discursive rhetoric and practical 
consciousness) that serve to justify and 
reproduce non-repair practices.  

 
General insights 
 
In total, we collected 47 essays with 98 stories, 
as some students described several repaired or 
non-repaired items. Out of 47 students who 
provided their repair stories, 36 were female 
and 11 male.  
 
We organized the items from students’ stories 
according to different categories of goods 
(Appendix 1), similar to categorizations 
described in Ackermann et al. (2018). Across all 
different categories, the category of clothing & 
shoes had the highest number of repaired items 
(15), while the category of consumer 
electronics had the highest number of non-
repaired items (22), followed by household 
appliances (15).  About one third of all the 
repaired items was fixed using a service, one 
third was self-repaired, 20% of the repaired 
items were fixed together with relatives, and 
16% by relatives or partners only.  
 
Overall, the observed practices in the data 
could be described as the following: decision 
not to repair; self-repair; repair by close ones; 
repair in a team; repair through a service. 
 

Rules, resources and perceptions 
  
1) High costs of repair services: Often the 
reason for non-repair was related to the high 
cost of repair. This finding emerged across all 
the different categories of goods. Interestingly, 
even the successful repair stories mentioned 
high repair costs: in terms of money, time, and 
inconvenience.  
 
The high costs of repair are related to human 
labour and time intensity of the service. Repair 
services are often run by small entrepreneurs, 
who perceive the value added tax as 
unreasonably high, especially when compared 
to the same tax for the big global producers. 
 
“Unfair system, it does not work for small 
entrepreneurs, small entrepreneurs will die in 
Finland” (owner of dressmaker shop)  
 
2) In-built obsolescence / bad quality. 
Unsurprisingly, this theme came up repeatedly 

throughout the data. One of the repair stories 
was about one of the modular phone models in 
the market. Despite its design and 
characteristics, the owner was unable to get it 
repaired in official service and ended up buying 
a newer model, with the hope to be able to use 
the modules of the older one if/when the newer 
one breaks. This story equally applies to home 
appliances. It also emerged that many other, 
even expensive items like sportswear, tend to 
be of bad quality.   
 
“This case made me think that though 
companies care for their products and 
customers, they can’t really change the facts in 
the economy; materials are most often cheap 
and can’t last long of usage” (student).  
 
"We didn't even think about trying to get it 
repaired, because it is ingrained in our minds 
that nowadays it doesn't pay off to repair 
electronics" (student). 
 
3) Obligation to use official service providers. 
This rule was most apparent in case of 
consumer electronics and household 
appliances. Still today, it is obligatory to use the 
official service providers to keep the warranty of 
the item. As the network of official service 
providers is often modest, especially in smaller 
cities and countries, broken items end up being 
shipped to the official service centers 
elsewhere. This results in long repair times and 
inconvenience, and consumers don’t always 
get a substitute device. Finally, sometimes the 
“repaired” items still do not function properly 
after the service, and consumers are forced to 
go through several rounds of shipping to repair. 
This finding also applies to other types of 
expensive items, e.g. specialized sports gear or 
clothing.  
 
“Sometimes it feels that the warranty side and 
the warranty fixing is just in purpose really so 
that people would turn to a new device and not 
to an old one” (phone repair service founder) 
 
4) Uncertain access to spare parts. 
Not all producers easily provide spare parts, 
and, in many instances, producers do not 
manufacture enough of spare parts. This 
results in a situation when even brand’s official 
service partners can’t promise reasonable 
service times, as they may end up waiting for 
weeks to get the parts. Repair entrepreneurs 
can rarely afford to have large warehouses with 
all kinds of spare parts. While some service 
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points try to solve this by using lower quality 
(not original) parts, it often leads to devices or 
appliances breaking again within a short period 
of time, undermining the trust towards repair.  
“But it’s the thing that is hard that some of the 
companies they sell the spare parts out for 
everybody and some of the companies don’t. 
So then it's always little bit sourcing where to 
get the spare parts and who manufactures 
them” (phone repair service founder) 
 
5) Lack of repair-focused education. 
The repair stories provided interesting insights 
into repair-related knowledge and skills of 
students. While about 20% of repaired items 
were fixed together with close relatives, these 
goods belonged to the category of means of 
transport (e.g. bikes), or clothing, or furniture. 
Students emphasized the learning of new skills 
from relatives that happened during the repair 
process. Out of 15 repaired clothing items, only 
seven were self-repaired, while the rest was 
fixed by relatives or through a service. Often 
clothing stories included statements on the lack 
of own sewing skills. This is an interesting 
finding if one considers that sewing usually 
does not require highly specialized skills, and 
could be refreshed via online videos.  
 
The insights from repair actor interviews 
confirmed that craft education in schools does 
not focus on repair. Rather, it teaches the 
making of new items. Although some of the 
skills are relevant to repair (e.g. basic sewing), 
often repair requires more nuanced knowledge 
of techniques and ways of combining different 
materials. Schools do not have access to a 
large diversity of different supplies, which would 
be required to practice fixing. Moreover, it might 
require special (bigger) spaces and more time, 
which is usually not possible within the 
framework of one lesson.  
 
“…because they don’t have any tools at home, 
any. They don’t know, what is chisel, for 
example in my subject, or hammer, or saw. 
Somebody, they have never seen it, only in 
pictures. And they don’t know it. So, they come 
there, in my class and then in six months they 
already forget it what it is…And that’s the 
biggest problem in development of their own 
skills” (craft education teacher, Finland). 
 
6) Societal perceptions and expectations.  
The repair stories showed how similar items of 
similar age may be perceived and described 
differently. For instance, sometimes four year 

old laptops were described as “quite new”, and 
sometimes as “old”. This pattern applied also to 
other devices and appliances. It was not the 
actual age, but the perception of something 
being old and expectations towards the way the 
item will function in the future: 
 
“…given the relentless technological progress, 
the latest model of a cheaper brand is still likely 
to perform better than a 2-year-old refurbished 
phone..” (student) 
 
“You have to really want to use the old one” 
(educator, the Re-use Center) 
 
“I stepped in the tailor shop and the lady asked 
me ‘Are you sure you want to get this fixed?’ “ 
(student). 
 
Another expectation that emerged from repair 
stories is related to things being likely to break 
again soon after being repaired. This is usually 
used as a practical argument for buying a new 
item. Sometimes this kind of reasoning is born 
after frustrating efforts of trying to understand 
the problem and exploring how to fix it. The 
experienced inconvenience can be so great 
that it continues generating negative 
expectations: 
 
“I want to repair this laptop, but I am afraid it is 
not a practical option for me now. I tried to look 
for a new battery for this laptop from the 
internet, but the project seems very 
complicated and expensive. It seems difficult to 
find a battery that really fits this laptop, and I 
don’t even know how to change it safely. On the 
other hand, if I take this repairing project to a 
professional repairing company, it will cost me 
a lot. My laptop is already ‘old’ in laptop years, 
and I am worrying that if I invest in a new 
battery, other parts of the laptop may anyway 
start to collapse soon” (student) 
 
On the reassuring side, repair stories also 
showed how positive repair experiences can 
build good feelings and encourage repair 
friendly thinking. For example, doing repair 
projects together with family and friends were 
experienced as fun activity, even if they took 
long. The self-repair stories often mentioned 
feeling proud after successful repair, feeling 
good from gaining new skills. In addition, 
several stories described buying the repair 
service from a small entrepreneur and feeling 
good because of supporting their profits.  
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“I felt good for supporting local business this 
way and I was also happy that I didn’t have to 
struggle with fixing it myself” (student). 

 
Discussion and conclusions 
Our findings illustrate how existing societal 
structures and rules often compromise 
individual motivations and abilities to repair. 
Due to the rules created and maintained by 
producers, like limited spare part manufacturing 
and warranty-related conditions, the repair 
industry is often inflexible. It results in costly 
services, which can also be slow and 
inconvenient. Considering the built-in 
obsolescence and bad quality of materials, one 
may wonder why and how would anyone 
become motivated to engage with repair?   
 
Previous literature has already outlined the 
need for legislative changes, imposing stricter 
repairability standards, statutory lifespan 
labelling (Singh et al., 2019), and affordable 
access to spare parts (Laitala et al., 2021). 
Also, tax breaks have been suggested as an 
important incentive for encouraging repair 
(Milios, 2017). However, transitioning towards 
more circular economy requires systemic 
thinking and solutions based on integrative 
approaches, addressing processes and actors 
across production and consumption (Wieser & 
Tröger, 2018). Our findings provide a basis for 
discussing some possible integrative solutions 
for enabling repair in a CE.  
 
First, we propose that the educational system 
needs to integrate explicit content on CE and 
repair to improve the repair competence of 
citizens. While Finland has one of the more 
extensive craft education curricula as part of the 
basic school education (Kokko & Räisänen, 
2019), it focuses on the skills of making things, 
rather than on repair skills. Improving repair 
competence requires access to spaces with a 
wide range of tools and materials, and 
possibilities to alter things around. Enabling 
supervised practice of repair skills calls for the 
presence of qualified adults, as teacher 
resources are limited.  This may open up new  
 
collaboration possibilities between the different 
actors of CE, such as repair entrepreneurs, 
municipalities and schools. Providing 
educational services related to repair to 
municipalities and schools is one of the 
avenues that could be explored as a way to 

support repair industry and upgrade education 
on repair. 
 
Second, introducing positive rhetoric on repair 
might facilitate breaking the vicious cycle of 
reproducing the non-repair practices. Wieser & 
Tröger (2018) found that perceptions regarding 
the speed of obsolescence of products were 
central to the decision-making on repair of 
phones. While it is of utmost importance to 
elimiate the obsolescence at source, bringing 
citizen attention to positive rhetoric on repair is 
a worthwhile strategy to pursue. For example, 
municipalities could organize and facilitate 
repair marathons on a regular basis, involving 
local repair entrepreneurs to showcase their 
competence. Also, on social media it is 
important to devote attention to repair as an 
industry, its benefits and importance in a CE, as 
this is not self-evident to citizens (Korsunova et 
al., 2021). Another possibility is providing small 
financial support/grants to community activities 
around repair, to enable citizens to experience 
first-hand the pride and satisfaction of 
implementing a successful repair project in a 
team.  
 
Our study aimed to illustrate how societally 
embedded structures and rules can intertwine 
with perceptions to reinforce the non-repair 
practices. Finding solutions to the systemic 
problems calls for approaches that can involve 
multiple actors across production and 
consumption to establish new circular patterns. 
Our findings emphasize that making repair a 
feasible option entails societal transformations 
in policymaking, economic incentives, design of 
products, availability and marketing of repair 
services, and educational approaches.  
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Abstract: Household consumption of durable goods is associated with environmental impacts in 
production, use and end-of-life treatment, all of which could be affected by actions to extend product 
lifetime. In order to estimate environmental benefits and direct strategies for lifetime extension we need 
to understand the consumption dynamics for durable goods. In this paper we present a stock-driven 
dynamic model of household durables based on material flow analysis (MFA) methodology. We 
investigate the stocks and flows of furniture and appliances in Norwegian households, using population 
and product ownership rate as drivers for stock levels and socioeconomic drivers project future stock 
requirements. The model is calibrated by collecting historical data on ownership, purchase, and disposal 
of such goods. The considered durables are divided into representative archetypes characterized by 
typical service lifetime. The dynamic, vintage modelling approach is well suited to consider effects such 
as an increased need for maintenance and/or operational energy among household products with 
prolonged lifetime. We illustrate uses for the model to quantify impacts caused by demand for goods 
and the environmental system effects associated with lifetime extension, and we discuss insights to 
direct effective measures. Potential applications include a support for product design, household 
behavior campaigns and environmental policy making. 
 
 

Introduction 
Households can be said to have their own 
metabolism, as there is material throughput 
needed to support its inhabitants and their 
activities (Baccini & Brunner, 2012). We can 
use the term “stock” to refer to the owned goods 
of a given type, and "flows" to refer to 
acquisition and disposal of these goods. Goods 
such as furniture and appliances provide some 
service to the people using them. The demand 
for these goods can be called stock-driven, 
considering that it is the possession of these 
products that make them useful, as opposed to 
food, whose intake – not pure possession – is 
what satisfies human needs. Analysis of stocks 
and flows in a system, based on the law of 
conservation of matter, is the subject of material 
flow analysis (MFA) (Baccini & Brunner, 2012). 
In particular, dynamic MFA describes the 
system behavior over time (E. Müller et al., 
2014). In a stock-driven dynamic model, stock 
levels are driven by physical determinants, 
usually population and lifestyle factors, such as 
product ownership rate – and considering the 
product lifetime this defines how many units are 
acquired and how many are discarded each 
time period (D. B. Müller, 2006). Dynamic 

models are suitable for studying the 
interrelation between material stock, flow and 
service demand (Haberl et al., 2017). They can 
also assist in determining how fast changes in 
the product can be implemented on a larger 
scale (Pauliuk & Müller, 2014). A dynamic MFA 
approach has been used to investigate stocks 
of cars (Pauliuk et al., 2012), buildings 
(Sandberg et al., 2014, 2016; Vásquez et al., 
2016), and infrastructure (D. B. Müller et al., 
2013).  
Stock models combined with life cycle 
assessment (LCA) can be used to quantify 
environmental impacts associated with the 
demand for goods, for example to study 
environmental impacts of urban consumption 
(Lavers Westin et al., 2019). The combined 
MFA-LCA approach forms a suitable tool for 
investigating the environmental impacts of 
consumption of household durables and 
potential benefits of lifetime extension of these 
products. The systems perspective, being at 
the core of MFA, ensures coverage of overall 
impacts from lifetime extension strategies.  
In this work, we use MFA to study the dynamics 
of appliance and furniture stock in Norwegian 
households. Furthermore, we apply LCA to 
illustrate how the environmental impacts of the 
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demand for these goods can be improved with 
the use of product lifetime extension.  
 

Methods 
We modelled stocks and flows of appliances 
and furniture in Norwegian households using a 
stock-driven MFA model. The ODYM 
framework (Pauliuk & Heeren, 2019) was used 
for the model implementation, considering ten 
appliances: fridge, freezer, fridge freezer, 
washing machine, tumble dryer, dishwasher, 
vacuum cleaner, stove (incl. oven and 
stovetop), microwave oven, and kettle. Due to 
poor data availability, household furniture was 
not divided into categories, but just one generic 
category for furniture was used. The stocks of 
appliances were measured in items, while the 
stock of furniture – in tons. Material stocks and 
flows were calculated for annual cohorts in the 
period 1900-2100, with Norwegian households 
being the system boundary. The stocks were 
determined based on historic and projected 
population numbers (Statistics Norway, 2020a, 
2020c) and lifestyle factors. For furniture, the 
lifestyle factors were the useful floor area per 
dwelling (Bergsdal et al., 2007) and furniture 
intensity (Døvle, 2001). In the absence of more 
detailed information, we assumed a constant 
level of furniture intensity (10 kg/m2) throughout 
the studied period. For appliances, the lifestyle 
factors were the dwelling size (Statistics 
Norway, n.d.), and product ownership per 
dwelling for each appliance type (Bartlett, 1993; 
Bøeng et al., 2011; Dalen & Larsen, 2013; 
Halvorsen et al., 2005; Lien & Langseth, 2018; 
Schipper et al., 1987; Statistics Norway, 2013). 
In case of the dwelling size and product 
ownership per dwelling, we fitted logistic  or 
double logistic (Baione et al., 2020) curves to 
the source data, as the logistic function is well 
suited to depict diffusion processes (Grübler & 
Nakićenović, 1991). For the purpose of 
regression, the dwelling size was set to 5.4 and 
2.1 person per dwelling in 1800 and 2100, 
respectively. 
Although a stock-driven (vintage) MFA model 
requires the exogenous data for stock only, 
historical data for inflows and outflows helps to 
calibrate and validate the model. Appliance 
inflows for years 2006-2019 were taken from 
sales data (Elektronikkbransjen, 2020; Hind 
Fagerlund, 2020; Statistics Norway, 2021a). To 
estimate inflows of furniture, we combined two 
sources of data. First, data on Norwegian 
imports and exports of "furniture and parts 
thereof" was obtained, both in monetary value 

and in weight (Statistics Norway, 2021b). 
Second, the data from EXIOBASE 3 input-
output (IO) database (Stadler et al., 2018) 
helped to estimate the share of household 
consumption in imports of furniture and the 
share of domestic production in household 
consumption of furniture. The product category 
called "Furniture; other manufactured goods 
not elsewhere classified" served as a proxy for 
furniture. Combining the two data sources 
yielded an estimate of furniture inflows to 
Norwegian households for years 1995-2016. 
The lower and upper bounds of this estimate 
are equivalent to the assumption that the 
domestically consumed furniture has the same 
price per unit weight as the average imported 
and exported furniture, respectively.  
Appliance outflows were obtained from e-waste 
statistics for two aggregated categories (cooling 
appliances and other big appliances) in units of 
weight (COWI AS, 2019). For unit conversion 
purposes, weight per unit appliance was 
estimated using statistical data on imports 
(Statistics Norway, 2021a) and producer data 
on chosen appliances currently available on 
sale (Elkjøp, 2021). Furniture outflows were 
obtained from waste statistics, using a sum of 
"wood waste" and "other" as a proxy. Both 
waste categories were available for years 2012-
2019 (Statistics Norway, 2020b), while only 
wood waste was available for years 1990-1997 
(Frøyen & Skullerud, 2000), so "other" waste 
was estimated using the average other-to-wood 
waste ratio for years 2012-2019.  
Lifetime was generally selected through a 
calibration procedure intended to fit the model 
results to historical inflow and outflow data. 
However, we ensured that the selected values 
are in line with the available literature on 
appliances (Huisman et al., 2012) and furniture 
(Box, 1983). 
Operational energy use of appliances was 
assessed using two different methods. In both 
cases, stand-by energy consumption was 
disregarded. The first method was applied to 
the appliance categories not belonging to the 
EU energy labelling scheme i.e., microwave 
oven, kettle, and stovetop (part of the stove). 
Energy use assumed to be constant at the level 
of 0.056 kWh/cycle for microwaves (Gallego-
Schmid et al., 2018), 0.073 kWh/cycle for 
kettles (Murray et al., 2016), and 0.55 
kWh/cycle for stovetops (Rodríguez Quintero et 
al., 2020). The same sources were used for the 
frequency of use of these appliances.  
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Energy use for the other appliances was 
estimated from EU energy labelling regulations, 
available for fridge, freezer, fridge freezer, 
washing machine, tumble dryer, dishwasher, 
vacuum cleaner, and oven (part of stove). Sales 
data by appliance type and energy efficiency 
class (Hind Fagerlund, 2020) was combined 
with the average annual energy use per energy 
class according to EU law (Directive 
2010/30/EU, 2010) to obtain the average 
annual energy use of appliances sold in years 
2008-2017 (2014-2017 for vacuum cleaners). 
Additionally, we assumed that all appliances 
sold in year 1990 have energy use equal to the 
average of energy class D and those sold in 
year 2030 – to the minimum energy use of class 
A+++. A linear trend was assumed between 
year 1990 and 2008 (2014 for vacuum 
cleaners), and between 2017 and 2030, as 
seen in Figure 1. Constant values were 
assumed outside the range 1990-2030. The 
frequency of use of the energy labelled 
appliances was assumed to be constant, equal 
to 2016 data from Lien & Langseth (2018), 
except for vacuum cleaners for which 50 uses 
per year were chosen, based on a default used 
in EU law (Commission Delegated Regulation 
(EU) No 665/2013, 2013).  
Finally, environmental impacts were calculated 
for years 2020-2040 using the LCA approach, 
according to ISO 14040 (2006). The functional 
unit was defined as “annual services provided 
by furniture and appliances in Norwegian 
households”. We considered three types of 
impacts: climate change (CC), cumulative 
energy demand (CED) and mineral depletion 
(MD). Climate change impacts were calculated 
using GWP100 metrics, as given by the IPCC 
2013 method (IPCC, 2013). Cumulative energy 
demand calculations were based on a method 
developed at ecoinvent Centre (Frischknecht & 
Jungbluth, 2007). Mineral depletion was 
calculated using MDP metrics of ReCiPe 2008 
midpoint (H) method (Goedkoop et al., 2009). 
Unit impact scores were sourced from 
ecoinvent v3.7.1 database (allocation cutoff) 
(Weidema et al., 2013). Norwegian electricity 
consumption mix was considered. We assumed 
that the impact multipliers are constant for all 
cohorts and years. Impacts of fridges (scaled by 
appliance weight) were used as a proxy for 
fridge freezers and freezers. We modelled 
production impacts for all goods and use 
impacts for appliances, associated with their 
operational energy use. Disposal and 
maintenance were disregarded.  

To illustrate the possible applications of the 
model, we created two scenarios: a Baseline 
scenario assuming no changes in product 
lifetime after year 2020, and Lifetime extension 
scenario (Scenario 1) wherein all products 
produced in 2021 or later have their lifetime 
extended by 25% at the cost of 10% increase in 
production impacts.  
 

Results 
Outputs from the dynamic stock and flow model 
for furniture and appliances in Norwegian 
households show good fit to historical inflow 
(Figure 2) and outflow data  (Figure 3), after 
product lifetime was adjusted for each product 
type using Weibull distribution.

Figure 1. Energy use per running cycle for 
chosen appliances. Data (incl. assumptions) and 
full time series serving as model input. 
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Figure 2. Material outflows of furniture and selected appliances in the model: historical data and model 
results. Cooling appliances include fridge, freezer and fridge freezer. Other big appliances include 
washing machine, tumble dryer, dishwasher, stove, and microwave oven. 

Figure 3. Material inflows of furniture and selected appliances in the model: historical data 

and model results. 
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An interesting observation from the model tests 
is that furniture required a time-dependent 
lifetime to fit historical data, wherein the 
average lifetime was set to 20 years for age-
cohorts until 1980 and 8 years starting from 
2000, with a linear trend for 1980-2000. Such a 
sharp decrease in furniture lifetime is supported 
by both inflow and outflow historical data. The 
population and useful floor area per person 
were used as physical determinants of the 
model, so changes in these factors alone do not 
explain the need for lifetime adjustments.  
Modelled appliances had a constant lifetime for 
all age-cohorts. Freezers were assumed to 
have the longest lifespan (mean 24.5 years) 
and vacuum cleaners the shortest (mean 5.5 
years), which is consistent with literature 
(Huisman et al., 2012, p. 21). Although 
appliance lifetimes are said to have been 
decreasing in recent years (Huisman et al., 
2012), the historical data that we collected does 
not give enough evidence to support it, possibly 
due to a small number of data points. The only 
exception is the vacuum cleaner, whose 
historical inflow data suggests that they may 
have had their lifetime decreased. Indeed, 
literature shows that small appliances suffered 
the strongest decrease in lifetime among all 
appliances (Huisman et al., 2012, p. 21). 
Unfortunately, outflows of vacuum cleaners (as 
well as kettles) were not validated due to lack of 
appropriate disposal statistics.  
The stock and flow model served as a basis for 
calculation of environmental impacts arising 
from production and use of goods demanded by 
Norwegian households. First, we investigated 
baseline scenario impacts in year 2020. 
Climate change (CC) impacts (Figure 4) were 
dominated by furniture, whose production 
impacts were 8 times higher than production 
and use impacts the following most emission-
intensive item. Stove showed the highest use-
related climate change impacts. Cumulative 
energy demand (CED) impacts (Figure 5) were 
also the highest for furniture, with the total 
impacts around 3 times higher than these of the 
following item. We observe a high contribution 
of the use phase to the total impacts in case of 
CED. Norwegian electricity is primarily 
hydropower, and this reduced the importance of 
use relative to production for CC.  Mineral 
depletion (MD) impacts (Figure 6) exhibit a 
similar pattern to that of CC, i.e., with production 
phase dominating overall impacts. Furniture 
and appliances differ in their material 
composition, with a large share of wood in 

furniture. Unlike CC and CED impacts, the 
mineral depletion impacts of furniture and 
appliances are in the same order of magnitude. 
Finally, we calculated impacts for years 2020-
2040 and we compared the results of the 
baseline scenario with the alternative assuming 
extended lifetime for products bought after 
2020 (Scenario 1, see Figure 7). In each 
considered case, the lifetime extension 
scenario is considered less environmentally 
beneficial at the onset of the period, due to the 
assumed increase in production impacts. As 
the more durable products gradually become a 
larger part of the stock, replacement rates are 
reduced. Eventually a break-even point is 
reached, and the lifetime intervention becomes 
beneficial. The break-even point occurs later for 
goods with inherently longer lifetime (freezer) 
and earlier for those with shorter lifetimes 
(furniture and vacuum cleaners). The 
magnitude of the overall benefit and its annual 
distribution is an interplay between the product 
cohort lifetime, production-to-use impacts ratio, 
and assumed changes in energy use of future 
cohorts. Finally, a trade-off exists between 
production and use impacts, as keeping older 
appliances in use increases the average energy 
use of the stock, driving up the impacts. This is 
particularly evident for vacuum cleaners, with 
expected significant energy-efficiency gains in 
the following years.  
 

Conclusions 
In this work we demonstrated how a dynamic 
stock-driven model can be used to understand 
the stock dynamics and its influence on the 
environmental impacts associated with 
household consumption. The model gives 
important insights into product lifetime, for 
example showing a strong decrease in furniture 
lifetime in the years following 1980. The 
combined MFA-LCA approached proved useful 
in showing the important role of the system 
dynamics on the rate at which improvements in 
the system can be introduced. We could see 
that in some cases, interventions impacting the 
longevity through better design of products 
entering the market would only yield benefits 
after decades. This suggests that effective 
measures should include actions influencing 
products currently in use e.g., through repair or 
user behavior. Consequently, potential 
applications of the model include product 
design, household behavior campaigns and 
environmental policy making.   
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Further work will address current limitations of 
the model and uses aimed to support policies 
for sustainable lifestyles. The model could offer 
features to extend lifetime through repair, 
maintenance, and other user-oriented 
interventions, as production-oriented solutions 
may be insufficient to reach environmental 
targets. Dynamics of model parameters such as 
lifetime, frequency of use, and unit impact 
multipliers could be analyzed. Ideally, future 
activities would also include validation of our 

assumptions on furniture intensity (kg/m2 of 
floor area) and energy use of appliances. The 
ongoing energy transition could be integrated to 
the dynamic modelling, to evaluate the timing of 
strategies for climate change, energy and 
material efficiency under various time 
perspectives. Future work could also 
incorporate substance stock and flow and end-
of-life impacts, facilitating research towards 
corporate strategies and policies for circular 
economy.

 
 
 

 
Figure 4. Climate change impacts of household furniture and appliances in 2020. 

 
 

 
Figure 5. Cumulative energy demand impacts of household furniture and appliances in 2020. 
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Figure 6. Mineral depletion impacts of household furniture and appliances in 2020. 

 
Figure 7. Relative changes in environmental impacts of furniture and selected appliances, for baseline 
and alternative scenario. CC – climate change, CED – cumulative energy demand, MD – mineral 
depletion. 
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Abstract: Reuse of clothing is a central strategy in circular economy for keeping the resources and 
materials in the loop longer. This paper studies the correlation between clothing service lifespans 
measured in years, number of wears and number of users, and whether there is a difference in length 
of lifespans between new and preowned garments. The analysis is based on an international 
quantitative wardrobe survey conducted in China, Germany, Japan, the UK and the USA with 53 461 
registered garments. Results show that newer garments are used more actively than the older 
garments. Garments that are less than two years old are used about 30 times per year, while garments 
that are over 15 years old are only used about 3 times a year. Second-hand garments are worn on 
average 30% times less by the current user than garments that were acquired as new. Garments that 
the user anticipates donating or selling are worn 22% times less than garments that are planned to be 
discarded. The results show that reuse is beneficial for increasing the clothing lifespans, but it does not 
increase the active wear as much as expected. These findings have theoretical, managerial and political 
implications on which measures contribute to the longest garment lifespans with the least environmental 
impact and which kind of measures could help to implement these changes. This should be considered 
in life cycle assessments where various disposal methods are compared, as well as in policy 
development where in increasing the lifespan with first user should be focused more on. 
 
 

Introduction  
Climate change and pollution have been 
recognised as the most pressing issues to date, 
and many nations are aiming at circular 
economy to combat these challenges. One of 
the goals of circular economy is to keep 
resources and materials in the loop longer 
through longer product lifespans, where a lot of 
policy focus has been put on reuse and 
recycling. To guide these policies, studies are 
made to compare the environmental impacts of 
reuse and recycling. This is especially the case 
of clothing, where majority of large-scale 
recycling is still downcycling, and longer 
lifespans through reuse is by large 
environmentally more profitable option 
compared to material recycling or energy 
recovery through incineration (Fisher et al., 
2011; Schmidt et al., 2016).  
 
It is important that the Life Cycle Assessments 
(LCAs) and other comparisons are based on 
actual data on consumers’ use of preowned 
garments, because such studies are used to 
guide the development of policies. There is 
some information related to the replacement 

rate of second-hand clothing (Farrant et al., 
2010; Nørup et al., 2019), which shows that the 
second-hand garments do not replace new 
garments in 1:1 basis. However, in addition to 
replacement in acquisition, there is lack of 
knowledge on how the second-hand garments 
are used. Clothing lifespans can be described 
and measured in years, the number of wears, 
cleaning cycles, and the number of users 
(Klepp et al., 2020). To our knowledge, nobody 
has studied the length of the second or third use 
phase in detail. This paper aims to contribute to 
this discussion by studying the correlation 
between clothing service lifespans measured in 
years, number of wears and number of users, 
and whether there is a difference in length of 
lifespans between new and preowned 
garments.  
 
This paper is a continuation of our work in 
exploring clothing lifespans where we have 
previously studied which factors contribute to 
the length of these lifespans (Laitala & Klepp, 
2020), how the size of wardrobes impacts 
lifespans (Klepp et al., 2019), as well as 
differences in clothing practices between users 
from different countries (Laitala & Klepp, 2019). 
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Method 
The paper is based on an international 
quantitative wardrobe survey conducted in 
China, Germany, Japan, the UK and the USA. 
The total number of respondents was 1111, 
with over 200 respondents from each of the five 
countries. Questions about wardrobe content 
and usage practices were related to 
respondents’ specific clothing items and the 
total number of registered garments was 
53 461. The survey included detailed questions 
about the possession lifespan, number of 
wears, occasions the garments are worn, 
cleaning frequency as well as acquisition, and 
disposal methods. More details of the method 
are given in previous publications (Klepp et al., 
2020; Laitala & Klepp, 2020). 
 

Results 
To answer the first part of our research 
question, we study the connection between 
lifespans measured in years and number of 
times the garment has been worn. In order to 
get comparable results for the two measures, 
we use the data for the current lifetime of the 
garment and exclude the estimated future use. 
The responses are based on questions “How 
many times have you worn this item?” and 
“When did you buy or acquire this clothes 
item?”. This is not the same as the total lifespan 
of a garment, which is approximately twice as 
long for the average of garments. 
 
There is a connection between how many times 
garments are worn and how old they are, but 
the increase in number of wears is not as large 
as one would expect (Fig. 1). Doubling the 
lifespan in years does not double the number of 
wears. There is a clear indication that the new 
garments are used more actively than the older 
garments in the wardrobe. Garments that are 
less than two years old are used about 30 times 
per year, while garments that are over 15 years 
old are only used about 3 times a year. The 
average age of garments that are worn less 
than once every six months is 6.9 years. 
 
The connection varies depending on the type of 
garment. Clothing for formal social occasions 
and religious wear is worn fewer times than 
their age would indicate, while workwear, sports 
clothing and nightwear are worn more times 
than average for garments of the same age. 
Underwear was not included n the study, but 
the use is likely similar to the latter category. 

 
Figure 1. Average number of times garments are 
worn to date based on their current age in years  

 

Lifespans of preowned clothing 
When comparing the length of lifespans of 
garments that were acquired as new to those 
that were preowned, we found that second-
hand garments are worn on average 30% times 
less by the current user than garments that 
were acquired as new. The difference is less for 
skirts and dresses (17%), and larger for formal 
wear such as suits (52%). On average, new 
garments were worn 82 times and second-hand 
garments 57.5 times (Figure 2). 
 

 
Figure 2. Total number of wears of garments 
acquired either as new or preowned, and 
garments expected to be disposed of or 
donated/sold  

Garments that are used most times are either 
bough new or tailored/custom made (Figure 3). 
Second-hand garments that were either bought 
or received as hand-me-downs were used 
equally many times. Surprisingly, self-made 
clothing was worn the least number of times. 
The difference between garments that were 
self-made and those that were made by some 
else (tailored, made -to-measure etc) is striking. 
Further analysis indicates that respondents with 
many self-made garments had large  
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Figure 3. Total number of wears of clothing 
acquired through different channels.  
 

wardrobes, which partly explains the reduced 
need for wearing the items many times. At the 
same time, a higher share of these items were 
likely to be disposed of due to poor fit, dislike of 
colour/style and lack of space/need, indicating 
that the makers may have lacked skills to create 
items that would fit their own needs.   
Similar pattern is seen in clothing disposal. 
Garments that the user anticipates donating or 
sell are worn 22% times less than garments that 
are planned to be disposed of (Figure 2). 
Garments that the user anticipates giving to 
friends or family are used the least times, 
followed by those to be donated to charities 
(Figure 4). Garments that are recycled at home 
or disposed to a rubbish bin are used most 
times, and therefore most likely rather worn out 
before disposal and therefore less suitable for 
reuse.  
 

 
Figure 4. Total number of wears of clothing 
anticipated to be disposed of through different 
channels. 

When measured in years, the difference is 
surprisingly the opposite. Garments are kept 
31% longer if they are pre-owned, while the age 
difference in garments that are planned to be 
given to reuse is minor, only 3% longer.  
 

Number of users 
Garments with more than one consequential 
user get several use phases and thus increased 
service life. The garment lifespans measured in 
years more than doubles by having a new user, 
but the second user increases the number of 
wears only by 46% and having three users by 
about 103% (Figure 5). This is estimate has 
uncertainties as we have only information from 
one user and do not know how many users the 
preowned garments have had, or whether the 
donated garments actually will get a new user.  
 
Our results indicate that reuse is beneficial, but 
when calculating the benefits, it should be taken 
into account that the preowned garments are 
not used as much as new garments. 
 

 
Figure 5. Total garment lifespan measured in 
number of wears and years by number of users. 

 

Conclusions 
The active life of clothing in our wardrobes 
varies based on how long we have had the 
garment, as well as whether they are acquired 
as new or preowned, and whether they are 
anticipated to be delivered to reuse or not. 
Newer garments are used more actively than 
the older garments. Second-hand garments are 
worn on average 30% times less by the current 
user than garments that were acquired as new, 
and similarly, garments that the user plans to 
donate or sell are worn 22% times less than 
garments that are planned to be discarded. This 
shows that clothing reuse does not increase the 
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number of wears as much as could be 
expected, as having one new user does not 
double the active wear of garments, even 
though it doubles the lifespan measured in 
years.  
 
There are variations between garment groups 
on how beneficial reuse is. The difference in 
new and preowned skirts and dresses is minor, 
while some other clothing such as suits and 
other formal wear are used much less when 
preowned. Further research is needed on the 
relationship between occasions and lifespans. 
Our findings indicate that occasions that occur 
less frequently but require specific clothing 
makes measuring garment service lifespan in 
years more suitable, while the number of wears 
is a more indicative measure for the clothing 
worn regularly. It remains to systematize this so 
that it can be operationalized in lifetime 
research. 
 
These findings have theoretical, managerial 
and political implications. The theoretical 
contribution is in better understanding of the 
consequences of measuring lifespans in 
different ways, and the relationship between 
them and different types of clothing. Working 
further with these concepts is important in order 
to develop more precise terms and theories 
within product lifespan research. 
 
The findings have also political implications. 
They can contribute in understanding which 
measures promote the longest garment 
lifespans with the least environmental impact 
and which kind of measures could help to 
implement these changes. This should be 
considered in life cycle assessments where 
various disposal methods are compared, as 
well as in policy development where also 
focusing in increasing the lifespan with first user 
should be focused more on. Circular economy 
initiatives should therefore prioritise the use 
rather than reuse to start with, as this is where 
the greatest potential lies for keeping products 
in active use for a long time.  
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Abstract: Repair and maintenance of consumer electronics can conserve the materials and energy 
they embody. Independent or third-party businesses are important sites of such repair and maintenance 
activity. While the value of such businesses is sometimes captured in official socioeconomic statistics 
(e.g., employment; tax revenues; contribution to GDP), little attention has been paid to their role in the 
conservation of resources. In this paper we examine the conservation value of a cluster of independent 
third-party electronics repair businesses in Lima, Peru. Using life cycle assessment (LCA) of phones 
and tablets we quantify the conservation value of this cluster in terms of CO2 equivalent (CO2e) and 
water consumption relative to new manufactures of the same categories of electronics. We then discuss 
the politics of attributing the conservation value achieved by the third-party repair cluster in Lima to 
either domestic (that is, Peruvian) or foreign CO2e . Whose conservation of CO2e is this? How do the 
answers to that question shape understandings of the relevance of location for industrial ecology? Our 
work contributes to the broader field of spatially explicit LCAs and their incorporation into the emerging 
subfield of political industrial ecology. 
 
 
Introduction  
Normative concerns are at industrial ecology’s 
core. As Zhu writes, IE seeks to “generate and 
use research findings to support decision-
making and social change” (2020, p. 1). 
Researchers from outside the field of IE proper 
have recently articulated what they see as a 
need for more substantive and explicit linking of 
IE research and ‘the political’ — broadly defined 
as struggles pertaining to power and how they 
shape the situations in which industrial projects 
or stocks and flows of resources are situated 
(Breetz, 2017; Newell et al., 2017). These 
research concerns with the political lead 
advocates to articulate the case for political 
industrial ecology or PIE. 
 
PIE research typically involves collaborations 
between researchers across physical sciences, 
engineering, and social sciences. This is the 
situation with our paper in which a cultural 
geographer and three engineers are working 
together on questions about the environmental, 
social, and economic significance of electronics 
maintenance and repair by small, independent 
businesses in a variety of case study locations. 
Our work seeks to map the spatial organization 
of supply chains and customer networks of 
these businesses; determine their economic 

contributions to the places they locate (e.g., via 
employment and wages); discern how such 
businesses adapt to technological change (e.g., 
the ongoing transition away from cathode-ray 
tube to flat screen monitors); and to evaluate 
the conservation value of the work performed at 
these businesses in terms of energy and 
material conservation, and waste mitigation. 
This paper confines its analysis to measuring 
the energy and material conservation value of 
the work performed at these businesses 
dedicated to the maintenance and repair of 
consumer electronics devices in the case of 
Lima, Peru. 
 
The Case: Lima, Peru 
Collaborative fieldwork began in Lima in 2014 
to gather data on independent electronics 
maintenance and repair businesses in the city. 
Data collected included location (i.e., address 
or street location) and types of devices 
maintained or repaired (e.g., phones, 
computers, displays). The fieldwork also 
included in-depth, semi-structured interviews 
with the proprietors of these businesses (often 
sole proprietorships) and, in some instances, 
employees of multi-person operations. The 
interview data are beyond the scope of this 
paper. 
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Despite the substantial number of such 
businesses operating in Lima and its surrounds, 
their relatively small size coupled with a 
propensity to operate outside of formal 
statistical categories gathered by the state 
means that on the ground fieldwork to collect 
location data has been necessary. We 
identified approximately 2,080 individual repair 
businesses comprising 11 clusters of 
businesses in Lima (Figure 1). Our fieldwork 
also found that while individual businesses in 
the sector often specialize in maintaining and 
repairing one or just a few related classes of 
devices, in the aggregate a very wide range of 
electronics are handled by the sector. Among 
these businesses one can find maintenance 
and repair services for everything from 
consumer electronics like desktops, laptops, 
mobile phones, and tablets to televisions (CRT 
and flat screen), routers, peripherals (e.g., 
printers, keyboards), audio equipment, lighting, 
domestic appliances (e.g., washing machines 
and refrigerators), domestic solar panels, and 
more. We confine our analysis in this paper to 
smartphones and tablets as indicators of the 
conservation value of this sector. 
 
Methods 
Life cycle assessment (LCA) is the main 
methodology used in this paper. LCA 
incorporates the different stages in the life cycle 
of a product (e.g., from raw materials extraction 
to the end of life management of the product) 
with the aim of calculating the environmental 
impacts of a product. As discussed below, our 
LCA also includes spatially explicit information 
such as origin of device manufacture, distance 
to point of import to Peru, and typical device 
types maintained and repaired in Lima. 
 
Each stage of an LCA requires an inventory that 
includes materials, energy, transportation and 
other relevant information to understand, for 
example, how a product was manufactured, 
distributed or used.  To properly address all 
desired objectives of an LCA it is extremely 
important to define the system boundaries 
(International Organization for Standardization, 
2006). The boundaries of our system are shown 
in Figure 2. 
 
The LCA performed in this study has the main 
purpose of evaluating the environmental 
contributions of electronic repair and 
maintenance in Peru with regards to the 
reduction of greenhouse gas emissions and 

water consumption. To assess those 
contributions, we worked towards two main 
goals related to the life cycle inventory. 
Whereas the first goal relates to the 
comprehension of the components, transport 
and electricity that represent an average 
smartphone and tablet in Peru, the second one 
is related with tools, machines, equipment, and 
electricity used to repair by replacing 
components in the devices selected, and it is 
important to note LCA was performed to an 
‘average device’, that relates to the model that 
was selected and based on the most common 
device imported to the country in 2018. 
 
The functional unit for this study is the electronic 
device, (e.g., tablet or smartphone), used by an 
individual, without any repair, maintenance or 
component replacement, over a 5 year lifespan. 
Moreover, different scenarios are compared to 
this initial analysis. The first scenario assumes 
that a user will possess different devices, i.e., 
two smartphones, in the analyzed period. The 
second scenario includes the life cycle 
extension of the device assuming different 
repair, maintenance and replacement practices 
within the 5 year lifespan. Devices considered 
in the analysis are new and manufactured in 
China. In the study, we assume that M&R 
activities aimed at extending device lifespan, 
requires a change in some components of 
devices. It is assumed spare parts used for 
maintenance and repair (M&R) activities are 
easily found in the local market. Since repair is 
done in place, locally in Lima rather than 
requiring transport outside the country to 
complete repairs, international transportation 
was omitted from our calculations of global 
warming potential (GWP) and water. Also, the 
weight of the components and their respective 
sizes, assumed for both devices in this study, 
are consistent with the bill of materials of other 
similar devices (Babbitt et al., 2020). 
 
Modeled scenarios are based on typical M&R 
practices gleaned from technicians interviewed 
in Lima. We also consulted online sources of 
M&R activity such as iFixit and Youtube, both of 
which offer hundreds of video tutorials 
worldwide that guide technicians or even 
amateur repairers to solve common issues with 
their devices. Since the scenarios we modeled 
are common beyond Lima, the results we report 
are likely to be applicable to M&R activities in 
other localities within and beyond Peru. 
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Selection of representative devices 
Selection of the smartphone or tablet to be 
analyzed was based on the Peruvian 
government’s database of imports and exports 
(SUNAT, 2018) and experience from fieldwork 
at M&R clusters in Lima. Based on this 
information, an average imported smartphone 
and tablet for the year 2018, was selected.   To 
build our inventory, different sources were 
used, as seen in Table 1, and then data 
collected were extrapolated to other 
dimensions to obtain a representation of the 
‘average device’. 
 
Also,  the transportation and use phases of the 
‘average device’ were modelled. Calculations of 
transportation were based on the distance 
between the origin of the device and its 
destination of import. In this study Shenzhen, 
China,  was considered as the place where 
devices were assembled, and the final 
destination is Callao Port, Peru. An 
intermediate calculation based on imports to 
Peru that considers midway ports, and an 
average total of ton-kilometer (tkm) calculated 
based on data from the Peruvian customs 
authority (SUNAT, 2018). 
 
Moreover, there is broad evidence that an 
average user keeps a smartphone between 2-3 
years (Belkhir & Elmeligi, 2018). However, 
there is a trend in which the average lifespan of 
smartphones is growing to more than 3 years of 
use (O’Dea & Statista, 2020). Also, there are 
studies that mention that the lifespan of a 
smartphone could be 5 years or more, 
depending on the  user (Makov et al., 2019). In 
addition, there is evidence in Peru that many 
people have access to different M&R clusters, 
such as the main cluster in downtown Lima 
(Gusukuma et al., 2017). Our baseline and 
additional scenarios fit within this range of 
lifespans reported in this literature. 
 
In the case of  tablets, some studies consider 
that they could have between 3 to 8 years of 
lifespan (Belkhir & Elmeligi, 2018). 
Nevertheless, recent LCA studies of tablets 
consider 3 years of lifespan (Clément et al., 
2020; Hischier et al., 2014). The assumed 
tablet lifespan was 3 years with the possibility 
to extend it to 5 years by repairing it. 
 
Defining repair and maintenance scenarios 
The main M&R procedures modelled in this 
study are defined based on a combination of 

interviews with repair technicians in Lima and 
an extensive search performed on the Youtube 
and iFixit platforms. Interviewees indicated they 
have a mix of formal and informal training in 
electronics repair. Some are self-taught or 
trained in apprentice-style relationships. Others 
learned their skills as technicians trained by 
original equipment manufacturers, but who later 
left those enterprises to work as independent, 
self-employed technicians. Interviewees helped 
us define common repair and maintenance 
scenarios. We corroborated these scenarios by 
consulting iFixit’s repair manuals (Raihanian 
Mashhadi et al., 2016) and, in the case of 
Youtube, we used a tool created by the Digital 
Methods Initiative (DMI) to systematically query 
the platform for repair related search terms 
(Rieder, 2015). Data retrieved from Youtube 
related to different possible repairs and 
replacements in smartphones and tablets. The 
search included videos uploaded between 2000 
and 2019. The keywords used in the search 
process were in English and Spanish, such as 
“Battery replacement / Reemplazo de Bateria”, 
“Display replacement / Reemplazo de pantalla”. 
The main objective of the search was to capture 
a general trend of searches, views and likes 
along the analyzed time period to help us define 
common repair scenarios. Also, search results 
were filtered to identify relevant data related to 
smartphones and tablets. This search showed 
an important increase of video tutorials related 
to M&R between 2010 and 2019. Also, a 
significant number of videos were associated 
with the replacement of displays, speakers, 
batteries, cameras, and small vibration motors. 
After searching data from Youtube, the 
‘average model’ was compared it with the M&R 
tutorials of similar models on the iFixit 
webpage. In the case of smartphones, iFixit’s 
website offers detailed tutorials for repairing 
different models and their related components. 
In the case of tablets, it was more challenging 
to compare repair procedures between models 
because there were fewer updated video 
tutorials on the web page. The final selection of 
M&R elements, as shown in Table 2, was based 
on both sources: Youtube videos and iFixit 
manuals. 
 
Four scenarios were modeled considering a 
five-year lifespan (Figure 3). The first scenario, 
A, assumes no M&R activities for the five years. 
Scenario B assumes no M&R activities during 
the first three years and the replacement of the 
equipment with a new one after year 3. Then, 
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Scenario C, assumes that the user repairs a 
component in the third year as well as a battery 
replacement. Many studies pointed out that a 
battery lasts 3 years, so we assume that every 
three years this component needs to be 
replaced. Finally, Scenario D assumes two 
M&R processes plus two battery replacements. 
 
Results 
Figure 4 shows the normalized results of M&R 
processes when compared to buying a new 
device, for both impact categories: Global 
warming potential (GWP) and Water 
consumption (WC). 

As observed in Figure 4, M&R activities that 
generate the highest impacts are the ones 
related to the replacement of the display, front 
camera, and rear camera. 

Results from the modelled scenarios are shown 
in Table 3 and 4. Table 3, shows a comparison 
between Scenario A and B in which the only 
stages considered were components to 
manufacture the devices, transportation, and 
energy of their use phase. Moreover, Table 4, 
considers a comparison of the average device 
with different M&R procedures, all of which 
include changes of battery, one change in the 
scenario C and two changes in scenario D. It is 
noted M&R practices for a smartphone could be 
always more beneficial than buying a new 
phone, in the same manner regarding M&R 
practices related to tablets. One exception, 
however, is found when replacing the display 
more than once, a practice we calculate to be 
comparable in terms of environmental impacts 
to buying a new tablet. 

Our results show that M&R activities represent 
substantial savings in terms of GWP and water 
consumption relative to the purchase of new 
devices (Figure 4). However, not all repair 
combinations are equal and some 
combinations have higher conservation values 
than others. For example, Scenario D for 
tablets in which the display and battery (D + B) 
combination are repaired twice over a five year 
lifespan results in a GWP of 110 CO2e versus 
122 CO2e for Scenario B for tablets (new 
purchase, followed by replacement new 
purchase at Year 3). These results suggest that 
while M&R activities are important in terms of 
conservation they cannot fully overcome the 
energy and material consequences of decisions 
made in the design of devices. 

Discussion and Conclusion 
With over 2,000 independent electronics M&R 
businesses operating in Lima, the aggregate 
conservation value of the work performed at 
these establishments is substantial. Yet, that 
value remains under appreciated and 
disconnected from measurements of impacts 
associated with electronics design and 
manufacturing. Our research on maintenance 
and repair of electronic devices suggests a 
need to consider the conservation value of 
activities that may not be spatially co-present 
with manufacturing yet which nevertheless 
have important role in the conservation of 
energy and materials.  
 
In the case of Lima, Peru M&R of devices are 
at a distance from sites of both design and 
manufacture of those devices. M&R happens 
where use of devices does. This spatial 
arrangement raises questions about how the 
energy and material conservation of M&R is 
attributed within the system boundaries. There 
is no non-arbitrary way to define whose 
conservation (e.g., in terms of CO2e and water) 
M&R pertains to, but nor are the answers to that 
question neutral.  
 
Manufacturing is the most impactful stage of 
device life for phones and tablets (Glöser-
Chahoud et al., 2021). Yet, if the conservation 
value of M&R is attributed to design or 
manufacturing, then system actors with the 
most power to effect changes to devices that 
would reduce their material and energy impacts 
are gifted with a savings value provided by 
actors in much more vulnerable economic 
positions who have no power to affect upstream 
changes in design or manufacturing. 
 
Alternatively, if the conservation of M&R is 
attributed to the use phase of devices, then 
these material and energy savings could be 
accrued to national carbon and water accounts. 
In this case, actors affecting M&R might receive 
greater appreciation for their role in national 
level conservation efforts. 
 
The different possibilities for attributing the 
conservation value of M&R in LCA analyses 
also point toward different, albeit not inherently 
mutually exclusive, policy-making outcomes for 
decision-makers. For example, attributing the 
conservation value of M&R to manufacturing 
might attenuate attempts to mandate designers 
and manufacturers to create devices with lower 
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environmental impacts in favor of voluntary 
action on the part of producers. On the other 
hand, attributing the conservation to the use 
phase of devices may point to national and 
subnational policy-making that could benefit the 
M&R sector. Examples could include right-to-
repair legislation, which is gaining ground in the 
European Union and elsewhere, and 
subnational, even municipal scale, policies 
such as tax reforms (e.g., reducing sales and/or 
value-added taxes) for the M&R sector as is 
happening at the national level in Sweden 
(Starritt, 2016) and at the municipal level in 
Graz, Austria (Piringer & Schanda, 2020). 
 
The various policy scenarios briefly outlined 
above point to the importance of incorporating 
spatial information into LCAs. The importance 
of incorporating such information has been long 
recognized (Reap et al., 2008a, 2008b). 
However, a PIE approach brings politics (i.e., 
struggles pertaining to power) into industrial 
ecology analyses with LCA components that 
might more traditionally focus on quantifying 
stocks and flows (e.g., of materials and/or 
energy). We have shown how a PIE approach 
to LCA (and IE more broadly) can offer 
constructive pointers to how the field might 
address policies impacting the conservation 
value of electronics maintenance and repair in 
their international, national, and local relations. 
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Figures and Tables 

 
Figure 1. Locations and counts of electronics maintenance and repair businesses in Lima, Peru. 
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Figure 2. Smartphone and tablet boundaries. 
 
 
 

 
Figure 3. Repair scenarios over five-year lifespan. 
 

 
Figure 4. Main repair processes normalized relative to purchase of new device (100). 
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Table 1. Sources used to build the bill of components of average devices. 

Element Smartphone Tablet 

Batteries Weight: Güvendik (2014) Teehan & Kandiklar (2013) 

Cable Model of entire element: Andrae et 
al. (2014) 

Model of entire element: Andrae 
et al. (2014) 

Electro-mechanics Güvendik (2014), Teehan & 
Kandiklar (2013) 

Güvendik (2014), Teehan & 
Kandiklar (2013) 

Integrated circuits (IC) Proske et al. (2016), Teehan 
(2014) 

Güvendik (2014), Teehan & 
Kandiklar (2013) 

Mechanics / Materials Güvendik (2014) Güvendik (2014), Teehan & 
Kandiklar (2013) 

Display Güvendik (2014) Güvendik (2014), Teehan & 
Kandiklar (2013) 

PCB Chipworks (2020) Teehan & Kandiklar (2013) 

Other PCBA components Güvendik (2014) Güvendik (2014), Teehan & 
Kandiklar (2013) 

Black box modules Güvendik (2014), Proske et al. 
(2016) 

Güvendik (2014), Proske et al. 
(2016) 

Transport of specific components 
(Pre-assembly) 

Güvendik (2014) Güvendik (2014), 

 
 
 
Table 2. Components repaired (R) according to device. 

Component to replace Smartphone Tablet 

Battery R R 

Glass R 
 

Display/LCD Screen R R 

Front Camera R R 

Rear Camera R R 

Loudspeaker/ Speaker R 
 

Vibration Motor R 
 

Camera lens glass R 
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Table 3. Comparing Scenario A (1 new device purchase over 5 years) versus Scenario B (2 new device 
purchases over 5 years). 

Element Impact categories Unit Smartphone Tablet 

Scenario A 
GWP kg CO2 e 38.8 61.1 
Water consumption m3 0.6 1.0 

Scenario B 
GWP kg CO2 e 77.7 122.3 
Water consumption m3 1.2 2.0 
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Table 4. Scenarios C and D. B: Battery, G: Glass, D: Display/LCD screen, FC: Front camera, RC: Rear 
camera, L: Loudspeaker/Speaker, VM: Vibration Motor, CG: Camera Glass. 
 

    Smartphone Tablet 

Element Impact categories Unit G + B D + B FC + B RC + B L + B VM + B CG + B D + B FC + B RC + B 

Scenario 
C 

GWP kg CO2 e 39.4 43.17 39.8 40.3 39.2 39.2 39.2 85.8 62.66 63.2 

Water consumption m3 0.6 0.6 0.6 0.6 0.6 0.6 0.6 1.2 1.00 1.0 

Element Impact categories Unit 2(G + B) 2(D + B) 2(FC + B) (RC + B) 2(L + B) 2(VM + 
B) 

2(CG + 
B) 2(D + B) 2(FC + 

B) 
2(RC + 

B) 

Scenario 
D 

GWP kg CO2 e 40.0 47.5 40.67 41.8 39.6 39.5 39.5 110.5 64.2 65.3 

Water consumption m3 0.6 0.7 0.62 0.6 0.6 0.6 0.6 1.4 1.0 1.0 
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Abstract: Product lifespan is one of key factors for product life cycle environmental performance. 
Lifespan extending is always considered positive for better life cycle environmental performance. From 
the view of one product, extended product lifespan can mitigate the environmental performance for 
avoided new production. But compared with the newer products those with same product function, there 
may be a tradeoff between lifespan extending and products replacement, because generally the newer 
products always have the higher energy efficiency and better function. It requires a systematic 
evaluation method under these circumstances. Multi Life Cycle Assessment (MLCA) may be a potential 
solution. The system boundary of MLCA is larger, including two or more life cycles of products. The 
end-of-life options of products, such as components reuse and materials recovery, can be integrated 
within the system boundary. In this study, MLCA was applied to two types of products, air-conditioner 
and notebook computer, in China to verify its practicability. The results of MLCA indicated that lifespan 
extending is better than frequent replacement for the notebook computer in the environmental 
performance view, for the energy efficiency improvement of notebook improves not so fast. While the 
MLCA results indicated that products replacement is better for air-conditioners, because the energy 
efficiency improved fast and evidently. In conclusion, MLCA can be useful for assessment of product 
lifespan extending point based on the life cycle environmental performance. Further, environmentally 
friendly technology innovation as an important factor beyond the product itself should be taken into 
consideration for optimal product lifespan assessment. 
 
 

Introduction  
Product lifespan is a key parameter for product 
life cycle environmental performance (Fujimoto 
& Ahmed, 2001; Pialot et al., 2012; C. Rose et 
al., 2002; C. M. Rose et al., 2002), as the 
energy consumption is directly related with the 
lifespan, and the end-of-life options also 
depends on the product lifespan. It is important 
to evaluate the optimal product lifespan based 
on the environmental performance. 
 
There are several factors for length of product 
lifespan, including physical condition, economic 
benefit and cost, software issues of ICT 
equipment, and technology innovation of newer 
products. When the lifespan ends for whatever 
reason, in the end, the product especially the 
consumer products are always replaced by the 
newer ones with the similar or same functions. 
Because the functions provided by the older 
and newer products always exist.  

 
Based on the continuous same products 
service requirements from the consumers, the 
concept of multi life cycle product (MPLC) 
system emerges (Zhuang, 1999). This concept 
generally covers two or more generations of 
products which have the same basic service 
functions. Especially, MPLC includes the 
components reuse stage and materials 
recovery stage in the next generations of 
products (Caudill et al., 2001). 
 
Based on the concept of MPLC, Multi Life Cycle 
Assessment (MLCA) was proposed as a 
method covering MPLC in literature  (Huang & 
Xu, 2005; Lu et al., 2015; Suhariyanto et al., 
2017). Extending the time framework from one 
product to two or more products which can 
provide the same basic function, the system 
boundary of MLCA is enlarged than the 
traditional LCA. Especially, the end-of-life 
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options of products are taken into consideration 
in the MLCA method, including reuse and 
remanufacturing of products and components, 
as shown in Figure 1. This setting implies that 
the recoverable materials and reusable 
components are all put into the next generation 
of products, i.e. closed loop recycling. This 
setting makes MPLC an integrated system, with 
materials or components flows in different 
generations of products, rather than a simple 
accumulation of several life cycles. 
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Figure 1. System boundary of MLCA. © Adapted 
from (Lu et al., 2015). 

 
With MLCA method, the trade-off between 
product replacement timing and corresponding 
environmental performance can be analyzed in 
a systematic way. Two types of products are 
selected as the case studies, air-conditioner 
and notebook computer. 
 

Method 
MLCA can follow the procedures similar to a 
standard LCA.  
(1) Definition of the goal and scope  
The scope, especially the time scope, will be 
expanded to incorporate several generations of 
products, as shown in the Figure 1. The basic 
function of product service system will be 
defined as the functional unit. And as the 
special part, specified materials flows and 
components flows among generations will be 
identified. 
(2) Life cycle inventory analysis.  
Life cycle data of multi-generation products 
needs to be collected. Especially, products 
market life time (sales data) and product 
lifespan of all studied products shall be 
collected or estimated. Then the key 
parameters of MLCA integration model will be 
calculated. And the inventory analysis similar to 
the traditional LCA will be operated. 
(3) Life cycle impact assessment 
Generally, impact assessment in MLCA is the 
same as the classical LCA. 
(4) Interpretation.  
In the interpretation stage, products lifespan, 
replacement timing and related environmental 
performance should be all discussed. 

Case Study: Air-Conditioner. 
 
Goal, scope and functional unit definition 
 
This case study aims to evaluate the 
environmental performance of different product 
replacement frequencies on multi-generation 
air-conditioner systems. The time scope in this 
study is set from 2005 to 2021. The functional 
unit is set for a split air conditioner service 
system, which can provide air-conditioning 
function with same cooling capacity 2600 w. 

 
Scenarios development 
 
Two scenarios are developed with different 
energy efficiency levels air conditioner in this 
case. Scenario A is that one air-conditioner with 
energy efficiency level 5 is used from 2000 to 
2010, and replaced by a new one with energy 
efficiency level 1, which are used from 2010 to 
2021. Different from Scenario A in replacement 
frequencies, there are three generations of air-
conditioner in Scenario B, including one with 
energy efficiency level-5 from 2005 to 2011, 
one with level-3 from 2010 to 2015, and one 
with level-1 from 2015 to 2021. 
 
In this case, the metal copper is chosen as the 
materials flow in different generations of 
products in this case study. The materials 
composition data of air-conditioner is from 
literature (Liu et al., 2016).  In one year, it is 
assumed that one air-conditioner is used for 
1000 hours. According to theoretic calculation, 
the energy efficiency of air conditioners for level 
5, level 3 and level 1 in this case are separately 
0.95 kw/h, 0.81 kw/h and 0.70 kw/h.  
 
The calculation is through the software Simapro 
9.0. The data used in this case is mostly from 
field investigation in the recycling plants and 
background LCA databases, including 
RCEES2017 developed in Chinese Academy of 
Sciences and Eco-Invent database 3.5. 

 
Results 
 
The results of MLCA of air conditioners are 
shown in Fig. 2. The results show that the 
environmental performance in Scenario B is 
better than Scenario A. That means lifespan 
extending is the less optimal choice compared 
with replacement by higher energy efficient air 
conditioners in a MPLC system. Based on the 
MLCA results, the optimal replacement timing 
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and the optimal product lifespan can be 
calculated, assuming the best environmental 
performance as the only aim. 
 

 
 
Figure 2. MLCA results of air conditioners 

 
Case study: Notebook computer 
 
Goal, scope and functional unit definition  
 
This case study aims to evaluate the 
environmental performance of different product 
replacement frequencies on multi-generations 
notebook computer system. The time scope in 
this study is set from 2008 to 2020. The 
functional unit is set for a notebook computer 
service system, which can provide basic 
notebook computer function for common office 
work. 

 
Scenarios development 
 
Two scenarios are developed with different 
energy efficiency levels notebook computers in 
this case. Scenario C is that one air-conditioner 
with energy efficiency level 2 is used from 2008 
to 2014, and replaced by a new one with energy 
efficiency level 1, which are used from 2014 to 
2020. Different from Scenario C in replacement 
frequencies, there are three generations of 
notebook computers in Scenario D, including 
one with energy efficiency level-2 from 2008 to 

2012, one with level-1 from 2012 to 2016, and 
one with level-1 from 2016 to 2020. 
 
In this case, the metal copper is also chosen as 
the materials flow in different generations of 
notebook computer in this case study. It is 
assumed that one notebook is used for 3000 
hours per year. According to theoretic 
calculation, the energy efficiency of air 
conditioners for level 2 and level 1 in this case 
are separately 0.06 kw/h and 0.05 kw/h.  
 
The calculation is through the software Simapro 
9.0. The data used in this case is mostly from 
field investigation in the recycling plants and 
background LCA databases, including 
RCEES2017 developed in Chinese Academy of 
Sciences and Eco-Invent database 3.5. 

 
Results 
 
The results of MLCA of notebook computers 
are shown in Fig. 3. The results show that the 
environmental performance in Scenario C is 
better than Scenario D. That means too 
frequent replacement can increase the total 
environmental loadings much more compared 
with lifespan extending for notebook 
computers. Based on the MLCA results, the 
optimal replacement timing and the optimal 
notebook computer lifespan can be calculated, 
assuming the best environmental performance 
as the target. 
 

 
Figure 3. MLCA results of notebook computers 
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Conclusions 
The results of MLCA in both cases indicated 
that lifespan extending is better than frequent 
replacement for the notebook computer in the 
environmental performance view, as the energy 
efficiency improvement of notebook improves 
not so fast. While the MLCA results indicated 
that products replacement is better for air-
conditioners, because the energy efficiency 
improved fast and evidently. In conclusion, 
MLCA can be useful for assessment of product 
lifespan extending point, or named the 
replacement timing, based on the multi-life 
cycle environmental performance. Further, 
environmentally friendly technology innovation 
as an important factor beyond the product itself 
should be taken into consideration for optimal 
product lifespan assessment.  
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Abstract: Social science research suggests that in our current affluent society, most individuals are 
accustomed to replacing their objects rather than keeping them at all costs. However, in this society, 
some individuals still try to keep their objects for a long time. How do they come to be concerned about 
products’ lifespan? The literature has proposed a whole series of explanatory factors, mainly in terms 
of resources (psychological, economic, social), but has never used a diachronic approach that takes 
into account the evolution of individual practices in the life course. In this paper, analyzing interviews 
conducted with sixty individuals seeking to make their objects last, I adopt a biographical approach to 
understand two things. First, I study how the practice of extending the life span of objects takes root: I 
show that the tendency to keep objects for a long time can come from the familial milieu, just as it can 
happen later, in connection with significant experiences with objects, with the reception of messages 
disseminated by the media and/or with personal events. Then, I wonder how biographical events affects 
products’ career in the households. I focus no longer on the general relationship of the individual to 
objects' lifespan, but on the career of the objects themselves. I emphasize that professional, residential, 
family or more global events (such as the COVID-19 crisis), which punctuate the life course of 
individuals, determine the fate of objects in the home. 

Introduction 

Diverse scholars characterize our western 
countries as “throwaway societies” (Trentmann, 
2016), in which most individuals are 
accustomed to replacing their objects rather 
than repairing (Cooper, 2004). However, part of 
the population still seeks, at least for certain 
objects, to preserve them: many share an 
aversion to waste (Brough & Isaac, 2010), and 
are concerned about the durability of the 
product they buy (Gnanapragasam et al., 2017). 
What can, nowadays, lead individuals to make 
their objects last? 

Many answers have been given; they vary 
according to the academic disciplines. In this 

1 Not all of the practices under study have the same 
environmental impact: one may say that storing 
objects that could be used by others is not good for 
the planet. As a sociologist, I focus on the practices 

article, we will focus on practices by which 
individuals can play a role in products' lifespan1 
(Figure 1). 

Marketing identifies psychological "motivations" 
to keep objects: aversion to waste mentioned 
above, but also the sentimental, instrumental, 
economic value accorded to the object (Okada, 
2001), or the skills and tastes for repair (Diddi & 
Yan, 2019 ; Scott & Weaver, 2014). Design 
evokes characteristics of the object itself that 
would make you want to keep it (Page, 2014). 
Economists take greater account of the financial 
trade-offs made by individuals, explaining the 
propensity to repair through GDP (McCollough, 
Bayramoglu & He, 2018), the economic capital 
of consumers (McCollough, 2007) or the price 

that the majority of my respondents value, because 
I’m interested in consumers’ points of view rather 
than on the environmental impact. 
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of repairing vs. replacing an object 
(McCollough, 2009). 

Sociology identifies organizations which 
influence individual practices: environmental 
issues are highlighted in the media and in 
government discourse, which mainly reach the 
classes with a strong cultural capital (Plessz et 
al., 2016); market players often encourages 
objects turnover (Spinney et al., 2012); 
consumer magazines reorganize the offer by 
operating prescriptions (Mallard, 2000); 
professional repairers are resources that are 
more or less accessible to consumers 
(Adriaenssens & Hendrickx, 2009 ; Welfens, 
Nordmann & Seibt, 2016); the other members 
of the household also plays a role (Miilunpalo & 
Räisänen, 2019). Sociology gives us another 
lead: the relationship to products’ lifespan can 
be explained by social belonging. In a 
Bourdieusian logic (Bourdieu, 1979), it can be 
hypothesized that the working classes (because 
they are economically constrained (Hoggart, 
1957)) and wealthier classes with a high level of 
cultural capital (who enjoy "ascetic" 
consumption and develop an "eco-habitus" 
(Carfagna et al., 2014) that values practices 
with low environmental impact) may tend to 
keep their objects more than others. 

This literature on social belongings suggests 
one thing: preserving objects probably depends 
on primary socializations2 inherited from the 
original milieu. The biographical point of view, 
with a return to childhood but also to different 
moments of socialization, would allow us to 
better understand how individuals come to keep 
their objects for a long time. Indeed, objects’ 
trajectories in the home depend on the 
biographical background of their owners 
(Young, 1991). For example, the fact of getting 
rid of certain objects is linked to personal 
bifurcations (Hebrok, 2016); it is well known that 
biographical ruptures make individuals more 
likely to transform their consumption practices 
(Andreasen, 1984). In this article, we draw on 
other work that has analyzed consumption from 
a diachronic point of view (Bauer & Auer-Srnka, 
2012); one paper especially inspires us: 
conducted on food consumption, it identifies 
"turning points" in individual practices: change 
of household such as the arrival of a child; 
changes in social networks; constraints faced 

2 Socialization is a sociological concept that refers to 
"the way in which society shapes and transforms 
individuals" (Darmon, 2016). Primary socialization 

by individuals such as a drop in income (Plessz 
et al., 2016).  

My contribution asks the following question: 
how do individuals come to be concerned about 
their objects’ lifespan, and how does this 
concern vary over time and events? The issue 
is divided into two parts. First, we will see how 
individuals come to a general relationship of 
preservation of objects. Second, we will study 
how some biographical events (first salary, 
moving...) have an impact on day-to-day 
practices (purchase, repair, disposal). 

Methods 

I have looked for individuals who are concerned 
about extending the life of their objects. They 
were recruited through different channels 
(individuals who brought an object to a Repair 
Café, signatories of a petition against planned 
obsolescence, people who were recommended 
to me and declared they were concerned about 
products’ lifespan...), varying in age, gender, 
social class, type and surface area of dwelling, 
type of household. I met sixty people or couples 
at their homes during semi-structured 
interviews, lasting on average 1h45. Among 
these interviewees, I followed up eight 
households via monthly meetings over six 
months, so that I could observe the way objects 
move in the households. 

The emergence of the concern about 
products' lifespan in people's life 
course 

For a majority, an inherited consumption 
pattern, especially among low-income 
backgrounds 

The individuals surveyed did not experience a 
unique socialization with respect to objects. 
However, for most of them, the family 
environment fostered a tendency to keep 
objects for a long time. Of the 44 respondents 
who mentioned their parents' relationship to 
objects, 34 said they transmitted them some 
consumption habits. They are of two types: 
• Sober consumption. Several respondents

noted that their parents bought few items
compared to their classmates' families; they

is what is transmitted during childhood by the family 
and/or the school. 
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also gave them few gifts on birthdays or 
Christmas, or gifts they thought would be 
useful (a desk for their room, for example). 

• Care practices. Their parents would 
formulate rules: no jumping on the couch, 
punishment if they lost a personal item or 
broke something. Many respondents say 
that when they were young, they had to be 
"careful". They acquired a culture of 
maintenance: cleaning, emptying, descaling 
and repairing. 

The remaining 10 out of 44 respondents did not 
experience this type of socialization. 
Conversely, many have built their consumption 
practices in the rejection of the education they 
received and which they negatively qualify as 
"consumerist". Their parents often accumulated 
many objects - they call them "gadgets", 
emphasizing their futile aspect. This often led to 
a saturation effect: they now share, by contrast, 
an ideal of minimalism. 

These differences in socialization are related to 
the standard of living in the original milieu. 88% 
of respondents from working-class 
backgrounds have experienced sobriety and 
object preservation practices among their 
parents, compared to only 64% of respondents 
from higher-class backgrounds. Probably 
because the objects had more relative value in 
relation to household income, the modest 
backgrounds from which some of the 
respondents come are more concerned about 
the future of their objects: they are careful 
because the act of buying another model is 
financially significant. 

However, richer environments may also 
encourage objects' preservation. Charpy 
already mentioned it on the bourgeois 
households of the 19th century which maintain 
their furniture heritage (Charpy, 2010). Serge, a 
62-year-old managing editor, testified in an 
interview about how both a bourgeois and a 
working-class milieu can convey practices of 
protection towards objects, with two ways of 
valuing and caring for objects. He himself 
comes from a modest family: his father, a blue-
collar worker, repaired a lot and encouraged 
him to be careful. The value given to household 
objects was associated with the value of the 
work that had gone into making and buying 
them. Serge's wife comes from a more 
bourgeois background. As a child, she used to 
avoid putting her fingers on the beautiful family 
furniture in the house. Her parents also gave 

value to the objects, but more symbolic and 
memorial: they maintained the familial furniture 
as a cultural heritage. 

(Re)discovering the issue of products' 
lifespan 

We can find some roots in individuals' 
relationship to objects. But very often, it took 
other events to reactivate these dispositions. 
Indeed, several interviewees testify to an 
evolution in their relationship to objects: they 
compare themselves to a "before" when they 
bought and threw away more. What led them to 
be more and more concerned about the lifespan 
of objects? Often, a combination of causes led 
to gradual changes. I group them into three 
types: 
• Misadventures with one or more objects. For 

many, it was the breakdown (or even a close 
succession of several breakdowns) that 
triggered a feeling of indignation and a 
desire to fight against obsolescence. 

• Awareness raising through the media, the 
cultural industry, speeches promoted by the 
public authorities. Several individuals cite 
these, especially those that speak of 
"planned obsolescence" and "minimalism": 
they have a diffuse impact on their 
representations, leading them to discover 
the notion of lifespan and over-consumption. 

• Personal biographical disruptions: a trip that 
raises awareness of ecology (1 case), 
illnesses that lead to a review of one's 
lifestyle (2 cases), the loss of employment 
questioning the meaning of daily activities (2 
cases), a deterioration in the household's 
financial situation (4 cases) — this last 
change often leads individuals to adopt 
economy and self-production practices 
(Boost & Meier, 2017). 

Let us take an example to illustrate this 
biographical turnaround, which combines two 
sources of change: that of Alexandre, a 35-
year-old audiovisual technician, married and 
father of two children. He has watched 
documentaries on minimalism, which resonated 
with the reduction in income he experienced. 
Alexandre maintains that his relationship with 
objects changed when he and his family moved 
into their current apartment in 2016. He and his 
wife were still receiving the same income, but 
the rent for the apartment increased by €500 
because it was bigger, and this coincided with 
the birth of their second daughter in 2015. This 
change in budget went hand in hand with the 
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viewing, mainly by Alexandre, of Netflix 
documentaries and series such as Minimalism 
(2016), or Tidying up with Marie Kondo3 (2019). 
Following this trend, Alexandre argues that they 
have started to change some of their habits, 
including going to Repair Café4 to repair rather 
than replace, or stop buying the last iPhone 
every year. The cause of products’ lifespan 
allows them to live more serenely with the 
budget cut, as it makes deconsumerism 
desirable. 
  
How biographical events play on the 
fate of objects in the home 

Household transformations and object 
careers 

Everyday life events are opportunities for new 
objects to enter and leave the household. These 
events can be regular, such as birthdays or 
vacations, which often bring new objects into 
the household. They can also be biographical 
developments, which are of more interest. 
Changes in the household strongly determine 
objects’ careers in the home. 

Youth (age of schooling or of first job search) is 
the age of sobriety. My biographical interviews 
show that young adults are focused on 
sociability and leisure activities, and that their 
household equipment is limited by their low 
income. They have little concern for their 
objects’ lifespan, but have sober practices, in 
the sense that they own few objects and make 
a lot of recuperation. Household equipment 
comes with advancing age, settling down as a 
couple (Kaufmann, 1992) and the first stable 
job. Moreover, the first wage is an event evoked 
by several respondents: to mark the occasion, 
they often acquired a new object at that time. 

Another biographical break, moving disrupts the 
respondents' household goods. For many, this 
is an opportunity to sort and get rid of numerous 
objects that, in their opinion, do not deserve to 
be transported, could be replaced by objects 
that they like better, or do not fit in the new 
home. Just before, the prospect of moving leads 
some of my respondents to disinvest in their 

 
3 This reality TV series features families that Marie 

Kondo, author of a book on tidying up, comes to 
help them sort through their belongings and save 
space. 

home, suspending their consumption in 
anticipation of future purchases. 

Enlarging or reducing the size of household also 
plays a role among my respondents: in addition 
to the couple relationship already mentioned, 
the arrival of a child or separation can be the 
occasion for new acquisitions or removal of 
objects; the literature has shown that people 
who divorce get rid of certain objects that are 
too full of memories (McAlexander, 1991). 
Divorce can also affect repair practices: one 
respondent learned how to make improvised 
crafts once she became a single mother. 
Finally, retirement, with the slowing pace of life, 
also has an impact: having more time available 
allows Geneviève, 70, to repair more of her 
objects. She explains, using the example of the 
printer she brought to a Repair Café, that she 
would have taken less time to try to repair it 
when she was still working as a nurse with a 
dependent child. 

The role of historical events: the case of 
lockdown 

With the COVID-19 crisis, part of the French 
population has experienced several lockdowns: 
we focus on the first one, which took place from 
March 17 to May 11, 2020. This experience 
implies several things about the relationship 
that individuals have with their objects over 
time. 

Respondents strongly slowed down their 
consumption of new or second-hand objects, 
due to the temporary inaccessibility of stores 
and exchanges via the Internet. The lockdown 
was a boost to their existing practices of limiting 
consumption. It legitimized the path they had 
begun to take: deconsumption gave them a 
form of autonomy that they were able to put 
forward during this period. 

The impossibility to buy easily also led to more 
reinvestment in existing assets. The time spent 
at home was an opportunity to rediscover some 
objects, in connection with the new activities 
experienced during this period. Depending on 
whether or not the situation freed up time, 
repair, do-it-yourself or sewing work was 
abandoned or undertaken. Due to the lack of 

4 Volunteer repair workshops available free of 
charge. 
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mobility, several small home repairs were 
attempted to prolong the use of objects. 
Lockdown also encouraged self-production: the 
famous masks, made by respondents familiar 
with sewing, are worth mentioning. The desire 
for self-sufficiency led to the learning of 
production practices at home and the 
rediscovery of manual skills usually absent in 
everyday life. 
 
Conclusions 

In this paper, I showed that there are moments 
in the life course that can arouse individuals' 
interest in the question of products’ lifespan, or 
which, conversely, can discourage practices 
aimed at preserving objects. First, we observed 
that the tendency to keep objects for a long time 
could come from primary socialization, just as it 
can happen later, notably through biographical 
disruption. Then, we saw that the stages of the 
life course, as well as the recurrent events of the 
year and the global events constraining 
consumption, can determine the fate of objects 
within the home, speeding up or delaying their 
end of life. 

To go further and complete this work, it would 
be interesting to do the same work with 
individuals who do not develop an attachment 
to their objects, in order to understand which 
elements of primary socialization and life course 
led to a different relationship to objects. 
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Abstract: The question of prolonging the lifetime of food packages before they are disposed of has 
largely been overlooked. Yet, reusing packaging could bring interesting environmental benefits. In this 
research, we take a consumer perspective and test whether returnable packaging for fast-moving 
consumer goods (FMCG) has the potential to be adopted by consumers. The results of two 
experimental studies show that evaluations of returnable packaging are generally positive. Consumers 
perceive returnable packages as much more eco-friendly than their disposable counterparts, and the 
product inside as more qualitative even though the tested products were sensitive (i.e. yoghurt and ice-
cream). In addition, they are more likely to recommend a product sold in a returnable packaging and 
high environmentally concerned individuals are more likely to repurchase it. However, when signs of 
usage resulting from multiple uses were introduced on the returnable packaging, attitudes were 
generally less positive and individuals were also less likely to recommend and repurchase the product. 
These results highlight the importance of downplaying the negative effects of signs of usage in the 
design of returnable packaging. 
 
 
Introduction  

Research on the topic of premature 
obsolescence has so far largely focussed on 
durable products, electronics or clothing. One 
particularly interesting topic has been 
overlooked in the literature on longevity: 
packaging. Yet, in this domain as well, waste 
prevention would be better than recycling, and 
would often lead to less detrimental 
consequences for the environment 
(Greenwood et al. 2021). In Europe, each 
citizen discards on average 174kg of packaging 
items per year (source: Eurostat, 2018). While 
recycling rates for glass (76%) and metal (74% 
for aluminium and 82% for steel) are high in 
Europe, the process requires a lot of energy 
and thus contribute to greenhouse gas 
emissions. When it comes to the recycling of 
plastics, 60% of all plastic packaging in Europe 
are either burnt of landfilled (source: Eurostat, 
2021). In addition, many packaging items leak 
into the environment, which is a major issue for 
plastics as they dissolve into microplastics that 
contaminate the air and marine life.  

One solution to limit this problem is to reuse 
packaging during multiple cycles of 

consumption via returnable and refillable 
packaging (Ertz, Huang, Jo, Karakas, & 
Sarigöllü, 2017; Coelho, Corona, ten Klooster, 
& Worrel, 2020). Although return systems for 
packaging are not new, services with innovative 
business models are entering the market. 
However, these innovations also come with 
various challenges, related to logistics, 
economic viability or user-friendliness,.  

From a consumer perspective, literature on 
factors of acceptance of reusable food 
packaging is scarce. In addition, contamination 
represents an important barriers for consumers 
regarding reusable products (Baxter, 
Aurisicchio & Childs, 2017). As reusable 
packages go through multiple uses, signs of 
wear and tear may appear on their surface. 
Thus, consumers may perceive these 
packages differently compared to new 
packages made of virgin materials. For 
reusable packaging to succeed, it is therefore 
also central to understand how consumers 
respond to signs of use. First, this research 
contributes by offering a better understanding 
of consumers’ responses to returnable 
packaging compared to disposable packaging. 
Second, this paper offers insights on 
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perceptions and attitudes towards reusable 
packaging after several cycles of consumption. 
Finally, this research provides insights on how 
individual characteristics influence the 
acceptance of reusable packaging. 
 
 
Literature overview 
 
Different types of reusable packaging 
systems 

Different types of reusable packaging have 
been identified in the literature (Coelho et al., 
2020; Lofthouse, Bhamra, & Trimingham, 
2009). When it comes to consumer packaging 
for food and beverages, reusable packaging 
can be classified in three main categories: 
refillable by bulk dispenser, refillable parent 
packaging and returnable packaging. Refillable 
by bulk dispensers packaging systems consist 
in using a container or a brand's refillable 
packaging in-store. Refillable parent packaging 
consists of a refill packaging that is made with 
less material than the parent packaging. In 
returnable packaging systems (RPS), 
consumers return their empty packaging which 
will be cleaned and refilled by the 
retailer/producer for future use. This system, 
used by companies such as Loop - TerraCycle, 
is usually combined with a deposit system to 
provide a financial incentive. 

In this research, we focussed on the latter 
system in an online context. This system (RPS) 
offers several advantages compared to 
refillable systems regarding user-centeredness 
(user-friendliness, convenience) and is close to 
commonly used disposable packaging, which 
are branded.   
 
Factors enhancing the acceptance of RPS 

Returnable packaging systems (RPS) primarily 
aim at reducing the use of materials and energy 
in packaging. Unsurprisingly, waste reduction 
represents an important positive aspect of RPS 
for consumers who feel ethically better when 
buying products sold in this type of packaging 
(Lofthouse et al. 2009). Furthermore, reusable 
packaging systems consisting of an original 
packaging swapped for a new product were 
also perceived as being easy to use, which in 
turn may promote their acceptance and 
adoption by consumers (especially compared 

to other types of reusable packaging systems 
such as refillable packaging, which were 
deemed as unfit to modern life) (Lofthouse et al. 
2009).In addition, the convenience that RPS 
may bring due to the unnecessary sorting and 
recycling of the containers has been evoked as 
a positive aspect of RPS (Lofthouse et al. 
2009). Consumers of milk delivery services in 
reusable packaging have also mentioned the 
convenience of waste collection as one of the 
major advantage of this system (Vaughan, 
Cook, & Trawick, 2007). Although rarely seen in 
practice, positive pricing implications related to 
the reuse of containers have been mentioned 
by consumers, who expect that the fact that the 
packaging is reusable should lead to a price 
discount.  

Next to responses related to specific elements 
of the reusable packaging systems, individual 
characteristics of consumers are likely to 
influence the acceptance of RPS. As motivation 
plays an important role in the adoption of 
reusable containers (Ertz, Huang, Jo, Karakas, 
& Sarigollu, 2017), we can expect that 
environmental concern, which is defined as the 
intensity of positive or negative affect towards 
environmental topics (Cruz & Manata, 2020), 
can be a potential predictor of the acceptance 
of RPS by consumers. Specifically, we can 
expect that the more environmentally conscious 
individuals are, the more likely they will be to 
adopt RPS for their environmental benefits and 
to accept the potential negative implications 
that their use may involve. 
 
Factors hindering the acceptance of RPS 

Literature has also pointed out to some factors 
that may have a negative influence on the 
acceptance of RPS. First, literature has linked 
RPS to negative pricing implications (Lofthouse 
et al. 2009), which can for example be related 
to the small scale of their logistic systems. The 
negative pricing implications inevitably have 
detrimental consequences on the acceptance 
of RPS by consumers. In addition, the difficulty 
for consumers to engage with the system has 
been recognised as a potential hindrance to the 
adoption of RPS. Literature has highlighted 
other factors of hindrance such as the 
inconvenience of storing the empty containers 
(especially as these systems do not completely 
replace current systems of recycling in the 
households).  
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In addition, product hygiene concern was 
reported as a potential factor of rejection for 
sensitive products (e.g., dairy products or other 
products at risk of spoilage or contamination) 
(Coelho et al. 2020). This concern could be 
related to a lack of trust in the cleaning process 
of the containers between uses. Furthermore, 
research has demonstrated that individuals can 
experience contamination concerns about 
shared objects in the context of access-based 
services (Baxter, et al. 2017), especially when 
the objects are used in proximity to their bodies 
(Hazée, van Vaerenbergh, Delcourt & Warlop, 
2019). These contamination concerns could be 
emphasized by perceived contamination due to 
the presence of signs of usage. This specific 
aspect of reusable packaging has so far been 
overlooked. Yet, research on disposable 
packaging has shown that superficial 
imperfections on packaging surface can cause 
negative reactions that shape negative 
attitudes towards and avoidance of the 
products (White, Lin, Dahl, & Ritchie, 2016). 
The authors also demonstrated that these 
negative reactions even emerged in conditions 
under which the damages did not directly 
convey health or safety threats from the 
product. By extension, we can expect that signs 
of usage on reusable packaging can lead to the 
same negative reactions for users who receive 
such packages, and in turn hinder their long-
term adoption. 

Finally, the role of disgust sensitivity, which can 
be defined as a personal sensitivity to 
contamination by interpersonal contacts (Rozin, 
Haddad, Nemeroff, & Slovic, 2015), might 
influence the acceptance of RPS. We can 
expect that the more individuals are sensitive to 
disgust, the more they will be likely to negatively 
evaluate RPS. 

In order to investigate evaluations of RPS by 
consumers, we created two experimental 
studies. In study 1, we compared evaluations of 
reusable packaging (in comparison to 
disposable packaging). In addition, we tested 
the influence of individual variables such as 
environmental concern and disgust sensitivity 
on these evaluations. In study 2, we tested how 
signs of usage on a reusable package affect 
evaluations compared to an as new package 
appearance. 
 
Study 1 
 

Method 

This study aimed to assess consumers’ 
evaluations of reusable packaging. Ninety-one 
people (54 women) participated in this 
investigation. Their mean age was 44.2 years 
with a standard deviation of 12.61 years. 

All participants read a scenario where they had 
ordered online a pot of Greek-style yogurt that 
was sold either in disposable or reusable 
packaging and were presented with a 
photorealistic rendering of the product. The 
disposable package consisted of a plastic-
looking pot, and the reusable container 
consisted of the same pot with a metallic 
appearance (Figure 1). Both stimuli were 
identical in all their characteristics except for the 
appearance of their material. The experiment 
followed a between-subjects design, in which 
each participant was randomly presented with 
one of the two scenarios. 

 
Figure 1. Disposable (left) and reusable (right) 
packages shown in Study 1. 

The participants had to rate the depicted 
packaging on several 7-point scales, in which 
Pearson’s correlation coefficient (r) was used to 
estimate the reliability of scales that consisted 
of two items and Cronbach's α was used to 
estimate the reliability of scales composed of 
more than two items. Specifically, the 
participants were asked to rate their attitude 
towards the product (α=0.92), the perceived 
healthiness, the perceived quality (α=0.92), the 
packaging eco-friendliness (r=0.93), the 
contamination perception of the packaging 
(α=0.74), their safety concerns (r=0.70) and the 
attractiveness of the packaging (α=0.95). The 
participants were also asked to rate their 
intention to repurchase the product (α=0.99) 
and their intention to recommend it (α=0.91). 

In addition, some participants’ characteristics 
considered relevant were assessed. We asked 
the participants to rate their disgust sensitivity 
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(α=0.70), their environmental concern (α=0.92), 
their involvement in the product category 
(α=0.94), their attitude towards reusable 
packaging (α=0.97) and to indicate to what 
extent were they familiar with the concept of 
reusable packaging. 
 
Results 

The results of an independent t-test (Table 1) 
show that the participants reported a better 
attitude towards the reusable packaging than 
towards the disposable packaging (t(89)=-2.80, 
p=.006). In addition, the reusable package 
enhanced the evaluations of the healthiness 
(t(89)=-2.29, p=.024) and quality (t(89)=-2.94, 
p=.004) of the yogurt, and the packaging itself 
was evaluated as being more environmentally 
friendly than the disposable one (t(89)=-7.84, 
p<.001). Although contamination was 
perceived as low for both packages, the 
reusable pot was considered more 
contaminated (t(89)=-2.37, p=.020). Overall, 
the participants showed a greater intention to 
recommend the purchase of the reusable pot 
(t(89)=-3.24, p=.002), although they did not 
express a greater predisposition to repurchase 
it (t(89)=-1.23, p=.223). However, this 
predisposition to repurchase became 
significant, when looking more specifically at 
specific groups of consumers. 
 

 Disposable 
packaging 

Returnable 
packaging 

Attitude 4.82 (1.32) 5.56 (1.19) ** 
Healthiness 4.72 (1.51) 5.40 (1.32) * 
Quality 4.45 (1.31) 5.13 (0.85) ** 
Packaging eco-
friendliness 

3.76 (1.66) 6.08 (1.11) *** 

Contamination 
perception 

2.23 (0.86) 2.76 (1.23) * 

Safety concerns 5.85 (1.16) 5.66 (1.17) 
Packaging 
attractiveness 

4.66 (1.36) 5.11 (1.27) 

Repurchase 
intention 

4.43 (1.84) 4.89 (1.75) 

Intention to 
recommend 

4.10 (1.37) 5.06 (1.45) ** 

***p<.001; **p<.01; *p<.05 
Table 1. Descriptive statistics study 1. 

Regarding the interaction effects of the 
individual characteristics of the participants on 
their assessment of the packages, the results of 
a moderation analysis (5000 samples) show 
that those with high disgust sensitivity tended to 
rate the reusable packaging as more 

contaminated than the disposable one 
(Johnson-Neyman point at M>4.37; 59% of the 
participants). In addition, participants with a 
high level of environmental concern were more 
likely to repurchase (Johnson-Neyman point at 
M>5.62; 45% of the participants) and 
recommend (Johnson-Neyman point at 
M>4.77; 75% of the participants) the reusable 
packaging, whereas those with a low level of 
environmental consciousness were less likely 
to repurchase (Johnson-Neyman point at 
M<3.05; 5% of the participants) and 
recommend it (Johnson-Neyman point at 
M<1.22; 3% of the participants). 
 
Study 2  
 
Method 

The second study aimed to determine 
consumers’ evaluations of reusable packaging 
showing signs of use. Eighty-eight participants 
(53 women) took part in this investigation. Their 
mean age was 39.8 years with a standard 
deviation of 12.99 years. 

All participants read a scenario where they had 
ordered online a pot of vanilla ice cream sold in 
a reusable packaging, which was either in 
perfect condition or showing signs of usage, 
and were presented with a picture of the 
product. Both stimuli were identical in 
everything except the signs of wear and tear 
(Figure 2). The experiment followed a between-
subjects design, in which each participant was 
randomly presented with one of the two 
scenarios. 

 
Figure 2. Neat (left) and dented (right) packages 
shown in Study 2. 

The scales, measurements and reliability tests 
were the same as those used in study 1. Thus, 
the participants were asked to rate their attitude 
towards the product (α=0.97), the perceived 
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healthiness, the perceived quality (α=0.92), the 
packaging eco-friendliness (r=0.74), the 
contamination perception of the packaging 
(α=0.74), their safety concerns (r=0.86) and the 
attractiveness of the packaging (α=0.97). The 
participants were also asked to rate their 
intention to repurchase the product (α=0.98) 
and their intention to recommend it (α=0.97). 

Additionally, the same individual characteristics 
were also assessed: disgust sensitivity 
(α=0.81), environmental consciousness 
(α=0.93), involvement (α=0.93), attitude 
towards reusable packaging (α=0.99) and 
familiarity with reusable packaging. 

 
Results  

The results of an ANCOVA analysis using 
attitude towards reusable packaging as a 
covariate (Table 2) show that participants 
showed less positive attitude towards the 
dented packaging (F(1,85)=14.67, p<.001). 
Products in the dented packaging were 
considered less qualitative (F(1,85)=12.88, 
p<.001), and the dented package was 
perceived as more contaminated 
(F(1,85)=14.21, p<.001), less safe 
(F(1,85)=5.86, p=.018) and less attractive 
(F(1,85)=36.42, p<.001) than the neat one. 
Overall, the results suggest that the participants 
are less inclined to repurchase (F(1,85)=2.91, 
p=.091) and recommend (F(1,85)=5.53, 
p=.021) a reusable packaging when it shows 
signs of wear and tear. 
 

 Neat 
packaging 

Dented 
packaging 

Attitude 5.36 (1.70) 4.29 (1.63) *** 
Healthiness 4.21 (1.09) 3.83 (0.80) 
Quality 5.21 (1.04) 4.53 (1.03) *** 
Packaging eco-
friendliness 

5.77 (1.26) 5.70 (1.16) 

Contamination 
perception 

2.84 (1.25) 3.67 (1.16) *** 

Safety concerns 5.38 (1.55) 4.73 (1.52) * 
Packaging 
attractiveness 

5.40 (1.37) 3.78 (1.37) *** 

Repurchase 
intention 

4.85 (1.86) 4.41 (1.79) † 

Intention to 
recommend 

4.99 (1.74) 4.38 (1.75) * 

***p<.001; **p<.01; *p<.05; †p<.10 
Table 2. Descriptive statistics study 2. 
 

Conclusions 

This paper contributes by showing that while 
consumers are very positive about the concept 
of reusable packaging, in practice some 
aspects of its use (such as the presence of 
signs of usage) may hinder its acceptance. 
Results also show that when there is no sign of 
usage on the package, consumers do not seem 
to evaluate sensitive products (i.e. dairy 
products) more negatively when proposed in a 
returnable packaging, which contradicts the 
initial views of Coelho et al. (2020). However, it 
should be noted that our results are based on a 
study conducted in an online experimental 
setting. A field study with real packaging could 
further enhance the ecological validity of our 
findings. In addition, this study focusses on 
returnable packaging, which is one specific type 
of reusable packaging. Future research could 
examine whether signs of usage on other types 
of reusable packaging systems (such as 
refillable packaging) are perceived as 
negatively and hinder the evaluations and 
reuse of such packages. Finally, further 
research is needed to understand how the 
design of the packaging system can counteract 
the negative associations to reusable 
packaging. 
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Abstract: Scholars in sustainable consumption increasingly highlight the limitations of “weak 
sustainable consumption” approaches to overcome the challenges of the current environmental crisis. 
While efforts to enable cleaner production and circular flows of materials are necessary and important, 
progress in environmental efficiency tends to deviate attention away from a more critical challenge: 
advancing sufficiency. In order to deliver “absolute” improvements, reducing production and 
consumption levels (an explicit focus on “strong sustainable consumption”) is needed. However, 
international and national environmental policies tend to avoid such measures. The literature points out 
that resistance from businesses and citizens and fear of losing geopolitical power or income from 
consumption taxes are major obstacles for such policies to emerge. In this context, this paper examines 
the case of the “Amsterdam Doughnut”, the measures aimed at reducing consumption of electronics, 
textiles and furniture included in the “Amsterdam Circular 2020-2025 Strategy”, and the relation to 
product lifetimes. Interviews with key actors involved in the integration of Kate Raworth’s Doughnut 
Economy model into the city strategy were conducted, and official documents were reviewed. The paper 
discusses to what extent these efforts can be characterized as a “strong sustainable consumption” 
policy, and aspects that may have helped to overcome the resistance mentioned above, contributing to 
ongoing debate about the implementation of sufficiency principles.   
 
 
Introduction: Strong sustainable 
consumption policy  
 
Promoting the use of goods and services for 
better quality of life, while minimizing the 
extraction of natural resources and production 
of pollutants, is at the core of sustainable 
consumption. In a 2015 review of progress in 
this field, O’Rourke and Lollo point out that 
efforts have been mostly focused on improving 
the material and energy efficiency of products 
and production processes, with the overall goal 
of decoupling economic growth from 
environmental impacts. However, studies 
looking for evidence of decoupling across 
nations and over time have not found it (Knight 
& Schor, 2014; Pothen & Schymura, 2015). The 
impossibility of reducing environmental impacts 
fast enough to outrun the pace of growth in 
consumption levels has led scholars to label 
such approach as “weak sustainable 
consumption” (wSC) and to call for “strong 
sustainable consumption” (sSC) approaches in 
order to enable “absolute” reductions. A central 
argument is that, while the efficiency gains of 
cleaner production and circular flows of 

materials are needed, the problem of wSC is 
that it tends to deviate attention away from a 
more critical challenge: that of questioning 
consumption levels and advancing sufficiency 
(O’Rourke & Lollo, 2015). 
 
SSC scholars identify society’s present focus 
on growth of consumption as a major barrier for 
strong sustainable consumption approaches to 
develop. By questioning economic growth as an 
indicator of prosperity and wellbeing and 
arguing for consumption reduction, sSC links to 
the degrowth movement. Lorek and Fuchs 
(2013, pp. 36–37) have argued that “sSC and 
degrowth depend on each other. Strong 
sustainable consumption governance as a 
comprehensive approach to the pursuit of 
sustainable development is a precondition for 
degrowth. At the same time, sSC governance 
will not be achievable without a societal 
acceptance of degrowth”. 
 
In a thorough review of international public 
policy and governance documents, Fuchs and 
Lorek (2005, p. 263) found that wSC had 
received some attention, while sSC was absent 
from political debates and had been avoided by 
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international governmental organizations. The 
authors assigned difficulty in strengthening 
environmental policy not only to the lack of 
political will, but also to the interest of 
businesses and citizens. In 2015, O’Rouke and 
Lollo note that this difficulty persists. Among 
other barriers, they highlight the self-
perpetuating cycle of positional consumption of 
individuals, and the pressure experienced by 
companies to continuously grow revenue. 
Governments consider geopolitical power, 
economic and social stability, and social 
progress largely dependent on economic 
growth, hindering the adoption of sSC in 
governance.  
 
Policy measures promoting product durability 
and reusability are particularly relevant in the 
context of this conference. These can be 
considered a grey area in terms of a weak vs. 
strong classification. Longer lifespans do not 
necessarily contribute to reductions in new 
product demand (Zink & Geyer, 2017), they 
may also lead to accumulation with no concrete 
environmental advantages (Maldini, 2019). An 
analysis of the broader policy framework where 
they are embedded and the targets set, is 
needed to further unpack their role in this 
discussion. 
 
In the case study below, the relation of the 
Amsterdam strategy to the Doughnut 
framework positions product longevity 
measures such as “ensuring a good 
infrastructure for sharing platforms, second-
hand shops, online marketplaces and repair 
services” (Gemeente Amsterdam, 2020), as a 
means for consumption reduction, rather than a 
goal in itself, therefore providing a case to study 
sSC policy.  
 
Given that sSC is highly absent from consumer 
goods environmental policy, knowledge is 
needed about how the barriers mentioned 
above can be overcome, but also about how 
governance for sSC could look like (see e.g. 
Cosme, Santos, & O’Neill, 2017). Scholars in 
the field have called for a mapping of the 
events, institutional settings and decision-
making process that advance sSC policy. This 
analysis of the Amsterdam Doughnut is a 
contribution to such end.  
 
Case study: The Amsterdam 
Doughnut  
 

In April 2020, the Municipality of Amsterdam 
(MA) announced their intention to embrace 
Oxford economist Kate Raworth’s “Doughnut 
Economy” model for the management and 
strategic vision of the city. This model is a 
ringed shape visual framework -hence the 
name- that identifies a “safe and just space” for 
humanity’s economic activities; the space 
between the social foundation that would allow 
covering the basic needs of all humans, and the 
ecological ceiling of our planet (Raworth, 2017). 
The urgency of reducing consumption levels in 
the global North so that resources can be 
efficiently used in providing a better quality of 
life in the global South (while acknowledging 
the limits of what the earth can take and 
provide) is central in Raworth’s diagram and 
writings. Her work aligns with that of degrowth 
in many aspects, including the criticism of GDP 
as an indicator of human wellbeing. In the 
analysis below, I build on official documents of 
the MA with interviews conducted with Eveline 
Jonkhoff and Stef Le Fevre (MA) and Ilektra 
Kouloumpi (NGO Circle Economy), to reflect on 
the extent to which this initiative can be 
characterized as sSC governance and the 
process that made it possible.  
 
The NGO Circle Economy (CE) is a collaborator 
of MA since 2014. “We have supported the 
development of their strategies for a long time 
and they were interested in going deeper and 
bigger”, explains senior cities strategist at CE 
Ilektra Kouloumpi, “by the end of 2018 we 
agreed on working with the Doughnut”. Eveline 
Jonkhoff (program manager Circular and 
Doughnut Economy at the MA) saw this as “a 
great opportunity to include the social 
foundation into the Circular Economy” and that 
was the starting point of a new collaboration to 
develop the Amsterdam Circular 2020-2025 
strategy.  
 
The process of building the city strategy on 
Raworth’s principles is summarized by Jonkhoff 
as follows:  

What we did in spring 2019, was 
organizing four workshops where we 
invited colleagues from different 
departments of the Municipality to 
translate the Doughnut model to the 
level of the City (…) We delivered the 
building blocks in June 2019, which 
were discussed in the city board and 
sent to the city council. Moreover, we 
organized Doughnut workshops in 
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every city district, asking citizens to 
build the agenda for that evening. In 
autumn 2019 we used the Amsterdam 
Doughnut to actually develop the 
Circular Strategy and to translate it into 
this innovation and execution program 
with over 200 projects (…). In January 
2020, in order to finalize the strategy 
and program, we openly shared draft 
versions with hundreds of companies, 
knowledge institutions and NGOs, and 
we had a large gathering to finalize the 
5-year strategy and the 2-year 
innovation and execution program 
together (E. Jonkhoff, personal 
communication, October 7, 2020). 

 
While Jonkhoff refers to the Doughnut as a 
useful methodology (a means to reach and 
explain their circular goals), Kouloumpi 
acknowledges the complementary value of this 
model to Circular Economy principles, and its 
conceptual additions to the former city 
strategies: “you can build a perfect circular 
model that is not inclusive or ethical, for 
instance. When you bring the Doughnut in, 
because of its holistic approach, you can’t avoid 
that”.  Indeed, the issues of global responsibility 
and consumption levels are core to the 
Doughnut, and not to the Circular Economy 
framework.  
 
The early joint initiatives of CE and the MA 
during the mid 2010s focused on transforming 
the built environment and food value chains. 
But during the evaluation phase, consumer 
goods came up as a value chain making the 
largest ecological footprint of the city, so it was 
added at the end of 2017. Within this area, the 
most recent 2020-2025 strategy focuses on 
furniture, electronics and textiles. These goods, 
according to Jonkhoff, present opportunities for 
impactful improvement and can be used as an 
example for the total value chain. In line with the 
principles of the Doughnut and the Circular 
Economy, the targets include reducing the 
consumption of the MA by 20% and 
implementing 100% circular procurement by 
2030. These are meant to “set the example” for 
citizens. In addition, the strategy includes 
actions to raise awareness of the need to 
consume less and share more through 
advertising campaigns. However, the strategy 
does not include any straight forward measure 
to reduce the volume of goods circulating in the 

city, or specific targets for citizens’ consumption 
reduction (Gemeente Amsterdam, 2020).  
 
Kouloumpi highlights the value of MA’s 
ambition in reducing consumption, 
acknowledging at the same the limitations of 
the concrete measures: 

Setting the example is already a very 
progressive idea. The journey with the 
Doughnut is only starting for them, so 
there would be a lot of steps to take and 
obviously one of them is how to 
address overproduction and 
overconsumption. But in this current 
strategy it is not explicitly mentioned.  
Banning the big brands with global 
value chains and presence, for 
example, would be out of their policy 
influence. But they were keen to think 
of new ways to create this in the future. 
(I. Kouloumpi, personal 
communication, September 9, 2020) 

   
The idea that consuming less is a “good 
example” could have indeed faced resistance 
from different actors in the development of the 
strategy, but according to the interviewees, this 
was not the case. Parties from all the political 
spectrum approved the initiative: 

We heard from them that the Doughnut 
had the power of uniting these political 
opinions, because it just brings one 
truth: that we want to thrive, but we 
cannot thrive beyond our own 
boundaries. The acknowledgement of 
the limits of growth, which is inherent to 
the Doughnut through the outer 
boundary, this is on the conversation all 
the time, and it was not controversial. 
The question now is what it means in 
practice, and there may be more 
controversy there, but they are opening 
the door for that. (I. Kouloumpi, 
personal communication, September 9, 
2020) 

 
From another perspective, Stef Le Fevre, 
program manager and strategic advisor of the 
waste and resource department of the MA and 
a participant in the development of the city 
strategy, foresees possible resistance from 
companies as the goal of consumption 
reduction is applied or strengthened: 

I see in other projects that with brands 
and businesses this discussion goes 
very slow and it is very difficult. It may 
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be that along the way you develop a 
whole new concept about how the 
Kalverstraat [Amsterdam’s high street] 
should be in our city. If you think about 
it: What is this shopping street about? 
If you take our circular strategy 
seriously, including the plan of a 
communication campaign to reduce 
clothing consumption: What does it 
mean for the way we plan and operate 
these commercial zones? I don’t think 
we are there yet. It might be difficult for 
companies to welcome a call for 
reduction in consumption by the 
Municipality, but lets’ try it and see (S. 
Le Fevre, personal communication, 
September 16, 2020). 

 
Kouloumpi and Le Fevre’s awareness of the 
limitations of this strategy and, at the same 
time, their acknowledgement of its value as a 
first step to address growing volumes of 
consumer goods in the city is to some extent 
addressed by MA’s monitoring plans. Progress 
in the longer term will be measured by 
Doughnut-related indicators. Kouloumpi 
expects that in the process of monitoring they 
will be faced with “the biggest challenges and 
commitments”. Just as consumer goods was 
added as a value chain in the environmental 
strategy of the city as a result of monitoring 
environmental savings, stronger measures to 
address overall consumption volumes may 
emerge from the evaluation of current ones. 
 
Discussion:  Overcoming barriers 
for (incipient) sSC policy 
 
The introduction of this article reviewed 
obstacles identified by scholars for sSC policy 
to emerge. The measures targeting 
consumption reduction introduced in the 
Amsterdam Circular 2020-2025 Strategy are 
incipient and limited. While they do not address 
the level of change typically discussed in sSC 
literature, this case shows how some of the 
above-mentioned obstacles were overcome, 
leading to a few learnings in sSC policy.  
 
A first characteristic is that this is a city-level 
strategy, rather than national or regional policy. 
Given that cities are not direct beneficiaries of 
consumption taxation, and that the geopolitical 
power of cities is not as strongly linked to GDP 
as in nations and regions, some of the growth-
related barriers highlighted in the 

aforementioned literature may not play such an 
important role. Although the impact of a city 
level strategy can be questioned, cities’ 
initiatives in environmental policy can influence 
policy at a national and regional level. 
 
Secondly, the “self-perpetuating cycle of 
positional consumption of individuals” 
pinpointed by O’Rourke and Lollo (2015) as an 
important barrier for sSC policy may have lost 
popularity among Amsterdam citizens. With 
this, I do not imply that positional consumption 
is not practiced every day in the city, but that 
environmental awareness among citizens is 
undermining its perceived value. That is 
acknowledged and highlighted in the strategy 
documents by backing up the ambition of 
reducing consumption with the statement: 
“more than three-quarters of Amsterdam 
residents are positive about the idea of buying 
fewer new products for the benefit of the 
environment” (Gemeente Amsterdam, 2020). If 
the intended awareness-raising communication 
campaign presented in the strategy is 
successfully implemented, we may see public 
opinion and policy reinforcing each other, 
enabling reductions in overall consumption 
levels.     
 
A third factor that played an important role in 
this case is that of narratives. Scholars in sSC 
make a distinction with wSC approaches, 
referring to the popularity of the Circular 
Economy framework as detrimental for sSC 
approaches to emerge. However, the NGO 
Circle Economy presented the Doughnut as an 
opportunity to broaden the Circular Strategy of 
the Municipality. Jonkhoff refers to it as a 
methodology to achieve their circular goals. 
Altogether these narratives, although not 
conceptually rigorous, have enabled first steps 
to address consumption levels in Amsterdam’s 
strategy. Scholars have already stressed the 
power of alternative narratives to overcome the 
challenges of sSC governance (e.g. O’Rourke 
& Lollo, 2015). This case study questions the 
effectiveness of a dualistic categorization of 
weak and strong sustainable consumption 
approaches for sSC to be actually applied. In 
this case, the holistic nature of the Doughnut 
model (including both wSC and sSC principles) 
and the fact that these efforts are seen as a 
continuation of previous ones, has helped to 
prevent potential resistance from political 
parties or local businesses that otherwise may 
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not have endorsed targets for consumption 
reduction.   
 
Lastly, the value of metrics in enabling this kind 
of policy has already been highlighted in the 
literature (e.g. O’Rourke & Lollo, 2015). In the 
case of the Amsterdam Doughnut, measuring 
impact has been central in introducing the 
ambition of consumption reduction in consumer 
goods. Jonkhoff explains that metrics were also 
useful in promoting acceptance from citizens 
and local businesses while fine-tunning their 
2020-2025 strategy (E. Jonkhoff, personal 
communication, October 7, 2020). If the 
aforementioned strategy is monitored through 
Doughnut-related indicators, as it is the current 
intention, the results may emphasize the 
limitations of initial efforts, paving the way for a 
deeper sSC policy in the years to come.  
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Abstract: African countries are today the major importers of the lowest grade of second-hand (SH) 
clothing. As a result of the complexity and opacity of the international geographies of SH clothing trade, 
inequalities and imbalances between Global North (GN) and South (GS) continue to maintain a 
relationship of colonial dependence. With the opening of global markets and the intense circulation of 
fast fashion in the GN from the 1990s, the trade has exploded in the twenty-first century. This paper 
presents a critical look at the decades’ old SH clothing exchange in  Kantamanto, the biggest SH market 
in West Africa, situated within the central business district of Accra, Ghana. The paper scrutinises the 
export of unwanted donated clothing, popularly known as ‘Obroni w’awu’ (white man is dead), to 
Kantamanto. We combine direct observation and an interpretive research design through the analysis 
of photos taken from Kantamanto that capture and document local circular practices, exposing a duality: 
on the one hand, clothing’s symbolic value that is lost in the GN is reconstituted in the GS through 
exchange and labour-creating economies. On the other, the global trade of SH clothing has become 
synonym with dumping, as supply exceeds demand and the GN uses this trade to dispose of unwanted 
clothing in landfills.   
 

Introduction  
Global second-hand (SH) clothing trade has a 
long history that dates back to the conquests of 
the Americas. SH trade is also linked to mid 
1800s clothing exchange within Europe and 
between mother countries and their colonies. 
The expansion of SH clothing trade in African 
markets is a relatively recent phenomenon, that 
goes back to the end of the Second World War, 
when a large surplus of clothing became 
available and socio-economic transformation in 
Africa generated a market of new consumers. 
From the 1980s, with the opening of global 
markets and the intense circulation of fast 
fashion in the Global North (GN), the trade has 
exploded in the twenty-first century. Within this 
context, African countries are today the major 
importers of SH clothing (see Fig. 1), receiving, 
along with Asian countries, the lowest grade of 
sorted clothing. Because of the complexity and 
secrecy of the international geographies of SH 
clothing trade, inequalities and imbalances 
between Global North (GN) and Global South 
(GS) continue, maintaining a relationship of 
colonial dependence amongst countries. 
 
SH clothes trade is seen as a sustainable 
practice in the GN because it keeps clothing in 
circulation (reuse). However, the export of low-

 
Figure 1. One example of a Global Supply Chain 
Network © Melick 2020  
 
grade SH product to the GS raises issues of 
environmental and social justice. From the 
charities of the GN, to recyclers, through a 
number of sorting and resorting practices, some 
SH clothing is redistributed within the GN, while 
the remaining product is exported to the GS.   
 
This paper examines the SH clothes trade in the 
biggest SH market in West Africa, Kantamanto 
market, located in Ghana. It looks at the 
paradox between the reuse of clothing, a 
sustainable practice in the GN, and the 
unintended consequence of the trade in the GS. 

370



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

L. A. Manieson & T. Ferrero-Regis 
Castoff from London, Pearls in Kantamanto? A critique of Secondhand 
Clothing 

 

- 2 - 

 

Following principles in sustainability and 
circular economy (CE), clothing and textiles 
should remain in circulation as long as possible. 
Reuse of clothing is one of the preferred CE 
strategies within the 9R framework (van Buren, 
Demmers, van der Heijden, & Witlox, 2016) as 
it extends the useful life of clothes. However, in 
the case of SH textiles’ export  to the GS, SH 
clothing constitutes the “sacrificial zone of 
fashion” that is the use of physical locations and 
people that are expendable (Niessen 2020, p. 
861). Following Niessen (2020) we refer to 
Ghana’s dress and local textiles traditions as 
the “traditions of the Other”, and to their 
suppression and the environmental pollution 
that derives from landfill as the sacrificial zone 
of fashion.  
 
This paper suggests that rebalancing the 
quality of the GN’s over-production and over-
flow of clothing could improve upcycling of SH 
within African markets’ and eventually further 
empower a design-led economy and practice in 
Ghana. At the same time, the GN should 
recognize other fashion systems and traditional 
knowledge so that a local textile industry could 
be revitalized. 
 

Methodology 
Brooks proposes to map empirically how 
commodities are “re-made through secondary 
processes of production” (2013: 10), so that we 
understand how values are created culturally 
(cultural production) and how they in turn inform 
practices. In this paper, we look at the 
secondary processes of production in 
Kantamanto and the recreation of value using 
an interpretive qualitative methodology. We 
have engaged with analysis of images, direct 
observation and first-hand accounts of one of 
the authors, born and raised in Accra, related to 
purchasing practices; alteration and wearing of 
SH clothing in the market and an interview to an 
alteration maker, Kwame1. Forty-one images of 
the day-to-day activities within the market 
document the creative practices of Ghanaian 
tailors through alterations, repairs and re-
styling. These activities add value to unwanted 
clothing donated by the GN, known as ‘Obroni 
w’awu’ (white man is dead). Because of COVID 
restrictions, a local friend of author 1 was 
contacted to take pictures at the market. The 
interview with Kwame, who self-defines as an 

 
1 Name has been changed for ethical 
purposes. 

alteration tailor, was conducted in January 
2021. The aim was to gain insights in the life 
and business of one of these important figures 
within the system of the market. Literature 
review and mainstream media accounts have 
provided contextual and theoretical 
underpinning to our analysis.  
 

Fast fashion, clothing circulation 
and SH clothes 
The rapid growth of the SH trade can largely be 
attributed to the rapid production and retail of 
clothes in fast fashion chains. In the industry’s 
globalised system, fast fashion retailers are 
able to introduce new clothes to the shop floor 
almost weekly at a reduced price and quality. 
Brands leverage on consumer demand for 
newness to sell a vast number of clothes 
(Barnes & Lea-Greenwood, 2006). In the 
United Kingdom (UK), consumers are reported 
to spend up to £44 million on clothing annually 
as they purchased over a million tonnes of 
clothes in 2016 (WRAP UK, 2012, 2017). In the 
United States, the increased rate of clothing 
acquisition has translated directly into the 
increased rate of clothing disposal creating 
11.15 million tons of textile waste in 2017 
(Freeman, 2020). In Australia, the circularity 
movement Moving the Needle reports that 
Australians discard six tonnes of clothes every 
10 minutes (2020).  
Conveniently, consumers dispose of a good 
quantity of their unwanted clothes through 
donation to charities which gives them a ‘better 
feeling’ about their practices (Ha-Brookshire & 
Hodges, 2009). This means that consumers are 
able to continue buying new clothes with little to 
no guilt knowing that clothes could be donated. 
Paradoxically, donation is seen as a more 
sustainable option to landfilling. The waste 
hierarchy clearly promotes disposing 
(landfilling) as the least preferred option in 
dealing with waste (Commonwealth of 
Australia, 2018). This unsustainable system of 
increased clothing acquisition and rapid 
disposal through donation is the economy that 
fuels the SH trade.   
 
Donated clothes are retailed locally in charity 
shops scattered across the West. However, an 
excess of 70% of donated clothes that cannot 
be sold on the local SH markets are sold to for-

371



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

L. A. Manieson & T. Ferrero-Regis 
Castoff from London, Pearls in Kantamanto? A critique of Secondhand 
Clothing 

 

- 3 - 

 

profit recyclers/collectors who sort and prepare 
the clothes for export to the GS (Amanor, 2018; 
Hawley, 2006). Sorted clothes are graded 
according to their destination to different 
locations including Poland, Africa, India and 
parts of the Middle East (Brooks, 2015; 
Comtrade, 2016; Norris, 2012). 
 

Clothing value 
The value of clothing is lost for the western user 
once they dispose of it. The user does not 
receive any monetary return for their disposal, 
and unpaid volunteers employed in charities 
sort SH clothing. Clothing is thus further 
devalued. The SH clothing rhetoric is concealed 
by a narrative of giving and helping through the 
use of sometimes false and misleading 
messaging by some organisations that create 
the assumption that donations are used for 
humanitarian relief purposes in places that 
need it most. According to Hansen (2004), this 
rhetoric hides both the economic process and 
the construction of cultural demand (2004: 3). 
In fact, once SH clothing enters the global 
export, a certain exchange-value is reinstalled 
as at this stage global companies become 
involved in the redistribution to make profit. 
Even charity groups and NGOs make money 
from large quantities of donated clothing. 
According to Norris (2015), the re- creation of 
value is at the core of processes in SH clothing 
global trade network. Importantly, local 
communities in the GS add value to SH clothing 
by reinterpreting them stylistically or through 
repair and upcycling, a way in which they can 
express creativity. However, SH trade has 
hindered domestic textile and garment 
industries. As per 2018,  some East African 
governments agreed to ban the trade to support 
the domestic textile industry and “for dignity” 
(de Freytas-Tamura, 2017), referring to the SH 
trade reinforcing the concept of universality of 
fashion through style caused by colonialism 
and cultural imperialism.  
 

Global SH trade and inequality 
Beyond local stories of syncretic culture 
whereby SH clothing is absorbed within local 
clothing practices, as is done in many 
developing countries including Ghana, there 
are several fundamental issues that highlight 
the profound inequality of the trade. Brooks 
(2013) points out that the backhand of SH 
clothing is complex and still largely unexplored. 
Supply chains are long and convoluted so that 
tracing the route of SH clothing is extremely 

difficult. Many actors are involved in the trade, 
from people in the west discarding their clothes 
to charities; people involved in sorting, brokers 
who buy and resell unsold clothes in charity 
shops; international agents trading with local 
agents in the Global South, merchants buying 
from local agents, and, finally, local people who 
sell at markets. The overflow of this supply 
chain, up to 40% of the clothes in each bale 
(Ricketss n.d.), ends in landfill. By exporting SH 
clothing to the GS, the GN has at this point 
disengaged from the value chain.  
 
Other negative elements are that the SH 
clothing trade is subject to currency and 
international trades fluctuations, as well as 
transport costs, and “local political context and 
trade liberalisation” (Brooks 2013 p.15). The 
East African countries’ ban of SH clothing 
imports had a remarkable repercussion from 
the United States, that reserved the right to 
eliminate preferential trading practices with 
these countries if the ban was not lifted. 
Preferential trade allows countries to trade 
some items whiles eliminating other items. In 
this case, the GN imported valuable natural 
resources from the sub-Saharan region to the 
GN with in return exporting clothing waste to the 
GS. If unwanted clothes remain in the US, they 
will end up in domestic landfills, with 
environmental consequences for the US. 
Subsequently, Kenya, Tanzania and Uganda 
succumbed to the threats and withdrew from 
the agreement (John, 2018). This is a typical 
example of the subtle economic oppression and 
injustice in the SH trade. Also, single traders 
buy bales of clothing without knowing the 
content, thus one can end up with only shirts 
and underwear, which makes their business 
significantly hard in monetary terms. All these 
factors make the SH clothing market extremely 
volatile, making African market sellers 
extremely fragile and exposed to the vagaries 
of global finance and economy. 
 

Kantamanto SH clothing market and 
local practices 
Built in the 1960s by European traders (Safo, 
2019), Kantamanto is an ecosystem that has 
grown steadily to become the largest SH 
clothes market in Ghana doubling as the largest 
in West Africa, spreading over more than 8,000 
square metres of land. It reports daily sales of 
up to $10 million dollars and employs over 
30,000 traders from all parts of the country and 
beyond (Oteng-Ababio, Sarfo, & Owusu-
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Sekyere, 2015). The UN Commodity Trade 
Statistics Database (Comtrade, 2016) reports 
that Ghana receives the highest quantity of SH 
clothes from the UK, with up to 63.5 million 
kilograms of used clothes exported from the UK 
to Ghana in 2019 (Choi, 2020), all arriving first 
in Kantamanto.  It is worth mentioning that 
British colonialism in Ghana continued well into 
the twentieth century, thus UK continuing 
export of SH clothing can be seen as an 
enduring tie between the mother country and 
the colonised subject. 
 
Bales of clothing arrive daily in containers early 
in the morning. The first activity is to unload the 
bales and wait for the traders to pick up their 
goods. Kayayei (young women head-porters) 
transport bales to the shops. This activity is also 
shared with men, but the practice of head-
carrying is typically gendered (Ahlvin, 2012).2  
Traders display their wares in cubicle-sized 
wooden stalls within the market. Due to the 
limited space in the market and the individual 
economic power of traders, other sellers line 
the streets with piles of their ware on the 
pavement and buyers have to stoop over to 
scavenge for clothes. This act gives SH trading 
its popular Ghanaian name bend down 
boutique. In local parlance, SH clothes are 
called obroni w’awu (the white man is dead), or 
clothing of calamity in Mozambique 
(MaraviPost, 2018). These names emphasise 
clothing’s loss of value in the west, and the 
general economic and psychological impact of 
used clothing imported in these African 
countries.   
 
Also located in the market are traders who 
specialise in clothing alterations. They self-
define as tailors or seamstresses and are 
clustered in small alteration centres spread 
across the market. Images show that both men 
and women share spaces in these centres. 
Clothing is piled everywhere showing the 
abundance and overflow of garments from the 
GN scattered all around Kantamanto (Figure 2).   
 
Kwame (personal communication, February 
2021) is a typical tailor making alterations in 

 
2 The gender imbalance within Ghanaian 
culture and Kantamanto cannot be discussed 
within this paper. 

                                          
Figure 2. An alteration worker stationed in the 
pile of clothes © Kakra 

 
Kantamanto. He learnt how to sew early in life. 
Kwame’s experience follows a typical 
traineeship starting from working for another 
tailor, to establishing one’s own business. At 
the time of the interview, Kwame had been 
working in the market for 10 years. Sewing is 
seen as a life skill and is weaved into the local 
culture. In Ghana, sewing and weaving are 
taught to both genders in primary school, being 
part of the Creative Arts curriculum (see figure 
3). With the SH trade, the skill is translated into 
a creative way to transform garments for size 
and to follow trends. Most importantly, the value 
of this skill is realized in repairing faulty second-
hand clothes bought at the market – the same 
faults that may have resulted in their discard in 
the first instance in the west. 
 

 
Figure 3. Creative Arts curriculum © 
nacca.gov.gh 2007 
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Kwame (2021) explains that the alterations he 
makes for his customers range from fit to 
fashion-based changes. He and his customers 
see trends via social media and are up to date 
with the latest western fashion. For example, 
rips and tears can be added to jeans, while old 
styles such as flared legs can be altered to 
skinny jeans. Fundamentally, fashion is 
predicated on change. The global circulation 
and imposition of style and trends is another 
way to “Othering” (Niessen 2020: 64) the GS. 
Additional research should be directed at the 
way in which western fashion continues to 
perpetrate colonialism through culture by 
making style universal.  
 

 
Figure 3. Kwame in his cubicle preparing to do 
some alterations © Kakra 

 

Discussion and conclusion 
This paper has discussed the cultural and 
economic imbalance established through the 
export of low-grade SH clothing by the GN and 
their absorption into the GS with its related 
political, social and economic inequalities that 
continue to perpetrate a persistent structure of 
dependence.  In the GN, the practice of SH is 
seen as positive within a CE framework, as it 
continues to maintain clothing in circulation, but 
it raises ethical questions for the GS. Through 
the analysis of SH trade in Kantamanto, Ghana, 
we argue that the clothing economy must strike 
a balance between maintaining local textile 
traditions, while continuing to employ 
thousands of people in the SH clothing trade In 
Kantamanto, where clothing is turned into a 
valuable commodity within Ghana’s system of 
SH circulation and repair culture. The exchange 
between sellers, customers and the alteration 
centre reveal a self-managed, creative, 
networked business between the many actors 
involved, and agency by these actors. It would 
be once more an act of colonialism to terminate 
the trade, as SH exchange and practices 

provide for a livelihood. Efforts must be made in 
the GN toward responsible consumption and 
clothing’s disposal. One way to build 
responsible and sustainable design in the 
industry is that brands and designers collect 
their own old clothes. However, currently, 
undignified fashion ends in landfill. This is  a 
way for the GN to rid itself of unwanted clothes, 
turning the negative externality of waste in the 
GN into a positive externality that generates 
income through the trade in the GS.  
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Abstract: Contemporary garment repair can be characterised as creative resistance to the proliferation 
of mass production and fast fashion and is practiced by amateurs, professionals, artists and activists. 
Mending is an excellent means of increasing the active, worn lifetime of clothing. While garment repair 
does appear to be currently fashionable, the ways in which it constitutes fashion design remain unclear.  
The aim of Fashion Fix was to use practice based research to explore the field of fashion design repair. 
Two creative practice events, framed as examples of critical and speculative design were undertaken 
during 2020 as part of the public programs of local fashion and contemporary craft festivals in 
Melbourne, Australia. Reflective methods including research for design, making, documenting and 
writing were used to examine the ways that fashion designers can engage in and contribute to garment 
repair practice. The playful and lively examples discussed illustrate ways that fashion designers can 
conceive of repair that resonate with established approaches to fashion design. Conversely they also 
suggest ways in which designers might disrupt assumed approaches to fashion design that defuture. 
The work produced through Fashion Fix places repair at the beginning of the design process, and as 
such could be considered an example of broken world thinking. It also suggests that  engaging in the 
practice of repair is one way for designers to come to terms with garment use as a central principle of 
fashion practice. 
 
 

Introduction  
Garment repair through creative design 
approaches is one method of increasing the 
active, worn lifetime of clothing, a factor critical 
to achieving environmentally sustainable 
outcomes within fashion and clothing. Whilst 
the practice of garment repair has a long history 
shaped by factors such as home economics or 
material scarcity, the current environmental 
crisis has influenced the growing adoption of 
contemporary repair practices by amateurs, 
professionals, artists and activists. 
 
This paper uses examples of garment repair 
work from a creative practice research project 
called “Fashion Fix” to reflect on both the 
contribution that fashion designers can make to 
the current garment repair movement, as well 
as the ways in which engagement in garment 
repair practices can assist fashion designers to 
better appreciate garment lifetimes. 
 

Contemporary garment repair 
Repair-maker Bridget Harvey defines repair as 
“an attentive and generative act that can occur 
before or after a break, which aims to mak 

something work in the way that is needed” 
(2019a, p. 35) a deceptively simple definition 
that implies care or skill in the stated 
attentiveness as well as varying approaches to 
timeliness and subjective concepts of 
functionality dependent on the user. 
 
Stephen Jackson (2014) contends that repair is 
currently an afterthought while growth and 
progress dominate approaches to research. He 
proposes a philosophy of “broken world 
thinking” in order to “reimagine or better 
recognize the forms of innovation, difference 
and creativity embedded in repair”(p. 228) 
Broken world thinking prioritizes “erosion, 
breakdown and decay, rather than novelty, 
growth and progress” the starting points of the 
thought process. 
 
The “craft of use” (Fletcher, 2016) developed 
through Kate Fletcher’s Local Wisdom research 
positions the active and attentive wearing of 
clothing as a form of design, a means of placing 
control over fashion and its impacts in the 
hands of the consumer, who is reframed as a 
user.  This is a challenge for designers because 
if simply wearing clothing constitutes design, 
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then what place is there for the fashion 
designer? Nonetheless there is a disconnect in 
conventional linear fashion design processes 
between designer and wearer.  According to 
Jackson(2014), repair can help one to think 
beyond these binaries of producer/consumer or 
designer/user. 
 
Mending practices are aligned with Alice 
Payne’s framing of “rewilding” as a discourse 
within sustainable fashion focused on curtailing 
capitalist excess through expressive 
approaches to fashion and a characterization of 
the wearer again as a user rather than a 
consumer of fashion. In common with broken 
world thinking, rewilding actions are framed as 
a resistance to the dominant order that “attempt 
to seize back fashion as cultural expression 
from its continual commodification by 
industry”(Payne, 2021, p. 160) The resistance 
inherent in mending has  notably been explored 
in the projects and writing of Otto von Busch 
whereby acts of repair serve to challenge 
capitalist structures and place control in the 
hands of users. 
 

Speculative Design and Critical 
Fashion Practice 
Alongside resistance, rewilding is also 
characterized by speculative approaches to 
design where the mechanisms and normative 
systems through which garments are produced 
can be interrogated through practice. 
“Proposing new ways of making, disseminating 
and wearing fashion are essential to this 
process.” Speculative design (Dunne & Raby, 
2013) is a playful and lively means of imagining 
and enacting new systems for processes such 
as repair. 
 
Critical fashion practice is a contemporary 
approach to design that is “active in complex 
forms of commentary” (Geczy & Karaminas, 
2017, p. 5). It is not preoccupied with the 
representation of style and stylishness but 
neither is it anti-fashion or sub-cultural. Instead 
it entails active critical engagement embedded 
within the systems of fashion. Furthermore, a 
critical fashion approach is expressed through 
design strategies such as innovations to 
garment structures, the embeddedness of 
politics and resistance, questioning 
relationships between clothing and the body, 
and subversion of aesthetic codes of ugly and 
beautiful. 

The becoming of fashion repair 
Fashion designers are clearly suited to 
undertake garment repair and mending, 
possessing both the technical and creative 
skills, however there are not large numbers of 
fashion designers heavily partaking in mending. 
The inception of the Fashion Fix project was in 
becoming intrigued in the proliferation of 
fashion and craft based examples of repair. 
These included commercial endeavours like the 
stylish and performative product service system 
Worn Wear by Patagonia ("Patagonia Worn 
Wear," 2021) which includes a repair van that 
travels to ski and beach locations and the 
industrial denim repairs offered in store by 
Nudie Jeans (Nudie_Jeans, 2021). Other 
examples are the eye catching array of recently 
published books by practitioners who cultivate 
mending-celebrity status through carefully 
curated Instagram feeds and who educate and 
inspire repairers with elegantly photographed 
images of colourful visible darning on well loved 
jumpers or piles of folded jeans that feature 
knees patched with careful sashiko stitching. 
(see for example: Lewis_Fitzgerald, 2020; 
Neumüller, 2019) And a third example noted 
was the community events such as repair cafes 
(Charter & Keiller, 2018).  

 
It did appear that mending that was becoming 
fashionable. Marium Durrani (2017) proposes 
repair as “becoming”, drawing on social 
practice theory.  Rather than seeing these 
examples as a resurrection of historical practice 
that had died out, viewing repair through the 
social practice theory lenses of meanings, 
materials and competencies allows the 
characteristics of current practice to be 
deciphered. Thus, the current practice of 
garment repair can be seen to be characterised 
by grassroots communities and good corporate 
citizens seeking to provide alternatives to the 
proliferation of fast fashion. (Middleton, 2015) 

 

Methodology 
While garment repair did appear to be 
fashionable, the ways in which it constituted 
fashion design remained unclear.  The aim of 
Fashion Fix was to use practice based 
engagement to explore the field of fashion 
design repair. 
 
Two creative projects were undertaken during 
2020 as part of the public programs of local 
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fashion and contemporary craft festivals in 
Melbourne, Australia where the researchers are 
based. Melbourne also has a flourishing cultural 
scene with easy access to and ready audiences 
for art and design work. One project was a live 
event and the other a digital exhibition. In these, 
the researchers conducted repair work on their 
own and others garments. They employed 
reflective research and documentation methods 
(Schön, 1983) including creation of written 
annotations, analysis of precedents in historical 
mending literature and photographic 
documentation. Through this process links 
were made between the repaired garments, 
their imagery, and emerging themes.  

 

Fashion Fix 
Fashion Fix was conceived as an ongoing 
practice through which to explore repair. The 
name was intended as a play on a term more 
commonly associated with consuming fashion 
through shopping. The name could also pose a 
question about the fixing of harmful fashion 
systems more generally. An Instagram 
presence was established under the handle 
@repairingfashion to document the work. 
 
Work was undertaken by two practicing design 
academics with shared interests and prior 
research backgrounds in fashion design and 
sustainability, the technical aspects of garment 
making, social and cultural roles of clothing and 
a passion for sewing and making clothes. Both 
were mostly new to repair crafts, with some 
prior knowledge and confidence to learn what 
skills they didn’t know. 
 

Fashion Fix at the Melbourne Fashion 
Festival 
In Fashion Fix, March 2020, two repair sessions 
of four hours each were run at a venue at RMIT 
University. The sessions were promoted 
through the Melbourne Fashion Festival 
Creative program (Figure 1), personal networks 
and social media. Participants were asked to 
bring a garment for repair. Once at the event, 
they could decide to repair the garment 
themselves or to have the garment repaired.  
 
The flexible nature of the event offered the 
opportunity for the designers to cast 
themselves in different roles, in some cases as 
a provider of a service, in others as teachers 

 
Figure 1. Fashion Fix program entry in the Arts 
program of the Melbourne Fashion Festival, 
March 2020. 
 

and in others still a host (tea and snacks were 
provided!).  
 
The most rewarding experiences were found to 
be the opportunity to be productive and 
creative, in line with Dormer’s notion of the 
immersive pleasure craftspeople find in making 
(Dormer, 1994). The other most rewarding 
aspect was the opportunity to develop skill. In 
figure 2 an experienced volunteer repairer 
teaches a participant how to perform the visible 
darn seen in figure 3. This participant, herself a 
talented fashion designer, was captivated by 
the new skill and stayed back for several hours 
to complete her repair. 
 

 
Figure 2. A volunteer teaches a participant to 
darn her cardigan at Fashion Fix. March 2020 
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Fashion. Craft. Repair. Craft Contemporary 
Program 
With Melbourne placed under a strict Covid-19 
lockdown mid 2020, a second event was 
conceived as a digital exhibition of repair run via 
Instagram, and presented as part of a 
prominent craft festival called Craft 
Contemporary. Over two weeks the 
researchers posted explorations into the 
intersection of fashion, craft and repair. 
 

 
Figure 3. Fashion. Craft. Repair. promotional 
imagery created for Instagram. October 2020 

 
The online space proved a productive avenue 
for critical reflection on fashion design 
knowledge of how garments and garment 
making systems work, about the relationship 
between the body and clothing that is so 
intrinsic to fashion design and about the 
historical research methods that fashion 
designers employ to find design inspiration. 
Images and text were posted twice daily to 
Instagram. A spreadsheet was used as a 
repository of notes and developments and to 
draft the topics and images, before this 
information was transferred to the planning app 
Planoly to curate the posts. 

 

Fashion designers doing garment 
repair 
The process of becoming immersed in design 
for repair was a creative and rewarding 
experience. The objects of production and 
reflection within Fashion Fix were varied and 
included the adhoc (safety pinned hems)  the 

quick (rough machine patching of pyjama 
pants) and the absurd (elastic replacement on 
a plastic shower cap). There was also musing 
on social practices associated with repair 
through documentation of sweat stains and 
overflowing repair piles. 
 
Following are several examples of what could 
be considered broken world thinking where a 
particular synchronicity was noted between the 
fashion designer’s ouvre and repair as an act of 
resistance. 

 
Research for design 
Fashion designers often draw on history as part 
of their research for design (Frayling, 1994) 
process. This research is typically aesthetic and 
used to  obtain inspiration as to silhouettes or 
motifs that might inform new designs (Jenkyn 
Jones, 2011). 
 
In the case of Fashion Fix, books were sourced 
from the RMIT University library and perused 
for information regarding techniques of repair, a 
difference with aesthetic research. Books from 
the mid 20th century contained comprehensive 
information regarding darning and patching 
methods. (See for example: Goldsworthy, 
1979) In addition, the advice given  juxtaposed 
the social context of repair in the 1970s as 
maintenance of valuable clothing with the anti-
consumption context of today. 
 
In rethinking assumed methods of research for 
design away from aesthetic inspiration in favour 
of technical and social understandings of 
practice designers can create outcomes that 
are sensitive to the “craft of use”. This type of 
knowledge could also help resist temptation to 
aestheticize repair in the form of artificially 
distressed or patched garments. 

 

NOT repairing 
The co-opting of an aesthetic of repair and use 
as a decorative effect in mass produced 
clothing is an ethical issue that results in 
resource wastage and health impacts on 
workers who create such garment finishes. 
However the maintenance of fashion apparel 
must be acknowledged as far more ambivalent  
than the maintenance of a consumer product 
such as an electrical appliance that either works 
or doesn’t. Paradoxically, worn out, degraded 
and ill fitting clothing in some cases is 
preferential to properly functioning or pristine 
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clothing. Denim is an excellent case in point. A 
colleague of the designers was asked to 
contribute to Fashion. Craft. Repair a picture of 
his well worn jeans after he laughed at and 
turned down a suggestion the researchers 
could repair the carefully cultivated holes for 
him. (Figure 4)

 
Figure 4. Carefully maintained and worn jeans as 
documented by a Fashion Fix participant. 
October 2020 
 

In her study of repair conducted on the 
collections at the V&A museum Bridget Harvey 
described “A considered approach between 
visible and invisible repair.” (2019b, p. 10)  
Denim visible mender Matt Rho describes a 
sensitivity he feels is required toward mending, 
that follows the lines and shape of the hole, and 
strikes a balance between that which is 
required and that which is decorative stating; 
“the real work of this is not imposing yourself on 
the repair. That creates space for the garment 
and the fabric and the repair to evolve on their 
own, without some kind of preconceived notion 
of what it should look like.” (Jarvis) 
 
The jeans in figure 5 have been repaired in 
several rounds. In some sections holes and 
wear have been cut away and patches inserted 
underneath, but in other sections the fraying 
was deemed perfect and by placing a patch 
behind and lightly stitching over it an impossible 
attempt has been made to pause and preserve 
the fabric in time. It won’t last though, the denim  

 
Figure 5. Not repairing but preserving wear on 
denim jeans. October 2020 

 
will wash and wear away revealing the repair 
stitches and further cycles of repair will be 
undertaken. These examples serve as a lesson 
of the conversation that exists  between 
technique, context, expression and the body in 
fashion repair. 

 
Designing FROM use 
Cotton elastane leggings have become a 
ubiquitous part of children’s wardrobes and are 
emblematic of the fast fashion ethos that 
pervades all sectors of clothing and textiles. 
Children’s clothing passes through the laundry 
rapidly, with multiple outfits worn and soiled in 
one day and the frequent washing increases 
the rate at which the materials break down. 
Much children's clothing is passed on to friends 
and family and it is in second or third hand 
clothing that the issue of durability becomes 
most apparent. The repairs in figure 6, one 
example of about ten pairs repaired, are a 
response to holes that appear with alarming 
frequency. Some holes were explained by a 
reason such as a tumble on concrete, but many 
had no apparent cause. The repairs highlight 
these holes with dots, like an exclamation mark 
to say “under this dot lies yet another hole”. The 
dots steadfastly follow the holes and refuse to 
excuse them by making a symmetrical pair on 
the other leg if it is not required. As well as 
functioning to deny the obsolescence inherent 
in poor quality textiles, the dots bring 
satisfaction in other ways, specifically to the 
child owners of these leggings who have 
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delighted in the return to use of pants long 
missing in the repair basket. They have taken 
pride in their decorated leggings and choose 
them over the unrepaired options. 
 
The dots become abstract graphic, decorative 
elements. A little like a brand. Arguably the dots 
enhance the leggings on an aesthetic level, the 
prints and colours become more interesting 
when offset with a contrast. 

 

 
Figure 6. Hand sewn patches on children’s 
leggings. October 2020 

 
Treated with the same approach of following 
the holes, a pair of cashmere gloves (figure 7) 
was left with holes throughout by a moth attack. 
Each hole was repaired with raised cocoon-like 
motifs using a selection of yarns from the 
offcuts bin of a weaving studio. The damage 
determined entirely the placement of the new 
embellishment and pattern over the gloves. 
Both the leggings and the gloves follow the 
same philosophy of restraint apparent in the 
denim examples of minimal repair, yet bolder 
choices are made in terms of colour to make 
visible the signs of wear and to treat garment 
use not as inspiration for design, but as the 
inception of design. 

 

 

 
Figure 7. Darned cashmere gloves. October 2020 

Conclusions 
The examples discussed here of research for 
design, NOT repairing and designing FROM 
use illustrate three ways that fashion designers 
can conceive of repair in ways that resonate 
with established approaches to fashion design. 
Conversely they also suggest ways in which 
designers might disrupt established 
approaches to fashion design that defuture.  
 
These methods place repair at the beginning of 
the design process, and as such could be 
considered examples of broken world thinking. 
They also suggest that  engaging in the practice 
of repair is one way for designers to come to 
terms with garment use as a central principle of 
fashion practice that the Craft of Use positions 
as fundamental to a sustainable fashion future. 

 
In Fashion Fix, the creation of speculative 
events and exhibitions allowed for critical 
reflection on repair. The outcomes documented 
here sit within a rewilding discourse of 
sustainable fashion. However, there is also the 
will, for further Fashion Fix work to examine the 
systems of garment design that preclude repair 
in order to propose a place for design FOR 
repair. 
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other examples examining further perspectives 
on fashion repair which can be seen at 
@repairingfashion   
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Abstract: The Sharing Economy is commonly assumed to promote sustainable consumption and 
improve material efficiency through better utilization of existing product stocks. Yet the cost-savings and 
convenience of using sharing economy platforms can ultimately stimulate additional demand for 
products and services. As a result, some or even all of the expected environmental benefits attributed 
to sharing could be negated, a phenomenon known as Rebound Effect. Relying on a unique dataset 
covering close to 1.1 million exchanges on a Peer-to-Peer (P2P), food sharing platform, we use a 
combination of Environmentally Extended Input Output analysis (EEIO), geo-spatial network analysis, 
and econometric modeling to quantify how much of the expected environmental benefits attributed to 
sharing are negated via rebound effects. We find that over the 3 years examined, sharing edible yet 
unwanted food with other peers was associated with nearly 1,800 tons of avoided CO2-eq. However, 
our results suggest that over 80% of these avoided emissions were negated as platform users re-spent 
the money saved by sharing on other goods and services. Our results demonstrate the importance of 
considering the potential implications rebound effects might have on the efficacy of leveraging the 
sharing economy to elevate environmental burdens. 
 

Introduction  
The last few years gave rise to the “Sharing 

Economy” (SE), a host of platform mediated 

business models which allow their users to 

share various goods and services either by 

giving access, or passing ownership, for free or 

for pay (Frenken & Schor, 2017; Hamari et al., 

2016). Although sharing is a long standing 

human practice, wide adoption of Internet and 

Communication Technologies (ICT) and 

smartphones in particular have lowered the 

transaction costs of sharing enabling large 

scale adoption (Hamari et al., 2016; Mair & 

Reischauer, 2017; Richards & Hamilton, 2018) 

as well as sharing among strangers. (Schor, 

2014). 

The SE is generally assumed to improve 

resource efficiency and reduce demand for new 

production by increasing the usage of a wide 

range of existing yet underutilized products 

(Botsman & Rogers, 2011; Nijland & van 

Meerkerk, 2017). For example, research on car 

sharing suggests that participation reduces 

user’s GHG emissions by up to 51% (Chen & 

Kockelman, 2016) Similarly sharing unwanted 

yet edible food can reduce overall food waste, 

GHG emissions and save users money at the 

same time (Makov et al., 2020). 

Yet if and how SE might affect household 

consumption more broadly, and the related 

environmental implications of such changes 

remain unclear. Specifically the convenience of 

cost savings offered by many SE products and 

services can induce added consumption and 

increase demand for durable goods and 

services. Car sharing for example, displaces 

not only single passenger rides, but also more 

sustainable transport modes such as public 

transport and walking (Clewlow & Mishra, 

2017). Furthermore, SE can also boost demand 

for durable goods such as new cars (Gong et 

al., 2017) housing (Horn & Merante, 2017), or 

tourism (Tussyadiah & Pesonen, 2015). So 

while products and services might be more 
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environmentally friendly on the single unit 

basis, there are more units of consumption 

overall. As a result, some of the expected 

environmental benefits of the SE are negated- 

a phenomenon typically studied under 

“Rebound effects”.   

Increased demand might be expected as 

Recent studies suggest that not all SE business 

models are sustainable by default, and that 

environmental impacts vary by business 

models (Curtis & Mont, 2020; Laukkanen & 

Tura, 2020; Verboven & Vanherck, 2016) or 

types of product shared (Schwanholz & Leipold, 

2020). Some of the features associated with 

improved sustainability are: (1) operating as a 

two sided market, also referred to as person to 

person networks (P2P) (2) using idle resources 

or existing stocks (3) promoting access over 

ownership  (4) minimizing economic incentives 

that could increase consumption (Curtis & 

Mont, 2020). Laukkanen and Tura examine 

sharing business models and find that some 

for-pay business models could lead to 

increased consumption and rebound effects 

(Laukkanen & Tura, 2020).  

Rebound effect 
The rebound effect is a construct used to 

describe a variety of consumer and market 

responses to technologically driven 

improvements in efficiency which increase 

demand. In brief, improving efficiency 

effectively reduces the unit usage price leading 

to increased demand, and increased overall 

consumption compared to a theoretical 

bassline in which there was no improvement in 

efficiency (Chitnis et al., 2014).  

Research on rebound effects originated in the 

work of the economist William Stanley Jevons  

in 1865. Jevons postulated that efficiency gains 

in the use of coal would cause an increase in 

the total demand for coal (Jevons, 1865). In the 

1980s, following the energy crisis, energy 

economics adopted and enhanced Jevon’s 

argument (Font Vivanco et al., 2016). Leonard 

Brookes and Daniel Khazzoom proposed and 

formalized the rebound effect, from 

macroeconomic and microeconomic 

respectively (Brookes, 1979; Khazzoom, 1980). 

Khazzoom outlined how switching to a car with 

higher fuel efficiency, leads to a drop in the 

‘effective price’ of driving a mile, which might 

increase demand for longer or more frequent 

drives. Well documented examples of the 

rebound effect in energy economics include: 

increased energy demand following household 

energy efficiency improvements, longer 

distances driven in response to more fuel-

efficient vehicles and cheaper operating costs, 

and lights left on longer after installation of 

energy-efficient light bulbs (A. Greening et al., 

2000; Chitnis et al., 2014; Schleich et al., 2014). 

Situations where increased consumption leads 

to more energy demand compared to before the 

efficiency measure are termed ‘backfire’. 

The literature generally distinguished between 

three types of rebound effects: direct, indirect, 

and economy wide rebound. Direct rebound is 

used to describe increased consumption of a 

product or service in response to its improved 

efficiency. In economics these mechanisms are 

also referred to as the ‘substitution effect’. 

Indirect rebound effect refers to increased 

consumption of other goods and services as a 

result of increased performance of another 

product. In this case, reduction in the price of a 

product leads to residual savings, which are 

used on other goods or services. Also referred 

to also as the ‘income effect’. Finally, the sum 

of direct and indirect rebound effects over the 

population is the economy-wide rebound effect 

- large scale readjustments to final demand 

across multiple sectors throughout the entire 

economy (A. Greening et al., 2000; Sorrell, 

2007). 

More recently, the construct of rebound effects 

has been expanded beyond in original field of 

energy economics to include a multitude of 

environmental impacts, and researchers have 

examined rebounds in response to efficiency 

strategies related to construction materials 

(Bahn-Walkowiak et al., 2012) dietary changes 

(Grabs, 2015), food waste (Hagedorn & Wilts, 

2019), and consumer electronics (Makov & 

Font Vivanco, 2018).  
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While there is growing evidence that the cost 

savings and conveniences offered by the SE 

affects consumer behavior and demand, with 

few notable exception (Amatuni et al., 2020; 

Cheng et al., 2020; Warmington-Lundström & 

Laurenti, 2020), data driven research 

examining SE rebound effects remains 

surprisingly scarce (Henry et al., 2021).  

Case study 

One type of SE platform which fits the 

definitions for sustainable business model, and 

has received relatively little scholarly attention 

is of digitally enabled, Peer-to-Peer (P2P) food 

sharing between strangers. Global food waste 

is a major environmental issue responsible for 

8% of global anthropogenic GHG emissions, 

20% of fresh water consumption, and 30% of 

global agricultural land use(FAO, 2013, 2018). 

Since both unmet demand and edible yet 

unwanted food can be found in the same areas, 

food sharing platforms have been created for 

both for-free and for-pay redistribution of foods 

(Davies et al., 2017; Michelini et al., 2018). Yet 

while past work demonstrates that food sharing 

has environmental benefits, it can also trigger 

rebound effects as consumers re-spend the 

money they saved by collecting free food from 

others (Makov et al., 2020). If, for example, 

consumers save money via food sharing only to 

spend it on flights, or other GHG intensive 

products  well, needless to say that the effort 

might not lead to a net environmental benefit in 

terms of GHG emissions. As the popularity of 

SE continues to grow, a better understanding of 

its net environmental impacts which account for 

potential rebound effects is needed. 

This work aims to fill this knowledge gap 

through a data driven analysis of OLIO - a UK-

based startup which operates an increasingly 

popular location-based P2P food sharing 

platform (https://olioex.com/) . OLIO (also 

referred to as the platform throughout) provided 

data on all food exchanges between April 2017 

to February 2020, containing close to 1.1 million 

food listings offered across more than 110 

countries. Using OLIO as a case study, we 

employ a combination of data-science methods 

with Environmentally-extended input output 

(EEIO) assessment to quantify the 

environmental rebound effect associated with 

food sharing activity in the UK, the largest and 

most mature network accounting for 70% of all 

platform activity. 

Methodology and Data 
The Environmental Rebound Effect (hereafter 

rebound for short) is defined as the percent of 

environmental benefits, which are nullified via 

re-spending and its associated environmental 

impacts. To quantify rebound effects resulting 

from P2P food sharing we first created a food 

sharing database from OLIO’s raw data by 

matching for each food collection data on 

providing and collecting users. Next, we 

estimated how much each food item cost as 

well as the overall sum of money saved by all 

collecting users across the UK. We then built on 

these results to examine potential rebound 

effects using Environmentally Extended Input 

Output Life Cycle Analysis (EEIO-LCA). 

Specifically, we  (1) estimated the 

environmental benefits related to avoided food 

waste (also termed potential savings) (2) 

calculated how the saved expenditure (i.e. 

money that would have been spent without 

taking food items from OLIO) was redistributed 

among household consumption categories, 

using the ‘Almost Ideal Demand System’ 

(AIDS) consumer demand model (3) estimated 

the environmental impacts of added 

consumption and (4) calculated the rebound 

effect, namely- the share of expected benefits 

that were offset by re-spending consumption 

according to the following formula (Font 

Vivanco et al., 2014): 

(1)  %𝐸𝑅𝐸 =  (
𝑃𝑆 − 𝐴𝑆

|𝑃𝑆|
) ∗ 100     

Where PS are the potential environmental 

savings, and AS are the actual savings when 

taking into account behavioral responses due to 

using OLIO (in this case re-spending). 

Our model assumed that all food items shared 

fully displaced the purchase on new, identical 

food items and led to avoided production. To 

illustrate, if a user picks up a sandwich via 
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OLIO, this replaces buying an identical 

sandwich and ultimately also production of such 

sandwich . 

Dataset construction 
Using OLIO’s raw data we created a dataset of 

unique food collections, with details describing 

the food listings (unique id, text description of 

the item itself, collection notes, offering date, 

collection unique id, collection date), and each 

listing’s provider and collector (user unique id, 

and ‘food waste hero’ an indication of whether 

the user collects excess food from local cafes 

and restaurants and redistributes to other OLIO 

users). Following the approach outlined in 

(Makov et al., 2020) all listings were classified 

into food categories using a supervised deep 

learning long short-term memory (LSTM) 

network classifier, aggregating many different 

food listings into 13 homogeneous categories. 

Calculating retail value per food category 
Dividing the dataset into subgroups based on 

the food category and type of providing user 

(i.e. whether user was an official OLIO 

volunteer who redistributed foods collected 

from local shops and cafes or a regular user), 

we then used a series of Monte Carlo 

simulations (10
4
) to estimate for each subgroup 

the total monetary value of all food items 

exchanged. To this end we: (1) Randomly 

sampled <200 (?) food listings from each sub 

group, (2) manually examined both listing text 

and images as they appeared on the platform 

and estimated their retail price and weight. We 

then used this empirical sample to calculate a 

price distribution probability function (PDF) for 

each sub group using the Scipy Python 

package (Virtanen et al., 2020). (4) For each 

sub group’s price distribution probability 

function, we ran a series of Monte Carlo 

simulations over 10,000 iterations to calculate 

the overall sum saved in each sub category and 

overall (for more detail please see Makov et al, 

2000). 

Environmental analysis of food waste 
sharing 
To estimate the environmental benefits 

associated with food sharing, we used the 

Exiobase, an EEIO-LCA tool.  EEIO-LCA is a 

method used to evaluate the relationships 

between economic consumption and 

environmental impacts for different sectors and 

products. It is based on the Input-Output 

framework (IO), a macroeconomic tool, defined 

by Nobel prize winner Leontief in the 1930s’ 

(Leontief, 1970; Miller & Blair, 2009). Input 

output framework uses tables of national 

sectoral aggregated data with inter-industry 

relationships to model how change in 

household and government demand (termed 

final demand) will affect these inter-industry 

relationships. Exiobase v3 is a database used 

for multi-regional Input-Output model the 

database maps 44 countries and 5 rest of the 

world regions for environmental analysis 

(Stadler et al., 2018). 

To estimate GHG emissions saved from food 

waste exchanges, we began by mapping our 

food categories to EXIOBASE sectors. After 

converting from the British pound (£) to Euro  

(€) using european central bank data, we 

disaggregated the monetary savings  

representing final household consumption per 

category to account for imports using Exiobase 

existing import weighting. The world-wide final 

demand associated with UK reduced 

consumption of shared food was set as input for 

EEIO-LCA environmental calculation, using 

pymrio python package (Stadler & Didier, 

2020).  

Calculating added consumption and its 
added environmental impacts 
Quantifying the added consumption was done 

using a single re-spending model, where all 

consumption categories were treated equally 

(Murray, 2013; Salemdeeb et al., 2017).  

The Marginal Budget Shares (defined as how 

much of additional income consumers allocate 

to the respective goods (Matsuda, 2004))  were 

calculated using a linear approximation of the 

Almost Ideal Demand System (AIDS), 

developed by (Deaton & Muellbauer, 1980). 

The AIDS model for the i-th consumption 

category and a given time period t is expressed 

as: 
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(2) 𝑤𝑡
𝑖 = 𝛼𝑖 + 𝛽𝑖𝑙𝑛(

𝑥𝑡

𝑃𝑡

)  + ∑

𝑗=1..𝑛

𝛾𝑖𝑙𝑛(𝑝𝑡) 

where n is the number of consumption 

categories, x is total expenditures, P is defined 

here as the Stone’s price index, p is the price of 

a given category and α, β and γ are the 

unknown parameters.  

Consumption categories were taken from the 

12 top tier categories of Classification of 

Individual Consumption According to Purpose 

(COICOP). Using UK price indices and 

COICOP expenditure historical data between 

1996-2019 from (Eurostat, 2021b, 2021a) and 

calculation of the MBS was done using 

(Henningsen, 2017) R package.  

The calculated MBS were used to assess re-

spending per COICOP category and calculate 

added environmental burdens using Exiobase. 

Results 
Between April 2017 to February 2020 User of 

OLIO in the UK collected food with an estimated 

retail value of  €2.58 million (with 2.54 and 2.64 

million being 5 and 95 percentiles respectively) 

and 1,766 metric tons of avoided CO2-eq  

(taking mean values, and assuming perfect 

substitution), equivalent to the yearly CO2 

emissions of more than 300 people within the 

UK. However, as can be seen in figure 1, taking 

rebound effects into account, consumption due 

to re-spending adds 1,481 tons of CO2eq, such 

that the actual savings is only 295 tons of 

CO2eq and ERE is 83% due to re-spending. 

In figure 2 we can see that 49% of associated 

GHG emissions (and 22% of expenditure) are 

due to two consumption categories: ‘Food and 

non alcoholic beverages’ and ‘Transport’. In 

figure 3 you compare category expenditures vs, 

GWP intensity per euro. Notable to see that the 

third category by GWP emission, ‘Housing, 

water, electricity, gas and other fuels’, is so high 

mostly due to high absolute spending, and not 

GHG intensity, unlike the first two categories. 

Discussion 
Using OLIO as a case study for the SE, we 

quantified the magnitude of the Environmental 

rebound effect. Our results suggest that up to 

83% of the potential climate benefits delivered 

from avoided food waste are negated when 

households re-spend saved money. Our results 

help demonstrate that although sharing food 

waste at a local level has environmental 

benefits, a systems’ perspective is needed to 

gage the net environmental benefits of SE 

products and services. As our results suggest, 

in the case of food sharing much of these 

benefits are offset through the unintended 

impact SE has on household consumption 

overall.   

This research has several important limitations. 

First, we assume that food items shared 

displace purchasing of new food items, and 

subsequently their production at a 1:1 ratio. If 

without OLIO, users would have purchased less 

expensive items from the ones received, or 

items from a different food category then overall 

saved expenditure might be smaller. 

Interestingly, however,  the rebound might not 

change, as the smaller amount is redistributed 

in the same proportions. More critical is if 

shared foods are not perfect substitutes for new 

foods and do not lead to their avoided 

production. In such cases, we would expect the 

environmental benefits to shrink, while saved 

expenditure remains the same, causing  the 

rebound effect to increase. Second, we assume 

that people using OLIO follow the same 

homogeneous expenditure pattern as the 

general population used to calculate the MBS. 

If OLIO users, and food SE users in general 

have pro-environmental attitudes or belong to 

low income decile groups, then their 

expenditure patterns might be substantially 

different than those of the average household 

depicted in economic models. Last, this 

research focuses mainly on GWP and GHG 

emissions. There are many other relevant and 

pressing environmental indicators, for which 

added benefits and burdens might yield 

meaningfully different results. More research is 

needed to dive into these questions, as well fine 

tune the underline calculations.  
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Expanding the upcycling paradigm: a case study in the creative use 
of waste streams and waste plastic in interlocking blocks 
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Abstract: This paper contributes to the discourse of upcycling.  It attempts to apply an understanding 
of upcycling to large-scale complex mass production processes, by exploring an ongoing case study 
that is repurposing waste plastics into interlocking building blocks, using ubiquitous manufacturing 
processes. In so doing, the paper responds to a call for more case studies of real-life industrial practices 
in material recovery. The paper however does not attempt to argue that the concept of upcycling, in its 
current form, is a perfect fit for this case study. Instead, it will identify those elements of upcycling culture 
and practice from which we can learn, and potentially apply to the management of plastic waste. Thus, 
the paper also contributes to an expanded understanding of upcycling, helping to legitimize it within 
mainstream practice, and move it beyond its current designation as a niche, though worthy, activity. 

 
 
 
Introduction  
This paper contributes to the discourse of 
upcycling.  It applies an understanding of 
upcycling to large-scale complex mass 
production processes, by exploring an ongoing 
case study that repurposes waste plastics, and 
other waste streams, into interlocking building 
blocks, using ubiquitous and globally 
accessible manufacturing processes. In so 
doing, the paper responds to a call for more 
‘case studies of real-life industrial practices in 
material recovery’ (Sung 2015). The paper 
however does not attempt to argue that the 
concept of upcycling, in its current form, is a 
perfect fit for this case study. Instead, it will 
identify those elements of upcycling culture and 
practice from which we can learn, and 
potentially apply to the management of plastic 
waste.  
 
 
Context 
The term upcycling is typically used to describe 
the activity of an individual who combines 
creativity and manual skills to create a new 
object, with a new purpose, from an existing, 
defunct or damaged object and/or materials 
(Wegener, 2016). The person who upcycles, is 

traditionally, also the end-user, known as the 
‘prosumer’ (Tofler 1980). Their association with 
the upcycled object is intellectual, physical, 
emotional and consequently sustained over 
longer time periods. More recently, Sung et al 
(2017) examined upcycling production in the 
form of small-scale businesses. Such 
enterprises create a range of materials and 
items, selling to others through craft or 
upcycling networks.  This allows for the 
production of multiples, (or perhaps more 
accurately ‘partial-replicas’) as opposed to 
‘one-offs’. This increase in productivity leads 
Singh et al (2019) to acknowledge that 
‘Upcycling... has the potential to create 
employment opportunities and encourage 
sustainable consumer behaviour’, even though 
the end user is remote from the production 
process, interacting only with the end product 
(Ebbert et al, 2017). In this model of upcycling, 
the consumer buys into a value system that 
exists alongside the upcycled product. This can 
include a range of values, e.g., perceived 
reductions in environmental impact, energy, 
virgin materials, and/or landfill; increased 
market value associated with the embedded 
creativity, enhanced aesthetics and/or an 
enriched product ‘life story’; and an ethical, 
occasionally, even sentimental, attachment to 
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recycled products (Bramston and Maycroft, 
2014). Wegner (2016) talks of upcycling 
engaging with the incorporation of the 
transformation process into the product. She 
uses the phrase ‘keeping its essence intact’ 
(Wegner, 2016, p181) when talking about how 
the old material is present in the new. By so 
doing upcycled products convey moral 
narratives of ‘don’t throw anything away, there 
is no away’ and ‘greener living’. In other words, 
upcycling, unlike other forms of product 
development, incites multiple value-driven 
responses both in those involved in the 
production and the end users. Singh et al 
(2019) focus on the material, circular nature of 
upcycling, regarding it as a strategy that 
combines ‘circular material flows with slower 
throughput of products and materials and 
slower cycles of consumption.’ 
Most upcycling processes remain chiefly 
associated with makers and small-scale 
businesses, where design is part of a maker, 
rather than a manufacturing, culture. However, 
Bridgens et al (2018) identified a potential role 
of designers in upcycling, during the the 
process of building a pavilion from waste 
packaging materials, where it was suggested 
that designers can ‘imbue objects with the 
potential for creative reuse’. Wegner 
acknowledges that upcycling is not just a 
practice but also a mind-set requiring ‘a new 
way of thinking about and working with the 
lifecycle of things – both as a designer and as a 
consumer’. This paper describes a process 
which seeks to extend this mindset beyond the 
designer and consumer to include the material 
scientists, production engineers and 
manufacturers.  
Across the growing body of literature on 
upcycling, five key characteristics of upcycling 
emerge. They are: 1. the use of waste; 2. The 
adaption of waste through a process of creative 
transformation; 3. The presence of the old 
material in the new product; 4. A process that is 
value driven and an end product that conveys 
values; and finally, 5. A process that contributes 
to a slow circular material cycle. The paper now 
turns to a case study that can produce at scale, 
but which also goes some way to addressing 
these upcycling characteristics. Thus, the paper 
aims to contribute to an expanded 
understanding of upcycling, helping to 
legitimize it within mainstream practice, and 
move it beyond its current designation as a 
niche, though worthy, activity. 
 

Case Study: Trans-plastics 
This case study was part of a much larger 
investigation into waste plastic: Advancing 
Creative Circular Economies for Plastics via 
Technological-Social Transitions, which aimed 
to explicitly frame the opportunities for realising 
a sustainable and resilient plastics circular 
economy within a ‘socio-technological 
transitions’ approach. The Trans-plastics 
project’s specific aims were to design and 
prototype a building block that used the 
optimum amount of recycled plastic waste, 
requiring minimal fixing, no further external 
finish and with a geometry that allowed for 
variation and circular reuse. Further, it 
innovatively sought to bring design thinking and 
user experience into the earliest stages of 
development through a process of critical 
feedback and evaluation, acknowledging that 
user acceptance is as critical as technological 
advancements in underwriting, adoption, and 
longevity of emerging technologies, and 
achieving an outcome which can be ‘elegantly 
enjoyed’ (McDonough and Braungart 2013) 
The project evolved from previous experience 
developing building materials through a design-
led approach, where designers draw out the 
aesthetic and ethical dimensions of materials in 
the early stages of development (Morrow 2017, 
2018). But this case study represented the first 
time such a multidisciplinary team had been 
brought together to work with waste plastics. 
The team was made up of polymer production 
engineers, polymeric material scientists, 
architects and material-designers, with support 
from psychologists. 
The world currently produces more than 370 
million metric tons of plastics annually.  While 
plastics have many positive characteristics, 
they are a major global pollutant and serious 
environmental threat. Globally, recycling rates 
are still very low. In the UK more than 5 million 
tonnes of plastics are used annually but only 
370,000 tonnes are recycled (7%). Plastics are 
used in a wide range of applications, but the 
largest is packaging. This has led in recent 
years to a proliferation of single use plastic 
packaging products that are convenient for use 
but extremely difficult to recover, separate and 
recycle. This is partly due to the many types, 
forms and colours of plastics found in post-
consumer waste streams, but also the technical 
difficulties and costs of returning them to their 
original form. In contrast many other plastic 
products are designed to be long life (10 years 
+) such as storage tanks, piping, or construction 
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blocks where plastics are ideal materials. Such 
applications provide a potential means of 
reusing packaging waste plastics in a form that 
is both advantageous for the economy and 
environment. This was a key motivation behind 
this work, alongside a desire to understand the 
challenging societal values that surround post-
consumer plastic waste. By putting design 
thinking and user perception at the centre of the 
project we hoped to tease out the aesthetics 
and ethics of using plastic waste in building 
products. 
At the outset the decision was made to use 
Rotational Moulding for manufacturing the 
block. Rotational Moulding is used chiefly to 
make large hollow plastic forms. Plastic powder 
is added to a metal mould and gently rotated on 
two axes. The mould passes into an oven 
where the powder melts and is ‘laid up’ by 
adhesion and consolidation on the internal 
surfaces of the mould. It then passes into a 
cooling station where, once the plastic 
solidifies, it is separated and removed from the 
mould. Complex forms can be achieved and 
since both the machinery and tooling costs are 
relatively low it is equally suited to low volumes 
of production.  
We began by carrying out a series of geometric 
design explorations for the block. This was 
done in close collaboration with all members of 
the team in order that the nature of the materials 
to be used and the manufacturing process 
would inform the design of the block (Figure1).  
 

 
Figure 1. Examples of early block explorations 
©Authors 
 
This phase of the project was equally about 
understanding one another’s language, 
cultures of practice and research 
methodologies. Once the team had come to 
understand the challenges and context for the 
design of the materials and the block, we 
moved to parallel processes of 1. working with 
a practicing architect to design a more 

sophisticated block 2. consulting end users, 
and 3. progressing the development of the 
polymer materials.  
 
Working with a practicing architect 
Design charrettes, i.e. multidisciplinary hands-
on design workshops, were integral to the 
collaborative and creative design process. The 
charrettes involved the architectural team, two 
architectural researchers, a polymer production 
engineer, and a polymeric material scientist. 
Feedback from end users was shared at this 
stage, informing the design process. Prior to the 
charrettes, the architects were given a brief for 
an interlocking block using rotomoulding 
technology. The brief was deliberately open to 
allow designs to emerge through conversation. 
During the charrettes the architects discussed 
various design iterations, starting from the point 
of view of “creating a thing with purpose,” 
suggesting the interlocking block could be a 
chair, surface, wall, storage wall, or platform.  
They evaluated and developed solutions, 
asking: “is it stackable?” and “does it provide 
different options?”  

  
Figure 2. Examples of early sketches ©Robert 
Jamison Architects 
 
The architects focused on the function, aesthetics, 
experience, patterns, light/shadow, and scale. 
Scaled physical models and 3D models (using Rhino 
3D software) were shared and projected on the wall 
for open team discussion. The material scientist 
brought plastic samples, and each were discussed in 
terms of the viability of waste streams and material 
properties but also texture, colour, transparency and 
perception. In parallel, the production engineer 
reviewed each design in terms of form, identifying 
some as more ‘rotomouldable’ than others and 
explaining the implications of the mould and 
manufacturing process. Each collaborator’s 
experience and knowledge added to the creative, 
critical and expedient design process. The charrettes 
concluded with two designs identified for prototype 
manufacturing. 
 
Consulting end users 
From the project’s outset, it was intended to 
work with a range of users, including people 
with sensory impairments, in order to gain 
critical insight across the development of the 
block. However due to the COVID-19 
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pandemic, only two workshops occurred- with 
people with visual impairments and another 
with people with different degrees of deafness. 
Whilst the level of design cooperation was 
curtailed, even those initial conversations, 
conducted around scale models and material 
samples, provided interesting perspectives. 
Both user groups had positive reactions to the 
most textured plastic samples. On close 
inspection the surface of plastics though 
visually smooth had micro undulations on the 
surface due to the presence of waste materials. 
The term ‘claustrophobic’ was used by one of 
the visually impaired participants, describing 
the experience of surfaces so smooth that they 
offered little to no sensory response. Across 
both groups, the visually textured surfaces were 
best received, in terms of visual richness and 
tactile experience. The participants also 
discussed the use of recycled plastics as 
blocks. While this was viewed positively, one 
comment, triggered wider discussion around 
concerns that the creative transformation of 
waste plastics into something desirable might 
trigger increased plastic production. 
 
Polymer Material Development 
The work on polymer material development 
focussed on establishing the mechanical 
properties of the recycled plastics and their 
capability to be moulded into blocks, using 
rotational moulding. This necessitates the 
polymer to have the necessary flow properties 
when melted for successful moulding, 
combined with an acceptable level of 
mechanical properties in the final form. A key 
mechanical property to retain is the impact 
strength of the moulded plastic. Previous work 
had already established that recycled plastics 
need to be blended with some level of virgin 
polymer in order to achieve sufficient impact 
strength. Tests were therefore carried out to 
measure the mechanical properties of different 
blends of recycled polyethylene and virgin 
polyethylene. The blends used ranged in 
recycled content from 0 to 100%. The results 
showed that blends containing up to 50% 
recycled content were able to largely retain their 
impact strength and were easily moulded 
(Figure 3). However, above 50% recycled 
content there was marked deterioration in the 
moulded polymer’s mechanical properties. 
Nevertheless, these samples could be moulded 
successfully, even with 100% recycled content, 
demonstrating that the main constraint on the 
use of recycled polymers in rotomoulding is the 

deterioration of mechanical properties. With 
recycled content there is a distinct change in 
colour with the blended polymer becoming grey 
and, depending on the precise content, the 
surface appearance and texture of samples can 
change significantly (Figure 4).  However, more 
colourful outcomes can be created by adding 
flakes of shredded packaging waste to the 
polymer blend (Figure 5). In addition, we also 
investigated the blending of polymers with other 
waste streams such as hemp fibres, red mud 
and concrete dust, creating very distinctive 
colourations and surface textures (Figure 6). 
 

 
Figure 3. Impact specimens of virgin 
polyethylene (left) and 50% recycled content 
blend (right) ©Authors 
 

 
Figure 4. Surface finishes of rotomoulded 
specimens ©Authors 
 

 

 
Figure 5. Samples containing flakes from 
different packaging waste streams ©Authors 
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Figure 6. Polymer Samples containing (top to 
bottom) hemp, red mud and concrete dust 
©Authors 
 
Block Production 
The outcome of these three processes led to 
the production of two final blocks. One of which 
(Figure 7) was produced using a mould made 
inhouse, at lower cost in QUB’s Polymer 
Processing Research Centre. This resulted in 
strong visual outcome but comparatively poor 
finishing.  
 

 
Figure 7. The Pyramid Block ©Authors 
 
The mould for the second block (Figure 8) was 
made by an external fabrication firm resulting 
in a higher quality product . Both were 
manufactured with a range of waste plastics. 
The outcomes, especially those that used 
flaked plastic waste and other waste streams 
are unlike most waste plastic products. They 
are unexpectedly rich in visual texture with 
some exhibiting ‘soft’ tactile qualities (Figure 
9). 

 
Figure 8. The Classic Cupid Block ©Authors 
 

 

 
Figure 9. The Classic Cupid Block. ©Authors 
 
The blocks represent working prototypes. The 
next development stages involve further 
discussion with users on cultural and sensorial 
perception; trialling layers of plastics based on 
mechanical, aesthetic and cultural responses 
and further testing of the blocks’ physical 
properties. In order to enhance the mechanical 
properties of the moulded polymers, their 
colours and their surface finishes, work is 
ongoing to investigate the use of multi-layer 
manufacturing methods. Blocks would be 
formed by laying down three layers of different 
polymer blends during moulding. It’s proposed 
to form of an inner layer (Layer A, Figure 10) 
designed chiefly for mechanical properties; an 
intermediate layer containing high precentage 
of recycled content (Layer B), and an outer 
surface layer providing colour and texture and 
which visibly communicates that the block is 
‘designed and crafted’ from waste plastic and 
other waste materials (Layer C)  
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Figure 10. Section showing possible layering of 
block ©Authors 
 
Conclusion 
This case study evidences bringing an 
upcycling ‘mindset’ to a large-scale complex 
mass production process and hence 
contributes to the upcycling discourse. It was 
successful in transforming significant and 
problematic waste streams into new prototype 
products and did so using ubiquitous, scalable 
and globally accessible manufacturing 
methods. The case study also provides 
evidence that a design-led approach can 
ensure that large multidisciplinary teams work 
within an upcycling paradigm. In terms of the 
five key upcycling characteristics identified 
earlier in the paper, the project clearly, 1. used 
waste materials, 2 adopted a creative process 
with design thinking and user experience at its 
heart, 3. made present the recycled material in 
the final product (Figure 11). 4. hence, 
purposefully displayed its circular values and 5. 
developed a process that could bring waste 
plastic into a slower circular material cycles.  
However, in many ways the project has only just 
begun. The pandemic significantly impacted on 
those stages where design and production 
come together to assure detailed quality 
outcomes in terms of colour, texture and 
finishing and we were unable to pursue an 
iterative, inclusive process involving not only 
the technical and design team but also user 
representatives. It could be argued that the 
restriction on tacit communication between 
designers, scientists, engineers and end users 
inevitably curtailed the intimate relationship 
between the ethos, process and outcome that 
upcycling requires.  
 

 
Figure 11. Waste plastic flakes visibly present 
on the block’s outer surface ©Authors 
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Abstract: designing products that encourage attachment with the user helps to postpone product 
replacement. Emotional Durability Design Nine (EDDN) is a framework to think about attachment during 
the product design process. It is composed of 38 attachment strategies classified in 9 themes: 
relationships, narratives, identity, imagination, conversations, consciousness, integrity, materiality and 
evolvability. The objective of this work is to explore how many of the strategies compiled at EDDN are 
considered in methods and tools that assess environmental aspects or circularity in conceptual designs. 
To address this, all the parameters of eleven tools are compared against the 38 strategies. As a result, 
50 attachment factors have been identified in these methods. Ecodesign Pilot has the biggest number 
of attachment factors, 12, followed by CE Designer with 8 and Circular Design Tool with 7. “Ensuring 
quality, durability and reliability” and “design for variability and modularity” are the most frequent 
strategies. CE Designer, Circular Design Tool, Ecodesign Pilot and Fast Five Philips include attachment 
as an overall parameter concerning the relationship with the user. Even though almost all the methods 
and tools analysed consider attachment, there are many product attachment strategies lacking, in 
particular those for the categories of narratives, imagination, conversations, consciousness and 
materiality. Conceptual designs with many attachment features could be rated in the four tools that 
consider attachment as an overall parameter. But with the other methods and tools, those designs 
would be underrated. These findings help designers to choose a tool to compare design concepts when 
attachment is a key factor. 
 

Introduction  
One of the basic principles of the Circular 
Economy (CE) is to keep products in use as 
long as possible. Different design approaches 
can be employed to extend usage time, some 
of which depends ultimately on the user, like 
product attachment. Product attachment is the 
strength of the emotional bond that a consumer 
experiences with a product. Fostering this 
relationship can lead to lengthening the lifespan 
of many durable consumer products 
(Schifferstein and Zwartkruis-Pelgrim, 2008). 
Attachment is determined by multiple themes, 
many of which are circumstantial to consumers’ 
experiences and therefore difficult for designers 
to control (Page, 2014). Attachment is 
especially difficult to accomplish in most of the 
ordinary products (Mugge, 2007).   
Emotional Durability Design Nine (EDDN) is a 
framework to think about attachment during the 
product design process (Haines-Gadd et al., 
2018). It consists of 38 attachment strategies 
classified in 9 themes. Relationships (1) stands 
for building emotionally rich relationships and 
engaging between products and users. 
Narratives (2) consists in building and capturing 

narratives that exist between products and 
users. Identity (3) makes the identity of the 
product and the user coexist. Imagination (4) 
stands for building imagination, delight, intrigue. 
Conversations (5) consists in creating 
conversations between products and users. 
Consciousness (6) leads to achieving a sense 
of consciousness within the product interaction. 
Integrity (7) builds the physical and the 
emotional quality into the product, since 
durability and reliability are necessary for 
attachment. Materiality (8) is about how 
material properties develop and change over 
time. Last, evolvability (9) stands for making the 
product evolve with the user and includes 
design for variability and modularity, since 
combined with other factors leads to 
attachment. Each category is comprised of four 
or five strategies. As an example, for the 
evolvability category, there are four strategies: 
(9.1) design for variability and modularity; (9.2) 
design for multiple lifetimes; (9.3) show 
progression and (9.4) how can it transform? 
EDDN integrates emotional aspects already 
identified in various works, such as (Mugge, 
2007) and (Mugge et al., 2005) together with 
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technical aspects, such as durability and 
reliability, since these are usually considered 
necessary, although not sufficient to achieve 
attachment. It is common to find these more 
technical aspects grouped under other 
strategies of long-lasting products differentiated 
from the relationship between user and product. 
There are tools and methods to assess 
circularity or environmental issues in 
conceptual designs, but it is not clear how far 
they consider attachment strategies. CE 
Designer is a qualitative tool which allows an 
easy integration of circularity strategies in the 
product and service development process (CE 
Designer, 2019). Circular Economy Toolkit 
supports companies in the transition to a 
circular economy. It helps them to create value, 
reducing materials usage, designing for a 
longer product life while being resource 
efficient, and identifying opportunities for the 
product through its lifecycle. (Evans and 
Bocken, 2014). Circular Design Tool helps 
product designers to avoid uncertainty of which 
design concepts meets circular economy 
aspects (Moreno et al., 2017). DFE Matrix helps 
to establish high priority environmental, health 
and safety criteria. These criteria are then used 
from product conception, through prototype and 
manufacturing (Johnson and Gay, 1995). In 
Eco Concept Spiderweb a qualitative 
evaluation of eight overarching criteria is made 
providing an environmental profile for each 
solution (Tischner et al., 2000). EcoDesign 
Checklist is a checklist of questions that 
provides support for the analysis of a product’s 
impact on the environment (Tischner et al., 
2000). Ecodesign PILOT supports the decision-
making process in product design and 
contributes to findind appropriate ecodesign 
measures to improve the environmental 
properties of a given product (Wimmer and 
Züst, 1999). Fast Five Phillips is used to judge 
and compare different product concepts 
towards a reference product. Five criteria are 
chosen: energy, recyclability, hazardous waste 
content, durability/ reparability/preciousness, 
alternative ways to provide service (Meinders, 
1997). LiDS Wheel gives an overview of the 
environmental improvement potential to the 
designer. Eight environmental improvement 
strategies are utilized in the tool: selection of 
low-impact materials, reduction of material 
usage, optimization of production techniques, 
optimisation of distribution system, reduction of 
impact during use, optimization of initial lifetime, 
optimization of end-of-life system and new 

concept development (Brezet and van Hemel, 
1997). Product Design Framework spider map 
is a framework to aid designing products for a 
circular economy that can be used in the first 
phases of the design process. It consists of a 
spider map with 5 aspects related to circularity: 
future proofing (timeless design), disassembly, 
maintenance, "remaking" (life extension) and 
recycling. For each category there is a scale 
from minimum to maximum compliance divided 
into 4 positions (Van der Berg and Bakker, 
2015). Finally, Ten Golden Rules helps product 
designers integrate environmental demands 
into the product development process (Luttropp 
and Lagerstedt, 2006). 
The objective of this work is to explore how 
many of the product attachment factors 
compiled at EDDN are considered in the eleven 
methods and tools that assess environmental 
aspects or circularity in conceptual designs.  
 

Methodology 
To address this, all the parameters of the 
eleven tools are compared against the 38 
attachment strategies.  
Table 1 shows the parameters included in those 
tools/methods that are related to product 
attachment. Each item related somehow with 
any of the attachment categories and strategies 
by Haines-Gadd et al. (2018) is identified as an 
attachment factor. In some tools/methods, the 
parameters are more general and group 
together aspects of attachment with aspects of 
lengthening the time of use. This is the case of 
the “Product Design Framework Spider map” 
tool, which has an axis called Future proof that 
puts together if the product is timeless design, 
adaptable, durable and roadmap fit. In these 
cases, as many attachment factors have been 
counted as different aspects are contained in 
the parameter, adding more rows to the 
analysis in Table 1.  
Two parameters have been found in some of 
these tools that are not part of the 38 included 
in EDDN but are related to attachment. One is 
timeless design, also stated as classic design, 
included in CE Designer, Ecodesign PILOT, 
Lids Wheel, Product Design Framework Spider 
map and Circular Design Tool. The other factor 
is simply to use products, that has to do with the 
relations category and is included in CE 
Designer, Ecodesign PILOT Circular Design 
Tool and EcoDesign Checklist. These two 
factors are pointed out in the analysis as “A 
different strategy (not included in Haines-Gadd 
et al. (2018))”
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Method/tool Attachment factor included 
EDDN related 

category 
EDDN related strategy 

Circular 
Economy Toolkit 

(Evans and 
Bocken, 2014) 

Product failures 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Product has a very long lifetime 
7. Integrity 

7.5 Ensure quality, durability, or 
reliability 

Simple working easy to understand 
1. Relations 

A different strategy (not included in 
Haines-Gadd et al. (2018)) 

Easy to find fault 
7. Integrity 

7.5 Ensure quality, durability, or 
reliability 

CE Designer 
(KATCH_e 

project, 2019) 

Strong product-user relation  Not specified 

Timeless and customized design  A different strategy (not included in 
Haines-Gadd et al. (2018)) 

Timeless and customized design 3. Identity 
3.1 Think customization or 

personalization 

Durable and wear resistant 
materials and components 

7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Aesthetics and/or technical 
upgradeability 

9. Evolvability 
9.1 Design for variability and 

modularity 

Reliability 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Use of modular solutions 9. Evolvability 
9.1 Design for variability and 

modularity 

User-friendliness. 1. Relations 
A different strategy (not included in 

Haines-Gadd et al. (2018)) 

Circular Design 
Tool (Moreno et 

al., 2017) 

Assure reliability (quality)  7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Allow upgradability and flexibility to 
adapt 

9. Evolvability 
9.1 Design for variability and 

modularity 

Customise to wants and needs of 
each person 

3. Identity 
3.1 Think customisation or 

personalisation 

Enhance durability (avoid built-in 
obsolescence)  

7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Develop attachment/loyalty 
(experience, meaningful design)  

 Not specified 

Based on long-lasting trends, no 
ephemeral fashion (timeless 

aesthetics)  
 

A different strategy (not included in 
Haines-Gadd et al. (2018)) 

Implement poka-yoke principles to 
ease use  

 
A different strategy (not included in 

Haines-Gadd et al. (2018)) 

Product Design 
Framework 

Spider map (Van 
der Berg and 
Bakker, 2015) 

Future proof (timeless 
design/adaptable/durable/roadmap 

fit) 

 A different strategy (not included in 
Haines-Gadd et al. (2018)) 

Future proof (timeless 
design/adaptable/durable/roadmap 

fit) 
7. Integrity 

7.5 Ensure quality, durability, or 
reliability 

Future proof (timeless 
design/adaptable/durable/roadmap 

fit) 
9. Evolvability 

9.1 Design for variability and 
modularity 

Lids Wheel 
(Brezet and van 
Hemel, 1997) 

Classic design  A different strategy (not included in 
Haines-Gadd et al. (2018)) 

User taking care of product 1. Relations 
1.2 User can, fix or maintain the 

product 

Reliability and durability 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Modular product structure 9. Evolvability 
9.1 Design for variability and 

modularity 

Eco Concept 
Spiderweb 

Longevity 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 
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(Tischner et al., 
2000) 

Ten Golden 
Rules (*) 

(Luttropp and 
Lagerstedt, 2006) 

Promote repair and upgrading, 
especially for system-dependent 

products. (e.g. cell phones,) 
7. Integrity 

7.5 Ensure quality, durability, or 
reliability 

Promote repair and upgrading, 
especially for system-dependent 

products. (e.g. cell phones,) 
9. Evolvability 

9.1 Design for variability and 
modularity 

Invest in better materials, surface 
treatments or structural 

arrangements to protect products 
from dirt, corrosion and wear, 

thereby ensuring reduced 
maintenance and longer product 

life. 

7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Ecodesign PILOT 
(Wimmer and 
Züst, 1999) 

Design product for easy handling 1. Relations 
A different strategy (not included in 

Haines-Gadd et al. (2018)) 

Design product for optimal 
adaptability to different users 

9. Evolvability 
9.1 Design for variability and 

modularity 

Ensure high reliability of product 7. Integrity 
7.4 Use time or eco-appropriate 

materials 

 Realize a timeless product design  A different strategy (not included in 
Haines-Gadd et al. (2018)) 

Ensure high appreciation of the 
product 

 Not specified 

Design product for long service life 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Realize a sturdy product design 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Ensure surfaces are user friendly 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Ensure corrosion resistance 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Harmonize service life of individual 
components 

7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Design product for possible 
upgrading   

9. Evolvability 
9.1 Design for variability and 

modularity 

Design product for adjustment and 
adaptation at use stage 

9. Evolvability 
9.1 Design for variability and 

modularity 

Fast Five Philips 
Awareness 

(Meinders, 1997)  

Durability 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Encourage long use.  Not specified 

EcoDesign 
Checklist 

(Tischner et al., 
2000) 

Product readily understandable for 
users? 

 A different strategy (not included in 
Haines-Gadd et al. (2018)) 

Combinability, adaptability? 9. Evolvability 
9.1 Design for variability and 

modularity 

Robustness, reliability, not 
susceptible to wear? 

7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

Dirt-repellent, easy to clean? 7. Integrity 
7.5 Ensure quality, durability, or 

reliability 

DFE Matrix 
(Johnson and 

Gay, 1995) 

Is the product or component easily 
disassembled for upgrade? 

9. Evolvability 
9.1 Design for variability and 

modularity 

 
Upgraded rather than replaced 

entirely 
9. Evolvability 

9.1 Design for variability and 
modularity 

(*) it provides a summary of many of the guidelines. These guidelines are generic and must be customized to be 
directly useful in product development.  
Table 1. EDDN attachment categories and strategies found in tools and methods to assess environmental 
aspects in conceptual designs. 
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Results  
As a result, 50 attachment factors have been 
identified in these methods. All the tools include 
at least one parameter related to attachment. 
Ecodesign PILOT has the biggest number of 
attachment factors, 12, followed by CE 
Designer with 8 and Circular Design Tool with 7 
(Figure 1). Two tools, CE Designer and Circular 
Design Tool, consider identity, with a parameter 
about product customization (strategy 3.1). 
Integrity is the category with more parameters 
in the analysed tools and methods. And 
“ensuring quality, durability and reliability (7.5)” 
is the most frequent strategy in this category 
(Figures 1 and 2). The parameters found 
related to this strategy refer to product failures, 
durability and reliability, as well as robustness 
and strength. The next most present category 
is evolvability, through the strategy “design for 
variability and modularity, (9.1)”. Of the 8 
tools/methods that include this strategy, two, 
(CE Designer and Leeds Wheel) refer to 
modular product structure. The rest make 
explicit mention of design for variability or 
adaptability to different needs, improvements, 
and updates.  
Two out of three attachment strategies found 
pertain to the integrity or evolvability categories 
(Figure 2).  
As for the factors related to attachment not 
included in the 38 strategies, design with a 
timeless aesthetic comprises the 10% of the 
factors identified; whereas easy to understand 
or use is another 10%. Attachment has also 
been considered as a global parameter related 
to a strong and lasting relationship with the 
user, without specifying (8% of the total 
parameters). CE Designer, Circular Design 
Tool, Ecodesign Pilot and Fast Five Philips 

mention it in terms of "strong product-user 
relationship", "fostering attachment", etc."  
These tools also consider other factors related 
to attachment (Table 1).  So, by including this 
overall factor, they provide designers the 
opportunity to assess any other aspect that 
encourages product attachment not included in 
the other specific factors. Last, identity and 
relations represent, respectively, the 4% and 
the 2% of the attachment factors identified in 
the tools. 
Only 5 out of the 38 strategies have been 
identified in the eleven tools and methods. 
Moreover, strategies have only been found for 
4 of the 9 categories of attachment. So, there 
are many product attachment strategies 
lacking, those for the categories of narratives, 
imagination, conversations, consciousness, 
and materiality. 
 

Conclusions 
Product attachment strategies related to the 
EDDN categories of narratives, imagination, 
conversations, consciousness, and materiality 
are not included. For the four categories that 
have been found (integrity, identity, 
relationships and evolvability), only some 
strategies are considered in the analysed tools 
and methods. 
The tools with the highest number of 
attachment factors are Ecodesign Pilot, with 12, 
followed by CE Designer with 8 and Circular 
Design Tool with 7.  
Consequently, many attachment aspects could 
be overlooked when applying these tools and 
methods. In any case, those conceptual 
designs with many attachment features 
embedded, could receive a high score in the 

Figure 1. Product attachment strategies included in tools and methods to assess environmental aspects 
in conceptual designs. Own elaboration. 
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four tools that consider attachment as an 
overall parameter: CE Designer, Circular 
Design Tool, Ecodesign PILOT and Fast Five 
Phillips. However, this assessment will depend 
on the knowledge of designers about product 
attachment.  
These findings help designers to choose a tool 
to compare design concepts when attachment 
is a key factor. The results also point to which 
attachment strategies could be included in 
extended versions of these tools. 
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Abstract: This paper draws from a study on the long-term active relationships people have with clothes. 
We developed an online survey with open-ended questions that prompted 170 female participants to 
write about a garment they have owned for a long time and still wear. This topic addresses one of the 
most pressing issues the fashion industry has been facing in the last twenty years, namely clothing 
overconsumption. Studying how wearers relate with their clothes is key if we want to revert this trend. 
Following previous research that set the parallel between wearer-clothing relationships and 
interpersonal love relationships, we triangulated our qualitative data with existing evidence on reasons 
for clothing disposal and theory on interpersonal relationships. We find that reasons for clothing disposal 
are frequently situations of disagreement, difficulties to which wearers react differently. While for many 
wearers those are enough reasons to discard their garments, for others they are just bumps on the road 
which can be overcome and are worth the effort to do so. Our findings suggest that wearer-clothing 
relationships’ longevity (or the lack thereof) is as much related to the setbacks that arise along the 
way as to the ability or willingness of the wearers to overcome them. This paper brings new insights on 
what influences wearer-clothing relationship longevity. For research, it adds to the understanding of 
similarities between wearer-clothing relationships and interpersonal relationships. For design practice, 
it is worth reflecting on the role of design beyond the pre-production stage, since reasons for longevity 
may be dependent on unpredictable wearer-worn experiences. 
 
 
Introduction  
What makes us use our clothes for longer? 
Clothing use and longevity is a growing 
research topic that addresses a pressing issue 
the fashion industry faces today, namely 
clothing overconsumption, which contributes to 
increasing resource depletion and waste rates 
(Niinimäki et al., 2020). In a fashion system 
dependent on fast-changing cycles, long-
lasting garments become so rarely due to 
design planning (Fletcher, 2016). Instead, 
“things last and continue to be used when 
people want them to” (ibid, p.183). Thus, 
studying how wearers relate with their clothes 
is key if we want to revert this trend. Laitala, 
Boks and Klepp (2015), found that the most 
frequent reasons for garment disposal are 
changes in garments and size and fit issues, 
followed by taste-related unsuitability, 
situational, functional shortcomings, and style 
changes. On the other end, Niinimäki & 
Koskinen (2011) studied the reasons for 
garment longevity and found they are related to 

emotional/personal values, quality, 
functionality, design, material, effort/ 
achievement and present/future experiences. 
Maldini et al (2019) argue that clothing 
consumption is not based on replacement, thus 
keeping garments for longer does not directly 
relate to less acquisitions. Indeed, Niinimäki & 
Koskinen’s study included unused garments 
kept for memory (2011), showing that emotional 
value can lead to accumulation without 
contributing to halt consumption. More than 
keeping, it is important to go on using one’s 
clothes, as a way to nurture satisfaction with 
items already owned [Clark, 2008; Niinimäki & 
Koskinen, 2011; Valle-Noronha, 2019], and 
possibly lessen the want of something else. 
This study follows previous research that 
applies interpersonal love relationships as a 
framework to understand better how wearer-
clothing relationships develop through time and 
how these are influenced by passion, intimacy 
and commitment (Neto & Ferreira, 2020). We 
aim to understand how theory on human 
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relationships can reveal insights on what makes 
people have long-lasting relationships with their 
clothes. 
 
Methodology 
This study draws from a larger survey on long 
wearer-clothing relationships that we 
developed to understand what makes wearers 
use some garments for extended periods. 
Through open-ended questions, respondents 
were prompted to write about one of the 
garments they had had for longer and still wore. 
While analysing, coding and categorising the 
collected qualitative data, we triangulated it with 
existing research on clothing longevity and 
disposal, and with theory on interpersonal 
relationships.  
Data collection was conducted through 
convenience sampling in the Spring of 2020. 
While the original survey was open to all adults, 
the study we present in this paper focuses on 
female responses only, as they constituted 
more than 85% of submissions and a total of 
170 valid responses. The vast majority of 
submissions came from western residents: 70 
participants in Portugal, 42 in other European 
countries (14 of which in the UK), 55 
participants in America (48 of which in the US), 
and 3 in other continents. The sample ranged 
in age from 19 to 80: 19–24 (11%), 25–34 
(31%), 35–44 (28%), 45–54 (21%), and £55 
(9%), most of whom had completed a college 
degree or higher (92%).  
 Due to the limited sample, our findings 
cannot be generalized. Nonetheless, this study 
focuses on wearer’s perceptions of their 
relationships with their garments and how they 
explain its longevity, and by doing this, portrays 
a significant variety of wearer-clothing 
relationships. 
 
Findings 
Participants were asked to consider one of the 
garments they had had for the longest time and 
still used, to describe it and name the qualities 
the garment had that made it last for so long in 
their lives. Our results support the findings of 
previous research on clothing longevity 
(Niinimäki & Koskinen, 2011), in that people 
tend to identify design, quality, material 
properties, emotional values (and even good 
care) as determinants for keeping some 
garments for longer. Table 1 shows that Design 
was related to 37,6% of reasons, either 
because it was simple, unique, different, 

practical, modest, classic, beautiful, with an 
attractive pattern or print. Of the design-related 
reasons, a third was related explicitly to colour, 
either because it was neutral (e.g. black, white, 
nude) or different (e.g. red, purple, neon). 34% 
of participants mentioned quality, which 
included workmanship but mostly material 
quality. In fact, material quality — especially 
composition — was mentioned by 25,3% of all 
participants, either because it was made of 
natural fibres or synthetic. Material properties 
such as stretch, weight, softness and 
warmth/freshness were referred by 37% of 
participants. Durability made a third of all 
material property-related reasons. Adaptability 
was mentioned by 25,3% of participants, 
including how the wearers perceived the 
garment adapting to various outfit combinations 
and use contexts (versatility), temperate 
seasons, fashions (timeless) and body 
changes. The feeling of comfort was mentioned 
by 28,8% of wearers. The feeling of being a 
right match was expressed by 23,5% of 
respondents (e.g. how it fitted them and how 
flattering it was). Emotional value made 22,9% 
of longevity factors, relating to inheritances, 
memory connections, sense of belonging, and 
love. Investment, infrequent wear and the 
wearer’s care of the garment, although less 
common, were also mentioned. 
 

 
Table 1. Reasons for Garment Longevity. 
 
While trying to identify the reasons for the 
longevity of the chosen garments, we began to 
notice that several wearer-clothing 
relationships had suffered setbacks along the 
way; the types of setback reported could be 
related to previous research on reasons for 
disposal (Laitala, Boks and Klepp, 2015).  
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And yet, there they were, items chosen as 
longest in use. When further analysing how 
wearers dealt with damage and other negative 
moments, and motives behind use frequency 
variations, the theme “overcoming difficulties” 
emerged. 
Theory on interpersonal love relationships 
argues that the nature of relationships 
“inescapably involves ups and downs” (Duck, 
2007, p.210) and conflict in relationships is 
“natural and inevitable” (Gottman & Gottman, 
2017, p. 17).  It is then curious to notice that 
two-thirds of the wearer-clothing relationships 
portraited on our survey had gone through 
mishaps at some point in time [Table 2], which, 
however, did not result in breakup (ceased use 
or disposal). 
 

 
Table 2. Categorization by garment type and 
prevalence of conflict. 
 
In fact, whatever the garment type, at least half 
the cases experienced some difficulty. These 
results are also dependent on ownership time 
and wear frequency. Our survey did not specify 
a minimum ownership time, asking only 
participants to choose one of the longest still in 
use. Table 3 categorises the data by 
relationship longevity and the prevalence of 
setbacks for each longevity level. It shows that 
half of three-year-long or shorter relationships 
had been through some kind of difficulty and the 
prevalence of mishaps was greater in longer 

relationships. Meunier & Baker (2012) 
distinguish the origin of conflicts in inter-
personal relationships between differences in 
each partner that already exist or may evolve, 
added to the ups and downs brought by life 
itself. Similarly, we divided the difficulties 
between those related to the garment, those 
related to the wearer, and those related to 
context. 
Conflicts related to garments were most 
common, especially as the survey asked if the 
garment had ever suffered any damage such as 
stubborn stains, ripped seams, holes, broken 
zippers, lost buttons or colour changes. 
Conflicts related to the wearer (e.g. changing 
bodies, tastes and styles, and wardrobe flows;) 
and those related to context (e.g. new jobs, 
moving places, and events involving other 
people) were detected in open-ended questions 
concerning negative events and wear 
frequency variations. Also, many relationships 
had been hit by more than one type of conflict. 
Zagefka & Bahul (2020) studied how lay beliefs 
often hinder people’s satisfaction with their 
relationships. Their study found that aversion to 
disagreement (or the belief that disagreement 
in relationships is a sign of something being 
wrong) sets an unrealistic expectation with 
detrimental effects on relationship satisfaction. 
However, “conflict in itself is not a sign of 
deterioration” (Meunier & Baker, 2012, p.80). 
Given its unavoidable nature, it is the ability to 
deal with conflict and to compromise that is 
paramount to the longevity of long-term 
relationships (Alford-Cooper, 1998), as well as 
an understanding of the need to forgive the 
unsolvable (Luskin, 2007). As Duck (2007) 
notes, “with joys come duties, with support 
provided by others comes an expectation that 
we will provide support to them in our turn when 
they need it” (p. 210). Wearer-clothing 
relationships are more likely to be satisfying 

Table 3. Ownership years (or relationship time) and conflict prevalence. 
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when the wearer can and is willing to overcome 
the disagreements that are thrown their way, 
either by changing what can be changed or 
forgiving the insoluble. 
In Table 4, we take a closer look at conflict 
origins sectioned by type, and the approach to 
deal with them. We divided the approach to 
overcome conflict between occasions when the 
wearer makes an effort (time, money, action) to 
extend the relationships’ life, and forgiveness 
when, despite the conflict, the garment is kept 
in use without any specific effort on the wearer’s 
part. Moreover, it shows the relationship rating 
related to each type of conflict. 
Most of the setbacks found in our study relate 
to changes in garments. Common mishaps 
such as buttons falling or missing were 
generally overcome with a simple repair. Holes 
had most participants wearing the garment 
without having it mended, but more than half of 
wearers had their garments repaired when they 
suffered rips or tears. Wear-related conflicts 
(e.g. worn and abrasion, colour change or 

fading) and changes in size and shape were 
overcome with forgiveness, besides the rare 
pilling removal or reinforcement of fragile areas. 
Almost half the wearers kept wearing their 
clothes despite stubborn stains. Some 
garments’ original features also posed an issue 
at some point. However, in most cases, 
wearers were forgiving and kept committed to 
the relationship: examples include a wearer 
who eventually started to like her ugly shirt and 
others who ended up liking items that were too 
big at first, a wearer who loved living in her 
pants despite being “too hot in the summer and 
too cold in the winter”, but also a wearer who 
would get over the “too long sleeves” of her 
jumper by rolling them up at every wear. 
Most relationships affected by body changes 
were overcome by forgiveness — that is, the 
wearer kept the garment, hoping it may fit again 
in the future instead of discarding it. Effort 
related to body changes happened when 
wearers found a way to keep using their 
garments, like starting to wear shorts 

Table 4. Conflict by type, approach and related relationship rating. 
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underneath an outgrown dress or using an 
undervest to conceal unbuttoned pants. 
Changing taste or style was the most frequent 
issue related to wearers, which impacted wear 
frequency but not enough to result in garment 
disposal, as garments tended to make a 
comeback from time to time. An example of 
effort in dealing with taste changes was having 
the legs of a jumpsuit modified. Less common 
in this study were view changes, an example 
being a garment that seemed unflattering at 
times, another that could be warmer after all, 
and yet another that stopped feeling special 
when it became popular. An effort related to the 
wearer’s view was a garment deemed too 
expensive to wear, but whose wearer decided 
to commit to dedicated care.  
Wardrobe flows appeared in this study 
imputable to wearers when these 
acknowledged a negative impact on the use 
frequency of their garment due to temporarily 
forgetting its existence or lending it to a friend 
or family member, as well as buying new 
clothes. In these cases, it is difficult to assess 
any effort to overcome the issue. Ultimately, it 
is forgiveness that brings the item back into 
rotation instead of having it discarded. 
Context related conflicts were the least 
frequently reported. Items that were less used 
due to being incompatible with new work attire 
were still kept and used in other contexts; items 
that were less used due to a residency move to 
a place with a warmer or colder climate were 
still kept and used on trips to different weather 
destinations. Interpersonal conflict refers to the 
impact of some negativity from other people, 
such as someone’s death, a relationship 
breakup, or looks and comments received on 
the garment. In this case, the emotional roots 
make it difficult to assess the effort or 
forgiveness involved in overcoming the issue. 
Forgiveness can be complex in wearer-clothing 
relationships. In our study, 13 garments were 
kept in use but relegated to homewear, beach 
outings, pyjamas, and gardening clothes. In 
practice, it means these garments freed regular 
wear time to be filled by new items. Moreover, 
using forgiveness to overcome a setback with 
an item may hide a lack of ability or willingness 
to make an effort (e.g. to mend or have it 
mended) and results from lowering 
expectations towards the garment. However, a 
hole without proper care can grow to the point 
of lowering expectations no longer being an 
option and the effort needed to overcome 

conflict too big — thus the saying “a stitch in 
time saves nine”. Forgiveness should 
overcome conflict without letting it sit and build 
up.  Interestingly, regardless of conflict type and 
overcoming approach, 85% of wearers reported 
being happy or very happy with their 
relationship with the garment. 
 
Conclusions 
This paper brings new insights into what 
influences wearer-clothing relationship 
longevity. Apparent reasons for longevity are 
broad and dependent on the wearer’s context, 
perception and experience with their clothes, 
which makes it challenging to translate into 
design guidelines. Moreover, despite all design 
efforts to avoid negative use experiences, it 
seems that many wearer-clothing relationships 
are bound to encounter setbacks at some point, 
either related to the garment, to the wearer or 
the context. Our findings seem to uncover that 
those unavoidable conflicts do not necessarily 
result in garment disposal or impact garment 
longevity. 
We find that reasons for clothing disposal are 
frequently situations of disagreement to which 
wearers react differently. While for some, a 
minor setback can be enough to discard a 
garment, for others, setbacks are taken as 
bumps on the road which can be overcome and 
are worth the effort to do so.  
Our findings suggest that wearer-clothing 
relationships’ longevity (or lack thereof) is as 
much related to setbacks along the way as to 
wearer’s ability and willingness to overcome 
them. Moreover, our results suggest that these 
difficulties had little impact on the happiness 
wearers felt with the relationship, mostly rated 
as happy or very happy. In other words, the 
relationship longevity is dependent on the 
extent the wearer commits to it, as “our 
relationship to clothing needs to be an 
investment from both sides" (Burcikova, 2019, 
p.305). 
For research, it adds to the understanding of 
similarities between interpersonal love 
relationships and wearer-clothing relationships, 
and further research can focus on how factors 
that positively influence the first can be 
addressed in the latter. For design practice, 
these insights support previous evidence that 
satisfying wearer-clothing relationships cannot 
be nurtured through product development 
alone. Beyond the pre-production stage, design 
can look for ways to foster long-term, satisfying 
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use by supporting the ability and willingness of 
wearers to overcome the conflicts that may 
inevitably appear in their relationship with 
clothes. 
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Abstract: Urgent action is needed to counteract the crossing of planetary boundaries and excessive 
extraction of natural resources. This requires a radically revisited approach to sustainable consumption 
and production. Hence, recently, scholars have been calling for a “sufficiency approach”, which 
advocates meeting human needs while recognizing the limits to resource extraction and excessive 
consumption. Even though sufficiency is anchored in sustainable consumption, the consumption-
enabling business sector has largely been overlooked as a potential enabler of sufficiency. Research 
on businesses driving sufficiency is still nascent. In this study, the authors investigate the following 
research question: What are possible business strategies for sufficiency? The paper takes stock of the 
research on companies enabling sufficient consumption through a literature review followed by 
analysing the business practices of 97 sufficiency-enabling firms. Based on this review, the authors 
present a conceptual framework of ‘Business for sufficiency’ (BFS) strategies. The BFS framework 
combines two conceptual approaches to sufficiency; merging the ‘four lessens’ of sufficiency with 
consumption choices derived from the highest strategies in the waste hierarchy. The framework is 
populated with sufficiency business strategies from the literature and practice review and highlights the 
range of strategies available to businesses, thereby creating the context for a wider discussion around 
sustainable consumption through business intervention. 
 
 
Introduction 
 
Human activity has ushered in the 
Anthropocene, the era in which humans are the 
driving force that shapes the planet and impacts 
on nature (Reichel & Perey, 2018). This human 
interference with natural ecosystems has 
resulted in the breach of several planetary 
boundaries, including genetic biodiversity and 
climate change (Rockström et al., 2009; Steffen 
et al., 2015), and moves us towards system 
tipping points that might lock the planetary 
trajectory onto a pathway towards ‘hothouse 
earth’ (Lenton et al., 2019). In addition to the 
need for swift action to mitigate climate change 
and reverse ecological destruction, there is also 
the need for social and economic sustainability, 
with nearly 10 per cent of the world population 
still in extreme poverty in 2017 despite decade-
long policies for sustainable development and 
green growth (World Bank, 2020). 
 
The paradigm of green growth, efficiency and 
technological solutions has so far proven 
inadequate at halting ecological disaster and 
lifting the masses out of poverty, partially due to 

rebound effects and continuous increases in 
resource consumption (Alexander, 2012). 
Therefore, critical thinkers have suggested the 
need to change our systems of production and 
consumption to sustainable levels that stay 
within the planetary boundaries while meeting 
human needs (Jackson, 2005; Princen, 2005; 
Raworth, 2017; Wiedmann et al., 2020). One 
such proposal is the notion of a ‘sufficiency 
economy’, which would provide “enough, for 
everyone, forever” (Alexander, 2012, p. 8). 
While definitions of sufficiency vary, it generally 
entails a levelling or reduction of consumption 
in line with planetary boundaries, while 
maintaining high social and wellbeing 
standards for all citizens equally (Spangenberg 
& Lorek, 2019). 
 
As drivers of innovation and creators of market 
demands, businesses can be highly influential 
in steering consumption towards more 
sufficiency. With the environmental and social 
impacts of the current system becoming ever 
more visible, the business community has been 
called upon to do their part for a sustainability 
transition and ensure value creation beyond 
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financial profits for stakeholders (Upward & 
Jones, 2015). As the uptake of sufficiency 
consumption patterns relies on business 
offerings that enable those consumption 
changes (Freudenreich & Schaltegger, 2020), 
research on how companies can act as drivers 
for sufficiency is needed. One of the most 
commonly used strategies for businesses 
driving sufficiency is to offer product lifetime 
extensions, through repair, reuse, or 
refurbishment services. 
 
Five years after the publication of Bocken and 
Short (2016) which first analysed business 
action for sufficiency, the potential for firms to 
contribute to sufficient consumption is still a 
relative research niche with only a handful of 
English-language publications. Despite recent 
conceptual frameworks that highlight cross-
sectoral and sector-specific sufficiency 
strategies (e.g., Bocken et al., 2020; Bocken & 
Short, 2020; Freudenreich & Schaltegger, 
2020; Schneidewind & Palzkill-Vorbeck, 2011; 
Tunn et al., 2019), a comprehensive overview 
of business strategies for sufficiency is still 
lacking. Business actions for sufficiency 
presented in research vary widely in their 
impact on consumption, from merely offering 
less resource-intensive forms of consumption 
(e.g., buying local products) to trying to actively 
curb consumption (e.g., ‘Don’t buy this jacket’ 
Patagonia campaign) (Bocken & Short, 2020). 
This research takes stock and expands the field 
by merging it with German-language sufficiency 
research, where a separate but similar research 
discussion has evolved, and creating a 
conceptual framework of Business for 
Sufficiency (BFS). 
 
While sufficiency inherently aims to transform 
consumer behaviour towards consuming better 
and less, we focus here on understanding the 
role of business in driving sufficient 
consumption. The aim is to show the breadth of 
sufficiency strategies and meanings, going 
beyond merely ‘less stuff’, and inspiring the 
discussion of what companies can do for 
sustainability by answering: What strategies 
can businesses implement to drive sufficiency?  
 
Method 
 
Figure 1 introduces the stepwise research 
process in the development of the BFS 
framework. 
 

Literature review 
 
For the literature review, data was collected 
through snowballing from three key articles on 
business and sufficiency. First, Dyllick and 
Hockerts (2002) reviewed the corporate 
sustainability model of the triple-bottom line and 
expanded it with six specific criteria, including 
sufficiency. Second, Young and Tilley (2006) 
built on this work to create a new model for 
sustainable entrepreneurship which includes 
sufficiency. Third, and most recently, Bocken 
and Short (2016) developed a business model 
for sufficiency-driven business. Those seminal 
papers, which were highly cited in the field, 
were used as starting points for a backward and 
forward snowballing approach (Baldassarre et 
al., 2020). 
 

As shown in Fig. 1, the review was limited to 
journal articles and the forward snowballing 
results from Scopus and Web of Science were 
limited to those that include the term 
‘sufficiency’. The results were further limited 
through the following criteria: 1) the full text 
discusses key terms “sufficiency” or 
“sustainable consumption”; 2) those are applied 
in a business context; 3) the paper enriches the 
conceptual framework development, for 
instance by adding new strategies. 
 
Four additional publications which had not 
emerged through the review process (not 
journal articles, or German language 
publications) were considered to be relevant 
and were added by the authors (Bocken & 
Short, 2020; Reichel, 2018; Schneidewind & 
Palzkill-Vorbeck, 2011; Wilts & von Gries, 
2015). 
 
Practice review 
 
Building on the literature review, a practice 
review of 97 sufficiency-oriented businesses 
was undertaken. As no directory of companies 
using sufficiency strategies exists yet, we 
applied purposive sampling (Saunders et al., 
2019). Companies were identified through the 
literature review, recommendations from other 
researchers and an additional online search in 
the Google search engine. As illustrated in 
Figure 1, searches were based on key terms 
representing sufficiency paired with synonyms 
for business (‘business’, ‘enterprise’ or 
‘company’) and key words for five high 
environmental impact sectors: construction, 

413



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Niessen, L. & Bocken, N. 
Business action for sufficiency – towards viable business strategies 

 

- 3 - 
 

clothing, electronics, food and mobility (Tukker 
et al., 2016). For each of the 459 separate 
search strings, the first ten search results were 
checked for relevant entries. Organisations 
were included in the research if a) they were 
business entities, and b) their online 
representation stated an intention to support 
sufficient consumption (e.g., addressing a 
change in consumption patterns).  
 
For the 97 identified businesses, secondary 
data from grey literature was analysed in the 
form of webpages, publicly available reports 
and newspaper articles. These written sources 
were analysed through the ATLAS.ti software, 
coding for relevant strategies to promote 
sufficient behaviour. 
 
 
 
 
 

Results 
 
The Business for Sufficiency (BFS) frame-
work 
 
The literature review highlighted two separate, 
but highly useful conceptual streams for 
sufficiency business models. On the one hand, 
English-speaking conceptualizations of 
sufficiency strategies have analysed business 
sufficiency actions through the highest tiers of 
the waste hierarchy (Bocken & Short, 2016) or 
strategies of businesses to influence the 
customer (Bocken, 2017; Bocken & Allwood, 
2012). The frequent application of the waste 
hierarchy by practitioners and researchers 
makes it a useful basis for a framework that also 
appeals to practitioners. 
 
On the other hand, mostly German-speaking 
literature applies sufficiency to business models 
through the four ‘lessens’, originally attributed 
to Sachs (1993) in one of the earlier 

Figure 1. Stepwise research method. 
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conceptualisations of sufficiency. The four 
lessens are the four dimensions of a sufficiency 
economy: less clutter, less speed, less distance 
and less market (Sachs, 1993).  
 
To provide a clearer conceptualisation of the 
breadth of sufficiency strategies, these two 
dominant approaches were merged into the 
BFS framework (see Figure 2). The framework 
is based on two axes: 
 

a) The horizontal axis holds three options, 
which merge the top tiers ‘avoid, 
reduce, reuse’ of the waste hierarchy 
(Lansink, 1979) and the ‘informing – 
directing – forcing’ framework from 
Bocken and Allwood (2012) to a set of 
messages from the business to the 
consumer: “Rethink – Reduce – 
Refuse” consumption. Rethink invites 
consumers to consume differently but 
does not instigate reduced 
consumption. Reduce strategies 
encourage consumers to consume 
fewer products or resources, such as 
electricity or water. The most radical 
message, Refuse, inspires consumers 

not to (over)consume, e.g., by 
questioning the need to purchase a 
new product. 
 

b) The vertical axis is based on the four 
lessens (Sachs, 1993), structuring 
sufficiency strategies along four 
dimensions. Less clutter refers to fewer 
items and resources consumed, but 
also simplified products with fewer 
material inputs. Less speed signifies 
longer product life- and use times. Less 
distance highlights the sufficiency 
dimension of regional or local 
consumption. Less market means 
going beyond commerce and 
consuming in an informal economy. 

 
Through both the literature and practice 
reviews, the framework was populated with 
strategies which businesses can implement to 
drive sufficiency. These strategies represent a 
variety of interventions, ranging from 
incremental changes such as adding a specific 
product offering (e.g., local products), over new 
value propositions and added income streams 
(e.g., extended product life through repair 

Figure 2. Business for Sufficiency (BFS) framework. 
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service) to more radical changes such as 
overhauled business models (e.g., product-as-
a-service or rental). 
 
The framework dimensions are not exclusive, 
with some strategies fitting in several 
categories of the four lessens and the ‘Rethink 
– Reduce Refuse’ matrix. Two strategies 
extracted from the review, Awareness-raising 
and Design, are overarching as they can fit into 
all categories depending on their aim. For 
example, a lamp could be designed to not turn 
on when the room is bright, enabling to Refuse 
consumption, or it could be designed to simply 
inform the user to Rethink or Reduce 
consumption. Similarly, some strategies are not 
mutually exclusive, with for instance a highly 
durable or modular product fitting into both the 
Design and Green alternative strategy. 
 
Figure 3 provides some exemplary actions for 
the 17 strategies identified in this review. Of 
these, several are directly related to longer 
product lifetimes: Design (for longevity, 

timelessness, or reparability), Education for 
repair and reuse, Life extension service, Green 
alternative (e.g., durable or modular items), 
Long product warranties (coupled with repair) 
and Reuse. Additionally, strategies such as 
Awareness-raising, Exchange platforms, No 
ownership (+ price incentive) and Open-source 
platforms can also enable longer product use- 
and lifetimes, thereby promoting sustainable 
consumption (Cooper, 2005; Cooper, 2010). 
 
Sufficiency in business practice 
 
Figure 4 shows the frequency of different 
strategies adopted by the studied sample of 97 
businesses. The most common strategies used 
across a range of different sectors are Green 
alternative and Design. The prevalence of 
those might be due to the comparatively easy 
implementation that does not require changes 
to the business model. Many examples of the 
Green alternative and Design strategies are 
related to the dimension of Less speed, with 
sales of products that are designed to be 

Figure 3. BFS framework with exemplary actions. 
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durable, modular, reparable or have been 
reconditioned. The prevalence of Green 
alternative strategies could be due to the low 
entry barriers but might also be explained by the 
business ethos. If a company choses to 
promote sufficiency, they are unlikely to offer 
conventional products and likely to provide 
more sustainable alternatives.  
 
Discussion and Conclusions 
 
The practice review of 97 firms demonstrated 
the business case for firms driving sufficiency. 
The different BFS framework dimensions 
presented viable strategies that are already 
implemented by companies. Yet, some appear 
to be more popular, potentially due to additional 
income generated or low barriers to 
implementing those strategies. Additionally, 
Awareness-raising and Design were identified 
as cross-dimensional strategies, indicating they 
can be employed to support Rethink, Reduce or 
Refuse consumption. 
 
The sufficiency strategies identified in this 
research are closely linked to the circular 
economy, particularly to narrowing and slowing 
loops (Bocken et al., 2016). However, the 
concept of sufficiency is more radical in that it 
demands an absolute reduction of resource 

consumption. This could be a highly beneficial 
addition to the circular economy which in itself 
might be insufficient in mitigating resource over-
consumption and climate change (Bocken & 
Short, 2020; Zink & Geyer, 2017). Therefore, 
the authors advocate a move towards a 
sufficiency-driven circular economy where the 
role of (over-) consumption is clearly addressed 
and tackled in addition to production-oriented 
innovation (Bocken & Short, 2020; Dagevos & 
Lauwere, 2021). 
 
While 97 sufficiency-enabling companies were 
identified as a result of the literature review, 
recommendations and an extensive online 
search, the researchers expect that there are a 
lot of other examples of businesses enabling 
sufficient consumption which have not been 
part of this research and which might provide 
insights into further possible strategies. Yet, our 
research findings indicate a clear potential for 
companies to implement sufficiency strategies 
in their business models. Future research into 
drivers, barriers and opportunities can enhance 
the understanding of business for sufficiency 
and provide learnings to inspire other 
companies that want to move towards true 
business sustainability (Dyllick & Muff, 2016). 
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Abstract: The expected lifetime of a product is a consumer-oriented factor that needs to be 
considered when assessing product lifetime extension. While numerous studies have analyzed the 
expected lifetime of appliances, only a study for air conditioners has assessed the effect of changes in 
the expected product lifetime on the actual product use duration. Consequently, the impact for 
another product needs to be examined in order to develop appropriate product lifetime extension 
policies. This study estimated the impact of the expected product lifetime on the actual product use 
duration of refrigerators. We employed a dynamic discrete choice model (DDCM) to examine 
consumers’ product replacement decisions as they are related to refrigerators. Also, we quantitatively 
analyzed the impact of the expected product lifetime on product use by using the parameters of the 
DDCM. The results showed that an increase in the expected product lifetime of refrigerators can 
contribute to prolonging actual product use for refrigerators. If the expected product lifetime is 
extended by 1, 2, and 3 years, the actual product use duration can be extended by 0.52, 1.05, and 
1.59 years, respectively, which are shorter than the estimates obtained for air conditioners in a 
previous study. The results imply that the degree of product lifetime extension differs between 
products. Therefore, clarifying factors which causes the difference in the product lifetime extension 
effects is important to achieve product lifetime extension effectively. 
 
 

Introduction 
Transition to a circular economy is a major 
component of a sustainable society. Extending 
product lifetimes is one of main ways by which 
a circular economy can be achieved. To 
extend product use, the new circular economy 
action plan proposes that products have 
improved durability, reusability, upgradability, 
and reparability, and can be remanufactured, 
and that single-use and premature 
obsolescence should be avoided (European 
Commission, 2020). These EU principles 
appear to be based on a producer-oriented 
perspective. On the other hand, product 
replacement and disposal are not only affected 
by physical aspects such as product 
malfunction, but also by consumer preferences. 
To achieve product lifetime extension in a 
circular economy, it is important to consider 
consumer-oriented factors related to the 
product lifetime, product replacement, and 
product disposal. 
 

One such consumer-oriented factor is the 
expected product lifetime, which has recently 
received considerable interest. The expected 
product lifetime refers to the consumers’ 
expected product lifetime, and the gap 
between the expected and actual product 
lifetimes can be recognized as the product 
lifetime extension that could potentially be 
achieved. Previous studies have examined the 
length of the expected product lifetime for a 
variety of goods in different countries (Cooper, 
2004; Lyndhurst, 2011; Cox et al., 2014; 
Oguchi et al., 2015; Wieser et al., 2015; 
Echegaray, 2016; Hennies and Stamminger, 
2016; Woidasky and Cetinkaya, 2020). 
 
It can be easily imagined that if the consumer’s 
expected product lifetime is enhanced, actual 
product use duration will also be extended. 
However, this relationship between actual and 
expected product lifetimes is still vague and 
the impact of an increase in the consumers’ 
expected product lifetime on actual product 
use duration have not been extensively 
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studied. One of the few such studies is that of 
Nishijima and Oguchi (2020), who estimated 
the impact of the expected product lifetime in 
extending the actual product use duration of 
air conditioners using a dynamic discrete 
choice approach. That study showed that 
enhancing the expected product lifetime can 
contribute to extending actual product use 
duration. 
 
The impact of the expected product lifetime on 
promoting longer product use may differ 
between products. Even if the consumers’ 
expectation of product lifetime is enhanced, 
longer product use cannot be sufficiently 
achieved due to other factors that affect 
product replacement or disposal. It is therefore 
important to analyze the impacts of the 
expected product lifetime on actual product 
use for a variety of durable goods. Clarifying 
whether, and how much, an increase in the 
expected product lifetime promotes the 
extension of product use is considered to be 
beneficial for developing effective policies for 
extending product lifetimes in a transition to a 
circular economy. 
 
This case study examined whether increases 
in expected product lifetime can extend actual 
product use duration for products other than 
air conditioners. We compared the impact of 
the expected product lifetime on actual product 
use duration in refrigerators with that of air 
conditioners. We also discuss how product 
lifetime extension should be considered for 
different durable goods. 
 

Methodology and Data 
Dynamic discrete choice model of product 
replacement decisions for refrigerators 
This study employed a dynamic discrete 
choice model (DDCM), which is an 
econometric model that can be used to 
quantitatively analyze consumers’ decisions in 
a forward-looking manner by considering 
product replacement decisions as they relate 
to durable goods (Rapson ,1987; Schiraldi, 
2011; Rapson, 2014). Following Nishijima and 
Oguchi (2020), we assume that a consumer i  

who owns a refrigerator decides in year t  

whether they will keep their refrigerator or 
replace it with a refrigerator that is newly sold 
in year t . The replacement decision is 

expressed as a binary variable ,i ta . The 

expression , 0i ta =  indicates that consumer will 

keep their refrigerator, while , 1i ta = indicates 

that consumer i  will replace their refrigerator. 

When consumer i  makes these product 

replacement decisions, they need to consider 
the following factors: annual electricity 
consumption of their current old refrigerator, 

,
old
i te ; annual electricity consumption of a new 

refrigerator sold in year t , ,
new
i te ; the price of a 

new refrigerator sold in year t , ,
ref
i tp ; and the 

expected remaining product lifetime of their 

current refrigerator in year t , ,i tEL . Here, the 

expected remaining product lifetime is defined 
as the number of years that consumers 
consider that they can continue to use their 
current refrigerator from the time at which the 
decision was made. The utility functions for 
keeping and replacing their refrigerator in the 

DDCM, ( ), , 0i t i tu a =  and ( ), , 1i t i tu a = , respectively, 

can be described as follows: 
 

( )

( ) ( ) 
, ,

0 1 , , 2 , ,

0

log log

i t i t

old new

i t i t i t i t

u a

e e EL   

=

= + − + +
 (1) 

 

( ) ( ), , 3 , ,1 log ref

i t i t i t i tu a p = = +  (2) 

 

where, 0 , 1 , 2 , and 3  represent 

parameters of the DDCM, and ,i t  represents 

an unobserved error term.  
 
   
Based on assumptions used in DDCMs in 
previous studies (Rust, 1987; Rapson, 2014), 
we express the probabilities of choosing keep 

and replace, i.e., ( ), 0i tP a =  and ( ), 1i tP a = , 

respectively, as a standard logit probability, as 
shown in equations (3) and (4) below. 
 

( )
( ) ( ) 

( ) ( ) 
,

, , , , ,

,

, , , , ,

0,1

exp 1 , 1
1

exp ,
i t

new ac

i t i t i t i t i t

i t
new ac

i t i t i t i t i t

a

u a EV e p a
P a

u a EV e p a




=

= + =
= =

+
 (3) 

 

( ) ( ), ,0 1 1i t i tP a P a= = − =  (4) 
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where   ( 0 1  ) is a discount factor and 

,i tEV  is an expected value function in the 

DDCM. Based on the above probabilities, we 
can obtain the parameters of the model by 
maximum likelihood estimation. We applied a 
bootstrap method for checking the statistical 
significance of the obtained parameters. The 
number of the bootstrap samples was set to 
200. 
 

Estimated effect of a change in consumers’ 
expected product lifetime on actual 
product use duration in refrigerators 
Based on the obtained DDCM parameters, we 
can calculate the probability that a refrigerator 
of size class c  which was newly purchased in 

year j  ( j t ) is replaced in year t  as follows: 

 

( )  ( )
1

, , , , , ,0 1
t

c j t c j s c j t

s j

P P a P a
−

=

= =  =  (5) 

 
   This replacement probability implies that a 
consumer chooses keeping their refrigerator 
from year 0 (i.e., the year of purchase) to year 

1t − , and then chooses to replace their 

refrigerator in year t . Therefore, the 

replacement probability of a refrigerator is 
calculated as a joint probability of choosing 
keeping and choosing to replace their 
refrigerator as described in the equation (5) 
 
If a consumer’s total expected product lifetime 
is extended by EL  years, then the change in 
the expected remaining product lifetime can be 
reflected as follows: 
 

( )

( ) ( ) ( )

( )

, ,

if 1

0.5 if 1

c j tEL EL

TEL EL t j TEL EL t j

TEL EL t j



+  − − +   − −
= 

+   − −

 (6) 

 
where TEL represents a consumer’s total 
expected product lifetime, which is the 
consumer’s expected remaining product 
lifetime at the time of the new purchase (i.e., 
year j ). This value is recognized as the 

consumer’s expected product lifetime. A value 
of t j−  indicates the number of years of 

product use duration for the owned (old) 
refrigerator in the product replacement 
decision year. Setting the value of the 
expected remaining product lifetime as above, 
the replacement probabilities of a refrigerator 

can be calculated if the consumer’s expected 

product lifetime is extended by EL  years. In 
this study, we refer to the case in which the 
expected product lifetime does not change (i.e., 

0EL = ) as the baseline case. 

 

Data 
To estimate DDCM parameters, we conducted 
a web-based questionnaire survey to assess 
the status of refrigerator replacement in Japan 
in 2019. The surveys were conducted in 
November 2019 and February 2020. 
Respondents were requested to provide the 
following information in the questionnaire 
survey: the model code of their current 
refrigerator; replacement cost of a new 
refrigerator; the number of years that the old 
refrigerator was used; whether they changed 
(or will change) the capacity of the refrigerator 
compared to their old refrigerator; and the 
expected remaining product lifetime of the old 
refrigerator. Using the model code of their 
current refrigerator, we can estimate the 
annual electricity consumption and capacity of 
the new refrigerators that respondents bought 
in 2019, or the old refrigerators that 
respondents kept in 2019. From the other 
questions, we were able to estimate the 
annual electricity consumption of old 
refrigerators among respondents who replaced 
their refrigerators in 2019, and the annual 
electricity consumption and replacement cost 
of new refrigerators among respondents who 
did not replace their refrigerators in 2019. We 
used the “Shinkyu-san” web application 
(Ministry of the Environment of Japan) to 
obtain annual electricity consumption data, 
and the “Kakaku.com” (Kakaku.com Inc.) 
website to obtain prices for various goods and 
estimate replacement costs. To estimate the 
impact of the expected product lifetime on 
actual product use duration, we also used 
those data sources. For the product price data, 
we used the median product price for each 
capacity class listed on the website on 15 
November 2019. 
 
   We also set values of the total expected 
product lifetime TEL  using information 
extracted from the questionnaire survey. 
Briefly, the median of the total expected 
product lifetime, which is the sum of the 
number of years of product use and the 
expected remaining product lifetime, was 
calculated as 15 years. Therefore, we set 
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values of TEL  in equation (6) as 15 years in 
this study.  
 

Results 
Table 1 shows estimation results of the DDCM 
parameters for refrigerators in Japan. Models 
1 and 2 have different settings for the discount 

factor: 0 =  and 0.9 = , respectively. Signs of 

the parameters are all considered reasonable, 
in that the sign of the parameter of the 
expected remaining product lifetime is positive, 
and the parameter is statistically significant. 
This means that extension in the number of 
years of the expected remaining product 
lifetime increases utility of keeping the 
refrigerator. Therefore, if the expected 
remaining product lifetime is extended, the 
actual product use duration will also be 
extended due to an increase in the probability 
of consumers choosing to keep the refrigerator. 
Since a value of the log-likelihood in Model 1 is 
higher than that in Model 2, we used the 
parameters in Model 1 to estimate the impact 
of the expected product lifetime on the actual 
product use duration of refrigerators. 
 
 

Parameters Model 1 Model 2 

Intercept 0  
 2.431*** 

(0.406) 

  2.216*** 

(0.479) 

Annual electricity 

consumption 1  

-1.926*** 

(0.210) 

 -1.758*** 

(0.257) 

Expected 

remaining  

product lifetime 2  

  0.164*** 

(0.044) 

  0.171*** 

(0.043) 

Price of new air 

conditioner 3  

  -0.267** 

(0.104) 

 -0.271*** 

(0.100) 

Discount factor   0 0.9 

Log-likelihood -622.750 -623.950 

Number of 

observations 
2690 2690 

Bootstrap standard errors in parentheses. 
***Statistically significant at 1% level 
Table 1. Base estimation results of dynamic 
discrete choice model parameters 

 
   Figure 1 shows the impact of the expected 
product lifetime on actual product use duration 
of refrigerators using the parameters of Model 
1, the log-likelihood of which is the highest 
among all models. The dotted line displays the 
product replacement probabilities for the 
baseline case in which the expected product 
lifetime does not change. The other three solid 

lines show the product replacement 
probabilities in cases where the expected 
product lifetime of refrigerators is extended by 
1, 2, and 3 years. While the average product 
use duration of the baseline case is 12.3 years, 
those of cases if the expected product lifetime 
increases by 1, 2, and 3 years are 12.82, 
13.35, and 13.89 years, respectively. 
Differences between the average product use 
duration of refrigerators in the baseline case 
and those of each of the expected product 
lifetime extension cases are 0.52 years for a 1-
year extension of the expected product lifetime, 
1.05 years for a 2-year extension, and 1.59 
years for a 3-year extension. These results 
imply that if the consumers’ expected product 
lifetime is extended, actual product use 
duration of refrigerators can also be extended. 
 

 

Figure 1. Replacement probability distribution of 
refrigerator estimated by dynamic discrete 
choice models 

 
We also compared the results of the product 
use duration extension effects on the expected 
product lifetime for refrigerators with those of 
air conditioners, as estimated by Nishijima and 
Oguchi (2020). The replacement probabilities 
of air conditioners were calculated in a similar 
manner to that employed in this study. The 
product use duration extension effects of the 
expected product lifetime when extended by 1, 
2, and 3 years for air conditioners were 0.9, 
1.81, and 2.73 years, respectively. Comparing 
these values with those estimated for 
refrigerators in this study, the product use 
duration extension effect of refrigerators is less 
than that estimated for air conditioners.  
 

Discussion and Conclusion 
As in the case of air conditioners in Nishijima 
and Oguchi (2020), the results showed that 
increases in the expected product lifetime can 
extend the actual product lifespan of 
refrigerators. In this sense, products and 
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services that enhance consumers’ 
expectations regarding product lifetimes can 
indeed contribute to actual product lifetime 
extension for both air conditioners and 
refrigerators. However, we do not know factors 
affecting the consumer’s expected product 
lifetime. It is therefore necessary to conduct a 
further analysis about what can extend the 
consumer’s expected product lifetime. 
 
   On the other hand, the product lifetime 
extension effect of the expected product 
lifetime for a refrigerator is smaller than that of 
an air conditioner. Thus, the effectiveness of 
an increase in the expected product lifetime on 
product lifetime extension may not be the 
same for all products. This difference may 
come from differences in characteristics of 
those products related to product use or 
product replacement. Information on the 
differences is beneficial to conduct policy 
making more effective for product lifetime 
extension, we should clarify the characteristics 
of those products which cause the difference 
in the product lifetime extension effects of the 
expected product lifetime. 
 
This study estimated the impact of the 
expected product lifetime on actual product 
use duration for refrigerators using a DDCM 
approach. The results showed that an 
extension in the expected product lifetime can 
contribute to product lifetime extension of 
refrigerators, but that the degree of product 
lifetime extension is smaller than that in a case 
of air conditioners. Since the contribution of 
the expected product lifetime on extending 
actual product use duration is expected to 
differ between products, implementing uniform 
policies for all durable goods is an inefficient 
means of extending product use. Rather, 
differences in the degree of the effect of the 
expected product lifetime related to differences 
in the characteristics of products need to be 
considered. We should therefore develop 
policies that facilitate sufficient product lifetime 
extension for specific product types in ways 
that consider the characteristics of those 
products. Such policymaking efforts will also 
create a variety of business models that will 
promote the extension of product use, which 
will reinforce economic competitiveness in a 
circular economy. 
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Abstract: Circular economy has gained traction within companies resulting in many exploring new 
product and business model combinations. Yet, to transition towards a circular economy on a societal 
level requires going beyond new product and market-based opportunities. To enable societal level 
change, ecosystem-level innovations are important and so collaboration plays a key role. Cities are 
considered in this paper as hubs of innovation playing a key role in transitioning to a circular economy. 
They are responsible for 80% of global resource consumption, with a high concentration of capital, data 
and talent spread over a relatively small geographic area; making them an important part of societal 
level transitions. The current work stresses the need to understand and support collaborations in 
transitioning towards a circular economy. This paper explores what factors influence collaborations and 
how organizations collaborate for a circular economy in the context of cities. An initial literature review 
resulted in a framework for exploration, which informed the set-up of the questionnaire. This helped in 
conducting semi-structured interviews with people ranging from founders, designers to engineers from 
six circular start-ups, which operate and utilize the resources in cities; to understand how different 
organisations collaborate in cities. Results showed they focus on operationalizing their innovation 
through engagement with various stakeholders. As they increased their visibility in cities showcasing 
their value, increasing the ways and number of engagements, the organisation engaged with people 
and organisations having similar values and grew by scaling through engagement. This paper 
elaborates the idea of scaling through engagement as a way for circular organisations to scale. 
 

Introduction  
Many countries have created nationally 
determined targets to tackle climate change. 
The current trajectory and goals alone, are not 
enough to reach the targets (UNEP, 2020). A 
large part of the emissions is due to material 
handling and use. To tackle this we need to 
adopt a circular economy that helps to reach the 
global target well below two degrees (The 
circularity gap report, 2021; Liu & Raftery, 
2021). A circular economy takes a systemic 
approach to tackle sustainability, requiring 
changes at many different levels. But much of 
the focus has been related to product and 
business model innovations. To move 
circularity beyond new market explorations to 
societal level transitions, ecosystem-level 
innovations are important. A key differentiating 
factor for ecosystem-level innovations is 
collaboration. Cities also play a key role in this 
transition from a linear to a circular economy, 
containing 55% of the population and 80% of 
the global resources (Ritchie & Roser, 2018). 
They are places of abundant resources worth 
harnessing and stakeholders geographically 
close enough to aid collaboration, which could 

help close the resource loop (Morlett, 2014; Li, 
2015). 

Literature Review  

Circular Oriented Innovation 
Circular Oriented Innovation (COI) is a 
problem-centric innovation process that 
combines design, business model and 
ecosystem strategies to narrow, slow, close 
and regenerate resource flows (Brown et al., 
2019; Bocken et al.,2016; Konietzko et al., 
2020; Geissdoerfer et al., 2017; Braungart & 
Mcdonough, 2009). Yet, most research into 
circular-oriented innovation takes a product or 
business model perspective (Konietzko et al., 
2020). The ecosystem perspective is 
underdeveloped, however, it is important to 
achieve higher levels of circularity. 

Ecosystem Innovation 

Ecosystems comprise any set of actors that 
contribute to a collective outcome (Jacobides et 
al., 2018; Talmar et al., 2018). Ecosystem 
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innovation is where many different actors 
collaborate towards a collective outcome in a  

dynamic environment. In a dynamic 
environment, successful collaborations are the 
ones adapting to emergent factors (Clarke & 
Fuller, 2010; Majchrzak et al., 2014).  

A key characteristic of ecosystem innovation is 
inter-organizational collaboration (Jacobides et 
al., 2018; Fuller et al., 2019). Brown. et al 
(2019) investigated why circular organizations 
collaborate by assessing the barriers and 
drivers faced by different organizations and 
related them back to the hard (market and 
technical) and soft (social and institutional) 
aspects. How can collaborations change over 
time is under-investigated within the circular 
economy. Information from initiation to 
implementation on how companies collaborate 
throughout the entire process can offer insights 
into the effectiveness of current collaborative 
processes and agreements with the aim to 
propose normative changes to stimulate 
increased radical COI activities (Brown et al., 
2020).  

Cities and circular economy 

Cities are considered key environments for the 
emergence of innovative interactions and 
relationships. Creative and innovative 
industries tend to localize in the proximity of 
urban environments, thus taking advantage of 
shared knowledge and density of specialised 
and potential customers, suppliers, designers, 
experts and workers to create new tools, 
technologies, methods, instruments, products, 
processes, policies and services (Concilio et 
al., 2019). They offer an ideal environment with 
proximity, density, and variety for innovation to 
take place (Athey et al., 2008). Cities face 
urgent needs to expand and advance circular 
economy adoption and sustainability-oriented 
practices due to growing concerns over climate 
change, environmental pollution, and the 
inequitable distribution and allocation of 
resources in the linear economy (Nogueira et 
al., 2020). Cities also present unique 
opportunities for circular economy interventions 
as they are places where human populations 
are concentrated and where multiple natural 
(ecological) and man-made (social and 
technical) systems intersect, (Markolf et al., 
2018). Cities are ecosystems where external 
emergent factors influence circular 

organizations. The emergent factors could also 
influence the collaboration that takes place in 
cities, and when it comes to collaboration those 
who adapt to these emergent factors are the 
ones that are successful in the long term 
(Majchrzak et al., 2014). 

The previous work indicates a lack of 
knowledge on how collaborations for a circular 
economy change over time, especially in cities, 
and how external emergent factors in cities 
affect the organizations. The initial literature 
revealed the following questions for further 
exploration:  

• How are the barriers and drivers of 
collaboration for circular organizations 
in cities distributed across a timeline?  

•  How do the various levels of 
involvement of the stakeholders in a 
circular-oriented project change 
across a timeline?  

• How do the external factors in cities 
influence circular organizations and 
their potential collaborations? 

Method 
To explore the three primary research 
questions a set of interviews have been 
conducted. The interviews were semi-
structured to give the interviewer the freedom to 
add or adapt questions if necessary (Patton, 
2016). Furthermore, semi-structured interviews 
give the opportunity to gain reflective 
knowledge and at the same time ongoing 
information about the research topic (Gioia et 
al., 2013). The focus of the questions was 
guided by the four subtopics in the interview 
guide; barriers and drivers of collaboration; 
level of collaboration; responsibilities in 
collaborations; and emergent factors influence 
on the organisations in the city. Several 
questions under each topic guided the semi-
structured interviews. 

Semi-structured interviews were conducted 
with members of six circular start-ups, which 
operate and utilize the resources in cities (Table 
1). The reason for the selection of the 
interviewees was organisational knowledge 
and experience. The interviews were 
conducted with one member from each 
organization. 

Research framework  
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A framework was designed based on the 
research questions framed at the end of the  

 

Participant 
Number 

Organisation description Role in the 
organisation 

Interview time 

1 Intends to use electrical barges in the city for a 
better recycling process. 

Researcher/Strategist 66min 

2 Intends to create circular furniture through up-
cycling practices 

Founder 70min 

3 Intends to regenerate plastic waste into various 
different plastic artefacts 

Founder 45min 

4 Intends to regenerate plastic waste into a brick 
for creating houses in developing nations. The 
bricks could be reused again. 

Partner 50min 

5 Intends to create knowledge for plastic recycling 
and creating plastic artefacts for alternate 
purposes.  

Team member / 
Product Designer 

90min 

6 Intends to promote sharing of toys between 
students in schools through use of a product 
made from old cut down trees in the city 

Co-Founder 72min 

Table 1. Organisation and interviewee description.

literature review. This framework was used to 
guide the conversation and was a research tool 
to help the interviewee reflect on activities 
across a timeline, corresponding barriers, 
drivers, types of partners, and external 
influences in the project. The interviews were 
conducted online with a digital tool (the online 
whiteboard: Miro) as a platform where the 
research framework was used as a guiding 
material. 

Data Analysis  

A systems thinking approach was chosen to 
analyse and synthesise the information, as 
there are multiple different actors (individual 
consumer, organization, a network of 
organizations, and cities) who are present 
across many different levels of exploration 
(individual needs, organizational goals, and 
aspirations of cities). Systems thinking expands 
its view and focuses on how the parts interact, 
instead of isolating and studying smaller parts 
of the system (Aronson, 1996). It also helps in 
understanding open problems, where multiple 
causes and phenomena are occurring at the 
same time. Similarly, this study tends to 
understand how the various parts in a circular 
system in cities collaborate with each other and 
what this means for the system as a whole. 

The interviews were audio-recorded and an 
online tool (Transcription tool: otter.ai) was 

used for transcription. A second round of 
validation of the transcripts was done by 
listening back to the interviews by the primary 
author.  

Various tools from systems thinking were 
utilized in the analysis and synthesis of the 
data. Initially, feedback loops (Williams & 
Hummelbrunner, 2009) were identified from 
individual events from the transcribed 
interviews. Relations between the feedback 
loops were used to form a system map 
(“Systems practice,” 2017). Based on the 
system map, various larger insights were 
gathered. These insights were then 
synthesized using the iceberg model 
(Goodman, 2016) and segregated into events, 
behaviour patterns, underlying structure and 
mental models to understand how they interact 
with each other. 

Results 
Results are described following the various 
levels in the iceberg model (Figure 1). 

Customers are collaborators 
Customers sometimes start as collaborators. 
They then take an active role in shaping the 
collaboration and end result together. 
Customers are not customers anymore but 
collaborators of the organization. The 
organisations try to co-create with the various 
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customers on the end result they are trying to 
contribute towards.  

  

 

Figure 1. Iceberg model, showcasing interaction between different results.

“...Is he is our partner or customer and in this 
case, so in this case this is is that but we are a 
mix …...we are building together the experience 
…” [Participant 2]  

Changes in market infrastructure 

When circular organisations make a product/ 
service it is not possible for them to sell in the 
existing market infrastructure. The existing 
market is made for linear products and selling 
of circular products is not possible through 
regular distribution means.  

"I have a client who sells all over the world in 
international......But if I sold him this product 
(upcycled circular furniture), he will think that I 
am mad….this kind of companies. The regular 
companies in are very traditional " [Participant 
2]. 

These organisations then tend to find/create 
different mediums of selling their products than 
using the existing market infrastructure. 

" ...And we started a (online)bazar to buy and 
sell the (organisations) items… " [Participant 5] 

Dual role of creating and informing 

The organizations are engaging collaborators in 
two different ways, in terms of informing them 
and creating something for them. Creating 
relates to organizations developing artefacts 
that directly contribute to a circular economy. 
(Eg. Creating a recycled phone case). In the 
case of informing, organizations are informing 
for behaviour change in the people they are 
collaborating with and informing their 
collaborators as to how they can actively 
participate towards a circular future, beyond the 
base product/service offering (Eg. Enabling 
other people to create a recycled phone case). 
The level of informing and creating varied 
across organisations, but in almost all cases 
organisations performed both roles. 

“...these were these were not sort of the 
technical developments. So not the machines 
but things around machines. And then we also 
wanted to grow sort of the platform. You know, 
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we launched like a map to find people in your 
area, too...” [Participant 5] 

 

Core value over product/service  

On the surface level, it might seem like the 
organisations are selling a product/ service. But 
the organisations were much more focused on 
their core purpose. For the organizations, it is 
not a great product/service that they are trying 
to sell but rather a value. (E.g. the values of 
sustainability, sharing...) 

“ ….So I think that’s sort of the deeper layer I 
think the sharing is, is just a means to 
accomplish it. And the display itself is also just 
a means to this bigger goal of making sharing 
normal…. ” [Participant 3] 

It is also true for the people who use the 
product/service of the organization where the 
core value overcomes the importance of the 
product. 

." ..So always give them a card with and they 
say wine or beer was in the barrel before?! So 
they know and yeah, people just love that 
story... "  [Participant 3] 

Focus on engagement  

As the organizations are trying to sell value and 
not a product, engagement with the various 
people they are involved with becomes a crucial 
part. The organisations tend to actively engage 
the people more than just using their product/ 
service. They try to involve the customers in 
more than one way and create possibilities in 
which people can contribute towards the core 
value they are offering.  

“....Yeah, these could be bought off machines 
that were difficult to find or things that were 
made from recycled plastic.........it was more of 
a complete package. Also, like more 
background information on plastics,…” 
[Participant 5] 

Discussion  
 
Scaling through Engagement 
When we look at the mental model level from 
the iceberg model, we can start to understand 

why we get the above results. The 
organisations are trying to change the linear 
model of growth via taking, making and 
disposing, which can be argued as wasting 
more. However, if circular start-ups are 
changing from this model of growth, how are 
they growing and scaling in a circular 
economy? The answer comes down to 
engagement. They are scaling through 
engagement with the various collaborators that 
are part of the organisation. Engagement can 
be just another activity — whereas scaling 
through engagement represents a mindset for 
growth based on engagement. 

When we look at what these organisations do 
to scale through engagement, we observed the 
dual role of creating and informing as a key part. 
When the organisations perform the dual role, 
they grow by increasing the number of 
engagements and increasing the ways of 
engagement. When they increase the number 
of engagements, they create multiple ways 
which enable people to easily engage with the 
organisation and contribute towards the 
organisation's core values. For example, a 
plastic recycling and production company could 
create open-source 3D print models for 
recycled plastic, so that more people can create 
and print themselves a solution. 

When they increase ways of engagement, they 
increase the number of ways in which a 
particular collaborator is involved in the project. 
This could mean, for example, expanding the 
number of products or services to include 
people in different ways with the organization. 
To illustrate this further, a plastic recycling 
company can provide one product to easily 
segregate plastic and in another service where 
they are able to easily shred the segregated 
plastic. 

Cities as enablers for innovation 
From our observations, cities provided the 
proximity for the organizations to identify new 
partners, density for a continuous supply of 
materials and variety so that the organizations 
were able to change their ways of engagement 
accordingly as needed. Cities acted as an 
innovation hub providing the necessary soft 
(policies, networks) and hard infrastructures 
(workspaces, housing, funding, buildings) for 
the organizations. It is also important to notice 
the open nature of cities for allowing such 
activities and engagements to take place. It is 
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due to the openness of the cities and it’s 
supporting structures within which these 
engagements are enabled.  
 
In future studies, the specific role of 
infrastructures in cities on circular organisations 
and how they can influence the organisations 
can be explored. This project used 
retrospective studies to understand how 
organisations innovate across a timeline in 
cities. Yet engaging, longitudinal studies could 
uncover further insights into how these 
collaborations happen. 
 
Conclusion 
The aim of this study was to gain an 
understanding of how circular organisations in 
cities collaborate for a circular economy. The 
study of six circular start-ups in cities provided 
insights into the role of customers as 
collaborators, how the market infrastructure 
influences them and how the organisations 
react to the events by performing a dual role of 
creating and informing, and a focus on 
engagement. We also discussed how circular 
organisations can scale through engagement 
and collaboration.  
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Abstract: The aim of this paper is to extend and articulate an understanding of reduction and limits to 
consumption as a pathway for achieving resource use within planetary limits. We inquire about leverage 
points to limit consumption. Our units of analysis are initiatives based on practices of alternative 
consumption. The context for the study is Norway, an affluent society, and the examples are from the 
city of Trondheim. We enquire with the research question “which aspects of these initiatives could be 
leverage points for the establishment of consumption limits in everyday life?” We frame alternative 
consumption as consumption that refrains from mainstream and normalized forms of product 
acquisition, use, and discarding. Consequently, we frame limiting consumption as a political project that 
could help in avoiding unnecesary production and waste, which requires changes in the interlinking 
between materials, meanings and competences. We analyze 11 examples from the data available and 
propose  three leverage points. 1) Technical knowledge and skills — social learning. 2) Motivation — 
environment, money savings, and community. 3) Social acceptance — transgression. These are three 
aspects that could aid in bringing about change across multiple social practices. We link these three 
aspects to the meanings and competences and to the appropriation of production. Autonomy in defining 
consumption limits could result from a reappropriation of production as part of participation in social 
practices. 

Introduction 
This paper is part of an overarching research 

about the circular economy, alternative futures, 
and consumption in everyday life. Our main aim 
is to extend and articulate an understanding of 
reduction and limits to consumption as a 
pathway for resource use within planetary limits 
(Gates et al., 2014). Here, we inquire about 
leverage points (Meadows, 1999) to limit 
consumption. Our units of analysis are 
initiatives that demonstrate and actively 
promote practices with alternative 
consumption. Consumption is embedded in and 
an outcome of social practices (Warde, 2005). 
Alternative consumption is understood as 
consumption that refrains from mainstream and 
normalized forms of product acquisition, use, 
and discarding, i.e. the purchase of 
commodities for use during a short period with 
their eventual disposal as waste in the so-called 
linear economy. The concept of alternative 
consumption integrates aspects of diverse 
economies (Gibson-Graham, 2008), 
prosumption (Toffler, 1990), and social 
practices (Shove et al., 2012). 

This study is contextualized in Norway, where 
overconsumption appears to be entrenched in 

everyday life. Norway is among the countries 
with the highest per capita consumption of 
material resources, calculated in the range of 
31 and 44 tons per capita per year (OECD, 
2021; Circle Economy, 2020). As an affluent 
society, Norwegians have access to vast and 
diverse products and services. Most of the 
products consumed in Norwegian households 
are manufactured abroad. Most of the 
emissions produced for Norwegian 
consumption are exported to other regions of 
the world. Limiting consumption implies a 
responsibility for the emissions at a global 
scale. 

In the city of Trondheim, the municipal 
authorities promote repair, reuse, and sharing 
of products as strategies to address high 
consumption levels. Limiting individual 
consumption is not an easy target, because of 
its connection to distribution of welfare and well-
being. Norway’s  State is heavily oriented to 
governance that favors equal welfare 
distribution through full employment and 
taxation, while allowing liberty of decision on 
aspects of consumption, with some exceptions 
controlled through specific regulation — for 
example, taxation and regulation to 
advertisement to reduce the consumption of 
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sweets and alcohol. However, interventions 
supporting modes of alternative consumption 
based on limits could be integrated as part of a 
policy mix. 

The main inquiry question is ““which aspects 
of these initiatives could be leverage points for 
the establishment of consumption limits in 
everyday life?”  We refer to limits as constrained 
forms of consrumption, in stark opposition to 
overconsumption. Ideas about limiting 
consumption are found in other concepts such 
as need satisfaction (Max-Neef, 1998), 
sufficiency (Princen, 2005), and degrowth 
(Kallis, 2011). The following section introduces 
the context of the study and the conceptual 
framing. 
 

Framing consumption limits 
In affluent societies, lifestyles are dependent 

on the cornucopia of goods available. The over-
production of artifacts is rooted in a distortion of 
needs and creation of wants, to achieve fast 
replacement rates and continuous product 
availability. This does not eliminate the 
possibility of practices that pose a path to 
alternative modes of consumption — at a 
human scale (Max-Neef, 1998).  

Limiting consumption could lead to reductions 
in manufacture and waste streams. Specific 
modes to limit consumption can be approached 
through policies that restrict access to 
resources, individual decisions, and social 
modes of production and consumption. We do 
however recognize that limiting consumption 
must happen within the structure of current 
capitalistic societies. This means identification 
of strategies to limit consumption, here 
explored by addressing existing opportunities 
for change — proto or niche practices (Shove 
et al., 2012). 

Production activities are required to satisfy 
the materiality of social practices. Thus, a 
duality of production and consumption appears 
a natural and consecutive cycle. The activities 
of production and consumption are usually 
studied and accounted for separately as offer 
and demand. Notwithstanding, offer and 
demand are mutually influenced, in such a way 
that demand is cause and consequence of offer 
— following Shove and Walker (2014), 
mainstream consumption patterns and 
arrangements are an outcome of what demand 
is for. If Warde (2005) is right, changes in social 
practices could lead to reduced consumption, 
which could result in less demand. 

Material satisfiers play an important role in 
the satisfaction of human needs. According to 

Max-Neef (1998, p.82), the dominant economic 
discourse implies that development is achieved 
by reaching the material levels of the most 
industrialized countries to gain access to a 
larger spectrum of artifacts. This reification of 
development in terms of access to material 
goods is what is known as affluence. 

In recent years, the unsustainability of 
overproduction has been addressed by the 
proposal of concepts such as the circular 
economy and the sharing economy. These 
concepts propose changes in how products are 
owned, accessed, and distributed, with some 
strategies that would reduce or eliminate 
unnecessary manufacturing processes. 
However, concerns are raised about changes 
which could lead to inequalities in the 
opportunities to participate in consumption. 
Welch et al. (2019) propose to use the concept 
of consumption work. This means that some of 
the conveniences and easiness of access in 
present-day market-based consumption will be 
lost, requiring more time (from some) to fully 
participate in the circular economy through 
certain social practices (Warde, 2005). 

In addition to circular and sharing economy, 
degrowth is one of the political projects that put 
limiting consumption and production at the 
forefront. Kallis (2011, p.879) argues that the 
main requirement in the transition to 
sustainability, from the perspective of degrowth, 
is to study the conditions for well-being that 
stems from equality, relation, and simplicity. 
Some of the critical voices against degrowth 
support their claims on fears about scarcity 
(Kallis, 2021), it is incorrectly assumed that 
limiting consumption would lead to low 
standards of living and more inequalities. On 
the contrary, the idea of having limits is 
supportive of sufficiency in the use of resources 
through collective action (Princen, 2005). 

Social practices do not change only because 
a policy mandates it. The same applies to 
consumption. From a social practice theory 
perspective the practices that are considered 
normal emerge and are reproduced in the 
interlinking of materials, competences, and 
meanings (Shove et al., 2012). 
Overconsumption is normalized in the 
interlinking of products as commodities 
(materials), purchase covenience 
(competence) and a disconnect between 
material sourcing and the needs or wants it 
fulfills (meanings). This framework allows us to 
see initiatives that support alternative forms of 
consumption as involving proto or niche 
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practices that may offer insights into how to 
support limited consumption.  

The following section describes our empirical 
approach addressing examples found in the city 
of Trondheim, Norway. 
 

Materials and Methods 

We take inspiration from constructivist 
grounded theory (Charmaz & Belgrave, 2015; 
Charmaz & Belgrave, 2019) as an approach to 
review the examples of alternative consumption 
found in the city of Trondheim. We interpret and 
construct data obtained through unstructured 
interviews (n=8) as our main source, and 
reinforced by other interactions, field visits, and 
public events (n=9), as well as internet/social 
media content (n=4), see Table 1. We approach 
constructivist grounded theory as an orientation 
to go over the available data in an iterative and 
interpretative process. 

 
Example Sources 

Online clothes’repair 
club 

1. Interview — 2. Online 
content (private social media 
group, website).  

Individual repairer 1. Interview — 2. informal 
conversation 

Group for the 
promotion of hand-
craft techniques 

1. Interview — 2. Online 
content (public social media) 

Tool sharing 
workshop 

1. Interview — 2. Online 
content (public social media) 
— 3. Site visit. 

Housing area 1. Interview (n=2) — 2. 
Guided site visit. 

Bike repair group 1. Interview — 2. Shadow 
observation 

E-waste recoverer  1. Interview. 

E-products fix 1. Public talk (n=2). 

House goods 
recovery (Students) 

1. Site visit — 3. Public talk 

Secondhand 
store/market 

1. Site visits (n=2) 

‘Dumpster diving’ 1. Online content (public 
social media) 

Table 1. Examples and data sources 
 
The access to examples of alternative 

consumption is difficult by the fact that there is 
not a homogeneous group of people or pointers 
indicating who consumes in a mainstreamed or 
an alternative mode. This led us to examples 
based on visible activities of resource use 
prolongation, such as repair (clothes, bicycles, 
electric and electronic products), sharing (tools, 
common areas in residences), waste recovery 
(legal and illegal streams), handwork (experts 
and learning), recirculation (secondhand 
products). Activities such as refraining from 
unnecessary consumption, or following a 
simpler life, were not identified. 

 

Results and discussion  
The examples we use as sources share many 

similarities, however they are not homogeneus 
Here, we focus on three aspects identified in the 
alternative consumption as proto practices: 

 

1. Technical knowledge and skills — social 
learning 

The initiator of the online clothes’ repair club 
mentioned a technical education on fashion and 
clothes making, and an interest in making 
things from a young age — she got her first 
sewing machine at 15, coupled with the 
example of her father as someone who repaired 
things at home — someone to learn from. In a 
similar fashion, the individual repairer, who has 
a background in design, indicated that she grew 
up being inspired by an aunt and her 
grandfather who were “hands-smart” people. 
The e-waste recoverer mentioned his 
knowledge in electronic repairs, gained through 
his recent education, his job at an electric and 
electronic appliances store, and the inspiration 
from his father, who works as an electronics 
engineer. In these examples, the participants 
also thrive on showing others the things they 
can do and what they know. 

In the examples about community spaces, we 
also found that in one, the initiator of the sharing 
workshop, the knowledge comes from his trade 
as a sculpture artist and his interest in making 
things. This inclination towards the technical is 
also sought from the inhabitants at the housing 
area, as they must undertake the housing 
maintenance activities. In the bike repair group 
example, familiarity with technical skills is not 
expected, but instead a will to develop them. 

Technical skills or technical expertise are also 
an important aspect in salvaging products from 
becoming waste. In the case of e-waste it 
implies knowing what can be repaired and 
maintained, while in the secondhand markets it 
implies knowing if the price of something is the 
right one, it is also important for people to know 
what to donate, what to resell and what to 
discard. The technical competence in these 
practices represent a tension between what an 
expert knows and what is not known. 

 

2. Motivation — environment, money 
savings, and community 

We identified implicit motivations in most of 
the examples. In the online clothes’ repair club, 
the environment is mentioned as the initial 
motivation. For the individual repairer, it is 
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about the relation to the experiences of her 
daughter — a concern about the future. The 
group that promotes handcraft techniques is 
also invested in the environment to engage 
people in repairing and gaining knowledge 
about craft techniques — sustainability is an 
important part of their agenda. 

Besides the environment, monetary savings 
or value gained through products is an 
important aspect. Doing self-repair of products 
is an opportunity to avoid the high prices of 
repair services — in Norway due to taxes. In 
product recovery from waste streams, it is also 
an opportunity to have access to products for a 
cheaper price or for free. In the two examples 
related to e-waste recovery, the main 
motivation is the value of the product in relation 
to cost/efficiency. In the tool sharing workshop 
and the housing area, access to products is 
also seen as a way of overcoming negative 
preconceptions about poverty. 

Community building or social interactions is 
also a strong motivation. In the online clothes’ 
repair club and the bike repair group, it is about 
creating a community of likeminded 
practitioners who can share knowledge and 
advice on materials and best practices. In the 
tool sharing workshop and the housing area, 
the interaction of people living in proximity, 
sharing spaces, and recognizing each other is 
the ideal. In the examples of the individual 
repairer and the e-waste recoverer, roles as 
experts in their community of friends and family 
are mentioned. 

These three motivations are part of the 
meanings in the performance of these proto or 
niche practices. We can say that thinking about 
environmental impacts is important to the 
understanding of the practice, but the gains in 
value (money or functionalities) and social 
interactions are stronger motivators. 
 

3. Social acceptance — transgression 
In the interviews conducted and the observed 

public content (site visits, talks or social media 
communication), we can infer an interest in 
changing what is socially accepted and seen as 
normal. In the online clothes’ repair club, it is 
about making acceptable or ‘cool’ the use of 
clothes that are not perfect, pieces that have 
visible amendments, stitches or are a little worn 
out. The individual repairer puts emphasis on 
having less products that can be repaired and 
will last for longer, while also mentioning the 
uptake of clothes that have been previously 
owned. 

In the group that promotes handicrafts, their 
intention is to change the meaning given to 
handicrafts, from an understanding of it as a 
hobby of retired, mainly female, participants, to 
being a productive activity that can be done by 
anyone. The group has a project strongly 
focused on connecting handicrafts with 
sustainability, in what can be interpreted as a 
rebranding of handicrafts. 

In the tool sharing workshop and the housing 
area, the social change is in the collective 
meaning of scarcity. The tool sharing workshop 
includes some connected projects, a public 
bench as a space for neighbors to socialize and 
a fridge offering free food that otherwise would 
become waste, all with an online presence. In 
the housing area, the change is about the 
conditions and standards of the buildings, 
which are sufficient to support a good life, but 
require that inhabitants engage in maintenance 
activities. 

In the example of the e-waste recoverer, the 
recovery happens in a situation that under 
current policies could be considered illegal. The 
e-waste recoverer has access to and salvages 
products that are discarded in his place of work, 
where the mandate is for them to be given to 
waste management. Similarly, the direct 
recovery from waste in ‘dumpster diving’ 
requires dealing with notions of public property 
and ownership of waste. 

In the recovery of products as secondhand, 
change is in dealing with something that has 
already been owned, used, and reused by 
someone who is unknown. For example, in the 
site visit to the warehouse of an initiative that 
circulates goods among students, there was a 
room filled with bed clothes, many of these were 
stained, and the room had a particular odor. 

 
Conclusion 

Based on the initiatives studied, we propose 
three possible leverage points from the 
initiatives studied. The first is  an individual 
orientation towards technical knowledge and 
skills. The second is a motivation to use those 
technical skills. The third is a disposition to 
transgress socially accepted economic and 
aesthetic standards. These three aspects could 
leverage change in consumption across 
bundles of multiple social practices. They relate 
to meanings and competences required for 
producing and reproducing the material in 
configurations that are independent from 
mainstream market offerings that commoditize 
products and make overconsumption a 
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convenience. Thus, autonomy in defining 
consumption limits could result from 
reappropriation of production as part of 
participation in social practices. 
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Abstract: This study focuses on the interaction between user and product that is characteristic of the 
amateur computer repair practice, including maintenance, upgrade, part replacement, customization, 
and repair. Our discussion is based on data provided by semi-structured interviews and think-aloud 
sessions with participants with diverse levels of repair experience with computers. The data indicates 
key findings for sustainability studies that aim to contribute to current discussions on design for 
sustainable behaviour by providing a snapshot of the amateur repair behaviour. The study revealed 
three important findings. First, since repair is a practice that features particular elements such as skills, 
settings, implicit and explicit rules, amateur repairers are users who sustain and develop the practice. 
They have particular identities and a perspective that is characteristic to amateur computer repair 
practice. Second, repair practice helps to transform product characteristics, both materially and from 
the point of view of the practitioners, as largely independent from how the product is designed. Third, 
the implicit and explicit rules are distributed via online and offline networks. Through these networks, 
knowledge and tools are shared among the practitioners. In conclusion, a comprehensive 
understanding of amateur computer repair practice might contribute to the Design for Sustainable 
Behaviour (DfSB) studies and sustainable system design. 
 

Introduction  
According to van Hinte (1996, as cited in 
Verbeek 2005), many products are designed on 
two levels: Skin or cover, i.e. the surface of the 
products, and the interior (which we call “the 
inner face” of the product). Based on this 
territorial segregation, while the outer surface of 
the product is freely accessible for interaction, 
the products’ inner surface is accessible only 
for trained technicians, being complex, even 
unintelligible for users. That can be considered 
as black-boxing (Jordan & Lynch, 1992).  
 
On the other hand, users do occasionally 
interact with the inner face of products, for 
instance during repair and maintenance. 
Accordingly, this study focuses on such 
interactions with the inner faces of products. 
Our aim is to outline the characteristics of repair 
practice from the point of view of amateur 
computer repairers. For this we draw on 
interviews and think-aloud sessions conducted 
with repairers, which then we analyze from the 
perspective of practice theory (Reckwitz, 2002; 
Shove, 2007). Extrapolating from our findings, 
we argue that design of sustainable product 
systems requires a comprehensive 
understanding of amateur repair as a practice.  

 
Below we first briefly introduce practice theory, 
then review how repair is discussed in 
sustainable design literature. Following an 
overview of our methodology, we present our 
findings via representative quotes, then we 
elaborate on how this study might contribute to 
Design for Sustainable Behavior (DfSB)  
literature. 
 

Literature review 
 

Practice theory 
Practice theory takes practices as the building 
blocks of social life, and studies them with 
emphasis on routine action and tacit 
knowledge. Reckwitz (2002) describes the 
notion of practice as routine behaviour patterns 
that include bodily activities, mental activities, 
objects, particular understandings and 
knowhow. Shove et al. (2012) assert that the 
practice involves materials, competences, and 
meanings. They define competences as that 
“which encompasses skill, know-how and 
technique” and meaning as “symbolic 
meanings, ideas, and aspiration” (Shove et al. 
2012, p. 14). “Materials” refer to “things, 
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technologies, and tangible physical entities, 
and the stuff of which objects are made” (Shove 
et al. 2012, p. 14). The linkage between the 
materials, competences and meanings 
describe a practice such as cooking, walking or 
shopping.  
 

Repair studies in design 
Studies in sustainability have underlined the 
importance of designing the extended life cycle 
of the product. In this context, repairability of the 
products is considered as one of the critical 
aspects in designing a sustainable product 
system. Designing a repair-friendly system 
requires inquiry into repair activities with their 
social, cultural and material dimensions.  
In the literature on sustainable design, open 
design and HCI, studies provide multifaceted 
insights about repair activities. Among these, 
two models declared the importance of repair 
activities. The circular economy model 
suggests an order of maintenance, repair, 
reuse first, and remanufacture and recycle 
later, rather than direct recycling of an object 
(Ellen MacArthur Foundation, 2012).  The 
second model by Doğan and Walker (2008), 
called Integrated Scales of Design and 
Production for Sustainability (ISDPS), also 
adopts a holistic approach. It stresses the 
importance of post-use product services such 
as product caring, maintenance, repair, reuse, 
and recycling at local level. Designers thus 
become responsible for considering post-use 
processes.  
Scholars have also indicated several strategies 
to facilitate a longer lifespan of the product. A 
common argument is that repairability of the 
products depend on the product design 
decision in terms of openness and 
transparency of the products. A simple example 
is that design decisions such as using glue or 
uncommon screw heads in products prevent 
repair and negatively impact product lifespan 
(Ahmed, Jackson & Rifat, 2015). Conversely, 
modular designs assign an active role to users 
or empower them for repair activities ( Keyte, 
2015; Gwilt, Leaver & Young, 2015). 
Other scholars, especially outside design 
literatures, focused on the nature of the repair 
and how it emerges in daily life. Rosner and 
Ames (2014, p.319) bring a novel approach to 
discussions on the openness by suggesting the 
concept of “negotiated endurance.” According 
to the authors, the meaning and value of repair 
is defined in the social negotiations between a 
user and a repairer. As such, repair emerges in 

everyday practice, where the actors have great 
importance. Instead of being a single and 
independent phenomenon, repair activities are 
transformed by “material, infrastructural, 
gendered, political, and socioeconomic factors” 
(p.319). 
Knowing the user is an inherent part of 
designing a product or experience, especially in 
relation to meaning-making and user 
experience (Bødker, 2015). Accordingly, some 
studies focused on the user's experience as 
entangled with repair activities. For example, 
Lindsay’s (2003) study shows that users who 
engage with TRS-80 computers, adopted 
various roles as “developers, producers, 
retailers, advertisers, publishers, and technical 
support staff” (p.50). On the other hand, 
Kohtala et al. (2020) describe the people who 
deal with repair and maintenance activities, as 
“active users” (p.34). A third study by Lilley et 
al. (2013) focuses on sustainable behaviour 
change and it categorizes repairers into three 
as “fixers, sometimers and non-fixers” 
according to their repair frequency. Design for 
sustainable behaviour studies (DfSB) focus on 
user behaviour, and explore how design can 
help to make users adopt sustainable 
behaviours (Bhamra, Lilley & Tang, 2011), 
including repair.  
In line with these arguments, whether and how 
users engage in repair, maintenance, and 
upgrading of the products should be viewed as 
a multi-faceted experience (see also 
Ackermann, 2018; Terzioğlu, 2021), 
determined by the social, economic, material 
contexts of the practice (Rosner and Ames, 
2014; Houston, 2019). However, current 
literature has not been specifically interested in 
repair as an experience. Even though design 
for repair is investigated under Design for 
Sustainability, there is a limited focus on user 
behaviour (Daae, Chamberlin & Boks, 2019). 
Kuijer and Bakker (2015) discuss limitations of 
DfSB (see also Shin & Bull 2019), and 
highlights that adopting practice theory for a 
practice-oriented design approach presents a 
promising area for sustainable design. Overall, 
there is potential for further studies that focus 
on repair activities by paying attention 
especially to users, various actors, objects, and 
networks involved. 
 

Method  
This study aims to reveal experiences, 
practices, knowledge, and settings of amateur 
repairers. Accordingly, a qualitative, 
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interpretative approach is adopted during the 
data collection process. Research design 
involved semi-structured interviews and 
concurrent think-aloud methods (Hannington & 
Martin, 2012; van Someren, Barnard & 
Sandberg, 1994) in order to collect diversified 
data. Data triangulation was made by collecting 
data from different sources. All data was 
collected by the first author.  
 

 
Figure1. Participant disassembles a laptop 
during think-aloud protocol. © Researcher’ s 
archive. 

 
20 amateur repairers were recruited via 
personal connections, social media 
announcements and snowballing. Participants 
were between 25 and 35 years old, from various 
professions. 18 participants live in 4 different 
cities in Turkey, and two participants abroad. 
Equal gender representation was sought in 
recruitment, with 7 women and 13 men 
participants. Furthermore, five concurrent think-
aloud sessions are conducted to observe the 
participants' computer repair process.  Out of 
20, only 13 participants were found to have 
sufficient repair experience with computers. 
The 13 interviews were thematically analysed 
using MAXQDA. An inductive coding approach 
(Matthews & Ross, 2010; Thomas, 2006) was 
adopted, where the transcriptions of the 

interviews are used to derive codes and 
concepts.  
 

Discussion 
 
Hybrid identities distinct perspectives and 
technical skills 
The field study revealed that amateur computer 
repairers are critical actors who sustain and 
shape the practice. When we examine the 
participants' discourses, we come across that 
amateur repairers are users who assume a 
particular identity, perspective, and skills 
through their involvement with amateur repair 
practice. Participants experience various 
breakdowns during the repair process. 
Accordingly, they can guide others with their 
accumulated know-how by offering possible 
solutions. One of the participants stated that he 
sees himself in the expert position, capable of 
guiding others: 
 
When people mention that their computer has a 
problem, I ask them, as if I am a repairman: 
What exactly is your problem? Have you tried 
to do this or that? If he says, he has not tried 
[what I suggested], I go into detail. Something 
like this happens out of the blue. Then people 
ask: Why do you know that? How do you know 
that? (Kaan) 
 
Participants in this study can be described as 
"active users'' who deal with repair and 
maintenance activities (Kohtala et al., 2020). 
Yet, simultaneously, amateur repairers assume 
a particular identity as a repairperson (see also 
Lindsay 2003). In their social interactions, too, 
amateur repairers are perceived as persons 
with the competence and right to intervene in 
technical objects. Both participants' self-
perception and their social circle's perceptions 
construct the identity of the amateur computer 
repairer. We found that amateur computer 
repairers combine the repairer identity and 
values related to being a user such as risk of 
damaging the computer, cost of the repair and 
loss of the stored data on the computer. The 
amateur repairers assume hybrid self-identities 
between being a user and having a technical 
professional's skill or expertise.   
 

440



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Ayşegül Özçelik, Harun Kaygan 

Encountering the Inner Face of Products: Computer Repair Practice and 
Amateur Computer Repairers 

 

- 4 - 

 

 
Figure2. Participant checks motherboard of the 
laptop. © Researcher’ s archive 

 
Figure3. Participant fixes the case of the laptop © 
Researcher’ s archive 

 
Interactions with the interior surface of the 
product play a part in this identity construction. 
Aligned with Houston's (2019) statement that 
repair provides a different way of knowing, we 
found that participants are knowledgeable 
about the various layers of the product, the 
background of the malfunctions, and even 
potentials for technical improvements and 
innovations. Their knowhow also enables them 
to repurpose existing components to 
reconfigure the objects, and even assemble 
new objects. It can, therefore, be seen that 
amateur computer repairers undertake creative 
activities beyond merely fixing the product. As 
such, knowing and interacting with the object's 
infrastructures broaden both the 
understandings and the practical capabilities of 
amateur repairers. Repair informs the 
practitioner on the material level that makes the 
product more transparent (Terzioğlu, 2017).  
The implication is that the apparent unity and 
mystery of the functions and components under 
the products' cover can be challenged through 
repair activities. As a result, repair re-

establishes a bond between users and products 
that can dealienate the user.  
 
The repairers are involved in both practical and 
analytical skills. Our study has shown that 
participants can repair and maintain tasks such 
as fixing broken parts, renewing thermal 
compounds, spare part replacements, and 
performance updates. They know how to use 
the required tools and how to interact with 
components through their implicit knowledge. 
They might use improvisational tactics in the 
implementation phase, to the extent that they 
experiment with the computer. Consequently, 
amateur computer repairers are a particular 
type of user who has a particular identity, 
perspective and skills. Accordingly, they can be 
defined as "enlightened users." 
 

Overcoming the manufacturing and design 
decisions of the products 
In addition to the identity of the repairer, the 
design of the product is a critical determinant of 
the repair practice. In the findings, material 
qualities such as snap-fit connections in 
laptops, non-standard screws and integrated 
parts block the repair show that computers are 
"blackboxed" (Jordan & Lynch, 1992). Other 
than the product's material qualities, the fear of 
damaging the computer, the difficulty of 
accessing tools and spare parts, and warranty 
limitations are other factors that black-box the 
computers. However, computer repair practice 
enables transformation of the products' 
characteristics, independent to some degree of 
how the product is designed. Repair practice 
enables interventions firstly at the material level 
that refer to make changes on material, form, 
and structure of the object. Secondly, 
perception levels that refer to products become 
transparent in users' minds, and users perceive 
the computer as a combination of different 
layers and components.  
 
The circuitry of the graphics card was probably 
burnt and the problem was caused by that. So I 
threw the graphics card in the oven. You heat it 
at 180C for five to ten minutes. Now, they have 
thin circuits. Very randomly, heated solders 
flowed and united, then the graphics card that I 
baked worked. (Oğuz) 
 
As shown in the quote, amateur repairers can 
employ quick and cheap alternative methods 
that are different from formal repair practice. 
Lack of materials or budget might lead the user 
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to find creative solutions such as putting the 
processors in the oven, or using cream instead 
of a thermal compound. Such primary 
maintenance tasks as renewing thermal paste 
can also be considered as enhancing a 
product's capacity and performance and 
prolonging its lifespan. Additionally, amateur 
repairers are used to overclocking processors 
or upgrading parts in order to enhance the 
product's capacity and performance. Lastly, 
amateur repairers can repurpose leftover 
components from other, broken computers 
enables them to intervene in the function of the 
components. For example, re using the old 
phones instead of broken wifi adapters of the 
computer. As a result of such interventions, the 
product's form might differ from its initial 
version, or usage context might be transformed.  
 
Through amateur repair practice, the black-
boxed computer is transformed in the user's 
perception in the context of transparency. In 
line with Houston (2019), this study revealed 
that interaction between user-products 
characteristic to the amateur repair practice 
provides a different perspective to the user. 
Practitioners perceive the computer as multiple 
separate products, arranged in multiple 
technical layers – an assembled rather than an 
integral object – which then enables them to 
intervene in the products they repair. As such, 
amateur repair practice enables diverse ways 
of intervention to the products. By doing this, 
users might overcome the manufacturing and 
design decisions by transforming the objects' 
characteristics, including its performance, 
function, lifetime, or transparency. Therefore, 
authority is dispersed from manufacturers to the 
user through amateur computer repair. 
 

Networks  
A third aspect of repair practice that we 
emphasize here are the various networks in 
which repair takes place as a practice. Social 
and production networks are critical for 
expanding knowledge, accessing spare parts, 
and skill sharing.  
 
Production networks comprise computer 
companies, subcomponent manufacturers, 
technology markets, wholesalers, and 
influencers. These often have the effect of 
regulating access and thus closing the practice. 
However, personal connections, global online 
shopping, and flea markets may help repairers 

find parts that are non-standard, or available 
only in wholesale.  
 
More important are social networks that shape 
amateur repair practices. Offline networks 
consist of friends, neighborhood technicians, 
school teachers and family, who support one 
another by sharing knowledge, experimenting 
together, and exchanging tools or components. 
Online communities are crucial mediums for the 
distribution of knowledge and experience, 
especially via texts on forums or video tutorials. 
These communities not only create but also 
ensure the credibility of knowledge through 
debate and confirmation by peers. Knowledge 
and experience is generated by cumulative 
online labor that expands, maintains and 
enhances the practice. 

 
Conclusion 
This study presents a comprehensive 
understanding that takes into consideration 
various elements and actors regarding amateur 
computer repair practice. This approach 
contributes to sustainability study in three ways. 
 
Firstly, the study identifies the characteristics of 
the practice and the practitioner. Since DfSB 
studies aim to facilitate the adoption of 
sustainable behavior by users, understanding 
amateur repairers’ practice is important for 
identifying opportunities and limitations for 
transferring similar behavior to other user 
groups. Characteristics of the amateur 
repairers (their skills, knowledge, identity and 
perspectives) can be used by DfSB studies to 
propose a practice model that specifies the 
elements as well as the conditions of repair 
practice. Looking for ways to reproduce similar 
practice formations in other settings might be a 
strategy to actively involve other users in repair 
and maintenance activities.  
 
Secondly, this study highlights the importance 
of the actors who are involved in repair 
practices, including users, their social networks 
and the larger production networks. It is critical 
to understand sustainable behavior from such 
an extended perspective that reveals the 
system's actors' roles. Since repair is a practice 
at the intersection of innumerable networks, 
understanding the actors and their relationships 
might contribute to designing products and 
systems that are either compatible with such 
networks, or provide alternatives. 
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Thirdly, the study provides an understanding by 
describing the nature of the user-product 
relationship through repair practice. Since the 
design of the product plays a part in the 
practice, it is important for product designers to 
take into consideration various user groups that 
interact with the inner face of products, and their 
social and material engagements. Since 
amateur repair practice goes beyond formal 
repair through improvisational tactics, this 
includes opening up a space for users' 
creativity. Accordingly, the product engagement 
experience of the users might contribute to 
manufacturers and designers in terms of 
extending the lifespan of the objects. 
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Abstract: This paper explores scaling circular product business models in cascaded systems in apparel 
industry. Through an exploratory case study with a Swedish outdoor clothing brand operating several 
circular product business models: repair, rental, resale and subscription, for over 25 years, the paper 
illustrates three essential elements: (i) circular design thinking, (ii) digitally integrated product-service 
platform, and (iii) connected data management and product traceability, to integrate brand-led CPBMs 
into offering a cascading system of usage and flow in apparel industry. The key motive of such 
integrated operation is to increase the efficacy of circular product business models by optimizing the 
circular performance of the products in a systemic way. Inbuilt circular design is crucial to make the 
products last long along multiple cascading loops and have the required aesthetic durability. Digital 
platforms play a vital role in decoupling the product from the business model, thus connecting each 
product to a cascade. Finally, in order to maximise the potential of such digital platforms these should 
be supported by integrated data management. Future research avenues lie in exploring more crucial 
integrators, conducting in-depth analysis on the role of each integrator and in developing performance 
metrics for circular product business models in cascading systems. 
 
 
Background  
The apparel industry has seen many circular 
product business models (CPBMs), such as 
resale, rental, subscriptions, repair, gaining 
prominence in the recent times (Pal et al., 2018; 
Sandin & Peters, 2018). Despite many such 
prominent CPBMs, according to EEA (2019) 
these single or singular CPBMs cannot be 
upscaled in isolation, but needs a systemic 
approach. Through systemic innovation in 
CPBMs along the principles of cascades that 
integrates several single CPBMs operating in 
different loops, scalability can be improved for 
delivering transformational value proposition, 
long-lasting products (Franco, 2019), rethinking 
customer’s role and engagement, and for 
building new collaborative relationships 
(Pedersen et al., 2019; Pal, et al., 2019). In 
essence, the objective of such cascaded 
solutions is not to lose materials after use, but 
to keep them circulating as long as possible, 
creating highest possible value over time 
through multiple loops - open or closed 
(Koszewska, 2018; Campbell-Johnston, et al. 
2020), further clarified in literature review 
section. Here scaling, seen as the last step of 

the process of business model innovation 
(Bocken et al., 2018), defining the fundamental 
change in the way of doing business to go 
beyond prevalent sustainability approaches, is 
crucial for making a transition from linear to 
circular economy by reworking the current 
methods and practices for value creation and 
capture. 
 
Even though literature (e.g. Batista et al., 2018; 
Pal et al., 2019, Pedersen et al., 2019) has 
prescribed the role of several aspects, such as 
circular product design, stakeholder 
collaboration, and digital platforms as key 
solutions to create cascaded operation of 
CPBMs; clearly how different CPBMs need to 
interact with each other in order to enable a truly 
integrated cascade needs more in-depth 
understanding (Pedersen et al., 2019). This 
calls out for more research on exploring how 
different cascaded solutions can be created by 
integrating multiple CPBMs, as addressed in 
this paper. Simultaneously, given the dearth in 
literature (Campbell-Johnston, et al., 2020), this 
paper clarifies the connection between the 
notion of cascades and CPBMs. 
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Literature Review 
Circular business models are often depicted as 
following the R-hierarchies or strategies - 
refuse, reduce, resell, reuse, repair, refurbish, 
remanufacture, re-purpose, recycle, recover 
energy (Reike et al., 2018; Morseletto, 2020). 
On the other hand, stemming from industrial 
ecology discipline (Olsson et al., 2018), the 
notion of cascade refers to the restorative flow 
of products, materials and resources across 
different supply chains in formerly separate 
industries (Sirkin and ten Houten, 1994; 
Campbell-Johnston, et al. 2020). While in 
circular business model context there are 
various numbers and sequences of Rs, which 
normally relate to product value retention 
options (Koszewska, 2018), the cascade chain 
depicts primarily multiple interplays of resource 
and by-product exchanges, most commonly 
described in biological resource loops/biomass 
domain (Kalverkamp et al., 2017; Ellen 
MacArthur Foundation, 2013). 
 
Campbell-Johnston, et al. (2020) highlight that 
though circular business models and cascading 
have been discussed in the literature in areas 
including product-service systems, end-of-life 
product management, and even cascading as 
an action for new circular businesses models, 
the conceptual linkage between the two needs 
more attention as both are concerned with 
extending the use of products/materials. With 
this, the use of the notion of cascade as a more 
fundamental concept should go beyond just 
biological nutrient cycling. 
 
In circular business models, the flows of 
materials can be depicted as a number of 
activity loops, ranging from reuse, repair, 
reconditioning, refurbishing, remanufacturing to 
recycling. In addition to circulation within the 
original supply chain (closed loop), circular 
practices can also be enhanced when used 
materials of one supply chain flow across to 
another supply chain (open loop) (Batista et al., 
2018; De Angelis et al. 2018). Within the 
context of closed loop, cascading CPBMs are 
those when the product/material combination 
remains the same across the interconnected 
activity loops. 
 
In research, such cascading notion of CPBMs 
goes in line with an ecosystem, which is 
typically defined as “the alignment structure of 
the multilateral set of partners that need to 

interact in order for a focal value proposition to 
materialize” (Adner, 2017, p. 40). In accordance 
with this definition, the overall value proposition 
of the CPBMs in a circular system is to enhance 
improved circularity, and for this, as is targeted 
in this research, find means to integrate single 
CPBMs throughout the cascading system. 
 
Method 
Given the purpose, the choice of conducting an 
exploratory case study with a Swedish outdoor 
clothing brand is pertinent for developing novel 
theoretical insights that are firmly rooted in 
practice (Langley and Abdallah, 2011). The 
brand with an yearly turnover of 180 MSEK (in 
2020) mainly serves the Scandinavian market 
with trendy and functional outerwear, and has 
been active with several CPBMs for over 25 
years, such as repair service, reuse 
marketplace (through stores, webshop and 
Instagram), rental business for selected 
products, and subscription pilot, since 1995, 
2011, 2012 and 2018 respectively. It also 
strides towards achieving 100% product 
circularity by 2022, from current standing at 
72%.  
 
The brands repair service is carried out since 
1995, either in its stores or by local tailor who 
can obtain spare parts from the brand. 2021 
onwards it has entered into a collaboration with 
a Swedish repair service provider to offer 
customized repair service; the customers can 
customize specific repair activities, such as 
shortening the length, reducing the width 
online, change the zippers and buttons. Upon 
placement of the order, a franked bag is directly 
mailed, while a delivery of the repaired garment 
is made within 10 days. Since 2012, the brand 
also rents certain products (jackets, pants), with 
rental period between 1 to 3 weeks, through 
specific store locations and has been extended 
online 2021 onwards. In 2011, the brand 
created a marketplace for its used garments 
which can be resold in certain own stores in 
Sweden, through webshop and on Instagram. 
The wearer can bring an used garment of the 
brand to one of the designated stores. Upon 
evaluation of the condition, the wearer receives 
a gift card, valid for 10 years, up to SEK 1000 
that can be used for purchasing new garments 
or other reuse garments. 
 
Overall, development of these CPBMs sets the 
future sustainability strategy of the brand 
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through planning of an integrated digital 
platform for cascaded product use and journey, 
where online repair, rental and reselling are 
seen to set the first step of the process. A next 
step of integrating these CPBMs over a single 
digital platform is visioned in order to not only 
improve the efficacy of the CPBMs and 
optimize the product usage life, but also to scale 
up the CPBMs in a systemic way. 
 
Data was collected via multiple narrative 
discussions with key personal, such as product 
head, business developer, and founder of the 
company between January-December 2020. 
Purposefully these discussions were kept 
informal in order to explore not only the status 
quo of the operating CPBMs, but also to have a 
future outlook towards strategic plans laid 
forward. Certainly the step two of the integration 
process was conceived to the main priority of 
the brand in order to develop integrated CPBMs 
in cascaded systems. In addition, scanning of 
relevant reports on, such as pilot studies 
conducted by the brand to explore the feasibility 
of certain CPBM, internal strategic vision 
charts, and material available online, also 
serves as a rich source of empirical evidence, 
in order to explore such integrated cascading 
CPBMs. Figure 1 presents such a vision of the 
brand’s ongoing plan to integrate multiple 
operating CPBMs in a cascade. 
 

Figure 1. Brand’s ongoing plan for integrating 
cascading solutions to CPBMs 

 
 
Analysis 
 
Circular design thinking 
The brand’s design and development follows a 
circular design thinking approach that is based 
on using several tools throughout the process, 
such as “designer’s checklist”, “circular 
materials” and “less is more” philosophy. When 
it comes to product design, a key set of 
questions related to longevity requirements, 
versatile product performance, minimalistic 

design and construction, durability and ease of 
maintenance and repair, always guide the 
designers’ decision-making right from the start. 
A key aspect of this is also having products with 
timeless design, styles and colours, and as 
mentioned by the business developer “[…] that 
makes the products still attractive in the rental 
and second-hand market”. Additionally, a 
variety of recyclable and biodegradable 
materials, such as lyocell, Tencel makes the 
products recyclable, and currently 67% and 
76% of its collection respectively are made from 
renewable or recycled and recyclable or 
biodegradable materials. The business develop 
adds that all these aspects renders a “circular 
style” to its products, and is “super key as a 
foundation to having a circular business model”, 
and is crucial to decide value proposition across 
multiple CPBMs. In 2021, nearly 60% of the 
brand’s Spring/Summer collection is completely 
circular with the goal to be 100% circular by 
2022. 
 
Digitally integrated product-service platform 
Motive behind setting up a digitally integrated 
platform to operate across different CPBMs is 
to improve the brand’s circular performance by 
“optimizing the use per item”. […] Currently 
certain garments in the reuse section can be 
rented out as well, but this depends upon the 
specific store where the inventory is kept. A key 
future direction is to optimize the stock, both in 
each CPBM and across, i.e. for example, 
between reuse and rental.”  
 
In connection to this, a point raised was in terms 
of lack of economic viability of clothing rental 
models in general due to high cost of logistics 
and other activities like washing and cleaning. 
For the long-term scalability of the rental model 
and its expansion beyond the Swedish market 
the brand sees the necessity to organize it 
together with the growing resell business, in 
order to absorb the additional costs and have 
high volume in the assortment. A likely plan is 
going towards having a rental assortment that 
can include second-hand clothes, while having 
rented clothes being sold as second-hand if not 
rented out for a long time. The brand sees the 
implementation process of integration in 
several steps, the first few already being 
realized, i.e. having set-up online rental, repair 
and resell activities. 
 
As the next upcoming step, the brand foresees 
having the rental and pilot subscription models 
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operating with similar business logics and same 
stock being integrated. For integrated product 
management for renting and subscription, a 
“wardrobe-as-a-service” platform is designed 
based on determining the seasonality, need, 
and usage rate of different garments. While, 
garments are planned to be rented on a need-
basis, for subscription of key importance is 
deciding how should the assortment be chosen 
for giving access to different product libraries. A 
number of key decision variables in this regard 
include determining the functional unit for 
subscription, locating the fee structure and 
revenue streams, setting the right binding 
period, timeframe and number of exchanges 
per month for each product, and how to improve 
user experience. 
 
More long term plans include integration of the 
online resell platform with both, other CPBMs, 
i.e. online rental and subscription on one hand, 
and e-commerce for online sales of new clothes 
on the other. As reflected by the business 
developer, both are necessary, “on one end 
nudge users into buying second-hand instead 
of buying new goods to have it together with 
new sales, of course at the same time have 
some sort of shared stock and system 
integration with the rental part”. Overall a 
completely integrated sales and service 
platform is envisioned by the brand.  
    
Connected data management and product 
traceability 
Finally, of crucial importance is access to user 
and usage data in order to decide what could 
be the right functional unit for each CPBM, and 
also for determining switching between CPBMs 
for each clothes. It was highlighted that in this 
context, “digital systems saying what product 
should be offered depending upon the type of 
customer/user, what the price point of the 
products should be, and making sure the need 
of the user to have a garment is fulfilled no 
matter how they access it”, are some of the 
critical aspects of running multiple CPBMs. 
 
In this line, the brand has been involved in a 
project on creating connected garments using 
RFID tags, so that the users can connect via a 
QR code and have instant information about it 
related to care, while the brand can track the 
use life of the product, i.e. how it is used. In the 
long term, this can allow the brand to know 
where each product is, track the usage life in 
the CPBMs and operationalize ways to improve 

circular performance, for example by taking 
back the product and finding new 
users/customers or by offering the user in a 
subscription model buying option, if the product 
is found to be very frequently used. Future 
possibilities include using AI for optimizing 
circular performance of product over the 
integrated platforms. 
 
Conclusions 
Our case study illustrates three essential 
elements to integrate brand-led CPBMs into 
offering a cascading system of usage and flow 
in apparel industry. These are: 1. circular 
design thinking, 2. digitally integrated product-
service platform, and 3. connected data 
management and product traceability.  
 
The key motive of such integrated operation is 
to increase the efficacy of CPBMs by optimizing 
the circular performance of the products. Inbuilt 
circular design is crucial to make the products 
last long along multiple cascading loops and 
have the required aesthetic durability in the 
eyes of the consumer/user. Digital platforms 
play a vital role in decoupling the product from 
the business model, thus connecting each 
product to a cascade of CPBM options. Finally, 
in order to maximise the potential of such digital 
platforms these should be supported by 
integrated data management, not only from the 
business side but also from use and usage side.  
 
Overall, such integrators play a vital role in 
integrating CPBMs through cascaded usage, 
and thus scale up in a systemic way instead of 
prioritizing one over the other thus solving the 
issue of dealing with inherent paradoxes in 
handling CPBMs with conflicting goals and 
resource needs. Future research can continue 
in multiple directions: (i) in deciphering more 
integrators of CPBMs through large-scale 
survey, (ii) more in-depth analysis of the role of 
each integrator, and (iii) in developing 
performance metrics for CPBMs in cascading 
systems and measure the impact on them. 
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Abstract: Achieving a more circular production and consumption pattern will require consumers to 
make proactive choices regarding practices such as repair and product life extension. However, 
galvanizing such choices and practices may not be left alone up to consumers because their behaviors 
are driven not only by internal factors (e.g., attitude and motivation), but also by external (e.g., 
economic, social, and political) factors. Having a clear understanding of these factors in play will help 
to set expectations for behavioral change from consumers’ side and to plan behavioral interventions 
that are effective in terms of the expected results, efficient in terms of the cost of implementation, and 
feasible in terms of social and political acceptance. This paper explores these behavioral and non-
behavioral elements affecting the decision to participate in circular practices. It takes the repair case of 
electrical and electronic products at public repair events to document factors governing the facilitation 
of repair practices. A questionnaire survey was conducted among nearly a thousand volunteer repairers 
with experience in repairing two product groups: small electrical appliances (e.g., vacuum cleaner, 
mixer, and coffee maker) and small electronic equipment (e.g., smartphone, laptop, and tablet).

Introduction  
Product lifetime extension through repair and 
reuse of electrical and electronic products (e-
products) can yield environmental savings in 
terms of the embodied energy and critical 
material resources (Parajuly et al., 2020). 
Although a preferred end-of-life option, repair 
practice for household appliances have been in 
decline due to contributing factors such as 
lowering cost of new products, shortening 
product lifespan, increasing complexity of 
product design, unavailability of spare parts, 
and growing labor costs in industrialized 
countries. However, the interest in repair is 
growing with the increasing environmental 
awareness - indeed, several grassroots 
movements and organizations for the repair 
and upcycling of everyday consumer products 
have been reported in recent years (Bridgens et 
al., 2018; Ghisellini and Ulgiati, 2020). 
 
In between these two conflicting trends 
(disappearing repair practices but increasing 
public repair initiatives), this paper investigates 
people’s behaviors in the context of promoting 
repair of e-products. Past research has shown 
that repairing household appliances may not 
always be economically significant, but it may 
be beneficial in environmental and social terms  

 
(Bovea et al., 2017). Moreover, it is not always 
the case that the repair is driven by the 
knowledge and purpose of environmental 
benefits of product lifetime extension. Altruistic 
motivations beyond monetary terms also come 
into play when people are engaging in repair 
activities. A survey of Repair Cafés reported 
that the many volunteers are motivated by the 
ability to provide a valuable service to their 
communities and to meet people in the local 
community (Keiller and Charter, 2014). 
 
To this end, this paper builds a comprehensive 
overview of technological, economic, social, 
and behavioral drivers and barriers behind 
people’s participation in repair activities. The 
goal is to identify improvement potential in 
terms of interventions to facilitate repair of e-
products. To achieve this goal, we study repair 
behaviors using pro-environmental behavioral 
theories and link behavioral elements with non-
behavioral factors (the techno-economic 
aspects and intervention strategies). This 
allows us to understand the interconnectedness 
between various factors governing product 
repair practices – a useful insight for supporting 
better intervention strategies for behavioral 
change. 
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Method 
Consumer behaviors are a part of the broader 
consumption and production system and are 
thus also influenced by several non-behavioral 
factors. Therefore, behavioral change should 
not be an isolated mission focusing on socio-
psychometric and personality traits of individual 
consumers, but also consider the surrounding 
technological and economic aspects 
influencing consumer behaviors (e.g., products, 
business models) as well as policy and 
regulatory provisions that have overarching 
influence over both the consumer behaviors 
and techno-economic settings. An online 
survey was administered among repairers 
through national and international volunteer 
repair networks in order to study the three 
aspects (behavioral constructs, techno-
economic settings, and intervention strategies) 
of repair behaviors for e-products. 
 
The questionnaire survey was designed to 
cover two product groups: small electrical 
appliances including vacuum cleaners, mixers, 
coffee maker, etc. and small electronic 
equipment including mobile phone, tablet, 
laptop, etc. At the beginning of the online 
survey, the respondents were prompted with a 
visual aid to select one of the two product 
groups with which they have more experience. 
Both selections led to the same equations with 
the only difference being the name of product 
groups. The survey consisted of 37 questions 
(or statements) grouped under the above-
mentioned three (behavioral, techno-economic, 
and intervention) aspects. 
 
Results and Discussion 
A total of 920 responses were collected from 
volunteer repairers across 14 countries with the 
majority of them coming from Europe. Only 
6.3% of the respondents were female, which 
suggests a male-dominant repair sector for e-
products. More than half of them (54%) 
reported to be 70 years or older, with only 6% 
of respondents coming from the 20 to 40 age 
group. This indicates the popularity of repair 
volunteerism among senior-group populations. 
In terms of experience, which may be 
connected with the age of the volunteers, 22% 
of people who took the survey have participated 
in more than 50 public repair events whereas 
29% in 10 events or less; the remainder of the 
respondents were in between these two 
groups. 

 
Repair behavior and motivation 
In most responses, a strong positive personal 
and social attitude towards product repair was 
reported. The survey results suggest that while 
motivation to participate in repair is driven by 
personal values and environmental beliefs as 
well as individuals' attitude towards product 
repair, the ability to repair products also played 
an important role. It was observed, as 
expected, that volunteer repairers are better 
positioned in terms of expertise needed to 
repair their products. The current low 
participation of everyday consumers in repair 
activities may, in part, be attributed to their lack 
of expertise and confidence to repair. 
 
Techno-economic aspects 
From the techno-economic perspective, access 
to repair services, economic benefits, and the 
ease of product repair stand out as the key 
enablers for product lifetime extension. Small 
electronic equipment were reported to be more 
difficult to repair than electrical appliances 
because of the specialized skill set required as 
well as lower product repairability. 
 
Intervention strategies 
Economic incentives, regulatory requirements, 
and public awareness were confirmed as the 
key intervention strategies in the survey. Most 
respondents claimed that they volunteer to 
repair products regardless of economic 
benefits. However, some indicated that they 
would engage more if there were economic 
incentives to participate in repair events. Policy 
interventions such as repair standards and tax 
increases drew mixed opinions about their 
effectiveness, although longer warranty periods 
were perceived to be more effective in terms of 
promoting repair practices. Interestingly, it was 
observed that fewer respondents were familiar 
with the UN Sustainable Development Goals 
than the benefits of products' lifetime extension 
through repair or the concept of circular 
economy. These results suggest that 
grassroots actions at local levels do not 
necessarily require global knowledge and they 
may not be driven by higher-level goals. 
 
Conclusions 
An important lesson to be drawn here is that 
trying to involve everyday consumers in 
repairing their electronics may not always be 
the most effective strategy, as there are a 
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majority of people who are not able to do so 
despite their willingness. Public engagement 
may not be driven only by pushing moral values 
and environmental awareness without 
addressing the techno-economic barriers. New 
policy initiatives can look for ways to a) 
minimize physical and psychological barriers 
for consumers and b) capitalize on the growing 
public enthusiasm for grassroots initiatives 
around product repair. This also indicates a 
substantial potential for innovative and local 
business solutions around product repair and 
lifetime extension. Such potential may be 
realized, e.g., through official recognition and 
promotion of commercial as well as non-profit 
repair initiatives and skillset they can offer. 
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Abstract: A shift to a circular economy is essential, and regulation can play a critical role in this 
transition. In this paper we examine the regulatory frameworks required to promote a circular economy 
(CE) for textiles through a qualitative analysis of data from Australian and international contexts. 
Supporting the transition to a CE requires an optimal policy mix that includes direct regulation, self-
regulation, voluntary initiatives, education approaches, and economic instruments, such as subsidies 
and incentives. Using an inductive, interpretive approach to qualitative analysis, we analysed the 
submissions and Standing Committee sessions of the Commonwealth Government’s 2019-20 Inquiry 
into Australia’s Waste Management and Recycling Industries and identified the regulatory approaches 
for which different stakeholder groups are advocating. Public, industry and recyclers all advocate first 
for economic instruments, with industry bodies next advocating for self-regulation, while both the public 
and recycling industry next recommend education initiatives. Alongside, our analysis draws on the 
regulatory approaches of Australia and other nations, as captured in a sample of international 
government and NGO reports and working papers. We find that Australia’s current regulatory system 
focuses primarily on normative education and information documents, with fragmented economic and 
co-regulation on a state-by-state level. Through this analysis, we propose a holistic policy mix that 
codifies a circular economy approach to textile waste governance and make a series of regulatory 
recommendations appropriate to the Australian context.  

Introduction 
In Australia 679,000 tonnes of recyclable 
textiles are sent to landfills each year (Dept 
Environment and Energy 2018), and a further 
93,500 tonnes of ‘worn clothing and other worn 
textile articles’ are exported as they cannot be 
resold domestically (NACRO 2020). However, 
due to changes in international trade routes 
following the China National Sword Policy 
(WTO 2017; Ministry of Ecology and 
Environment 2017), and COVID-19 (e.g. UNEP 
2020; Ellen MacArthur Foundation 2020), 
Australia is under increasing pressure to 
develop domestic routes for textile waste (NSW 
EPA 2018). Developing a robust regulatory mix 
is critical to this transition. In this paper we 
examine the regulatory frameworks required to 
promote a circular economy for textiles through 
a qualitative analysis of data from Australian 
and international contexts. 

Transitioning to a circular economy (CE) 
requires material resources to remain in 
circulation as long as possible and, critically, 
requires addressing overconsumption and 

overproduction as well as better management 
of material flows (Kirchherr et al. 2017). A CE is 
supported by innovations in waste-to-resource 
mechanisms, and CE regulatory frameworks 
are a growing area of interest locally, nationally 
and internationally (Jacometti, 2019). Yet, 
although non-binding state policies have been 
proposed which support the circular economy 
(e.g. Queensland Government 2019) there 
remains no binding regulations in Australia to 
embed the circular economy within the national 
response to textile waste. In this paper we use 
regulatory theory to examine the broad mix of 
instruments (Gunningham, Grabosky and 
Sinclair 1998; Parker & Haines 2018) which 
could be used to move towards a CE for 
textiles.  

To examine these regulatory approaches in the 
context of Australia, we analyse publicly 
available data in three forms: 1) a review of 
current Australian approaches across two 
levels of government, 2) a qualitative analysis 
of stakeholder perspectives submitted as part 
of the Commonwealth Government’s House 
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Standing Committee on Industry, Innovation, 
Science and Resources launched an inquiry 
into Australia’s Waste Management and 
Recycling Industries (2019) and 3) a review of 
existing international regulatory approaches for 
textiles in France, EU and the UK. 
 
The Development of an ‘Optimal 
Policy Mix’ 
The formative scholarship on regulatory theory, 
Smart Regulation, Gunningham, Grabosky and 
Sinclair (1998) classifies different regulatory 
approaches into categories and identifies 
conditions suiting each of these categories.  
developing an ‘optimal policy mix’, the authors 
consider the interactions between the following 
categories of regulatory instruments:    

• Direct Regulation (Command and 
Control Approach): which generally 
refers to legislation or an otherwise 
binding legal obligation which is 
enforced by financial or criminal 
penalties in the case of non-
compliance;   

• Economic Regulation which creates 
financial incentives or incentives for 
certain actions which might include 
imposition of a tax, some form of tax 
incentive or development of trading 
scheme. 

• Self-regulation: which refers to a 
process whereby an organised group 
regulates the behaviour of its members 
(for example an industry code);  

• Voluntarism: which involves individual 
firms making unilateral commitments 
towards an environmental 
target,  without any external coercion. 
This can be compared to self-
regulation, which is industry-wide.  

• Education and information 
initiatives: which may include 
corporate environmental reporting; 
product certification and award 
schemes; and, community right to 
know and pollution inventories:  

 
Smart Regulation advocates for ‘regulatory 
pluralism’, where a variety of regulatory 
approaches and actors are intentionally 
engaged to develop a harmonised regulatory 
response.  Pluralistic regulatory mixes should 
be complementary, or ‘mutually reinforcing’, 
rather than duplicitous, competitive or 
conflicting. Accordingly, an optimal policy mix 
can be seen as a ‘dynamic instrument pyramid’ 

(Ayres & Braithwaite 1992) wherein voluntary 
economic instruments and decentralised 
standard setting extend and augment the 
regulatory efficiency and efficacy of traditional 
prescriptive regulation. However, these 
voluntary and decentralised initiatives do not 
displace the role of direct and binding 
regulatory instruments. This paper argues that 
a shift towards a CE for textile waste will require 
more than voluntary initiatives, with direct and 
economic regulation being necessary to drive 
behaviour change of stakeholders across the 
value chain.    
 
The development of a regulatory plural 
approach to support a CE for textile waste must 
be responsive, taking into account the 
‘attitudinal settings; the broader institutional 
environment of the regulatory regime; the 
different logics of regulatory tools and 
strategies; the regime’s own performance and 
changes in each of those elements’ (Ayers and 
Braithwaite). Some scholarship has started to 
emerge looking how to regulate for a CE (Ibert 
et al 2017; Fitch-Roy et al 2021; Millios 2021), 
with analysis of CE regulatory policy across 
regions (Imbert et al 2017), relating to the 
forestry bioeconomy (Ladu et al 2020) and 
marine waste (Stoll et al 2020).  In this paper, 
we apply the regulatory theory of Gunningham, 
Grabosky and Sinclair to classify Australian 
regulation, examining both national and sub-
national approaches.  
 

Australia’s Current Policy Mix 
Regulation to support the transition to a CE for 
textiles in Australia is currently ineffective.  
Direct regulation exists regarding waste 
management, but such regulation largely 
overlooks textile waste. Additionally, while the 
government is supportive of a CE transition, 
regulatory action remains confined to 
Education/Information initiatives (Appendix E).    
The Commonwealth government in Australia is 
responsible for coordinating trade in waste with 
other countries and is also seeking to play a role 
in harmonising waste management standards 
in order to create consistent waste streams for 
repurposing. As Australia’s waste and recycling 
policy rests with the Commonwealth 
government, but is operationalised by the 
states, territories and local governments (see 
Appendix A), Australia faces significant 
regulatory challenges (Lodhia, Martin and Rice, 
2020). A series of reports and policy 
recommendations were released by the 
Commonwealth government in 2018–2019, 
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including the Senate Report ‘Never Waste a 
Crisis: The Waste and Recycling Industry in 
Australia’ (2018) (an Education/Information 
document). In alignment with long-established 
norms (see DEFRA 2011), the Senate report 
outlined a ‘waste hierarchy’, which prioritises 
avoiding waste, in order to avoid prevent the 
unnecessary use of virgin materials. After 
avoidance, re-use is the next preferable 
solution, including re-sale. Next is recycling, 
followed by energy recovery. Finally, the 
Senate recommends waste treatment. 
However, the report only mentions textiles 
once, in the context of China’s bans solid waste 
imports, with no discussion of textiles 
governance in Australia. 
 
These five steps have been implemented in the 
2018 Australian Government’s National Waste 
Policy, ‘Less Waste, More Resources’ 
(‘National Waste Policy’). However, the policy 
does not conform to Gunningham, Grabosky 
and Sinclair’s description of ‘command and 
control’ regulation. Instead, the National Waste 
Policy operates as an education/information 
instrument document, reinforcing the waste 
hierarchy outlined in the Senate Report and 
outlining a framework for businesses, 
governments, communities and individuals. 
Further, while the National Waste Policy 
recognises that textile waste forms part of the 
2.7 tonnes of annual waste generated by each 
Australian, it does not propose any binding 
standards or regulatory initiatives to address 
textile waste. 
 
Direction regulation of waste falls under the 
Commonwealth Government’s Recycling and 
Waste Reduction Act 2020 (Cth) (‘the Act’), 
which highlights the shared responsibility of 
stakeholders across product supply chains to 
ensure that materials are managed to reduce 
their environmental, health and safety impacts 
throughout the product lifecycle. The Act 
incorporates the existing Product Stewardship 
Act 2011, providing for three moves of action:  

• Voluntary product stewardship: 
which ‘involves accrediting voluntary 
arrangements designed to further the 
objects of this Act in relation to 
products, and authorising the use of 
product stewardship logos in 
accordance with such arrangements’; 

• Co-regulatory product stewardship: 
which ‘involves requiring some 
manufacturers, importers, distributors 
and users of products (called liable 

parties), who have been specified in 
the rules, to be members of 
co-regulatory arrangements approved 
by the Minister’; and 

• Mandatory product stewardship: 
which ‘enables rules to be made that 
require specific persons to take, or not 
take, specific action in relation to 
products’. 

 
Nevertheless, textile waste regulation in 
Australia is not yet subject to mandatory 
product stewardship requirements, instead only 
managed through non-binding initiatives. The 
Act also implements waste import bans and is 
aligned with the Australian Government’s 
agreement to ban the export of waste. 
However, neither the import nor export bans 
include textiles. The regulatory gap in relation 
to textile waste may be partially attributed to the 
exclusion of textiles from the ‘priority list’ of 
products the Minister is considering regulating 
in 2020–2021 (Australian Government, 2020). 
Thus, CE regulations for textile waste do not 
currently exist at the Commonwealth level in 
Australia.   

 
Australia’s Textile Waste 
Stakeholders: Qualitative Analysis 
and Commentary 

Using an inductive, interpretive approach to 
qualitative analysis we analysed the Standing 
Committee Inquiry (2019) submissions and 
sessions of 41 stakeholders, grouped into nine 
categories of stakeholders. Using Nvivo 12, we 
evaluated the issues of concern to 
stakeholders to identify the regulatory 
approaches for which different stakeholder 
groups are advocating (see Figure 1).  
 

  
Figure 1: Nine Standing Inquiry stakeholder 
groups with number of submissions and larger 
categories as discussed in this paper. 

 
The purpose of the Inquiry was ‘inquire into and 
report on innovative solutions in Australia’s 
waste management and recycling industries’ 
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(Standing Committee 2019). With 30% of the 
submissions examining textile waste, the 
Inquiry outcomes may serve as a turning point 
for Australia’s almost entirely linear textiles 
industry. The volume of submissions related to 
textile waste reveals a disconnection between 
current policy which largely ignores textile 
waste, and stakeholder perceptions of it as an 
important issue.   
 
Industry bodies and retail 
Two industry bodies, one devoted to circular 
textiles, and one representing the waste 
management industry, presented a wide array 
of policy suggestions with the only points of 
agreement between them being the need for 
education and the need to incentivise a whole 
of life cycle approach. Only one retailer made a 
submission, IKEA Australia. They  highlighted 
that the ‘limited to no reprocessing or 
remanufacturing infrastructure in Australia 
remains a barrier’ to achieving their goal of 
100% circularity by 2030 (see Figure 2).  
 

 
Figure 2: Recommendations of industry bodies 
and retail: hierarchy chart 

 
Textile Recyclers  
The central recommendation from for-profit 
textile recyclers was for government to fund 
infrastructure for effective recycling. They also 
highlighted the need to incentivise uptake of 
recycled material through government 
procurement. There was disagreement 
between some recyclers as to whether the 
export of used clothing would continue to be 
viable. Non-profit charitable textile recyclers 
also overwhelmingly recommended the 
government fund new recycling infrastructure in 
Australia, as well as pointing out the need for 
further research and development in the area, 
including waste audits and gathering data on 
material flows. The non-profit sector also 
highlighted the importance of self-regulation 
and voluntarism through EPRs (see Figure 3). 
 

 
Figure 3: Recommendations of textile recyclers: 
hierarchy chart 
 

Public  
Members of the public focused on three main 
areas for intervention: 1) promoting community-
based approaches to extending product 
lifecycles through repair hubs, clothing libraries, 
and swapping/sharing events; 2) a subsidy or 
incentive scheme to promote use of reusable 
nappies and sanitary items and 3) funding 
educational campaigns throughout the 
community to promote sustainable 
consumption and use.  
 
Community groups highlighted the importance 
of EPR schemes for difficult to recycle items 
including, clothing and Manchester, 
mattresses. Focusing on economic regulatory 
interventions, they emphasised the need for 
‘improved valuation, pricing and incentive 
mechanisms in the recycling market’. 
Additionally, two activists promoted restyling 
and repair as important ways to promote the 
community keeping clothing in use for longer. 
Their advice for government included 
incentivising manufacturers’ use of recycled 
materials, tax concessions for repair services, 
and funding educational campaigns to promote 
swap and repair (see Figure 4). 
 

 
Figure 4: Recommandations of the public: 
hierarchy chart 

 

Commonwealth Government response 
In their response to the Inquiry, the Standing 
Committee Report, From Rubbish to 
Resources: Building a Circular Economy (2020) 
recommended including additional ‘emerging or 
complex waste streams such as e-waste, solar 
panels, medical waste and textiles’ into the 
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Product Stewardship Act 2011. The Report also 
recommended that the Commonwealth 
Government ‘develop a specific national textile 
waste policy which is underpinned by the 
principles of a circular economy’. Currently, no 
such binding standards exist, and this 
recommendation further highlights the lack of 
direct regulation in the Australian context. 
However, the Committee envisioned the 
national textile policy incorporating a variety of 
complementary regulatory instruments, 
including financial investment in domestic 
recycling technology and infrastructure, 
certification standards for recycled content in 
textiles and improved consumer education and 
information in relation to textile waste, reuse 
and repair.  
 

International Textile Waste Regulation 
Internationally, a number of regulatory 
initiatives suggest further approaches for 
Australia to consider. The Ellen MacArthur 
Foundation’s (EMF) report A New Textiles 
Economy (2017) recommends an integrated 
CE policy approach, adopting a systematic view 
of the economy, as opposed to isolating 
individual areas and segmenting the already 
fragmented international environmental law 
system (Van Asselt 2012). The regulatory 
recommendations centre mostly on co- and 
self-regulatory mechanisms, as well as 
economic instruments, with the government 
serving a largely supportive role (see Appendix 
B).  
 
In contrast, the European Union’s ‘Circular 
Economy Action Plan’ envisages a more active 
role for governments (European Commission 
2020). The CE Action Plan is a non-binding 
policy instrument, which provides a series of 
recommendations for future regulatory 
initiatives. In addressing textile waste, the 
Action Plan focuses primarily on co-regulatory 
and economic initiatives, including the 
introduction of eco-design measures, financial 
incentives for businesses to adopt circular 
materials and production processes, and  
government guidelines about to achieve high 
levels of separation in the collection of textile 
waste (see Appendix C).  
 
The role of national governments was also 
reinforced by the UK House of Commons 
Environmental Audit Committee Report. ‘Fixing 
Fashion’ (2019) provides a series of 
recommendations for domestic implementation 
of circular economic policies and context-

specific fast fashion concerns (see Appendix 
D). While this document would be classified as 
an Education/ Information initiative, it 
recommends the adoption of a robust policy 
mix, including direct regulation. The report 
recommends the introduction of bans on the 
incineration and landfilling of unsold stock 
which would otherwise be reusable or 
recyclable. Self-regulation and voluntary 
commitments are also recommended, including 
industry commitments to provide rental 
schemes, lifetime repair policies and more 
transparent information about the sourcing and 
lifecycle impact assessment of clothing.  
 
One important example of direct regulation has 
come to the fore in France, with the introduction 
Law No. 2020-105 Regarding a Circular 
Economy and the Fight Against Waste (‘Anti-
Wastage & Circular Economy Law’). The law is 
an example of direct regulation, with the 
intention to facilitate France’s transition from a 
linear to circular economic model (French 
Republic 2020). The Anti-Wastage & Circular 
Economy Law enacts the major principles used 
in regulating food waste in the context of the 
textiles and fashion industries. This includes a 
prohibition on the destruction of unsold goods, 
including textile items, which therefore requires 
manufacturers, distributors and retailers to 
donate, recycle or repair products. However, 
the Anti-Wastage and Circular Economy Law 
also applies a smart policy mix, as it 
incorporates co-regulatory best business 
practices, incentives for voluntarism and self-
regulation, and a number of economic 
instruments, including both fines and incentives 
(see Appendix E). 
 

Discussion and conclusion 
Under the present regulatory model of waste 
management, Australia has attempted 
voluntary regulation and a primarily laissez-
faire approach, through avoiding direct 
regulation or subsidies. While state-based 
approaches such as landfill levies have been 
applied, there are CE approaches such as 
promoting reuse that are not yet utilised to their 
fullest potential. This is a significant gap, as the 
prioritisation of reuse over more energy-
intensive recycling processes is critical to 
developing a textiles CE (Payne 2015). 
 
As our findings show, Australia lacks a 
harmonised national response to textile 
regulation. Instead, certain waste streams are 
placed on the ‘priority list’ for regulation, while 
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others, such as textiles, are omitted from even 
non-binding education and information 
instruments. Additionally, Australia has adopted 
a regulatory strategy centred predominately on 
‘waste management’ as opposed to CE. There 
is an important conceptual difference between 
‘waste management’ and the CE, with the 
former addressing textiles as a discrete 
problem to be managed, and the latter 
emphasising intersecting environmental, social 
and economic challenges and thus the scale of 
the societal transformation required (Van Fan et 
al 2019). CE-thinking demands a holistic 
approach to regulation across the product life 
cycle. 
 
The largely voluntary regulation of textile waste 
in Australia can be compared to emerging 
international initiatives, with both public and 
private bodies advocating for smart policy 
mixes. For instance, the importance of direct 
and economic instruments in achieving 
circularity is emphasised in France’s Anti-
Wastage and Circular Economy Law, which not 
only internalised responsibility of markets 
through investment, innovation and voluntary 
policies, but also introduced prohibitions on the 
landfilling and incineration of waste, and both 
fines and taxes to disincentivise unsustainable 
production and consumption behaviours. 
 
The recent Inquiry into Australia’s Waste 
Management and Recycling Industries may be 
seen as a step towards adopting a smart policy 
mix to textiles regulation in Australia. Australia’s 
current regulatory system focuses primarily on 
normative education and information 
documents, with fragmented economic and co-
regulation on a state-by-state level. A 
harmonised approach is necessary to move 
beyond this. Figures 5 and 6 shows the optimal 
policy mix with examples of each approach 
provided. We propose three key 
recommendations to drive such a policy mix:  
 

• Recognise textiles in the 
Commonwealth Government’s ‘priority 
list’ of waste streams.  

• Conceptually replace Australia’s ‘waste 
management’ current approach with a 
CE model which incentivises initiatives 
such as reuse above recycling.  

• Prioritise design of direct regulation 
and economic instruments such as 
incentives and subsidies. 

 

In conclusion, to date Australia’s regulatory 
approach to the CE for textiles, or lack thereof, 
is inadequate in addressing the linear flow of 
textile waste. In order to maintain pace with 
global market changes, evidenced by recent 
public and private body reports, Australia must 
likewise adopt a responsive, smart and optimal 
policy mix to achieve a just and circular textiles 
economy.  
 

 
Figure 5: Optimal policy mix as dynamic 
instrument pyramid 
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Figure 6: Optimal policy mix examplesii 
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Appendix A: Textile Regulation in Australia 
 

Jurisdiction Direct Regulation Co-regulation Self-Regulation/ 
Voluntarism 

Economic instruments Education / Information/ Normative Documents 

CTH Recycling and Waste 
Reduction Act 2020 (Cth) 
(NOTE: Replaced the 
Product Stewardship Act 
2011 (Cth)) 
 
 
Signatory to:  
Basel Convention on the 
Control of Transboundary 
Movements of Hazardous 
Wastes and their 
Disposal (adopted 22 
March 1989, entered into 
force 5 May 1992) 1673 
UNTS 57 (Basel 
Convention); and 
 
Stockholm Convention on 
Persistent Organic 
Pollutants, adopted 22 
May 2001, 2256 UNTS 
119 (entered into force 
17 May 2004) 
(‘Stockholm Convention’). 

 

Australian 
Packaging 
Covenant 
Organisation 
(APCO) 
https://apco.org.au/ 

Industry Bodies: 
National Waste and 
Recycling Industry 
Council, Australasian 
Circular Textile 
Association (ACTA), 
Waste Management 
and Resource 
Recovery Association 
of Australia (WMRR), 
Australian Council of 
Recycling, Australian 
Sustainable Business 
Group (ASBG). 
 
Labelling Standards :  
Recycled Claim 
Standard, Global 
Recycled Standard 
(from Textile 
Exchange) and the 
Australasian 
Recycling Label 
Program are 
voluntarily used by a 
number of Australian 
textile and clothing 
brands and retailers 
to demonstrate 
recycled content. 
 
 

Commonwealth 
Government’s National 
Product Stewardship 
Investment Fund grants – 
three awarded 2021 to 
support a circular economy 
for textiles: corporate 
workwear (led by 
Australian Circular Textiles 
Association); mattresses 
(Australian Bedding 
Stewardship Council) and 
outdoor synthetic textiles 
(led by The Vinyl Council)  

‘Less Waste, More Resources’ (‘National Waste 
Policy’) 

• Target to separate collections of textiles by 
2025 

 
National Waste Policy Action Plan (2019) 

• Reduce total waste generated in Australia by 
10% per person by 2030  

• 80% average resource recovery rate from all 
waste streams following the waste hierarchy 
by 2030  

• Significantly increase the use of recycled 
content by governments and industry  

• Phase out problematic and unnecessary 
plastics by 2025  

• Make comprehensive, economy-wide and 
timely data publicly available to support better 
consumer, investment and policy decisions  
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ACT National Environment 
Protection Council Act 
1994 
 
Waste Minimisation Act 
2001 
 
Environment Protection 
Act 1997 

  LANDFILL LEVY 

• MSW: $96.05/t 

• C&I: $155.05/t 

• Mixed C&I with 
>50% recyclable 
material: 
$211.55/t 

(The dollar figures are 
prices rather than levy 
amounts, as ACT owns the 
landfill and sets fees) 

ACT Waste Management Strategy: Towards a 
sustainable Canberra 2011-2025. 

• Waste generation grows less than population. 

• Expand reuse of goods.  

• Waste sector is carbon neutral by 2020.  

• Double energy generated from waste and 
recover waste resources for carbon 
sequestration.  

• Recovery rate increases to over: 

• 85% by 2020 

• 90% by 2025.  
 
Reference to textiles: 
Strategy 1.5: Promote reuse through ACT businesses 
and charities (includes clothing) 

NSW Protection of the 
Environment Operations 
Act 1997 
 
Protection of the 
Environment Operations 
(Waste) Regulation 
2014 (Waste Regulation) 
 
Waste Avoidance and 
Resource Recovery Act 
2001 
 
 

  LANDFILL LEVY 
Metro areas 

• Waste: $141.20/t 

• Virgin excavated 
natural material: 
$70.60/t 

• Shredder floc: 
$70.60/t 

 
Regional area: 

• Waste: $81.30/t 

• Virgin excavated 
natural material: 
$73.17/t 

• Shredder floc: 
$40.65/t 

 
Coal washery rejects: 
$14.80/t 

NSW Waste Avoidance and Resource Recovery 
Strategy 2014-21. 
 
By 2021–22:  

• Reduce waste generation per capita 

• increase recycling rates for: 

• MSW from 52% (in 2010–11) to 70% 

• C&I waste from 57% to 70% 

• C&D waste from 75% to 80% 

• Increase landfill waste diversion from 63% (in 
2010-11) to 75% 

• Establish or upgrade 86 drop-off facilities or 
services for household problem wastes 

• Continue to reduce litter items. 

• Brief mention that ‘buying clothing’ generates 
waste in Introduction. 

• Brief mention in Key Result Area 1: Avoid and 
Reduce Waste Generation – ‘… second-hand 
clothing store’ 

 
Issues paper: Cleaning Up Our Act: The Future for 
Waste and Resource Recovery in NSW (released 
March 2020 for public consultation) 
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• Currently under review 

• Direction 1: Generate Less Waste – ‘Across 
Australia, about one million tonnes of NSW 
food and garden waste and 570,000 tonnes of 
textile waste are sent to landfill every year.’ 

• Direction 4: Create and end markets – 
‘…demand for other recovered materials like 
plastics, textiles and glass is less than the 
volume of waste we generate.’ 

NT Waste Management and 
Pollution Control Act 
1998 (NT) 
 
Environment Protection 
Act 2019 
 
Environment Protection 
Regulations 2020 

  No landfill levy Waste Management Strategy for the Northern Territory 
2015-2022 

• No specific targets are included in the 
strategy. 

• No specific mention of textiles. 

QLD Waste Reduction and 
Recycling Act 2011 
 
Waste Reduction and 
Recycling (Waste Levy) 
Amendment Act 2019 
 
Waste Reduction and 
Recycling Regulation 
2011 

  LANDFILL LEVY 
General waste:  

• MSW, C&I and 
C&D: $70/t 

Regulated waste: 

• Category 1: 
$150/t 

• Category 2: 
$100/t 

 

Waste Management and Resource Recovery Strategy 
- Targets for 2050 

• 25% reduction in household waste 

• 90% of waste is recovered and does not go to 
landfill 

• 75% recycling rates across all waste types 

• achieve zero net emissions by 2050  

• reduce emissions by at least 30 per cent 
below 2005 levels by 2030 (interim target).  

• Strategic Priority 2: Transitioning to a circular 
economy for waste 
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Identifies waste stream requiring increased action to 
improve recycling performance. States that clear and 
progressive policy will be complemented by a series of 
programs to focus on problem wastes, including 
textiles. 

SA Environment Protection 
Act 1993  
Environment Protection 
Regulations 2009 
Environment Protection 
(Waste to Resources) 
Policy 2010 (Waste to 
Resources EPP) 
 

  LANDFILL LEVY 
Metro Adelaide 

• Solid waste: 
$100/t 

• Shredder floc: 
$62/t 

 
Non-metro Adelaide: 

• Solid waste: $50/t 

• Shredder floc: 
$31/t 

South Australia’s Waste Strategy 2015-2020 
- By 2020: 

• 35% reduction in landfill disposal from 2002-
03 level 

• 5% reduction in waste generation per capita 
(from 2015 baseline) 

• landfill diversion targets in the metro area are: 

• 70% for MSW 

• 80% for C&I 

• 90% for C&D  

• maximise diversion in non-metro area. 

• No specific mention of textiles 
 
South Australia’s Waste Strategy (2020–2025) 
(Consultation Draft) 

• Municipal Solid Waste - 75% diversion 
(increased from 70%) 

• Commercial and Industrial Waste - 90% 
diversion (increased from 80%) 

• Construction and Demolition Waste - 95% 
(increased from 90%). 

• Specific reference to textiles… 

• International Leadership (p. 19): reference to 
the Ellen MacArthur Foundation’s, ‘A New 
textile’s Economy: Redesigning Fashion’s 
Future (2017)  

• Finding solutions for emerging and 
problematic wastes (p. 77): ‘For example, 
global consumption of and waste associated 
with textiles and clothing are growing, 
predominantly due to increased clothing 
production and decreased clothing utility 
(Ellen MacArthur Foundation, 2017). 
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Opportunities within this industry should be 
investigated to ensure that clothing, textiles 
and fibres are kept at their highest value and 
utility.’ 

• Priority actions (p. 80): Textiles 
Research opportunities that may reduce the 
generation of textile waste and increase the 
recovery of textiles. 

• Advocate for approaches that motivate 
individuals to dispose of unwanted textiles in a 
responsible manner. 

 

TAS Environmental 
Management and 
Pollution Control Act 
1994 (EMPCA) 
 
Environmental 
Management and 
Pollution Control (Waste 
Management) 
Regulations 2020 
 

  Voluntary levy adopted by 
regional waste groups at 
levels of $0 to $7.50/t 

The Tasmanian Waste and Resource Management 
Strategy (2009) (under review at the time of writing) 

• No numerical targets are included in the 
strategy 

 
Draft Waste Action Plan (Consultation Draft, June 
2019) 

• Introduce a waste levy by 2021 to fund waste 
management and resource recovery activities;  

• Introduce a Container Refund Scheme in 
Tasmania by the end of 2022;  

• Ensure 100% of packaging is reusable, 
recyclable or compostable by 2025;  

• Reduce waste generated in Tasmania by 5% 
per person by 2025 and 10% by 2030;  

• Achieve a 40% average recovery rate from all 
waste streams by 2025 and 80% by 2030;  

• Have the lowest incidence of littering in the 
country by 2023;  

• Work at the national level and with local 
government and businesses in Tasmania to 
phase out problematic and unnecessary 
plastics1 by 2030; and  

• Reduce the volume of organic waste sent to 
landfill by 25% by 2025 and 50% by 2030.  
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VIC Environment Protection 
Act 1970 (EP Act) 
 
Planning and 
Environment Act 1987 
 
Sustainability Victoria Act 
2005 
 
Climate Change Act 2017 

  Metro and regional:  

• MSW: $64.30/5 

• C&I and C&D: 
$64.30/t 

• Rural: 

• MSW: $32.22/t 

• C&I and C&D: 
$56.36/t 

Prescribed industrial 
(hazardous) waste: 

• Category B: 
$250/t 

• Category 3: $70/t 

• Asbestos: $30/t 

Statewide Waste and Resource Recovery 
Infrastructure Plan (2016-2046) 

• No numerical targets included in the plan 
 
- Strategic Directions 

• Prioritise valuable recovery where 
economically viable, there is a viable market 
for end products and results in better 
community, environment and public health 
outcomes 

• Reduce landfill reliance 

• Aggregate material streams, around hubs and 
spokes network, to achieve quantities for 
reprocessing 

• Utilise land for infrastructure required to 
manage waste and material streams 

• Evidence-based decision-making for waste 
and resource recovery options 

• Integrated statewide planning and decision-
making to facilitate cost-effective statewide 
network of waste and resource recovery 
infrastructure 

 
- Specific References to Textiles 

• ‘Textiles’ listed as an ‘Individual material 
stream’ (p. 20) and measured in subsequent 
data tables 

• ‘Data considerations’ chapter (p. 95): Textiles 
data was considered as a subsection of 
organics data in previous publications. As 
most recovered textiles are synthetic, it is now 
considered in a category of its own. However, 
detailed data is limited so textiles are not 
discussed in this chapter.  

• Table 6.6: footnotes that ‘A large network of 
charity collection bins and opportunity shops 
provide an important role in recycling textiles 
and other goods. Due to difficulty collecting 
data on how these are managed and how 
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much is recovered, they are not included in 
the SWRRIP.’ 

WA Waste Avoidance and 
Resource Recovery Act 
2007   

  Putrescible: $70/t 
Inert $105/m3: approx. 
$70/t 
  
  
  
  

Waste Avoidance and Resource Recovery Strategy 
2030: Western Australia’s Waste Strategy 
 
Avoidance targets 

• 2025 – 10% reduction in waste generation per 
capita 
2030 – 20% reduction in waste generation per 
capita  

 
Recovery targets 

• 2025 – Increase material recovery to 70% 
2030 – Increase material recovery to 75%  

• From 2020 – Recover energy only from 
residual waste  

 
Protection targets 

• 2030 – No more than 15% of waste generated 
in Perth and Peel regions is landfilled. 

• 2030 – All waste is managed and/or disposed 
to better practice facilities 

 
Specific reference to textiles 

• Textiles (clothing and other fabric-based 
materials) listed as a focus material  

• Opportunities and focus materials (p. 23): 
‘Textiles: clothing and other fabric-based 
materials  – Textiles contain valuable 
materials and significant embodied energy. 
When disposed to landfill or illegally dumped, 
textiles represent a loss of resources and can 
negatively impact the environment.’ 
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Appendix B: Recommendations from the Ellen MacArthur Foundation’s ‘New Textiles Economy’ Report 
 

Ellen MacArthur Foundation ‘New Textiles Economy’ (Education/Information Initiative) 
 

Direct Regulation The report highlights that policymakers serve an important function in influencing the textiles economy, through realigning incentives, connecting 
stakeholders across the supply chain, influencing sustainability standards and stimulating innovation. To enable this, the report recommends adopting 
‘clear and binding’ policies, mapping out a coordinated approach to circular textiles management. Recommendations for binding regulations included 
mandatory extended producer responsibility schemes for textiles, such as the model in France, bans on certain chemical uses or imports, and increased 
harmonisation between national and international standards. However, the report also notes that current domestic bans on the imports of used clothing, 
including China’s National Sword policy, may inhibit the uptake of recycling globally. Therefore, while the report recommends stronger direct regulation in 
some instances, it focuses on an integrated regulatory approach, in cooperation with industry and economy demands. 
 

Co-regulation EMF proposes a series of co-regulatory initiatives, where policymakers establish non-binding targets or incentives for collection, and individual 
industries determine the best model for meeting those requirements. The report suggests that the large-scale system change proposed by the CE ‘can 
only be achieved’ through coordinated action. EMF therefore recommends a dialogic approach to regulation, with increased transparency and 
communication across the textiles supply chain, an open evidence base, and new industry standards and guidelines. Importantly, EMF suggests that 
policy approaches should be informed and enabling. This aligns with regulatory theory on responsive regulation, as it would require textiles regulations 
to be designed both deliberately and flexibly, to respond to changing market demands while shaping a new CE.  
 
 

Self-regulation EMF suggests that, in order to transform the textiles market, a high degree of commitment towards designing and producing sustainable garments is 
required. The report suggests that this could be advanced through industry0led initiatives, such as industry guidelines, aligned efforts and increased 
transparency. EMF highlights the role of industry associations and initiatives in facilitating and fostering collaboration and communication across the value 
chain, by sharing information, case studies and best practices. 

 
Economic 
instrument 

The Report highlights the key role of economic regulatory measures, in stimulating supply and demand for textiles using recycled materials, or 
disincentivising the extraction of virgin materials. Another observation of the EMF is that stronger international regulation of chemicals could increase 
costs wherever textiles are produced, and as such, incentivise manufacturers to phase out certain substances of concern. This economic regulatory 
initiative may also incite further market competition for the development of environmentally-safe alternatives. 
 

Education / 
Information 
Initiatives 

EMF suggests that the EU reclassify recycled materials as non-waste, provided they meet a set of general conditions, and thus improve transport, 
storage and treatment in textiles recycling schemes. Further, the report suggests that improved measurement and reporting tools could increase 
transparency about a product’s content, history, use and after-use, durability and recyclability. One example provided is the Sustainable Apparel 
Coalition’s Higg Index. 
 
 

 
 
 

467



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Alice Payne, Zoe Nay and Rowena Maguire 
Regulating a Circular Economy for Textiles in Australia 

 

17 

 

Appendix C: Recommendations from the European Union’s Circular Economy Action Plan 
 

EU ‘Circular Economy Action Plan’ (Non-Binding Policy Instrument / Education/ Information Initiative) 
 

Direct Regulation The EU Action Plan outlines the legislation already in place to create mandatory sustainability commitments, including the EU Ecodesign Directive, which 
regulates energy efficiency and some features of circularity in products. However, recognising the absence of a comprehensive regulatory approach to 
circularity, the Action Plan states that the Commission will propose ‘a sustainable product policy legislative initiative’. The EU states that the legislation will 
introduce a ban on the destruction of unsold goods and a restriction on the production of single-use products. Importantly, the Action Plan explicitly provides 
that textiles will be one of the priority groups addressed by this legislative initiative. Moreover, the report suggests that national initiatives will be improved 
through increased transparency with international cooperation. This includes a commitment towards ensuring that the EU ‘does not export its waste 
challenges to third countries’ and a review of the EU rules on waste shipments.1 Further, the Action Plan states that the EU will propose amendments to 
the annexes on the Regulation on Persistent Organic Pollutants under the Stockholm Convention. Finally, to support a global shift to a CE, the Action Plan 
states that the Commission will, among others, propose a Global Circular Economy Alliance; lead in the development of bilateral, regional and multilateral 
CE agreements, and build partnerships with developing nations to maximise global benefits of a just transition towards the CE.  In furtherance of this 
legislative initiative, the Action Plan proposes a series of complementary regulatory and voluntary approaches.  
 

Co-regulation The EU Circular Economy Action Plan states that the EU Commission will propose a comprehensive EU Strategy for textiles, through participatory 
discussions with industry and stakeholders, with the aim to strengthen competition and innovation in the sustainable textiles sector. The Action Plan 
outlines several existing co-regulatory initiatives, such as the EU Ecolabel and the EU green public procurement criteria. However, it notes that these 
initiatives have reduced impacted due to their voluntary nature. Further co-regulatory initiatives proposed include the development of eco-design 
measures, to ensure that textile products are being consistently designed and manufactured for circularity and improved sorting. The EU Commission 
commits to cooperating with industry to develop a harmonised system of tracking and monitoring information on substances in waste. The EU will also 
provide guidelines about how to achieve high levels of separate collection of textile waste, which Member States will have to ensure by 2025.  
 

Self-regulation The Action Plan states that it will be empowering business and private consumers to choose sustainable textiles and improving access to use and repair 
services. The Report also commits to facilitating industry-led reporting and certification system.2 This includes supporting business-led initiatives to develop 
environmental accounting principles, as well as encouraging the integration of sustainability criteria into business strategies. 
 

Economic 
instrument 

The Action Plan sets out a series of economic instruments to support the proposed legislative initiative, including the provision of incentives and support 
for product-as-service models and investment into circular materials and production processes. This includes investing in the sorting, re-use and recycling 
of textiles; promoting innovation, industrial applications and regulatory measures in furtherance of extended producer responsibility; and encouraging the 
broad adoption of economic instruments in EU Member States, such as environmental taxation, landfill and incineration taxes and value added tax rates. 
 

 
 
1 Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 June 2006 on shipments of waste, OJ L 190, 12.7.2006, p. 1.  
2 As identified under Regulation (EC) 1907/2006 and Regulation (EC) 1272/2008 of the European Parliament and of the Council of 16 December 2008 on classification, labelling and packaging 

of substances and mixtures, amending and repealing Directives 67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/2006, OJ L 353, 31.12.2008, p. 1.  
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Education / 
Information 
Initiatives 

The Action Plan states that the Commission will propose a revision of EU consumer law to ensure consumers receive transparent information when 
purchasing goods. This is said to include information about the product’s lifespan and the availability of repair services. Further the Commission is 
considering setting minimum requirements for sustainability labels and information tools. Significantly, the Commission is in the process of establishing a 
new ‘right to repair’ and exploring the possibility for new horizontal material rights for consumers, through a review of Directive 2019/771.3 Finally, the 
Commission states that it will continue support capacity building through, guidance, education and dissemination of information about sustainable buying 
practices. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
3 Directive (EU) 2019/771/EC of the European Parliament and of the Council of 20 May 2019 on certain aspects concerning contracts for the sale of goods, OJ L 136, 22.5.2019, p. 28.  
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Appendix D: Recommendations from the UK’s House of Common’s ‘Fixing Fashion’ Report 
 

UK’s House of Common’s ‘Fixing Fashion’ Report (Non-Binding Policy Instrument / Education/ Information Initiative) 
 

Direct 
Regulation 

The UK House of Commons report includes some recommendations for direct regulation, including microplastic reduction targets and bans on the incineration 
or landfilling of unsold stock that can be reused or recycled. 
 

Co-regulation The House of Commons reports recommends that Government collaborates with industry to trace the source of raw materials in textiles, as well as to 
overcome the social and environmental harms occurring across textile supply chains. This includes facilitating the collaboration between fashion retailers, 
water companies and washing machine manufacturers, in response to the challenge of microfibre pollution. The report also recommends that the government 
mandated extended producer responsibility for fashion retailers. 
 

Self-regulation The Report posits that the UK Sustainable Clothing Action Plan (SCAP) – a voluntary framework to deliver industry-led resource reduction targets – should 
be funded by retailers, through an Extended Producer Responsibility Scheme. Sector-specific initiatives aids to create, apply and monitor measures beyond 
individual supply chains. In furtherance of this initiative, individual firms could adopt a number of voluntary regulatory interventions in the production, design, 
sourcing, reuse, recycling, audits and traceability of textile products, such as the utilisation of open-loop recycled polyester from PET plastic bottles and 
reusing recycled fishing nets to develop nylon fabrics. The report recommends that textile retailers operating internationally sign up to Global Framework 
Agreements that prioritise the highest standards of health, safety and environmental practices. The House of Commons report encourages retailers to offer 
rental schemes, lifetime repair and provide consumers with more information about the sourcing and lifecycle impact assessment of clothing. 
 

Economic 
instrument 

Tax 

• The Penny Tax: By issuing a charge of one penny per garment produced in the UK alone, a predicted $35 million euros may be raised and invested 
into improving clothing collection and sorting systems. This governance strategy has the potential to disincentivise virgin materials entering the 
market while also stimulating the market for recycled fibres and creating new ‘green’ jobs in the recycling sector; 

• Reform taxation laws: reward companies that design sustainable textile products, while penalising those that do not; 

• Tax textiles containing less than 50% PET 

• Follow Sweden’s lead and reduce VAT on repair services  
Incentives 

• Implementation of the EU’s Ecodesign Directive in the Circular Economy Package into UK Resources and Waste Strategy, and upcoming 
‘Environment Act’ 

Investment 

• Government investment in WRAP’s Sustainable Clothing Action Plan; 

• Government investment in research concerning the environmental performance of different naterials 
 

Education / 
Information 
Initiatives 

The report outlines a series of educational and informational regulatory interventions in the consumption, refurbishing, redistribution, maintenance, sharing 
and collection of materials. One example of this is the integration of textile design and repair lessons in schools. The report also recommends that the UK 
government publishes a publicly accessible listing of the retailers required to release a modern slavery statement, without accompanying penalties for those 
countries failing to comply. 
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Appendix E: Recommendations from France’s ‘Anti-Wastage and Circular Economy’ Law 
 

France’s ‘Anti-Wastage and Circular Economy’ Law (Direct Regulation) 
 

Direct Regulation France’s new legislative instrument introduced a command and control prohibition on the destruction of a variety of unsold goods, including fashion items, 
as well as the mandatory incorporation of a minimum level of recycled material into new products.4 Manufacturers, distributors, and retailers with unsold 
textiles inventory will be required to donate or recycle products instead of incinerating it or dumping it landfills. In accordance with the international law 
‘polluter pays’ principle, the French legislation also requires companies to finance the destruction of waste that they intend to create. Further, the Act 
creates an obligation to inform consumers about the environmental qualities and characteristics of waste-generating products. This information includes 
the incorporation of recycled or renewable materials, and the durability, composability, recyclability and repairability of an item, through marking labelling 
or display. Producers are required to inform consumers of any eco-contribution paid by the producer. Retailers with an establishment of more than 400m 
offering mass consumer products is required to have selective sorting bins at the checkout.5 These obligations will enter into force on 1 January 2022. 
 

Co-regulation The Consumer Code includes not only prohibited or regulated business practices, but also ‘encouraged’ best business practices. France’s law introduced 
amendments to their producer responsibility system, which will ask producers to achieve quantifiable recovery, reuse, repair and eco-design targets. 
France is also introducing new streams into its extended producer responsibility schemes, including a stream for sanitary textiles. Finally, the producer 
responsibility scheme will also require producers to report to the Minister about the nature, quantity and destination of exported waste.  
 

Self-regulation France’s legislative scheme will incentivise voluntarism and self-regulation through offering a bonus on the contribution producers pay to the ‘PRO: 
Producer’s Responsibility Organisation’, for those products designed in an ecologically-sustainable way. 
 

Economic 
instrument 

France’s existing Environmental Code, which codifies an administrative penalty for ‘the illegal abandonment of waste’, including binding measures of 
consignment, suspension, works carried out ex-officio, fine and daily penalty. 6 The ‘Anti-Wastage and Circular Economy Law’ is builds upon the Code, 
giving the mayor the power to impose a maximum fine of 15,000 euros at an earlier stage in the enforcement process, in order to enable immediate 
deterrence. Additionally, the Code fixes a tortious fine of 75,000 euros and two years’ imprisonment for ‘abandoning or having deposited waste’, under 
conditions contrary to the provisions of the Code.7  
 
The new law expands economic incentives for manufacturers to design their products for recyclability. Finally, EPR schemes will be harnessed to 
financially support actors involves in reuse and insertion through employment, such as waste sorting, recycling and recovery centres, in addition to 
financing ‘repair funds’, to reduce the costs of product repair for consumers. 

 
 
4 Environmental Code Article L. 541-15-8. 
5 Environmental Code Article L. 541-10-18. 
6 Environmental Code Article L. 541-3. 
7 Environmental Code Article L. 541-46. 
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Education / 
Information 
Initiatives 

The law includes an entire Part focused on ‘Better Informing Consumers’. This includes, but is not limited to, creating a single logo to communicate to 
consumers that the waste is subject to a sorting rule, harmonising the colour of waste bind and developing a mandatory methodology for environmental 
labelling. The Act outlines compulsory warnings, such as ‘do not discard in the wild’ and prohibited ones, including ‘biodegradable’ and ‘environmentally 
friendly’, to prevent greenwashing. The Act defines waste to mean ‘any substance or any object, or more generally any moveable good, which the holder 
disposes of or which he [sic] intends or is under the obligation to dispose of’.8 
 

 

 
 
8 Article L. 541-1-1 of the Environmental Code 
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Garment Quality and Product Lifetimes 
Riikka Piippo(a), Kirsi Niinimäki(a) 
a) Aalto University, Espoo, Finland 
 
 
Keywords: Quality; Circular Economy; Garment; Fashion; Sustainability. 

Abstract: The fashion industry is one of the most polluting industrial sectors in the world and its 
environmental impacts are enormous. Garments are produced effectively, sold for a low price, have low 
quality, and are used for a very short time before ending up in growing textile waste streams. One critical 
aspect in the sustainability context is the lifespan of garments. Short garment lifespans are the result of 
low quality, rapidly changing trends and consumer dissatisfaction, which leads to early disposal. This 
study focused on the issue of garment quality and how it can be connected to product lifetime. 
The research was based on a case study approach, including company interviews. It examined the 
companies’ work on quality and aimed to make the ways in which quality impacts product lifetimes 
visible. The data were analysed in accordance with the principles of descriptive analysis and the 
discussion was further applied to the circular economy context. Five main themes were identified from 
the data: product and material quality, lifespan quality, quality of responsibility, quality of service, and 
operational quality.  
Garment quality is an important factor, even in a circular economy context. Technical quality can 
extend the use time of a garment and even enhance the circularity of materials in the waste phase. 
High quality allows the products and materials to circulate in the system for a longer time. Quality is 
still important at the end of a product’s lifespan, as high quality waste material is easier to up-cycle 
into new fibres. We bring the quality discussion to a new level by also examining lifetime quality in a 
CE context. 
 
 
 
Introduction 
Current economic and industrial systems are 
based on the rapid replacement of products, 
which means that products are no longer 
designed for long-term use (Niinimäki, 2011). 
The fast fashion industry relies on low-quality 
products that pass from on-trend to obsolete in 
short timespans. Consequently, it is estimated 
that this industrial sector produces 92 million 
tonnes of textile waste annually (Quantis, 
2018), which either end up in landfills or are 
incinerated. Therefore, studying ways with 
which to extend the lifetime of garments is 
important. The circular economy (CE) strategy 
will force this industry to close the material loop. 
Thus, this study focuses on garment quality and 
how it is connected to product lifetimes, 
especially in a CE context. 
 
Circular economy 
The scale and speed of apparel consumption 
and production have multiple negative 
environmental impacts. The linear system 
(design-manufacture-sale-dispose) is not only 
contributing to extensively damaging the 

ecosystem and causing impacts such as 
climate change and loss of biodiversity 
(Fletcher and Grose, 2011; Niinimäki et al. 
2020); it is also loosing up huge amounts of 
valuable resources and materials (Niinimäki, 
2018). The CE is ‘an economic model which 
aims to restore the value of resources, 
materials, and products as high as possible for 
the maximum amount of time, and then return 
the materials back to use in continuous cycles 
instead of generating waste, where the value is 
lost’ (Fontell and Heikkilä, 2017, p. 9). 
Therefore, CE aims to extend the use time of 
garments instead of generating waste, as waste 
prevention is prioritized in the waste 
management hierarchy (ibid.). This presents a 
counter movement to the dominant linear 
business model in which products finally end up 
in landfills and lose their value. The current 
linear system of mass-manufacturing products 
in low-cost countries emphasises the cheap 
end-price of the product, which leads to their 
weak intrinsic quality (Niinimäki, 2011). 
Moreover, poor quality and cheap prices 
contribute to shortened product lifespans (ibid.). 
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The goal of CE is that products and materials 
circulate in a system of closed loops for as long 
as possible instead of generating waste (Fontell 
and Heikkilä, 2017), which also means 
extending products’ lifetimes. 
 
Quality 
There is a lack of consensus on the definition of 
quality amongst researchers and consumers in 
the clothing field (Day et al., 2015). Despite the 
broad spectrum of interpretations of quality, for 
most fashion businesses, quality seems to be 
based on only very technical laboratory testing 
of intrinsic, physical characteristics such as 
fabric strength, abrasion resistance, pilling, 
wrinkling, colourfastness, dimensional 
changes, and seam slippage. However, 
although this industry-based approach to 
quality might help standardise products, it fails 
to recognise other views of quality, such as user 
experiences of the garment over the course of 
time (Connor-Crabb and Rigby, 2019). 
Quality is tightly linked to user satisfaction with 
clothing over time and thus also to how long the 
product is used (Connor-Crabb and Rigby, 
2019). Connor-Crabb and Rigby (2019) 
suggest that the individual, subjective 
assessment of garment quality affects how the 
clothing is worn and cared for, which then 
further impacts the physical condition of the 
garment over time. According to the authors, if 
a consumer considers a product to be of good 
quality, they care for it and its lifespan is longer. 
On the contrary, if consumers consider the 
quality of the product to be poor, its lifespan 
might become shorter due to lack of attention 
and maintenance. (ibid.) 
 
Research design 
As the goal of the study was to gain insights into 
how companies define and work with quality in 
the apparel industry, and how quality relates to 
product lifetimes, a qualitative case study was 
selected as the research strategy. The study 
examined three company cases and the data 
consisted of four interviews (Table 1). As the 
companies included were known to already 
address quality and sustainability in their 
operations, they were considered valuable 
assets for finding linkages between quality and 
product lifespan. The interviews were semi 
structured and content analysis used an 
inductive approach for transcriptions. 
 
 

Table Number 
of 
interviews 

Size Category 

Company 1 1 Small Knitwear 
Company 2 2 Large Children’s 

wear 
Company 3 1 Large Workwear, 

rental 
service 

 
Table 1. Companies in the study 
 
Results 
Five main themes were identified from the data: 
product and material quality, lifespan quality, 
quality of responsibility quality, quality of 
service, and operational quality. These themes 
are discussed below in more detail. 
 
Product and material quality 
 
Product and material quality were the most 
referred to dimensions in the interviews. 
Product quality consists of elements such as 
timeless design (a more classical look), 
functionality, adequate construction, and 
technical durability. The focus is on suitable 
material and construction combinations that 
guarantee the product’s functionality, safety 
and performance. The companies were willing 
to invest in resources to find the perfect, most 
suitable materials for their products. 
Material and product quality were tested by 
either extensive laboratory testing or using and 
washing the products in practice. All the 
products, materials and components could be 
tested using adequate ISO or EN standards. In 
addition, the companies considered that 
certifications such as GOTS (Global Organic 
Textile Standard), Oeko-Tex and Bluesign, and 
technical reports supplied by the material 
suppliers guaranteed to some extent that the 
textiles had been produced in environmentally 
friendly and socially acceptable ways and that 
they performed as expected. 
Two of the companies emphasised that quality 
under specified limitations could not even be 
considered for their collections. These 
limitations vary depending on the product 
category. Different indicators are important  for 
outdoor and indoor clothing, for example. 
Therefore material selection is often about 
meeting the technical expectations that create 
the base for a desired performance. 
Different countries have different legislation 
concerning issues such as chemical 
regulations, and different industries have 
different specifications in terms of, for example, 
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fire safety or particle exemption. Companies 
need to be highly aware of these regulations 
and be able to provide solutions that 
correspond to these requirements. 
Technical quality is a way in which the 
companies ensure the quality, safety and 
technical performance of their products, but 
simultaneously address the customer’s needs 
and desires, and regard these as part of product 
quality. They pay attention to how customers 
experience their garments and what kind of 
emotions their products evoke. They use 
colours, shapes and product construction to 
arouse feelings such as joy, comfort and safety. 
Moreover, material quality is considered in not 
only the manufacturing or use phases, but also 
in the end-of-life stage through the aspect of 
recyclability. Using mono-materials was 
discussed and fibre blends were considered 
difficult to recycle. The companies highlighted 
the importance of considering the end of life and 
recovery processes already during the early 
stages of product development. 
 
Lifespan quality 
 
In regard to the relationship between lifespan 
and product quality, aspects such as timeless 
design, adequate materials and product 
construction, high technical quality, and 
functionality were considered important. In 
addition, two of the companies emphasised that 
the right product in the right place and correct 
use would lengthen the product lifespan. 
The interviews revealed that the companies 
had set goals in terms of their products’ 
lifespans. One of the companies said that their 
products were not designed or made for use by 
only one user but for use by many users. 
Another company estimated that their products 
lasted for five to ten years depending on the 
user and how they were used. For the third 
company, the goal was that their products 
would circulate in the system for as long as 
possible. One of the companies added that as 
they produced durable products, the products 
should have a sufficiently long and meaningful 
life. This implies that the lifespan of a product 
has to be in a suitable relation with its durability 
and the resources used to achieve this 
durability. These lifespan goals are important, 
as the longer the garment is in active use by a 
consumer, the more likely it is to offset the 
production of a new textile product and thus 
reduce the environmental impacts of the 
industry (Watson et al., 2017). 

All the companies emphasised optimal care 
and maintenance as a significant factor for 
lengthening a product’s lifespan. It is important 
to identify which products customers need, but 
also how they use and care for these products. 
 
Quality of responsibility  
 
Responsibility was also mentioned as a 
viewpoint on quality in all of the interviews. 
According to the Merriam-Webster dictionary 
(2020), responsibility is either obligated or free-
willing acceptance of responsibility and 
accountability for one’s actions (ibid.). 
According to the interviews, the companies saw 
responsibility as being related to the 
environmental, social and economic impacts of 
their products and operations. This also 
included risk management. 
Responsibility means that companies are 
responsible for their products throughout their 
lifespans; also for both the close and far-
reaching impacts their products and operations 
might have. Therefore, responsibility concerns 
aspects such as transparency, safety, and 
minimising environmental impacts and activity 
in the ecosystem. Some of the companies’ 
impacts can be measured and ranked, but not 
all necessarily have a calculated value. 
Responsibility is tracked through, for example, 
certifications, life cycle assessment (LCA) and 
visiting or auditing factories to guarantee that 
responsibility is actualised throughout the 
company's processes. Responsibility is today 
communicated to consumers through different 
types of sustainability and responsibility 
reports. 
According to the interviewees, responsibility 
also means gaining a significant importance in 
the minds of consumers. Consumers expect 
transparency from companies as they are 
concerned about the level and scope of 
responsibility for the products as well as the 
company’s business in general. One of the 
interviewees said that consumers ‘would like to 
follow why I am with them’, which basically 
means that customers are looking for a reason 
to buy a certain brand instead of another, and 
responsibility plays an important role in this. 
Therefore, responsibility can also be a very 
personal and subjective matter for consumers. 
Companies have to control their responsibility 
on many levels to be able to handle risk 
management, especially in terms of their 
reputation. 
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Quality of service 
 
One of the companies mentioned that the 
consumer experience stems from encounters 
with their personnel and the quality of company 
service, and that to a large extent, it is their 
consumers who define the company’s quality. 
The quality that the customers seek is 
understood via well-planned sales work and 
communication with consumers. Companies 
receive consumer feedback via multiple 
channels. It is of utmost importance that they 
understand the consumer’s needs in order to be 
able to offer suitable products and solutions that 
truly meet their demand. 
Quality service was said to be about timeliness 
and accuracy. Garvin (1988) also talked about 
serviceability and noted that consumers are not 
only concerned about product failure, but also 
about the nature of service appointments: if 
problems occur, the quality of service is 
evaluated on the basis of complaint-handling 
procedures (ibid.). One of the interviewees 
mentioned that complaints are always handled 
in a way that ensures that the consumer is 
happy in the end and that the company does 
not lose them. They want to signal to their 
customers that they keep their ‘quality pledge’, 
their promise of certain product quality and 
performance. 
 
Operational quality 
 
Based on the interviews, quality was a 
comprehensive concept. According to one of 
the companies, it even reached operations 
such as recruitment, leadership and process 
management. This aspect of quality can be 
called operational quality. 
Process management means that all company 
processes are defined beforehand and 
communicated inside the company. One of the 
interviewees highlighted that quality does not 
originate from testing, but from making things in 
the way that has been agreed. The interviewee 
added that each department was responsible 
for ensuring that everything that leaves their 
hands is of high quality. These comments 
suggest that quality is based on predefined 
quality goals and is realised by following these 
goals. 
Another company reported that data 
management was a crucial part of their quality 
management. Data management enabled them 
to correctly store and communicate all the 
necessary information about collections, 

materials and certifications etc.. Therefore data 
management played an important role in both 
the company’s operational quality and its 
transparency. 
Leadership involves setting goals for a 
company’s quality and responsibility. Quality 
leadership also helps company employees be 
successful in their jobs. The interviewees said 
that the quality of leadership correlated with 
high work satisfaction, which further correlated 
with customer satisfaction. Leadership and 
employee satisfaction were measured through 
different kinds of surveys. 
Successful recruitment highlights the role of 
individual employees in a company’s quality. 
One of the companies, for example, saw that by 
recruiting people who had a certain 
environmental mindset and who paid attention 
to social aspects, responsibility became a 
natural part of the company’s operations. 
 
 
Conclusions 
Garment quality is a complex issue, and it can 
be approached from many levels. This paper 
reveals companies’ quality work by discussing 
garment quality from the following viewpoints: 
product and material quality, lifespan quality, 
quality of responsibility, quality of service, and 
operational quality. 
In the sustainability context, it is essential to 
study the aspects of quality in more detail and 
to further discuss how quality is linked to 
garment lifetimes. To conclude this study, we 
apply the quality categories presented above, 
based on company interviews, to the context of 
CE, and highlight the most critical quality 
elements. High technical quality of a garment 
enables the product to remain in use for a 
longer period of time. High technical quality also 
enables the product to be used by several 
users, resulting in an extended lifespan. 
Moreover, if consumers believe a garment is of 
good quality, they care for it more, which 
impacts on the physical condition of the product 
over the course of time, ultimately extending its 
lifespan. These aspects can be understood as 
quality in use. Good quality matters even 
when the lifetime of the product is nearing its 
end; a material’s life can be extended through 
fibre recycling. This can be understood as 
quality for recycling. Overall, the companies 
in the study perceived products with longer 
lifespans to be of higher quality and to have 
more sustainability value than those with short 
lifespans. Therefore, it could be stated that 

476



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Riikka Piippo, Kirsi Niinimäki 
Garment Quality and Product Lifetimes 

 

- 5 - 
 

garment lifetime itself is also one measure of 
quality. In a CE context, the aspect of 
recyclability extends the quality definition to 
include the second or third lifecycle of a material 
after the product’s first lifespan is over. This 
aspect can be described as lifetime quality, 
which is a new category for garment quality in 
the CE context. Lifetime quality needs new 
knowledge on how garments should be 
designed and which materials to choose, to 
enable the maximum number of lifecycles and 
to allow each material to reach its optimal 
recycling path. 
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Abstract: Extending the lifespan of products can be approached in several ways. One promising way 
is to give users a greater sense of ownership of the products that are used. In the context of Product 
Service Systems (PSS), products are often used temporarily, shared with others, and offered through 
a technology-mediated environment. Not much is known about psychological ownership in this 
context. To evaluate psychological ownership affordances as an intermediate knowledge tool in the 
context of PSS, we started a case study focused on a bicycle sharing service of The Student Hotel 
(TSH). The central question was how a design approach, based on psychological ownership, can help 
to redesign the bicycle-service of TSH to contribute to extended lifespans of the bicycles. This 
resulted in ten exemplary designs as project outcomes and two implemented design interventions in a 
TSH branch. All project members and stakeholders (app supplier X-bike and Roetz-bikes 
mechanics) and students of Eindhoven University of Technology (TU/e) and Utrecht University of 
Applied Sciences (HU) (n=42) were interviewed on process efficiency, process quality and design 
quality at the end of the collaboration. We performed a qualitative analysis to identify when and how 
the team members applied the design tool, how these obstructed or supported the design process, 
and if the team members show shared understanding of the behavioral and/or social consequences of 
their decisions. The results show both top-down and bottom-up insights, leading to four suggestions 
for adapting the existing model as an intermediate knowledge tool: (1) being more goal-oriented, (2) 
consider a hierarchy of affordances, (3) consider to add a new affordance and (4) recognize a more 
active role of the service provider.  

 
 
Introduction  
Products are increasingly available for use 
without ownership, a phenomenon also known 
as Product Service Systems (PSSs) 
(Demyttenaere, Dewit, & Jacoby, 2016; Tukker 
& Tischner, 2006). The Student Hotel (TSH) 
bicycle service is a recent example of such a 
PSS. It is a designed mix of tangible products 
(a bicycle, a loan app.) and intangible services 
(use, storage, repair and maintenance), aimed 
at achieving the consumer's goals (getting you 
from A to B). Products within a PSS are used 
without ownership. This can have an effect on 
the lifespan of products, as a lack of a sense of 
ownership can potentially lead to a less caring 
handling (Bardhi & Eckhardt, 2012). One way of 
lengthening the product lifespan is therefore to 
give users a sense of ownership. This is 
referred to as Psychological Ownership (Pierce, 
Kostova, & Dirks, 2003). Research has shown 

that when psychological ownership is 
increased, products are handled with more care 
(Pierce et al., 2003). However, not much is 
known about designing for psychological 
ownership in the context of PSS (Baxter & 
Aurisicchio, 2018). 
 
A broad field of both service design agencies 
and providers of PSS need both more 
theoretical guidance as well as methodologies 
based on practical experience that help to deal 
with this change (Appleton, 2019; de Zeeuw, 
2019; Rietbergen, 2019; Uffen, 2019; van Beek, 
2019; Wray, 2019). When a design researcher 
wants to come up with substantiated solutions, 
he does indeed navigate back and forth 
between theory and practice (Austin, Van Dijk, 
& Drossaert, 2020). On the one hand, more 
abstract knowledge can help design 
researchers to arrive to "Top-Down" 
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theoretically substantiated design solutions. On 
the other hand, concrete knowledge regarding 
the implementation of design practices can help 
to relevant "bottom-up" solutions, matching the 
perception of all partners (Austin et al., 2020; 
Dalsgaard & Dindler, 2014). The design 
process can thus be seen as a connecting 
process between theory and practice, in which 
iteratively builds up so-called intermediate 
forms of knowledge (Aken & Andriessen, 2011; 
Hevner, 2007). However, as Austin, Van Dijk, & 
Drossaert (2020) conclude, we still know little 
about navigating back and forth between 
abstract and concrete knowledge flows. 
 
This paper contributes to the described 
knowledge gaps by presenting a case study in 
which a theoretical model of Psychological 
Ownership is applied "Top-Down" and in which 
the resulting design solutions are evaluated 
"Bottom-Up" in the practice of TSH bicycle 
service. In this way, a first step is taken to 
arrive at new intermediate forms of knowledge 
about designing for ownership in the context of 
PSS. 
 
To arrive at answers to the main question, how 
does a design tool based on psychological 
ownership contribute to redesigning the 
bicycle-service of TSH for extended lifespans 
of the bicycles, three aspects of design 
performance, as established by Hekkert and 
Tromp (2019), were applied. First, Process 
Efficiency (PE) is about the question to what 
extent a theoretical model helps designers to 
arrive at design solutions efficiently. Second, 
Process Quality (PQ) is about the question to 
what extent designers consciously apply a 
theoretical model. Both PE and PQ are 
indicative of the degree of "Top-Down" 
usefulness of a theoretical framework, in this 
case that of Psychological Ownership. Third, 
Design Quality (DQ) is about the extent to 
which the design solutions are effective for the 
intended result and is indicative of connecting 
design solutions in the context of the relevant 
practice, in this case the bicycle service of 
TSH. A “Bottom-Up”- analysis of these insights 
can enrich and deepen the existing theoretical 
framework. 
 
Case Study: TSH Bike Service 
To gain more experience with psychological 
ownership during the use of PSS, we started a 

 
1 From here on, reference will be made to "groups" and 
"partners". 

case study with TSH, her partners (app 
supplier X-bike and Roetz-bikes 
mechanics) and students Constructive Design 
at Eindhoven University of Technology (TU/e) 
and Communication & Multimedia Design at 
Utrecht University of Applied Sciences (HU)1 
between September 2019 and October 2020.  
 
First, we conducted a systematic literature 
review, which revealed an existing 
Psychological Ownersip Affordance model 
(Baxter, Aurisicchio, & Childs, 2015). 
Affordances, a concept introduced in 
interaction design by Norman (2016), can be 
seen as intermediate form of knowledge, 
which makes it possible to incorporate 
theoretical knowledge about Psychological 
Ownership into the design of an artifact.  
 
Second, we further elaborated the theoretical 
framework in a model and a card set (together 
as an online tool2) and presented and 
distributed these to the groups, both as part of 
a design curriculum between February 2020 
and November 2020. A total of ten groups 
worked with the tool on the TSH case. This 
resulted in ten exemplary design proposals as 
project outcomes.  
 
Third, the ten project outcomes were used as 
input for a generative session with TSH and its 
two partners, resulting in two substantiated 
interventions. These two interventions, which 
will be explained below, were subsequently 
implemented simultaneously at the TSH 
Amsterdam West location.  
 
Fourth, we conducted twelve interviews with 
students and partners based on PE, PQ and 
DQ, which will be explained below. 
 
Tools used in the Case Study 
 
Psychological Ownership Model 
Based on PO affordances, the sense of 
ownership can be increased by giving users 
more control over products and services 
(Control route), having them invest in the 
product or service (Self-investment route) or 
gaining intimate, personal knowledge about a 
product (Intimate-knowledge route). These 
routes are bi-directional or, as Baxter et al. 
(2016) argue: “Users are constantly changing 

2 From here, both the model and map set will be referred to as 
"the tools." 
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through the possession process as they receive 
feedback from the interaction (e.g. how well 
objects fulfill the routes).” The model is 
redesigned as shown in Figure 3. 

 
Figure 3. Psychological Ownership Model 
 
Psychological Ownership Card Set 
The model has a total of three routes and 
sixteen affordances, which we have developed 
for this case study in a physical and digital 
card set, in which affordances are clustered 
and colored per route. The tools as shown in 
Figure 4 (a,b,c) were available both physically 
and online3.  
 

 
 
Figure 4a. Examplary Control Affordance Card 
 

 
3 An expanded version of the tool can be found online at 
https://www.hu.nl/onderzoek/projecten/ontwerpen-voor-

 
 
Figure 4b. Examplary Self-Investment 
Affordance Card 
 

 
 
Figure 4c. Exemplary Intimate Knowledge 
Affordance Card 
 
Interventions as output of the Case 
Study 
By incorporating Psychological Ownership 
affordances into the interaction design of the 
bicycle, the loan app and the physical space of 
the bicycle parking facility, we can attempt to 
increase the sense of ownership among users 
of TSH and achieve more responsible use, 
resulting in two substantiated interventions.  
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the screen out of warranty which created closer attention and care. S1 
discussed the time and effort that goes into polishing shoes. Many of these 
activities are what McCracken (1986) referred to as grooming rituals – an 
activity used to keep special possessions in the best condition possible. The 
investment required to maintain objects increases interaction and a sense of 
ownership.

2. REPAIR AND MAINTENANCE SERVICE THE OBJECT

INTIMATE KNOWLEDGE  AFFORDANCES 

ROUTES AND AFFORDANCES 
(do-goals)

AGEING IS THE PROCESS OF GROWING WITH THE USER. THIS IS RELATED 
TO THE LITERATURE ON AESTHETIC CHANGES IN OBJECTS (VAN HINTE 1997; 
VAN NES 2010) BUT IN THIS STUDY IT SPECIFICALLY RELATES TO THE 
INTERACTION BETWEEN THE OBJECT AND THE USER. THESE INTERACTIONS 
OFTEN RESULT IN DENTS, SCRATCHES, AND STAINS THAT ARE ASSOCIATED 
WITH STORIES OF USE. SELDOM DOES ANYONE BESIDES THE USER KNOW 
THE ORIGIN OF A SCRATCH OR DENT AND SO THIS REINFORCES A BOND 
BETWEEN THE OBJECT AND THE USER BUILT ON INTIMATE KNOWLEDGE. 

S3 SHARED THE ORIGIN OF BARELY NOTICEABLE SUPER GLUE ALONG A SHOE SEAM THAT CAME 
UNDONE AND WAS LATER FIXED. P3 SHOWED THE BARELY NOTICEABLE MARK ON THE CORNER 
OF HER PHONE AND RECOUNTED THE TIME IN WHICH SHE DROPPED IT. 

CAREFUL DESIGN COULD DETERMINE THE EXTENT TO WHICH OBJECT 

FEATURES MAY AGE OVER TIME TO RECORD AND COMMUNICATE 

USER–OBJECT EXPERIENCES.

1. AGEING
CAPTURE STORIES IN OBJECT 

CHANGES AS IT AGES WITH THE 
USER
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Intervention 1: Intimate Knowlegde 
When consumers use the same objects more 
often, the likelihood of ‘intimate knowledge’ 
increases, which can contribute to a greater 
sense of ownership. Therefore, it was decided 
to offer bicycles per cluster of users (as 
displayed in Figure 1). At the Amsterdam West 
branch, approximately 500 users share 180 
bicycles. In the new set-up, the 500 users are 
divided into clusters of 50 users, who have 
access to 18 bicycles per cluster. This 
arrangement offers possibilities to increase the 
psychological ownership of bicycles via the 
intimate knowledge route: after all, users will 
more often use a specific model and the 
reservation of a tailor-made bicycle (such as 
the height of the saddle) is more likely. 
 

 
Figure 1. Clustering of bikes at TSH 
 
 
Intervention 2: Control & Self-Investment 
It was decided to give the user and TSH joint 
responsibility for the bicycle service. The 
user was given control by having the 
bicycle checked for defects after use. When 
defects are observed, the user is asked via 
the X-Bike hire app to place them in the ‘Bike 
Hospital’ (a separated part of the bicycle 
storage facility, as displayed in Figure 2). 
Because this process takes time and effort, we 
also allow the user to self-invest in the bicycle 
service. The mechanics at Roetz-Bikes repair 
the defective bicycles and return them to the 
fleet.  
 

 
Figure 2. Bike Hospital at TSH 
 
Materials and Methods 
To determine how we could translate 
theoretical insights "Top-Down" into practice, 
we conducted a total of twelve interviews with 
students and partners. These interviews all 
took place after the collaboration, at the end of 
the project. Ten interviews were with all 
student project groups and two interviews 
involved project partners Roetz-bikes and X-
Bike. The interview questions were based on 
Process Efficiency and Process Quality and 
served as a semi-structured in-depth interview 
(as shown in the appendix). 
 
During the same interview, all project groups 
and partners were asked about the Design 
Quality and helps us to determine which 
insights we "Bottom-Up" can translate back 
into the existing theoretical framework. 
 
All interviews were transcribed, entered in 
Atlas.ti and coded. We performed a qualitative 
analysis to identify when and how the team 
members applied the design tools, how these 
obstructed or supported the design process, 
and if the students and partners showed 
shared understanding of the behavioral and/or 
social consequences of their actions. 
 
Results  
 
Process Efficiency 
Eight out of ten groups indicated that they 
actually applied the tools during the project. 
The two groups who indicated that they had 
not used the tools said that this was because 
they were too complex and extensive. In their 
view, this, together with the short time frame of 
the project, created too high a barrier to use 
the tools. 
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The tools were applied by the students in all 
phases of the project. At the beginning the 
tools were used to gain a better shared 
understanding of the situation, for example by 
incorporating the affordances in a mind map. 
According to the interviewees, the tools during 
this phase mainly contributed to an effective 
design process, by creating a common 
vocabulary about the most complex concept of 
psychological ownership. Although attention to 
the tools was lost in some groups in the middle 
of the project, they were applied to other 
groups at this stage during the generation of 
concept solutions. The tools contributed to an 
efficient design process because there was 
focus during concept development. By keeping 
the maps next to conceived concepts and 
validating the concepts in the meantime, a 
direction was chosen quickly. The tools were 
also applied at the end of the project, by 
analyzing the test insights of their prototype 
gained afterwards. The tools facilitated 
agreement on how choices made regarding 
design solutions can be justified. 
 
The two partners within the project both 
indicated that the tools helped to (efficiently) 
arrive at desired (effective) solutions in a short 
period of time. One of the partners mentioned 
the confidence that the tool gave to properly 
substantiate the design solutions. Both 
partners indicated that the tool was mainly 
used during the generative process: on the 
one hand to arrive at solutions and on the 
other hand to substantiate them. 
 
Process Quality 
Six out of ten groups knew how to name 
specific affordances behind the maps applied 
during the project and how to relate them to 
choices made. This indicates that these 
groups have consciously applied the tools. 
Two groups did not know how to name specific 
affordances, but they did manage to identify 
the routes chosen. One group conducted an 
expert interview with an external behavioral 
scientist during the process. From this 
interview, a rival explanation emerged on how 
the subsequently chosen design solutions 
work, namely the Broken Window Theory 
(James Wilson & Kelling, 1982). This theory 
was mentioned by this group during the 
interview, was used in the report and during 
the final presentation of the work. 
 

One of the partners indicated the same Broken 
Window Theory as an explanation for the first 
intervention (the colored clustering of 
bicycles). Neither stakeholder was able to 
explicitly name the affordances afterwards. 
 
Design Quality 
All groups were asked to name the social 
consequences or consequences for behavioral 
change as an effect of design solutions. None 
of the groups spontaneously mentioned the 
initially intended effects (careful handling of 
bicycles by users in order to achieve a longer 
lifespan and therefore less environmental 
impact). This indicates that the intended end 
result of the project has generally been lost 
sight of.  
 
After further questioning, in most cases the 
degree of ownership of the bicycles among 
users was first mentioned. Four groups looked 
for their answer in the degree of user 
satisfaction. During the process, they found 
that before there can be a greater degree of 
psychological ownership and caring for users 
of bicycles, the service must first meet basic 
needs. From their tests, they found that many 
bicycle users are dissatisfied, especially with 
the slowness of the app and a long wait before 
using the bicycle as a result. Two groups 
referred to this as the affordances of 
Simplification and Enabling (after all, the 
unlocking process with the app isn’t easy and 
it doesn’t enable the user). One group went 
even further and took customer dissatisfaction 
as the starting point for a new concept of 
protest, which is actually a hyperbola for a 
complaint. The group tested the extent to 
which dissatisfied bike users were willing to 
protest and found that no one was willing to do 
so. They referred to this as a lack of self-
investment and attribute this to a lack of 
Psychological Ownership within TSH bicycle 
service. 
 
When asked, both partners spontaneously 
mentioned the intended effects of the design 
interventions: careful handling of bicycles 
through a greater sense of ownership. We can 
therefore conclude that the partners have not 
lost sight of the intended end result of the 
project. Both partners noted that monitoring 
the expectations generated by the 
interventions is very important for the degree 
of perceived ownership and careful handling of 
the service. Involved users only exist with 
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good service. This is in line with previous 
findings of groups. 
 
Discussion and Conclusion 
The aim of this study was to arrive at answers 
to the main question: how can a design tool 
based on psychological ownership help to 
design the bicycle-service of TSH to contribute 
to responsible choices regarding the use. In 
order to give answers, we analysed the design 
performance during a case study with design 
students and project partners.  
 
Concerning the Process Efficiency, the results 
of the Top-Down approach showed that the 
tool was perceived efficient in all stages in the 
design process. Using the tool for shared 
vocabularies and for project scoping, proved 
most beneficial.  
 
Concerning the Process Quality, most student 
teams kept sight of specific affordances 
identified at the start of the process, but had 
lost sight of the effects on object handling, 
responsible use and / or product lifetime. This 
indicates that the tools may be too focused on 
the mechanisms (the affordances) and too little 
on their effect as the end result. 
 
Concerning the Design Quality, an important 
insight is that one of the performed 
interventions can be explained by a rival 
theory. It therefore seems advisable to further 
investigate the internal validity, for example by 
means of an expert review. 
 
From our analysis from both the Top-Down 
and the Bottom-up approach, new 
intermediate knowledge about the 
Psychological Ownership model has been 
gained.  
 
Firstly, several student projects show that end 
users were dissatisfied with the user-
friendliness of TSH bicycle service. This 
dissatisfaction might be linked to (lack of) the 
affordances "Enabling" and "Simplification". 
Both affordances can contribute to a greater 
sense of ownership through the route of 
intimate knowledge, the degree of private 
knowledge and experience with an object. 
Both the students and the partners stated that 
this affordance must actually be sufficient 
before other affordances can have effect. 
Although more evidence is needed, this might 

indicate a possible hierarchy in the 
affordances (as shown in bold in Figure 5). 
 
Secondly, the study showed that making a 
complaint or providing feedback can be seen 
as a self-investment of users. As a result of the 
lack of user-friendliness (previously linked to 
the affordances 'Enabling' and 'Simplification'), 
we can consider the ability to complain or 
provide feedback as an additional affordance 
within the self-investment route (as shown in 
bold in Figure 5). 
 

 
Figure 5. Revised Psychological Ownership 
Model 
 
The role of and follow-up from the service 
provider plays a major role in both Bottom-Up 
findings. After all, it is this service provider who 
can show through the affordances of Enabling 
and Simplification that user effort (such as 
providing feedback on a slow-functioning loan 
app) is followed up. The tool in its current form 
pays little or no attention to the role of the 
provider. It therefore seems advisable to 
include this role in the tool. 
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Abstract: This paper contributes to the debate on user responsibility in a circular economy. It discusses 
the responsibility of users (for instance related to product care and product end-of-use) in various 
circular business models and considers how designers can help users fulfil their responsibility. The 
paper explores two extreme conceptions of user responsibility: high user responsibility that typically 
occurs in classic sales models, and low user responsibility, for instance in product-as-a-service models. 
Potential directions are given to designers to stimulate care, maintenance, repair and circular end-of-
use paths without scaring off or punishing users. 
 
 

Introduction  
In an ideal circular economy (CE), products 
repeatedly cycle through the economy at 
different levels of integrity. The value and utility 
of products (and their embedded components 
and materials) are preserved as much as 
possible over time by looping them back in the 
economy (Webster, 2015). Put differently, in a 
CE, products are kept as close to their original 
state as possible. This concept of product 
integrity can be ensured through design: (1) 
product use is prolonged through physical and 
emotional durability, (2) it is extended with 
maintenance, repair and upgrading, and (3) 
products are recovered through refurbishment, 
remanufacturing or recycling (den Hollander, 
2018).  
 
To make the transition to a circular economy a 
success, the participation of users is a 
necessity, yet their role in a CE is 
underexplored (Kirchherr et al., 2017; Selvefors 
et al., 2019; Wastling et al., 2018). Users are 
assumed to partake in the circular solutions 
offered by various stakeholders without 
involving users in their inception. Also, the 
impact of a CE on society lacks attention. This 
forms an interesting gap in the design domain, 
where users are usually central to the design 
process. Circular user engagement is one of 
the core competencies required for designers to 
create circular products and services (Sumter 
et al., 2020).  
 

Users have a role to play in the success of the 
circular economy – but what does this role 
entail? To what extent are users accountable 
for their contribution to a CE? How responsible 
are they, or should they be? We explore these 
questions in relation to consumer products 
(durables) and ask the question: how 
responsible are users for product care (which 
includes preventive measures, careful 
handling, repair and maintenance (Ackermann, 
2020)) and for the correct disposal or recovery 
at end-of-use? And what does this mean for 
design? Based on a literature review, a critical 
look is cast on the responsibility of users in a 
CE, resulting in concrete directions for 
designers. 
 
First, the business models geared to enable a 
transition towards a CE are presented. The 
paper then explores two extreme conceptions 
of user responsibility: high user responsibility 
and low user responsibility. Finally, different 
ways designers can foster the participation of 
users are discussed. 

 
Business models in a CE 
The way that product use is prolonged, 
extended and recovered from a user 
perspective depends on the business model 
employed. 
 
In the case of the ‘classic sales’ model, the 
retailer sells a product to a user and thus 
transfers the product ownership through a 
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single transaction at the point of sale. The user 
can from then on use, control, manage and 
enjoy the product owned (Moeller & Wittkowski, 
2010). OEMs, retailers and third parties offer 
various solutions to enable users to repair their 
products or allow their reuse, refurbishment, 
remanufacturing or recycling. For instance, 
iFixit provides repair knowledge and tools to 
facilitate DIY repair by users. Second-hand 
platforms and thrift shops enable easy access 
to users to resell their products and give them a 
longer life with the next owner. Moreover, 
charities, national organisations, OEMs and 
third parties offer collection solutions such as 
collection bins, buy-back and trade-in 
programmes (Poppelaars et al., 2020b) to 
recover the products. 
 
In product-as-a-service models, no transfer of 
ownership occurs (Bardhi & Eckhardt, 2012). 
Here, users pay for product use during an 
agreed period of time and are legally obliged to 
return it at the end of the contract. Required 
maintenance, repairs and recovery at end-of-
use are performed by the service provider when 
deemed relevant.  
 
The business model at the core of the 
consumption influences the level of 
responsibility that users will have. User rights 
and responsibilities are interconnected 
(Schrader, 2007). The extension of user rights 
go hand in hand with the extension of duties, 
and vice versa. We will discuss ‘high user 
responsibility’ and ‘low user responsibility’.  
 

High user responsibility 
 

Description  
In the dominant way of consuming (i.e., the 
classic sales model), users have to bear the full 
responsibility for product care and end-of-use, 
as they legally own the products from the 
moment of purchase (Bakker et al., 2018). The 
decision to engage in product care (including 
repair or preventive measures (Ackermann, 
2020)) lies with the user, with the possible 
support of third parties. There are no clearly 
prescribed paths for the end-of-use of the 
product, meaning that users have to inform 
themselves and take action regarding product 
reuse (e.g. second-hand platforms), product 
return solutions (e.g. trade-in programmes) or 
product recycling.  
This can result in burden-shifting, because in 
many instances, responsibility for product end-

of-use is shifted to society, as systems and 
infrastructures need to be in place to reuse, 
loop or recycle the products outside of the 
ecosystems of (re)manufacturers.  
 

Design  
In this scenario, product integrity in a CE is 
attained through the creation of “an open, 
transparent production system with full product 
disclosure and with savvy users that are 
enabled to optimally exploit the value of the 
products they own” (Bakker et al., 2018). It 
revolves around designing the opportunities in 
the product and letting users realise these 
opportunities. Designers thus prioritize the 
repairability and upgradability of products 
through mostly modular product architectures 
to empower the users to repair and upgrade 
their products themselves. Design strategies 
such as Design for (self)Repair and Design for 
Disassembly are thus adopted to enable 
product life extension.  
 

Benefits and challenges 
Expecting users to take the full responsibility 
has several benefits. Users are empowered 
enabling them to take ownership of their owned 
products throughout their lifetime (Hernandez 
et al., 2020). This concept gained momentum 
with amongst other the Right to Repair 
movement, repair cafés and makerspaces. In 
France, a repairability index is enforced for 
multiple types of electronics and home 
appliances since 2021 to help users in their 
purchase decisions. 
Several companies make the Right to Repair 
part of their value proposition and build 
communities around it. Fairphone, for instance, 
designs modular smartphones that are easy to 
repair and update. The manufacturer invites 
their community to change the way products 
are made, used and dispensed with. Patagonia 
encourages their customers to care for their 
garments, repair them and hand them in after 
use (Patagonia, 2021). 
 
Whilst empowering users is an attractive 
concept, there is a darker side to this. Individual 
users are not the most powerful actors in the 
transition to a CE (governments and 
multinationals wield much more power), so 
shifting the responsibility for product care and 
product end-of-life to users, can also be 
ethically questionable. Whilst bearing the 
burden of ensuring a functioning circular 
economy, users at the same time have limited 
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agency in building these opportunities in the 
system (Akenji, 2014). At worst, risks are 
transferred to users (Martin, 2016) and a 
danger of consumer scapegoatism exists 
(Akenji, 2014).  
Also, users may not have the required 
knowledge, time, tools, interest or skills to take 
on responsibility for product care and recovery. 
This could lead to reduced lifetimes and loss of 
resources. For example, a failure in doing a 
repair can alter the product attachment 
negatively (Gregson et al, 2009). Informing 
users in order to raise awareness for taking 
responsibility is often seen as key to drive 
circular behaviour. This relies on the 
assumption that people are rational. However, 
the question is raised in literature whether this 
conception of human behaviour is realistic and 
whether providing information is the most 
appropriate way to change behaviour (e.g. 
Brynjarsdóttir et al. 2012). 
 

Low user responsibility 
 

Description 
On the other end of the spectrum, users are 
hardly responsible for product care and end-of-
use. Alternative consumption models are built 
around the value proposition of unburdening 
the user from these responsibilities.  OEMs and 
service providers remain the legal owner of the 
products, control the destiny of their resources 
and can adapt their products to be as 
sustainable and circular as possible. Users 
temporarily access products or their output 
through these models. They are contractually 
restrained from altering the product in order to 
deliver a consistent quality of the service and 
have to return the product when agreed in the 
contract (Bakker et al., 2018). The 
manufacturers bear the risks.  
 

Design 
As products circulate in a more-or-less closed 
system, companies know the fate of their 
products and can anticipate cycles. Designers 
can thus tailor their products, services and 
systems to fit each other and keep their 
products, components and materials at their 
highest value and utility.  

 
Benefits & challenges 
Here again, this concept brings various benefits 
and challenges. 
These alternative business models are geared 
to unburden users from the risks of ownership 

(e.g. social, psychological and financial risks) 
(Moeller & Wittkowski, 2010; Schaefers et al., 
2016). Users therefore do not bear the mental 
load of ‘having to deal’ with their products in a 
CE and can use their time on other activities. 
From a CE perspective, the manufacturer is the 
expert par excellence for the maintenance, 
repair and processing of the products they 
designed themselves. They are thus 
particularly qualified to offer an optimally 
circular service. 
 
Even though these alternative models have 
valuable benefits, their acceptance in the 
consumer market is low (Annarelli et al., 2016; 
Vezzoli et al., 2015; Wallaschkowski et al., 
2016).  
These models are reasoned to be more 
sustainable than the traditional sales model 
when durability is fostered (Agrawal, 2012; 
Tunn & Ackermann, 2020). However, they 
result in a different user-product relationship 
(Bardhi & Eckhardt, 2012) that can prevent 
product attachment which could lead to 
careless use (Tunn & Ackermann, 2020). 
Punitive measures are taken to avoid careless 
use, by fining people when the product is 
misused or damaged. One could argue that a 
minimum level of responsible behaviour is 
expected from people, or even forced upon 
them. 
By structurally unburdening users, do we 
stimulate unlearning to care for products? If we 
are normalizing uncaring behaviour among 
young people (a popular target group of these 
product-as-a-service models), what 
ramifications could this have for other product 
categories and for society as a whole?  
 

Potential design interventions 
As design is an interface between users and 
consumption, it may play a part in sparking a 
societal shift towards circular consumption 
(Moreno-Beguerisse, 2013). Based on what 
was raised previously, how could designers 
stimulate the user acceptance of product care 
and circular end-of-use paths, in both 
scenarios?  
The decision-making process is influenced by 
an interplay between individuals and society, 
and between rational and irrational factors. 
Think of, for instance, motivation, products 
designed for disassembly, perceived abilities, 
habits, available infrastructures, knowledge, 
and prior experience, to name a few  
(Hernandez et al., 2020; Lefebvre, 2019; 
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Poppelaars, 2020; Scott & Weaver, 2014). As 
these factors are interconnected and dynamic 
over time, a combination of factors needs to be 
leveraged to stimulate circular behaviours. The 
following design interventions could provide 
directions for product, service and system 
solutions focusing on the user acceptance of 
product care and circular end-of-use. 
 

Stimulate product attachment and 
engagement  
Product attachment is one of the strategies to 
extend and prolong the lifetime of owned 
products (den Hollander, 2018; van den Berge 
et al., 2021). Product attachment refers to the 
emotional bond between a user and a specific 
product (Mugge, 2007). The Emotional 
Durability Design Nine offers a guiding 
framework to develop solutions where users 
are emotionally engaged with their product 
(Haines-Gadd et al., 2018). As indicated by den 
Hollander (2018), principles of Slow Design 
could be applied to enable users to mindfully be 
engaged with their product (Grosse-Hering et 
al., 2013). Nevertheless, there is a certain 
tension with stimulating the collection of 
products after use (van den Berge et al., 2021) 
or the acceptance of alternative business 
models. 
 

Stimulate the acceptance of care, 
maintenance and repair 
To stimulate the acceptance of care, 
maintenance and repair, we need to go beyond 
the technical aspects covered by Design for 
Longevity/Reliability/Durability, Design for 
Repair & Maintenance and Design for 
Disassembly. Ackermann’s Product Care 
Toolkit supports designers in the design of 
products and services geared at enhancing 
product care (i.e., Design for Product Care) 
(Ackermann, 2020). The visual design tool 
helps designers to leverage informing, 
awareness, antecedents & consequences, 
social connections, enabling, appropriation, 
reflecting and control strategies.  They are 
invited to for example think about how users 
could be encouraged to reflect on the meaning 
of a design, or how a caring activity could be a 
more pleasurable experience.  
To help navigate the complexity of repair, 
Hernandez et al. (2020) suggest four 
dimensions including repair level (i.e., from 
small preventive measures to advanced repairs 
difficult for most users) and repair agent (i.e., 
user, external party or a combination) 

(Hernandez et al., 2020). One could design for 
different levels of repair and thus design 
solutions where the responsibility is shared. For 
basic issues, users could diagnose and repair 
the product themselves. Up to this specific 
level, the product is designed to be easily 
opened and fixed by most users. A successful 
repair would further stimulate repeat behaviour. 
When the issues become too advanced, 
unburdening services could be built in the offer. 
For example, the headphone leasing company 
Gerrard Street has recently started to also offer 
the purchase of their products together with a 
‘free repairs forever’ service (Gerrard Street, 
2021).  
 

Stimulate the collection of products after 
use 
As users do not usually reuse directly or cannot 
(yet) refurbish, remanufacture or recycle 
products themselves, the products will have to 
be collected so as to be processed 
appropriately in a circular economy. Ten 
‘Design for Divestment’ principles (originally 
developed for the case of devices) could inspire 
the design of valuable collection experiences 
for users (Poppelaars et al., 2020a). For 
instance, users could be supported and guided 
throughout the physical separation from the 
products as well as the mental and emotional 
separation. The design principles can be 
adopted for different levels of user responsibility 
and could help in the creation of a habit to return 
products after use. 

 
Conclusions 
This paper discussed the user responsibility in 
a transition towards a circular economy and the 
implications of these concepts for designers.  
A distinction was made between high user 
responsibility and low user responsibility.  
Potential design interventions were provided for 
circular user engagement in these opposing 
concepts and concepts in between these 
extremes. These included directions to 
stimulate product attachment, the acceptance 
of care, maintenance and repair, and the 
collection of products at the end-of-use. 
The paper contributed to the growing body of 
knowledge bridging the gap on user behaviour 
in a CE. As highlighted, further research is 
needed when it comes to the role of users in 
this transition and the influence of circular 
solutions on society.  
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Abstract: Unlike physical objects, software sees no natural wear and tear such as oxidation or physical 
and thermal stress. Once a software is correctly and functionally implemented into a system, it could 
run forever, at least in theory. In practice, recent times have seen a growing number of empirical 
examples, where a malfunctioning software, high performance requirements or cancelled support 
services caused the end of lifetime of an otherwise functioning product. So far, software obsolescence 
(SO) was mostly studied as software rot or software blow in sectors like aviation or military, where 
reliability is most crucial. But with an increasing market penetration of embedded hard- and software 
systems such as SmartTVs, Bluetooth Speakers, Smart Home Appliances, and other Cyber-Physical 
Systems (CPS), there is growing attention to software induced obsolescence in the consumer 
electronics market. From an environmental perspective the problem is evident and is already targeted 
by recent strategies in national and European legislation such as the German Digital Policy Agenda for 
the Environment (BMU 2020) or the European Circular Economy Action Plan (EC 2020). However, 
applied research on SO is still young and lacks concepts and heuristics to systematically study the 
causes, appearances and impacts of the problem. 
The aim of this paper is to (i) propose a formal definition, illustrate the difference of direct and indirect 
software obsolescence (ii) to present a four-level scheme (legal-executable-usable-functional - LEUF) 
to analyze and classify mechanisms of software obsolescence; and (iii) to give a proper overview of the 
current state of regulations on SO. Based on our considerations we discuss mitigation strategies to 
prevent software obsolescence and identify further policy and research needs. 
 

1. Introduction  
The proportion of everyday devices that depend 
on software is steadily increasing. Current 
studies report an exponential growth of 
connected devices and the Internet of Things 
(IoT) in all areas of life (Gardner 2017; 
Transforma Insights 2020). The amount of 
software-controlled consumer electronics, 
household appliances, housing technologies 
and vehicles is increasing, which means that 
software is ever more determining the lifetime, 
functionality, and reliability of a product and its 
hardware. 
The public and political attention to the issue of 
software obsolescence is growing significantly 
in recent years. Various legal proceedings were 
conducted against renowned manufacturers 
such as Apple and Samsung regarding 
software aspects of their devices (AGCM 2018; 
DG CCRF 2020; Steinberg 2020). Several 
media reports highlighted examples of 
premature obsolescence caused by software 

like the end of life of cloud platforms and their 
related hardware devices (Radclyffe 2020) or 
the integration of software-based ‘kill switches’ 
in Bluetooth-speakers (Welch 2019).  
As a result, not only environmental and 
consumer organizations such as the Right to 
Repair Coalition (https://repair.eu/) are 
advocating for a better regulation of software-
related aspects in products, but also official 
authorities are pushing the topic with their 
policy agendas (BMU 2020; EC 2020). In the 
beginning of 2021 some Ecodesign Directives 
(Directive 2009/125/EC) started to set minimum 
requirements for the availability period of 
software and firmware for some products. 
Despite the increasing awareness of the 
problem, applied research on software 
obsolescence especially in the context of 
consumer electronics lacks concepts and 
heuristics to systematically study the causes, 
appearances and impacts of the problem. 
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Against this background, this paper aims to 
provide: 

(A) Definitions and terms 
(B) State of research 
(C) the concept of software obsolescence 
(D) state of legislation 

The paper starts with an explorative analysis of 
these four interlinked topics (part A-D). This is 
followed by a discussion of research gaps and 
questions for future research. 
 

(A) Definitions and Terminology 
 
The term ‘software’ generally refers to 
computer programs, as well as the procedures 
and documentation related to the operation of a 
computer system. Although software is more or 
less non-material, it always depends on 
‘hardware’, or in other words: Physical 
equipment is necessary for software to function 
(ISO/IEC 24765:2017). Hence the interplay of 
software and hardware determines the 
functionality and quality of a software-based 
product. 
 
General assumptions and principles 
There is no formal or general definition of 
software obsolescence. Nevertheless, some 
basic principles related to software 
obsolescence can be identified in the literature: 

1. Software itself becomes obsolete and/or 
causes the obsolescence of other 
hardware and/or software (cf. Sandborn 
2006). 

2. The quality and usability of software 
depends on direct (functional) and indirect 
(non-functional requirements/ constraints) 
characteristics and requirements (cf. 
ISO/IEC 25000:2014). 

3. In open and connected systems, software 
is subject to changing requirements on its 
direct and indirect properties (Lehmann 
1996/ Taentzer et al. 2019). 
 

Against this background, software 
obsolescence can be defined as follows 

The term software obsolescence refers to a 
variety of reasons that cause the quality of 
software to degrade to a point where the 
software and the associated product is no 
longer usable or no longer performs its 
intended function for the user. 

 

Despite their complexity, the root causes of 
software obsolescence can be distinguished in 
two dimensions: 
 

Software obsolescence is induced by the 
software itself (direct) or by changing 
requirements on the functional and non-
functional properties of the software 
(indirect). 

 
The analytical distinction of direct and indirect 
effects is problematic in cases, where the 
dependent variable (software obsolescence) 
could be affected by different independent and 
mediating variables without a direct link to the 
initial cause (cf. Pearl & Mackenzie 2018). 
Table 1 provides some examples to make the 
distinction more tangible. 
 

Causal 
Chain 

Examples 

Direct 
Software-
induced 
obsolescence 

- Functional software failures 
- “Built-in” software-controlled 

shutdown or counting devices 
- Software inefficiencies can 

lead to higher performance 
load ("software bloat") and 
hardware degradation  

 
Indirect  
Software- 
related 
obsolescence 
 

- Functional software deficits 
due to changing system 
environments: 

- Lack of upward and 
downward compatibility 
with other software and 
data formats 

- Incompatibility with new 
hardware 

- Expiry of software licenses or 
cloud-platforms 

- Loss or limited user 
friendliness (usability) 

Table 1. Examples of direct and indirect software 
obsolescence. 
 

(B) State of research 
Software is a complex sociotechnical artifact 
that is in a constant state of change. As result, 
there has been early attempts to measure 
software and its quality aspects (IEEE 1998; 
ISO 25000). This also includes the risk 
assessment and forecasting of software 
obsolescence especially in the realm of long-
lived industrial, aircraft and military applications 
(Bowlds et al. 2018). However, as Sandborn 
(2006) states, most methods, databases, and 
tools in the field of obsolescence management 
are focusing too narrowly on hardware life 
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cycles and underestimate the impact of 
software obsolescence. Particularly the more 
frequent application of COTS (commercial of-
the-shelf) software increases obsolescence 
risks in the industrial and military field due to 
their shorter market and support cycles (Wu et 
al. 2006; Morris 2010). 
Despite the growing attention of software 
obsolescence in the industrial and military field 
and beyond, there is not yet much dedicated 
research, particularly for consumer electronics. 
A literature search conducted in the research 
database IEEExplore yields only few results for 
the full-text search on the key word "software 
obsolescence" (N=4.300), with only 138 
publications and published conference 
contributions identified as relevant (see figure 
1) and only 4 of them related to the consumer 
market. 
 

 
Figure 2. Relevant publications per year on 
software obsolescence in IEEExplore database 
 
Among the few, who have addressed, software 
obsolescence in research are several case 
studies on premature obsolescence and Green 
IT initiated by the German Environmental 
Agency (Gröger & Köhn 2015; Hilty et al. 2015; 
Prakash et al. 2016: 146; Keimeyer et al. 2020, 
ISICONSULT 2021). 
To facilitate future research on software 
obsolescence the next section provides an 
initial but convenient framework for a 
systematic analysis of the main mechanisms 
and interdependent factors from a user-centric 
perspective. 
 

(C) LEUF-Circle 
The proposed LEUF-Circle is a framework 
inspired by previous work by Sandborn (2007) 
and the ISO standard for describing software 

quality (ISO 25000) and has already been 
applied empirically (Wagner et al. 2020). 

 
Figure 1. LEUF-Circle and its circular 
dependencies 
 
The LEUF-Circle is based on four premises of 
the use of software-based products according 
to their intended purposes and specifications: 
 

(1) The user must have at least the right to 
use the software which must be usable in 
conformity with the law (data protection, 
copyright),  

(2) The software must be/remain technically 
executable with the existing hardware, 

(3) An appropriate usability of the software 
must be given, 

(4) The software must fulfil its intended 
functions sufficiently. 

 
The LEUF-Circle is a sequence, where the loss 
of one factor, pose a total risk for to whole 
product, hence resulting in a circular 
dependency. If a software license is expired, 
the user has de jure and often de facto no right 
to use the software anymore (1), independent 
of other factors such as an intact hardware (2) 
or great usability (3) and functionality of the 
product (4). If a proprietary software dependent 
on dedicated hardware (2), which is not 
produced anymore, a defect of the hardware 
and lack of repairability poses a total 
obsolescence risk for the whole product. The 
same applies to software which cannot be 
adequately operated by the user (3) or does not 
properly fulfill its function (4).  
Table 2 gives a brief overview of the dimensions 
and corresponding risk factors. 
 

Dimensions Risk Factors 
Legal 
 

Is it legal and secure to use the 
software? 

0

5

10

15

Q
ua

nt
ity

Year

Relevant publications on 
"software obsolescence" per 

year in IEEExplore
1974-2020/04 
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- Legal right to use (licenses) 
- Compliance (data privacy) 
- Software availability and 

security (updates) 
Executable Is the software accessible and 

executable? 
- Technical feasibility of the 

software 
- Obsolescence of hardware 
- Digital obsolescence of 

storage media, data formats 
and dependent software 
services (clouds e.g.) 

 
Usable Usable and applicable? 

- Usability and User Experience 
(UX) 

- Skills and competence of 
users, quality of software 
documentation 

- Error tolerance and feedback 
of the software 

Functional Is the software doing “its job”? 
- Functional suitability 

▸Completeness 
▸Correctness 
▸Appropriateness 

- Adaptability, compatibility and 
performance 

Table 2. LEUF Dimensions and software 
obsolescence risk factors 
 
The LEUF-Circle is a framework to narrow 
down the essential risk factors and impart the 
inherent circular dependencies when it comes 
to software obsolescence. The user-centric 
approach has the advantage to cover a wide 
array of quality aspects that give a more holistic 
view on software obsolescence.  
The framework is currently not fully 
operationalized and needs further empirical 
validation. Software itself and the proposed 
LEUF dimensions induce a great complexity for 
measurements and require an elegant solution. 
In particular, the changing quality state of 
software caused by updates, patches and 
changing system requirements must be 
measured over time to enable a continuous 
obsolescence risk assessment. 
 

(D) State of legislation in the EU 
Contrary to hardware aspects, software is less 
regulated in the European market. 
Nevertheless, several important regulatory 
initiatives are on the way or have recently been 
adopted. The recent ‘New Circular Economy 
Action Plan’ the European Commission (EC) 
aims for a “right to update obsolete software” 

(EC 2020). For the first time the revised 
European Sales Directive sets out harmonized 
rules for products with digital components and 
the communication of software updates and 
changes in the European market (Directive 
(EU) 2019/771). The European Ecodesign 
Directive (Directive 2009/125/EC) already 
started to set minimum requirements for the 
availability period of software and firmware for 
some products to improve the overall material 
efficiency. From 2021 onwards, there will be 
obligatory requirements for the availability 
period of soft- and firmware for several 
consumer products: 

- Software updates must be available for 
at least 8 years after the sale of the last 
model for displays (Directive (EU) 
2019/424), servers and data storage 
products (Directive (EU) No. 
2019/2021). 

- Household dishwashers (Directive 
(EU) 2019/2022): Professional 
repairers should have access to 
software and firmware for a minimum of 
7 years after the last unit of a model 
was placed on the market. 

- Washing machine and dryers (Directive 
(EU) 2019/2023): Professional 
repairers should have access to 
software and firmware for a minimum of 
7 years after the last unit of a model 
was placed on the market. 

The current Ecodesign Directives mainly focus 
on legal aspects such as the availability period 
or information requirements and so far, 
addresses no specific software quality aspects, 
such as the executability, usability and 
functionality of the products. Unfortunately, if a 
software update degrades a product's 
performance over time, it is still in full 
compliance with the Ecodesign Directive.  
Furthermore, especially repair initiatives 
criticize the limited access to the software, 
which is restricted to professional repairers 
(Mikolajczak 2021; Meyer 2021). 
 

2. Prospects for future research 
and action on software 
obsolescence 

As pointed out before, SO has reached the 
political agenda, but sophisticated research and 
assessment methods are lacking. Based on our 
theoretical considerations the overview on 
research gaps and challenges, we discuss how 
to overcome them and set ground for policy 
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measures to mitigate the effect of software 
obsolescence: 
 
Prospect 1: It’s not a bug, it’s a feature’ – 
obsolescence needs to be studied and 
managed as an inevitable part of the software 
evolution 
The term ‘bug’ generally refers to software 
failures in software engineering. A 2013 study 
on thousands of bug reports on open-source 
projects discovered that even the bug reports 
were themselves full of misclassifications and 
revealed that every third bug is not a bug 
(Herzig et al. 2013). In fact, software is a 
complex socio-technical artifact, and it is widely 
known in the software community that software 
failures or deficits are unavoidable and part of 
the software evolution process (Carr 2018; 
Lehmann 1996; Taentzer et al. 2019). Even 
though the complexity of software and the 
inevitability of obsolescence it should not be a 
problem to plan, measure and mitigate its 
effects along the software lifecycle process 
(ISO/IEC 12207:2008) according to established 
methods such as obsolescence management 
(IEC 62402:2007). 
 
Prospect 2: Software obsolescence needs to 
become a part of software quality metrics 
Measuring the direct and indirect quality 
aspects of software has a long tradition and is 
already standardized (IEEE 1998, ISO 25000). 
Even though software lifecycle management is 
a sophisticated discipline, the term and problem 
of ‘software obsolescence’ is not very popular 
in related research fields and has not been part 
of the standards so far. Furthermore, it is not 
clear what relevance and effect software quality 
aspects have in software development and on 
obsolescence. Especially in the context of a 
progressing digitalization, much more 
awareness and methods to measure and 
assess the problem of software obsolescence 
as described in the LEUF-Framework are 
needed. 
 
Prospect 3: Legislations must enforce 
obsolescence disclosure and transparency 
Even though most end-of-life and 
discontinuation announcements will be 
published by manufacturers on their website 
(e.g. Apple 2021) and from 2019 onwards are 
obligatory for the registry of energy-related 
products in the European EPREL-database 
(EC 2021), most software-related factors that 
can cause or effect obsolescence are widely 

unknown or not reported publicly. In 
consequence several manufacturers where 
already part of lawsuits for not communicating 
obsolescence related aspects of their products 
in an appropriate way (AGCM 2018; DG CCRF 
2020; Steinberg 2020). There are cases where 
manufacturers have discontinued cloud 
platforms and connected products within a 
month of notification, without any reference to 
the actual reason (Radclyffe 2020). There are 
many more cases that are not known because 
nothing is reported or published. In 
consequence research and legislation are 
faced with a challenging task to help mitigating 
the problem, as there is still not enough 
empirical data available. 
There is already a standard for the digital 
exchange of information on product changes 
and discontinuations (VDMA 24903:2017-12). 
To date the standard is voluntary and especially 
designed for the industrial sector, but the 
general idea to report product changes and 
discontinuation in a standardized digital format 
could also provide more transparency in the 
sphere of consumer electronics. 
 
Prospect 4: Mandatory warranty statement 
need to cover software warranty 
Recent lawsuits, policy measures, the right to 
repair movement and discussion on premature 
obsolescence are showing, that customers 
demand for more transparency regarding the 
total lifetime and quality of their software related 
products. To date, software providers are 
already bound to the minimum legal warranty 
periods or license contracts to support and 
maintain their software over a certain lifetime, 
which currently is 2 years in the EU (EU) 
2019/771). However, a mandatory warranty 
statement as proposed by the German Federal 
Ministry for the Environment (BMU 2020), could 
oblige manufacturers to make statements about 
the guaranteed minimum availability period of 
their software and can positively influence 
customers choice at the point of sale (Schlacke 
et al. 2015: 161). Furthermore, customers 
would have an effective guarantee against 
‘built-in’ software-induced mechanisms such as 
software ‘kill-switches’ or the premature 
discontinuation of dependent cloud-services.  
 
Prospect 5: Subjectivity and impact of indirect 
effects are critical to obsolescence and need to 
be further investigated. 
In contrast to the direct software-induced 
effects, such as software "kill switches" or 
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"software bloats", the indirect effects are less 
obvious and do not always cause the total 
obsolescence of the product system. Even 
though manufacturers no longer provide 
security updates for their smartphones after a 
few years, users are not forced to scrap their 
devices immediately. The same is true for 
emerging software deficits due to changing 
system requirements, such as upward 
compatibility, interconnectivity or performance 
and quality degradation. The degradation 
process of the software quality takes place 
gradually over time. When does a smartphone 
operating system (OS) becomes too slow for 
the user? How long should a smart kitchen 
machine receive updates to the latest OS? 
Should manufacturers be allowed to lock 
hardware with specific software to prevent 
independent repairs and replacements? These 
questions are in general hard to answer, case-
dependent and several factors must be 
considered. 
Indirect effects are often the ‘known unknowns’ 
that are by nature difficult to measure and 
generalize. However, given the many factors 
and interdependencies, we must presume that 
indirect effects cause a majority of software 
obsolescence. Studies have sufficiently shown 
that many consumers do not replace their 
products due to a technical defect but for other 
reasons (Jaeger-Erben & Proske 2017; Wieser 
& Tröger 2015). Given the complexity of the 
reasons, future research and assessment of 
software obsolescence must take 
interdisciplinary perspectives into account and 
not only focus on the technical aspects. 
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Reaping What WEEE Sow: The potential for harvesting spare parts 
for repair and refurbishment 
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Abstract: A Circular Economy (CE) calls for the value of materials and products to be maintained and 
recovered through narrowing, closing, and slowing loops. However, there remain challenges in moving 
up the waste hierarchy and not only recycling materials from products, but also capturing value through 
reuse of components in refurbished and repaired products. In this paper, we examine the practice of 
“harvesting” spare parts from discarded white goods and consumer electronics in Norway, Sweden and 
California. Through literature review and interviews, we examine the sources of WEEE and potential 
spare parts, the use and markets for harvested spare parts, and the harvesting process itself. We 
identify key conditions, actors, and barriers and discuss how spare part harvesting could be upscaled 
to support increasing repair and refurbishment activities, which can increase product lifetimes and 
reduce waste. 
 
 

Introduction  
A Circular Economy (CE) aims to retain the 
value of materials and products as long as 
possible. However, there remain challenges in 
moving up the waste hierarchy, from waste and 
recycling to increased repair and reuse of 
products and their components. Globally, high-
income countries like Sweden, Norway and the 
US demonstrate correlated high consumption 
of electronic products and white goods (Forti et 
al., 2020). The Nordic countries are considered 
to be at the forefront in Europe when it comes 
to the recycling of waste electrical and 
electronic products (WEEE) (Yllä-Mella et al., 
2014) and California was a pioneer in adopting 
e-waste legislation in 2003 (Biedenkopf, 2020), 
but less is known about the practice and 
potential of repair and refurbishment in these 
contexts. The End-of-life (EoL) treatment of 
WEEE may present a potential solution to the 
lack of available spare parts, which is a 
significant barrier constraining the upscale of 
repair and refurbishment (see Svensson-
Hoglund et al., 2021). 
 
Spare parts (“spares”) used in repair, 
refurbishment and remanufacturing can be: 1) 
original, newly manufactured OEM parts; 2) 
third-party manufactured aftermarket parts 
(“copy”), and; 3) directly reused or refurbished 
original spares harvested from products,. 

Securing high-quality new spares can be a time 
consuming affair; harvesting is an alternative 
(Hansen & Revellio, 2020; Thierry et al., 1995). 
EoL products that cannot be reused may still 
contain valuable components (Tecchio et al., 
2019), especially original parts that may be 
difficult to source elsewhere (Hansen & 
Revellio, 2020). Further, increasing prices of 
spares are a threat to the business case for 
repairers (Türkeli et al., 2019), which harvesting 
can potentially address.  Harvesting of spares 
has a long tradition in the automotive industry, 
however, there is little in academic literature 
about the current state of this practice with 
electronics and appliances. 
 

Research approach 
This research seeks to improve understanding 
of: 1) the source of waste products harvested 
for spares, 2) how harvested spares are used, 
and 3) the harvesting process. The focus is on 
the regulated waste stream (as opposed to 
unregulated or informal scavenging - this issue 
is explored, e.g. in Magalini & Stillhart, 2017). In 
addition, we briefly discuss how spare part 
harvesting can be upscaled. 
 
Data was collected to address the research 
aims through: 1) a broad literature review, and 
2) case studies of practice in Norway and 
Sweden (“Nordics”), and California (CA) in the 
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US. In addition to academic literature, legal and 
policy documents were reviewed for these 
contexts as well as grey literature, company 
documents, websites and other media (e.g. 
blogs and podcasts). Eleven semi-structured 
interviews were conducted with key 
stakeholders. These included producer 
responsibility organisations (PROs) (2 in the 
Nordics), repair, refurbish, and reuse 
organisations (4 in the Nordics and 2 in CA), 
recyclers (1 in Sweden, 1 in CA) and an OEM 
(1 in the Nordics). 
 

Harvesting spare parts 
Sources of Supply of Devices to Harvest    
The sources of spares from regulated e-
waste/WEEE streams depend on the regulatory 
system and which actors are responsible for 
collecting and recycling. In the Nordic system 
there are some limited OEM take-back systems 
but most WEEE collection is controlled by 
PROs, who contract recyclers to manage the 
waste and may allow or collaborate with some 
reuse organisations. In contrast, in the absence 
of PROs, recyclers in CA are often buying 
WEEE from individual organisations to reuse, 
harvest spares and recycle for materials. In 
addition to the revenue from these activities, 
recyclers are also compensated from the CA 
state fund for the management of the WEEE. 
 
The potential for harvesting from WEEE is 
limited by the volume and quality of WEEE that 
consumers voluntarily drop-off at collection 
sites. Collection rates are decreasing and some 
WEEE is also removed from collection sites by 
consumers or third parties (Bratten, 2020; 
Bergin & Ohlfeldt, 2020). One Nordic recycler 
estimated that ultimately less than 1% of WEEE 
has reuse potential to begin with, including for 
harvesting. Low volumes were problematic for 
several of the organisations interviewed and the 
demand for spares exceeded the available 
supply. A CA repairer and Nordic refurbisher 
found that access to harvestable spares had 
decreased due to OEMs starting to take back 
their own used or waste products.  
 
The existence of recycling targets can 
disincentivise spare reuse by favouring 
recycling (Bergin & Ohlfeldt, 2020). A CA repair 
organisation mentioned that OEMs also try to 
influence access to spares to harvest  though 
direct contracts with recyclers and indirectly 
through pressure on retailers who have 
contracts with recyclers, often stipulating that 

their products should be recycled for materials 
and prohibiting harvesting. One Nordic PRO’s 
guidelines restricted access to only 
professional reuse companies to ensure that 
the waste is treated in an environmentally 
sound manner with high quality assurance. 
Previous research confirms that PROs often 
lack incentives to engage in reuse and are 
hesitant to provide access to interested third 
parties, primarily due to manufacturers’ 
concerns about cannibalization of new product 
sales, product liability and risks to brand-value 
(Dalhammar et al., in review).   
 
A Nordic PRO’s own investigation revealed that 
the way WEEE is collected (e.g. in cages or in 
containers) and handled (often roughly) 
strongly influenced the functionality of the 
products. The PRO concluded that the solution 
was to divert reusable products before they 
entered the waste stream (El-Kretsen, 2015), 
but a Nordic recycler also noted there was 
pressure to handle the waste more carefully. In 
particular, it was noted that white goods are 
often squeezed and handled roughly to save 
space. This was an important reason for why a 
Nordic refurbisher did not consider sourcing 
from the WEEE stream, but would consider this 
if the treatment improved. 
 

Use of harvested parts   
Refurbishing and reuse companies, repairers 
and DIY enthusiasts often use harvested 
spares, (Hansen & Revellio 2020; Lechner & 
Reimann 2015). Harvested spares are often a 
viable strategy to access lower cost spares (see 
Ijomah & Danis 2012) or reduce delivery time 
compared to ordering newly manufactured 
spares (Wittig 2018). Interviews suggested that 
the increased price of some products has made 
repair more interesting for consumers (with 
resulting increases in spare part value). In 
closed-loop supply chains, spares are used 
internally by the manufacturers e.g., to honour 
warranty commitments (Chari et al., 2016).  
 
All the refurbishers interviewed use the spares 
internally to some extent, and a few also sold 
externally to consumers via e-platforms. The 
recyclers interviewed did some limited 
refurbishment themselves using parts 
harvested from their recycling process and one 
CA recycler was considering expanding its 
spare part harvesting to sell more externally, 
while the Nordic recycler considered expanding 
refurbishment by sourcing parts beyond their 
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internal operation. Refurbishers and recyclers 
in both case contexts sell parts B2B, sometimes 
even working specifically with an OEM (one CA 
recycler). Another market for some parts is 
outside of the Nordic and CA context, especially 
for consumer electronics (e.g. computer spares 
and Apple parts were mentioned by a Nordic 
refurbisher); screens with scratches that lack a 
domestic market can be sold elsewhere in the 
world. The CA repair organisation also noted 
there was a flow of spares to Asia from CA. As 
mentioned, the supply of spares is limited and 
uncertain. To address this, the recyclers often 
have dedicated resources to keep track of the 
market flows and dynamics, including the type 
of spares customers are demanding.  
 
Sought-after spares are either “versatile” (i.e., 
can be used in a range of products) or 
“specialised” (i.e., unique applications) 
(Debnath et al., 2016). A CA repair organisation 
and a Nordic refurbisher mentioned that spares 
not made available by the OEM are in high 
demand. Age and condition of the product 
determines the harvesting potential, and a 
Nordic refurbisher noted that high-speed 
development in design and software upgrades 
often makes spares irrelevant, either because 
the products themselves are obsolete (Linton et 
al., 2004) or the spares are not compatible with 
newer models (Bergin & Ohlfeldt, 2020). This 
aligns with the issue of time-sensitivity in the 
value of spares, where sometimes just a few 
months matter. Thus, getting consumers and 
businesses to return products promptly (vs. 
storing them) is a key “bottleneck” in the system 
noted in interviews and literature (Wilson et al., 
2017). For one Nordic refurbisher, this time-
sensitivity made spares harvested from WEEE 
too old for their main market (refurbished 
mobile phones). However, for other products 
the demand for older models has increased 
lately, making the WEEE stream more relevant.  
 
Refurbishers and recyclers in both the Nordic 
and CA contexts noted that quality concerns 
can be a barrier to using harvested spares from 
WEEE.  For example, one repair organisation in 
CA was restricted by requirements from 
insurance companies not to reuse parts in 
covered repairs. According to a Nordic 
refurbisher, insurance companies there had 
similar policies, but have relaxed this 
requirement to realise both cost and 
environmental savings. On the demand side, 
customer requirements and preference for 

reused spares can be difficult to predict (Bergin 
& Ohlfeldt, 2020), with certain consumer 
segments often preferring new spares, while 
DIY consumers are more likely to seek out 
harvested spares (Türkeli et al., 2019; Lechner 
& Reimann, 2015). Another barrier to using 
spares generally, noted by a Nordic refurbisher, 
is when it results in an error message that 
indicated unauthorised repair or decreased 
functionality of the product - thus, making it 
more difficult to sell or return the refurbished 
product to a customer. 
 

The Harvesting Process 
A Nordic refurbisher and CA recycler both 
described similar processes for selecting parts 
for harvesting. Essentially, they look for parts 
they need internally for refurbishment, and 
parts with an external market. Thus, the sorting 
process is typically oriented towards what there 
is a market: either for frequently used spares or 
for more unique items. The latter are identified 
through requests from customers. The choice 
to harvest spares from WEEE is impacted by 
the condition, brand, and age and an effective 
grading process is essential for the profitability 
of the operation (Lechner & Reimann, 2015). 
 
Complexities in disassembly, as well as design 
changes in newer product models, hamper the 
reuse of spares (Bergin & Ohlfeldt, 2020; 
Coughlan et al., 2018). Though quality products 
from big brands are preferably reused in their 
entirety, they are more cost-efficient to harvest 
from compared to no-brand products due to 
lower processing costs (Lechner & Reimann, 
2015). Spares are more easily reused if there 
are a limited number of brands (i.e. less 
diversity) (O’Connell et al., 2011) and standard 
designs (Lechner & Reimann, 2015).  
 
Harvesting requires intimate knowledge of 
product design, defect types and frequency, in 
addition to the logistics involved, as well as 
extensive collaborations with other actors 
(Thierry et al., 1995). The harvesting of spares 
entails the initial identification, disassembly, 
functionality testing, diagnosis, cleaning, and 
repair or refurbishment, sometimes by a 
specialist (Coughlan et al. 2018; Ijomah & 
Danis, 2012; Debnath et al., 2016). A repair 
organisation in CA mentioned the need to train 
staff at the recycler they sourced from and 
interviews confirmed the need for skilled staff.  
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Recyclers and refurbishers stressed the need 
to assure secure data destruction and test 
functionality. It was noted that parts are more 
difficult to test than entire units, and the varied 
models and conditions makes it challenging to 
create standardised, automated processes, 
making some manual labour is necessary. The 
maturity of the refurbishing market has led to 
the development of functionality testing 
programs from third parties, further facilitating 
testing, but the process still increases costs of 
the operation (Türkeli et al., 2019). 
 
Overall, the time-intensive manual work 
required, along with high labour taxes 
(particularly in the Nordic context), puts a strain 
on profitability. For certain products, it is more 
profitable to buy new spares from across the 
world. The market for harvested parts is 
growing, which enables operations of scale. A 
Nordic OEM mentioned the initial investment in 
large storage facilities was a necessary, but 
limiting, factor for them to harvest spares for 
white goods. Storage capacity is also a barrier 
noted in literature (Linton et al., 2004). 

 
Concluding Discussion 
Figure 1 summarizes the sources, main steps 
of the process of harvesting and main uses of 
spares harvested from WEEE, but also notes 
other sources.  
 

 
Figure 1. Flow of Parts for Harvesting 

 
Nearly all interviewed consumer electronic 
recyclers and refurbishers saw a potential to 
increase spare harvesting and foresaw 
increasing demand for spares. Extended 
producer responsibility systems present several 
barriers, both in terms of the control maintained 
by PROs (dictating who can access and routing 
to recycling vs. reuse) and how the waste is 
handled (i.e., roughly). Similarly, in CA OEMs 
could restrict access through contracts. 
 
Confirming previous studies, our findings 
indicates WEEE requires more careful handling 

to ensure higher value retention. Value is also 
relative; e.g., compared to the value of the 
product requiring the spares, with notably 
higher interest for parts for high value products. 
Not surprisingly, there is higher value for 
harvested parts where there is no alternative 
source (e.g., where the OEM restricts supply). 
The value is also relative to the supply of new 
aftermarket parts. Hence, any externalities that 
would make new manufacture artificially cheap 
should be considered for policy measures. 
 
Matching the supply and demand is important 
for upscaling parts harvesting as there may be 
potential customers that have not considered 
this source for spares. This requires good data, 
tracking and database systems that can be 
easily checked and communicated to potential 
customers, which also require investments. The 
findings also confirmed that often the market is 
not only domestic, and thus trade restrictions on 
waste and lack of clarity regarding the 
classification of harvested parts (e.g., cores) 
may pose additional impediments to the use of 
harvested spares.  
 
Often harvesting spares involves partnerships 
and/or gap exploiters who are able to capture 
the value of the parts and connect these to 
markets. Interviewees in our study were divided 
on the role of manufacturers, with some seeing 
increased involvement as advantageous 
because OEMs had the technical knowledge of 
their products while others perceived OEMs as 
motivated to incentivize sales of new parts and 
recycling over harvesting and reuse.    
 
There are different dimensions of value 
captured in harvesting spares. Non-profit 
organisations and socially responsible for-profit 
companies are often able to contribute social 
benefits such as employment and skill building 
for long-term unemployed or disadvantaged 
people. Harvesting can also contribute 
environmental value through avoided 
emissions and material extraction.   
 
Building on the understanding of the processes, 
markets, and actors involved in harvesting 
spares, future research should further 
investigate the different dimensions of values 
for harvesting, potential policies, and the role of 
stakeholders in further upscaling the use of 
harvested spares. 
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Abstract: Today's linear economic paradigm leads to a situation where products are not designed and 
used to maximize their sustainability and circularity performance. The circular economy concept 
proposes a modern framing of value retention strategies by increasing the awareness of their ability to 
prolong the use of resources and minimize waste. The utilization of product life cycle data, partly 
facilitated by digital technologies, is not only an enabler for such value retention strategies but also an 
essential input for sustainable product development processes aimed at minimizing a products' 
environmental and social impact. However, what strategies are being pursued in practice, what 
sustainability-related data are available, and how digital technologies can facilitate these processes 
requires further investigation. In this regard, the contributions of this study are twofold. First, it provides 
a collection of key aspects for sustainable product development based on a literature review. Second, 
it reveals the degree of implementation of sustainable product development and value retention 
strategies and the availability of related data. The latter contribution is derived from a survey with 59 
sustainability executives from Austrian companies. The results show that the degree of implementation 
varies considerably between the different strategies. So far, a focus is set on avoiding toxic substances 
and closing internal material loops. Digital systems to support a circular economy business model, 
product, or service are available in less than half of the cases. The implementation of digital 
technologies is rather a single-case phenomenon than an established business strategy.  
 
 

Introduction 
Sustainable product development (SPD) is not 
a "nice-to-have" activity anymore but becomes 
imperative for today's businesses (Buchert, 
Halstenberg, Bonvoisin, Lindow, & Stark, 
2017). One reason for that is the increasing 
number of regulations (ibid.), especially in the 
European Union (EU), where, for example, the 
"European Green Deal" aims to "[…] transform 
the EU into a fair and prosperous society, with 
a modern, resource-efficient and competitive 
economy where there are no net emissions of 
greenhouse gases in 2050 and where 
economic growth is decoupled from resource 
use." (European Commission, 2019, p.2). EU's 
commitments to tackle urgent environmental-
related challenges come with the need for 
prompt actions in various areas. One among 
several strategies on how to transform the 
economy is delineated in the circular economy 
(CE) action plan (European Commission, 
2020b). This plan includes a 'sustainable 
products' policy to support the circular design of 
products based on a common methodology and 
principles. Additionally, international standards 
for incorporating material circularity in the 
design phase of products and their constitute 

parts exist already (ISO, 2020). And not only on 
a policy level but also in business and research 
the CE concept has gained attention (EMF, 
2015; European Commission, 2020b; Schöggl, 
Stumpf, & Baumgartner, 2020) and has 
become one of the most recent ways to engage 
with environmental sustainability (Barreiro-Gen 
& Lozano, 2020). Regarding Bocken, de Pauw, 
Bakker, & van der Grinten (2016) one strategy 
to operationalize the CE concept on the micro 
level is to extend the life time of a product. For 
this, maintenance and repair strategies are 
crucial to address for organizations to provide 
circular services and products (Emilia 
Ingemarsdotter, Kambanou, Jamsin, & Sakao, 
2021). Digital technologies (DTs), such as the 
internet of things (IoT) and big data analytics, 
can be used as enablers for such product 
lifetime extension (e.g. predictive maintenance) 
activities (ibid.). In general, several authors 
pointed out that for the transition from the 
current linear economy (take-make-waste 
approach) towards a CE, DTs play an essential 
role (Kristoffersen, Blomsma, Mikalef, & Li, 
2020; Lieder & Rashid, 2016; Pagoropoulos, 
Pigosso, & McAloone, 2017). 
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However, practical insights are largely missing 
so far. Therefore, the following research 
questions are addressed in this study. First, to 
which degree SPD is adopted in practice and 
which environmental and social product life 
cycle data (PLCD) are available for it? Second, 
what is the use of DTs for SPD in practice (e.g., 
as a data source or for exchanging and 
analyzing data)? 
 
This study aims to provide an explorative 
overview of PLCD in general and the availability 
of PLCD for SPD in a CE context. More 
specifically, this research will make the 
following contributions to answer the research 
questions. First, key issues for SPD from the 
literature were identified. Second, the degree of 
implementation of SPD in a CE context and the 
availability of environmental and social PLCD in 
practice were assessed by conducting a 
telephone survey with manufacturing 
companies. Additionally, examples from the 
literature were collected that focused on the use 
of DTs for SPD in practice.  
 

Methods and materials 
First, a literature review (Fink, 2005) was 
conducted on the intersection of SPD, CE, and 
DTs to identify current approaches that can be 
used to collect, manage, and exchange PLCD 
and define data needs for SPD in a CE. A 
particular emphasis was on journal articles that 
studied the use of DTs to enable product life 
extension, e.g., with predictive maintenance 
activities.  
 
Second, a fully structured survey (Bryman & 
Bell, 2011) including closed and open questions 
was conducted via telephone. The aim was to 
examine the status of the Austrian companies' 
degree of implementation regarding SPD in a 
CE context, the availability of sustainability-
related data, and their maturity level in applying 
DTs for sustainability management and CE. 
The sample includes 59 answers from company 
representatives (sustainability executives) from 
all sizes and different industry sectors such as 
chemical and electronics, automotive supply, 
machinery and metalware, food, paper, and 
textile. More specifically, 32 % of the 
companies have a turnover below 10 Million 
(Mio.) Euros, 50 % between 10-100 Mio. and 
18% above 100 Million. 73 % of the companies 
have between 1-250 employees, 20% 251-
1000 and 7% between 1001-10000. 

 
The statistical program R version 3.6.1 (R Core 
Team, 2019) was used for the (descriptive) 
analysis of the answers. 
 

Results 
SPD in a CE context 
A clear strategy and the planning of circularity 
strategies for products and materials should 
precede their design and development (ISO, 
2020). Therefore, we asked firms about the 
general importance of (I) implementing circular 
products or services and (II) eco-design 
guidelines for product development. For 61% of 
the firms in the sample, the implementation of 
circular products or services is very important 
or important. For almost 56%, the use of eco-
design guidelines for product development is 
very important or important.  
 
In this study, we used SPD as an umbrella term 
to subsume different synonymous and/or 
complementary approaches from the 
beginning-of-life phase of a product, such as 
eco-design, circular design or sustainable 
design. In literature, SPD is described as 
product development where "[…] a strategic 
sustainability perspective is integrated and 
implemented into the early phases of the 
product innovation process, including life cycle 
thinking." (Jaghbeer, Hallstedt, Larsson, & 
Wall, 2017, p.271). To assess the current state 
of implementation of SPD in practice, a range 
of 16 SPD aspects was used (see Figure 1). 
The range covers relevant CE issues (i.e. from 
the 10-R hierarchy (Reike, Vermeulen, & 
Witjes, 2018) and the ReSOLVE framework 
(EMF, 2015)) as well as issues required to 
consider a more comprehensive sustainability 
perspective (e.g. related to social and 
environmental impacts along the supply chain). 
As can be seen in Figure 1, the avoidance of 
toxic substances in products is the aspect that 
is already most often implemented company-
wide. Other frequently implemented aspects 
are an increased material and/or energy 
efficiency in production, design for the 
environment, the closing of internal material 
loops in production, green and social supply 
chain management, and the use of renewable 
resources for products. However, these 
aspects are more often only implemented in 
pilot projects yet, or the company-wide 
implementation is underway. 
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Figure 1: Degree of implementation of SPD 
aspects (n=59). Note: 1=not considered, 
2=considering it, 3=implementation in pilot or 
individual project, 4=company-wide 
implementation underway, 5=already 
implemented company-wide. Missing=no 
response.  
 
More than half of the firms in the sample did not 
consider design for repair or reuse, reuse post-
consumer products, or use recycled materials 
and the degree of implementation of these 
aspects varies a lot. The implementation of the 
sale of by-products, the use of 3D printing, or 
the dematerialization of business models was 
not considered by most of the firms. For the 
latter aspects, also the degree of missing 
answers was the highest (e.g., 16 for sales of 
by-products). However, it was found in another 
survey question (not illustrated in Figure 1) that 
almost 53% of the firms already provide 
(implemented or implementation underway) 
after-sale services, e.g., inexpensive repairs, 

free take-back or spare part services for their 
products. Subsequently, these activities 
contribute to a product lifetime extension, 
although the accompanying SPD aspects like 
the design for repair or reuse were not 
implemented.  
 

Availability of environmental and social 
PLCD 
Furthermore, the firms in the sample were 
asked about the availability of environmental 
and social PLCD required for SPD. The data 
sources were categorized into three areas: 
company-internal data, data from the supply 
chain, and data from the use or end-of-life 
(EOL) phase. 

Figure 2: Company internal sustainability data 
availability (n=59). Note: 1=not available, 
2=hardly/barely available, 3=partly available, 
4=mostly available, 5=fully available. 
Missing=no response.  
 
The survey results regarding company-internal 
data (Figure 2) show that the availability of data 
on the firm's total energy use and waste 
generation is very high (fully available) or high 

Implementation of SPD

F
re

q
u

e
n
c
y

40

20

0

20

40

60

In
c
re

a
s
e

d
 m

a
te

ri
a

l/
e
n

e
rg

y
 e

ff
ic

ie
n

c
y

A
v
o

id
a

n
c
e

 o
f 

to
x
ic

 s
u

b
s
ta

n
c
e

s

D
e

s
ig

n
 f
o

r 
e

n
v
ir

o
n

m
e

n
t

G
re

e
n

 s
u

p
p

ly
 c

h
a

in
 m

a
n

a
g

e
m

e
n

t

C
lo

s
in

g
 i
n

te
rn

a
l 
m

a
te

ri
a

l 
lo

o
p

s

U
s
e

 o
f 

re
n

e
w

a
b
le

 r
e

s
o

u
rc

e
s

S
o

c
ia

l 
s
u

p
p

ly
 c

h
a

in
 m

a
n

a
g

e
m

e
n

t

D
e

s
ig

n
 f
o

r 
re

c
y
c
lin

g

S
o

c
ia

l 
a

s
p

e
c
ts

 i
n

 d
e

s
ig

n

D
e

s
ig

n
 f
o

r 
re

p
a

ir

R
e

u
s
e

 o
f 

p
o

s
t−

c
o

n
s
u

m
e

r 
p

a
rt

s

D
e

s
ig

n
 f
o

r 
re

u
s
e

U
s
e

 o
f 

re
c
y
c
le

d
 m

a
te

ri
a

ls

U
s
e

 o
f 

3
D

 p
ri

n
ti
n

g

S
a

le
 o

f 
b
y
−

p
ro

d
u

c
ts

D
e

m
te

ra
liz

in
g

 t
h

e
 b

u
s
in

e
s
s
 m

o
d

e
l

 
1 2 3 4 5

Data availability (internal)
F

re
q
u

e
n
c
y

20

0

20

40

60

T
o
ta

l 
e
n
e
rg

y
 u

s
e

T
o

ta
l 
w

a
s
te

E
n
e

rg
y
 u

s
e
 p

e
r 

m
a
c
h
in

e

T
o
ta

l 
e
m

is
s
io

n
s

R
e
c
y
c
lin

g
ra

te

 
1 2 3 4 5

506



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Magdalena Rusch, Josef Peter Schöggl, Lukas Stumpf, Rupert J. 
Baumgartner 
Interplay of digital technologies and sustainable product development – What 
can product life cycle data tell us? 

 

- 4 - 

 

(mostly available) for most of the firms. 
Regarding the firm's total emissions, the 
specific energy use per production machine 
and their waste recycling rates, most firms 
reported a high data availability (data is fully or 
mostly available), but there is a bigger 
difference between them. For all five aspects, 
the median is at least three, which generally 
shows a good availability of company-internal 
data. 
 

 
Figure 3: Supply chain sustainability data 
availability (n=59). Note: 1=not available, 
2=hardly/barely available, 3=partly available, 
4=mostly available, 5=fully available. 
Missing=no response.  
 
Regarding the data availability from the supply 
chain (Figure 3), the results show that the 
material composition of the components and 
products, transport distances, information 
required by law (compliance), and the used 
production processes are well known. Data 
about the social sustainability in the supply 
chain are most often at least partly available. In 
contrast, the data of the emission in the supply 

chain, the energy demand of suppliers' 
production processes, and the waste 
generation in the supply chain are not or barely 
available in most firms. 
 
Especially for the use or EOL phase (Figure 4), 
the data availability is relatively low for all three 
aspects (median two or three) with minor 
variations between the firms. Most data are 
available about the energy demand during the 
product use but in most cases only partly. No 
firm reported that data is fully available for the 
product's EOL routes and also data about the 
recycling rates are most often not available. 
 

 
Figure 4: Use and EOL phase sustainability 
data availability (n=59). Note: 1=not available, 
2=hardly/barely available, 3=partly available, 
4=mostly available, 5=fully available. 
Missing=no response.  

 
Use of DTs and related strategies 
Mobilizing the potential of digitalization and DTs 
for enhancing the collection, management, and 
exchange of product information, including 
solutions such as digital product passports 
(DPPs), is described as a critical enabler for a 
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CE (European Commission, 2020b). Such 
DPPs should include information on a product's 
origin, durability, composition, reuse, repair and 
dismantling possibilities, and EOL handling 
(European Commission, 2020a) to provide 
relevant technical and sustainability-related 
information about a product along a value chain 
and promote circular value retention options 
(Lemos, 2020). In our sample, almost 41% of 
the survey respondents reported that 
appropriate IT and other digital systems to 
support a circular economy business model, 
product, or service are available. 
 
Around a third of the firms (37%) have a 
digitalization strategy for product development 
tasks, around 40% for product management 
and 22% for sustainability management. 
 
Furthermore, twelve out of 59 firms in the 
sample use IoT applications for production data 
collection. Big data analytics for process- and 
equipment maintenance issues is used in ten 
firms only. Blockchain technology and artificial 
intelligence applications are so far not applied 
in most firms.  
 

Application examples of DTs from literature 
During the design phase, in order to implement 
IoT enabled circular strategies, companies 
have to consider the integration of, e.g. 
sensors, to derive reliable insights about a 
product's condition (Ingemarsdotter et al., 
2021). Afterwards, activities such as condition-
based monitoring and (predictive) maintenance 
can be used, as part of the firm's value 
proposition, to facilitate the lifetime extension of 
products, as one among other CE strategies 
(ibid.). In the scientific literature, already 
implemented application examples of DTs for 
SPD and maintenance activities were found. 
The following examples not only focus on the 
design phase but also show how the integration 
of DTs during the product's design and 
development can influence the use phase and 
enable the extension of the product's lifetime.  
 
Most examples come from big corporations like 
Rolls-Royce that execute preventive and 
predictive maintenance by monitoring the 
engine data received via satellites in real-time 
and automatically elaborating the collected data 
through appropriate analytics to extend the 
useful life of engines (Bressanelli, Adrodegari, 
Perona, & Saccani, 2018). Or from Toyota, 

where cars are equipped with smart sensors 
and continuously collecting data about their 
locks, location, ignitions, and tires which can be 
later used by the manufacturer assembly line 
(Fahmideh & Beydoun, 2019). HP monitors 
their printers and collects data from products-
in-use to support design for durability (E 
Ingemarsdotter, Jamsin, Kortuem, & 
Balkenende, 2019). Whirlpool's washing 
machines give the user notifications about 
upcoming maintenance needs (ibid). Cars from 
Tesla can schedule their own repairs based on 
fault monitoring. Tesla also performs remote 
services and upgrades on their cars (ibid).  
 

Discussion 
The examples from the literature show that DTs 
are already in place to support SPD and 
sustainable product management in general. 
The application of DTs serves as an enabler for 
improved product design (e.g., design-for-
durability) and is important to collect and 
analyze PLCD. Moreover, DTs can not only be 
used as the data source for PLCD, but also, 
based on the newly gained insights, products 
can be designed to directly interact with 
customers and give notifications about 
upcoming maintenance needs. These after-
sale services can prolong the lifetime of a 
product, and SPD insights can be derived. Most 
examples come from large international 
corporations. They could be described as 
forerunners regarding the implementation of 
DTs. However, some Austrian firms also 
confirmed using DTs for various activities such 
as data collection from production, product 
development, or maintenance tasks.  
 
Regarding the research questions, key aspects 
for SPD in a CE context were derived from 
literature. A set of 16 SPD aspects was used to 
evaluate the current state of implementation of 
SPD in practice. An additional set of 16 aspects, 
categorized in three areas, was used to assess 
the availability of environmental and social 
PLCD in Austrian firms. It was found that the 
degree of implementation is very high for the 
two aspects (I) avoidance of toxic substances in 
products and (II) increased material and/or 
energy efficiency in production. Data about the 
product’s material composition was at least 
partly available in almost all firms which is 
crucial for SPD. 
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Additionally, the results from the empirical study 
show for which aspects of the three areas the 
availability of data is already high i.e., data of 
the firm's total energy use and waste generation 
(company-internal) and the material 
composition (supply chain). For all the other 
aspects, the data availability should be 
enhanced i.e., all three aspects from the use or 
EOL phase, most aspects from the area 
regarding the data availability of the supply 
chain and some from the company internal 
area. While the sample described in this study 
is not representative for all Austrian firms, it 
shows the tendencies that the availability of 
company internal data (Figure 2) is higher for 
most of the aspects than from supply chain 
(Figure 3) or use and EOL phase (Figure 4).  
 

Conclusions 
This study contributes to the field by 
investigating firms' status quo regarding their 
degree of implementation of SPD aspects in a 
CE context, and the availability of 
environmental and social PLCD in practice has 
been shown. Furthermore, concrete application 
examples of DTs for SPD from the literature 
were given. It shows that the application of DTs 
already in the design and development phase 
enables product lifetime extension activities 
such as (predictive) maintenance and data from 
products-in-use can support design decisions. 
Firms can intentionally design their products to 
facilitate the collection and management of 
PLCD using DTs. With the increased use of 
DTs, it is very likely that also the availability of 
data will increase for most SPD aspects. 
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Abstract: As utilized technical products, durable wood furniture has an important role to play in a future 
circular economy (CE). However, contemporary CE literature predominately focuses on the biochemical 
properties and potential for wood as consumable materials within the bio-cycle. This perspective 
prevents meaningful consideration of CE strategies for the wood products sector, particularly for value-
retention processes (VPRs), including reuse, repair, and refurbishment. Adapting and applying the VRP 
model introduced by the UN International Resource Panel (IRP) (2018) to wood furniture products, we 
quantify select environmental benefits made possible through the use of VRPs (vs. new manufacturing) 
for wood furniture. Unlike traditional life-cycle analysis (LCA), this model accounts for the impacts 
incurred and avoided through product life-extension and VRPs, relative to new manufacturing, disposal, 
and replacement within a linear system. To demonstrate the model and the potential for wood furniture 
as technical products within the CE, three case studies of wood-based chairs are conducted and 
analyzed. In collaboration with industry partners, new material requirements (kg/unit), energy 
requirements (kWh/unit), emissions (kg CO2-e./unit), and waste generation (kg/unit) are calculated for 
newly manufactured chairs and subsequent reuse, repair, and refurbishment. Results highlight that, 
similar to industrial products, VRPs enable the avoidance of environmental impacts for wood furniture 
relative to linear single-life systems. Further, design configuration and material selection for wood 
furniture have significant implications for CE potential, thus reinforcing the necessity of an appropriate 
design perspective for enabling effective CE across all products and sectors. 
 
 
Introduction  
Increasing visibility and awareness of ‘fast 
furniture’ has contributed to concerns about the 
quantities of waste wood furniture being 
disposed into landfills each year (Bischof, 2019; 
Cummins, 2020). Despite being renewable and 
able to biodegrade and/or be recycled, these 
circular attributes of wood furniture are typically 
not realized within the sector. In addition to a 
predominately linear model in which timber is 
harvested, processed, manufactured, 
distributed, used, and then disposed, the 
chemical finishes and adhesives commonly 
applied to wood products often prevent the 
return of the wood materials back into the 
biosphere (Thonemann & Schumann, 2018).  

Fast Furniture 
In 2018, U.S. consumers spent more than USD 
100 billion on furniture products (Coresight 
Research, 2019), and confirming the 
predominantly linear model, waste 
characterization data  (U.S. Environmental 
Protection Agency, 2020), and grey literature 

(Bischof, 2019; Brightly, 2020; Cummins, 2020) 
note the increasing presence of discarded 
furniture at the curbbside and in landfills. 
Mirroring observed market trends of so-called 
“fast fashion”, “fast furniture” refers to the rise of 
easy-to-use, low-cost, fast-moving furniture that 
lacks durability and a long-lived aesthetic. The 
changing wood furniture marketplace has 
increased the ease with which people can 
access furniture, decreased the retention rate 
of furniture, and created a new norm of furniture 
disposal (Brightly, 2020). The growth of fast 
furniture is driven by the same factors behind 
fast fashion: Products are made with lower-
quality, lower-cost materials; they are sold for 
lower prices with relatively higher profit 
margins; and they are purchased and disposed 
of by consumers at increasingly faster 
replacement rates (Bischof, 2019; Rauturier, 
2020). The lure of the fast furniture business 
model has led to many prominent companies 
expanding their portfolios to include lower-cost, 
lower-durability furniture products made from 
wood-based composite materials that are 
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difficult to recycle and maintain within the CE 
(BizVibe, 2019). Combined, these challenges of 
waste furniture contribute to the approximately 
12 million tons of furniture sent to U.S. landfills 
in 2018, with furniture accounting for 8.3% of 
the overall U.S. landfill composition (U.S. 
Environmental Protection Agency, 2020). Not 
far behind, the European Union (EU) produces 
approximately 11 million tonnes of furniture 
waste (Forrest et al., 2017).  

Design for Wood Furniture Circularity 
Although the formal advancement towards 
circular wood furniture systems has been slow, 
there has been recognition of the need for 
policy-guided diversion and recovery 
infrastructure, consumer behavior changes, 
and adoption of circular design principles by the 
wood furniture sector (Forrest et al., 2017). 
Design concepts, including design for the 
environment (DfE), eco-design, circular design, 
and green public procurement, introduce 
environmental impact reduction strategies that 
can enable more sustainable and circular 
product development (Forrest et al., 2017).  
While DfE and eco-design have been studied 
for wood furniture across various products, CE 
principles (e.g., keep products in-use) may 
differ from conventional sustainability and 
environmental priorities, and may conflict with 
conventional business model priorities (e.g., 
volume-based revenue strategies). Design 
strategies that facilitate product-life extension 
and value-retention may include and are not 
limited to, modular design, design for 
disassembly, design for repairability, and the 
elimination of adhesives (Besch, 2005). 

To explore the potential benefits that may be 
achieved by the application and scaling of 
VRPs for durable wood furniture products, this 
study demonstrates the applicability of a 
validated VRP model for bio-based product 
analysis (International Resource Panel, 2018). 
It quantifies select environmental benefits that 
are possible through the use of reuse, repair, 
and refurbishment activities for case study 
wood furniture products. Further, the value-
retention potential for wood furniture cycling via 
VRPs within the CE is demonstrated, along with 
design and material selection priorities specific 
to wood furniture. 

Methodology and Materials 
Case Studies 
To quantify the environmental impacts of 
utilizing VRPs for wood furniture, three case 

study products (wood-based chairs) were 
selected to represent three common styles and 
markets: a) solid wood; b) plywood core with 
foam and fabric upholstery; c) solid wood and 
plywood mix (see Figure 1).  

Figure 1. Case study chairs: Chair A – solid 
wood, bulky, durable, commericial-use; Chair B 
– upholstered, bulky, durable, commercial use; 
Chair C – mixed solid and plywood, light t, 
commercial/residential use. 

Chair A - is made of solid wood, is bulky, 
durable and lasting traditional design. The chair 
is massive, sturdy, well made in the upper price 
range ($978), expected to last well past its 
projected life span.It is a more permanent 
structure and not built for disassembly. Chair B 
- is also in the upper price range ($1,998) and 
not meant to be disassembled. Its core 
structure has the potential to last past its 
projected service life, but the upholstery would 
be limited to tearing and sanitary concerns. 
Chair C - is a mix of solid wood frame (legs and 
rails) and plywood seat and backrest. With a 
simple frame construction, this low price range 
product ($89) comes disassembled in a flat 
package and is easily assembled by the 
consumer. This feature also compromises its 
strength and contributes to a shorter life-span. 
Chair A and B were selected from the same 
manufacturer who was willing to provide 
primary information regarding the production 
process and bill of materials. Chair C was 
purchased independently by the research team 
and required the use of publicly-available online 
information and empirical production data 
conducted in the Purdue Wood Research 
Laboratory on a comparable product. These 
furniture pieces were chosen for their 
complementary functions, as chairs used in 
commercial settings and a life-span 
requirement of 10 years (conforming to the 
BIFMA Product Category Rules).  Case study 
chair samples were brought to The Wood 
Research Laboratory at Purdue University. 
They were subjected to the performance 
testing, which included a front-to-back cyclic 
load test, conducted according to the American 
Library Association (ALA) specifications. Loads 
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were applied on chairs at 20 cycles per minute. 
The test started with a load level of 50 Lbs. and 
stayed at that level until 24,000 cycles were 
completed. Each subsequent load was 
increased by 50 Lbs. Tests were continued until 
non-recoverable failures occurred on any joint 
or horizontal deflection exceeding 50.8 mm. 
Once performance testing was completed, the 
chairs were disassembled by hand, and all 
components were counted and weighed.  
Product-level data collection involved complete  
disassembly, material characterization, and 
weighing of each component. Component 
characteristic data that was collected included 
material weight, material type, and associated 
production waste generation. In addition, 
component-level reusability was assessed 
(e.g., how much of each component could be 
retained as a result of each VRP), as well as the 
expected service life potential of each 
component (e.g., the number of years the 
product can be cycled via different VRPs).  

Life-span characteristics were assessed for 
each component in accordance with the 
methodology established by the IRP (2018). 
Additional key data points were estimated for 
each component and for reuse, repair, and 
refurbishment processes: the probability of 
salvage at end-of-use; the maximum number of 
times a component can be effectively reused; 
additional new materials that would be needed 
as inputs to the process; and the cause of the 
component or material end-of-use which may 
include predetermined/scheduled 
maintenance, fatigue (or wear-and-tear), and 
hazard damages. Performance testing results 
informed where the damage occurred during 
testing and thus the likely location, material, 
and quantity of replacement that would be 
required to complete an average repair. The 
repair was assumed to respond to the likely 
damage, through wear-and-tear or hazard, to 
affected components. The refurbishment was 
assumed to address aesthetic issues (e.g., 
stains, scratches, fabric tears) and thus 
involved refinishing and/or reupholstery of each 
case study chair. Reuse was assumed to be 
direct, with no energy or material inputs 
required. For Chairs A and B, the primary data 
needed for the model was retrieved from the 
collaborating company. Through emails and 
video calls, the Bill of Materials, energy 
consumption for product manufacturing, labor 
requirements, waste production, and 
manufacturing processes was gathered. 
Because of the ongoing COVID-19 pandemic, 

direct data collection on-site at the facility was 
not possible.   

The Model  
The MATLAB model utilized for the IRP Report 
(2018) was also utilized for this study. 
Accordingly, the methodology described below 
reflects the same methodology used by the 
authors of the IRP Report to assess VRP 
implications across industrial digital printing 
equipment, vehicle parts, and heavy-duty and 
off-road equipment sectors. Using this 
stochastic model, raw data collected, as 
outlined above, was imported into a Monte 
Carlo simulation that enabled the output results 
of average new material requirements across 
10,000 simulations. The parameters guiding 
these simulations was determined based on the 
nature of the reusability mechanism assigned to 
each component, informed by the results of 
performance testing results: 

Fatigue: Components that typically wear down 
over time had a durability curve applied to their 
established useful life, using a Weibull 
distribution and analysis. 

Hazard: Components that typically fail as the 
result of some impact damage or misuse by the 
user had a cumulative exponential probability 
distribution curve applied over multiple service 
life cycles. 

The following general formula (IRP, 2018) was 
used to model the new material requirements 
(M)(Equation 1), as well as associated 
embodied emissions ( 𝛤 )(Equation 2) and 
embodied energy (ρ)(Equation 3): 

𝑀!,#$ =	∑ ∑ %!,#,$&!,#,$,%'!,#,$,%,&

($,%
		∀$,!)*   Eq.1 

This formula is repeated for each process i 
(OEM New, reuse, repair, and refurbishment), 
for each material type: α is the material weight, 
Υ is the upstream material intensity (e.g., 
processing or machine scrap) or waste factor, δ 
is the end-of-life burden multiplier (waste = 
100%, 0 < recycling efficiency < 100%), and η 
represents the number of expected service life 
cycles. Subscripts are also included as follows: 
product (j), material type (m), component (c), 
service life cycle (s), and end-of-life route (h). 
Material-based embodied energy requirements 
are reflected via τ (kWh / kg) and embodied 
emissions are reflected via ω (kg CO2-e. / kg). 

Γ!$ =	∑ '𝑀!,#$ 	𝑥	𝜏#$ *	∀$,!#    Eq.2 
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𝜌!$ =	∑ '𝑀!,#$ 	𝑥	𝜔#$ *	∀$,!# 	   Eq.3 

Results 
Performance Testing 
Performance testing determined the 
components that were most likely to fail in 
service for each chair, and thus the necessary 
repair and refurbishment intervention and 
associated impacts (e.g., joinery failure and 
component breakage from performance testing 
informed the component salvage rate and 
service life assumptions in the model). 
Performance testing also informed the 
distribution used to model different forms of 
failure, i.e., fatigue vs. hazard. Structurally, 
Chair A and Chair B are very strong. Chair A 
reached 350lbs and 173,327 cycles in total; 
Testing on Chair B was conducted until the 
testing machine reached its limits and then 
discontinued: 500lbs at the 252,923 cycles in 
total. Such high load-levels would not be 
achieved in the regular service life.  Chair C was 
tested until product failure at 250lbs. and 
135,824 cycles in total. 

Material Efficiency and Consumption 
Relative to newly manufactured chairs, reuse, 
repair and refurbishment required significantly 
less new material inputs to restore functionality 
and aesthetic to the chair (Table 1). For each 
chair, direct reuse consumes no new materials 
thus enabling a 100% reduction in the material 
requirement, while fulfilling functional 
requirements. After reuse, refurbishment 
presented the relative greatest material offset, 
ranging between 75.3% (Chair B) to 83.7% 
(Chair A), reduction in new material required 
(Table 1). At a minimum, repair enabled the 
reduction of new material requirements of 
between 74.7% (Chair B) and 80.8% (Chair C) 
(Table 1). 

 Chair A Chair B Chair C 
Refurbishment 83.7% 75.3% 82.1% 
Repair 79.1% 74.7% 80.8% 
Reuse 100.0% 100.0% 100.0% 

Table 1. New material consumption reduction 
enabled via each VRP (vs. OEM New) for case 
study Chair A, Chair B, and Chair C. 
 
It is important to note that each VRP also 
enabled a different type of material to be 
avoided/offset (Figure 1). Given the damage 
anticipated in repair simulation, wood remains 
the most significant material input to each chair 
under repair conditions. For refurbishment 
involving the refinishing of the wood chairs, 

100% replacement of water-based finish was 
required.  

Based on the materials required to complete 
each new vs. VRP process, associated 
embodied emissions, production waste, 
process energy, and process emissions were 
also calculated using the IRP model (2018) 
(Figure 2). These results further demonstrate 
the potential environmental impact reduction 
that the systematic adoption of VRPs for 
durable wood furniture can enable. 
 

 
Figure 1. Material requirements of OEM New, 
Refurbished, Repair, and Reuse processes, by 
material type, for Chair A, Chair B, and Chair C. 

Analysis & Discussion 
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The environmental impacts calculated for each 
chair (Figure 2) confirm the contribution that 
design can have: Chair A, while almost entirely 
constructed from solid wood, required more 
than double the new materials of Chair C. The 
use of engineered wood (e.g., plywood) and 
polyester-based textiles for Chair B significantly 
increased the embodied emissions relative to 
lower-carbon, bio-based materials (Figure 2). 

Further, the complexity of the design and 
assembly of each chair contributed to 
significantly higher process energy 
consumption and associated emissions. 

 
Figure 2. Comparative select absolute 
environmental impacts associated with VRPs 
for Chairs A, B, and C. 

Chair C was considered to be the most 
representative of ‘fast furniture, given its 

composition of plywood, its low relative price, 
and its lower durability, as evidenced in 
performance testing. To approximate the 
implications of lower durability upon 
environmental impacts, an additional analysis 
was completed to assess performance 
equivalency. Setting Chair A as the 
performance standard (350lbs), an 
approximate equivalency factor of 1.4 (350lbs / 
250lbs) was determined and applied to the 
environmental impacts of Chair C (Figure 3). 
Effectively, this implies that 1.4 Chair C’s would 
be needed to fulfill the performance (durability) 
achieved by a single Chair A. 

 
Figure 3. Comparative assessment of select 
impacts of Chair A (New) and Chair C (New), 
when both were set to equivalent performance 
standard of 350lbs. 

However, even with a 40% increase in 
anticipated material use and associated 
environmental impacts, 1.4 Chair C’s are still 
environmentally preferable to a single Chair A 
(Figure 3). This suggests that durability does 
not necessitate an environmental advantage 
within the context of CE. Further, it suggests 
that where VRP access and adoption can be 
scaled for wood furniture to reduce disposal to 
landfill, so-called fast furniture may actually 
present a lower-footprint alternative within the 
furniture sector.  

Conclusions 
This research demonstrates the applicability of 
the IRP model (2018) for assessing the value-
retention and life-extension potential of wood 
furniture. Adopting VRPs can enable 
substantial environmental impact avoidance 
when used at wood furniture’s end-of-life. 
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Further, circular design considerations, 
including material reduction, modular product 
design, and design for disassembly, can 
increase the probability and impact of VRPs in 
practice. Finally, although durability may lead to 
the longer product life, the associated higher 
material requirement, and/or material type (e.g., 
textiles and foam) may result in durable wood 
furniture having significantly greater 
environmental impacts than a less-durable fast 
furniture alternative. Thus, design 
considerations for circularity, value-retention, 
and product life-extension remain a critical 
component of the CE transition. 
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Abstract: Research into repair within the circular economy (CE) typically focuses on technical aspects 
of design, policy, and markets, and often assumes or implies simplified conditions for the user/owner 
and the product-system to explain the barriers to scaling repair activities. By integrating life cycle and 
temporal dimensions (time-sequence) into a broad System of Repairability framework, we demonstrate 
that the decision to repair-or-not-repair is not the sole responsibility of the user/owner. Other factors 
occurring at pre-use stages of the product’s life cycle significantly influence whether, and to what extent, 
repair is viable or possible, i.e., warranty duration, after-sale service provision, and access to 
necessities. In this analysis, we explore the various factors that affect ability, difficulty, and thus, the 
likelihood of repair activities being performed at each stage of the product’s life-cycle, applying a 
temporal perspective. We propose a framework for considering the System of Repairability, which 
delineates the temporal dimensions of repair as they relate to one's ‘ability to repair’, as a product 
progresses through different life-cycle phases (i.e., breakdown vs. repair vs. disposal), and the point(s) 
at which the repair is considered or attempted (i.e., year of usage). Accordingly, the System of 
Repairability framework clarifies the decision-points, stakeholders, and necessary conditions to 
facilitate a repair outcome at the individual level, and thus intervention strategies for scaling repair within 
CE.  We conclude with a brief discussion of policy implications and a future outlook on how temporal 
dimensions can inform policy strategies and future research. 
 
 

Introduction  
Repair is defined as a process through which a 
specified fault in a product is addressed to 
restore functionality, thus enabling value-
retention within a circular economy (CE) 
(International Resource Panel, 2018). 
Systematic study and understanding of repair 
activities, and the inherent associated 
economic, social, and environmental 
opportunities, is lacking in contemporary 
literature.  
 
The repairability of products is impacted by 
various factors that depend on the product’s life 
cycle stage (e.g., before breakage) (McLaren et 
al., 2020; Svensson-Hoglund et al., 2021). 
Temporal (time-related) dimensions of repair 
are either determined, or influenced by product 
design, manufacturing, warranty coverage, 
use-conditions, and locus of control in a 
“system of reparability”. Given the recent rise in 
repair-focused policy measures, there is a need 
to identify and understand these temporal 
“dimensions” to ensure that new policy and 

strategy interventions appropriately consider 
and address these dimensions. 
By introducing a system-wide product life cycle 
perspective, it becomes apparent that the 
decision to repair-or-not-repair is not the sole 
responsibility of the user/owner: other factors 
occurring much earlier in the product’s life cycle 
significantly influence whether, and to what 
extent, repair is possible (c.f., Jaeger-Erben et 
al., 2021; Svensson-Hoglund et al., 2021). To 
address the temporal (time-based) dimensions 
of repair, we explore the range and nature of 
time-related elements of repair, including the 
product lifecycle stages, stakeholder locus of 
control.  
 

Assessment and Synthesis 
 

Synthesis of Temporal Dimensions of 
Repair Barriers and Motivations 
To explore the temporal dimensions of repair, 
we first synthesize the literature on the barriers 
to, and motivations for, repair.  We then analyze 
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and extract identified time-based elements of 
repair across five dimensions: 1) Market & 
Economics; 2) Culture & Perceptions; 3) 
Technological & Design; 4) Infrastructure & 
System; and 5) Legal & Regulatory (Table 1). 
Temporal dimensions of the reviewed barriers 

and motivations were further categorized as 
either being related to the Life Cycle Phases 
(e.g., Upstream/Design and Downstream/Use) 
of the product, or related to Temporal 
Distance/Time-based Elements, i.e., the 
passing of time (Column 2 and 3 in Table 1). 

  

System 
Dimension 

Synthesis of Temporal Dimensions of Repair Barriers & Motivations 

Related to Life Cycle Phase  
Related to Temporal Distance / Time-

based Elements 

Market & 
Economics 

● Product development priorities focus on 
short-term sales and revenue targets 
(Upstream). 

● Repair necessities (tools, skills, parts) can 
be time-consuming and expensive to 
acquire (Downstream). 

● Quality of repair services are often 
sacrificed to reduce time and cost 
(Downstream). 

● Product age and condition often have 
greater influence than price in repair 
decision-making.  

● Inconvenience and costs (i.e., time, effort 
and money). 

Culture & 
Perceptions 

● Normalization of ‘upgrading’ encourages 
material-culture (Downstream). 

● High speed of design changes emphasizes 
newness fixation and perception of 
obsolescence (Upstream). 

● Psychological obsolescence marketing 
messages that reiterate time-based need to 
‘keep-up’ (Downstream). 

● “New” is emphasized as desirable. 
● Satisfaction derived from having the ‘new’ 

thing dissipates as time passes.  
● Normalized convenience sets an 

expectation of instant needs-fulfillment - 
cannot wait for a repair.  

● Older products are devalued.  
● Time and effort available to engage in 

repair changes across user/owner lifetime. 

Technological 
& Design 

● Design-choices (e.g., use of adhesives) 
prevent disassembly and repair 
(Downstream). 

● Contemporary aesthetics (e.g., style, color) - 
products designed for ‘now’ (vs. future). 
(Upstream). 

● Product lifetimes intentionally short due to 
planned, premature and technical 
obsolescence (Upstream). 

● Designed product service life (e.g., in years) 
often exceeds the warranty period, leading 
to premature product replacement 
(Downstream). 

● Lack of user/owner knowledge needed to 
assess repair needs and options. 

● Availability of repair necessities at time of 
repair. 

● Familiarity with the functioning of a device 
increases over time or as use increases.  

Infrastructure 
& System 

● Aftermarket repair options for products 
restricted by design (e.g., OEM 
authorized/certified agents) (Upstream).  

● Specialized repair necessities (e.g., third 
party tools, spares & manuals) typically not 
publicly available (Downstream). 

● Access to repair necessities outside of 
OEM-authorized sphere increases as time 
passes from the product release date 
(e.g., development of alternative forms of 
repair necessities; reverse-engineering of 
a proprietary fastener). 

Legal & 
Regulatory 

● Contract law used to prevent third party 
repairs (Downstream) 

● Copyright, patents, and trademarks 
designed to hinder availability of spares 
(Upstream)  

● Lack of enforcement of the right to take a 

● Policy tools must balance current priorities 
(e.g. consumer ownership rights) against 
future priorities (e.g., support for IP laws 
incentivizing innovation). 

● Repair undertaken more frequently when 
warranty is active; expired warranties 
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product under warranty to a third party 
repairer without voidance of that warranty. 
Downstream) 

● Initial (early-period) burden of proof for 
Warranty lies with sellers (e.g., for ‘new’ 
product, bias towards replacement). 
(Downstream) 

● Influence of industry lobby efforts and lack 
of clarity and consensus regarding an 
owner’s “right to repair” (Downstream) 

encourage product replacement  
● With time, intellectual property law 

protection expires or ceases to be 
enforced (e.g., trade secrets become too 
widely known).  

● Later-period burden of proof for Warranty 
shifts to user/owner (e.g., for older 
products, bias dependent on user/owner). 

Table 1: Synthesis of Repair Barriers, Motivations, and Inherent Temporal Dimensions (Hernandez et al., 
2020; Jaeger-Erben et al., 2021; Jaeger-Erben & Proske, 2017; Laitala et al., 2021; Lefebvre, 2019; McCollough, 
2020; Rivera & Lallmahomed, 2016; Svensson-Hoglund et al., 2021; Wieser & Tröger, 2018) 
 

The Repair Process
A simplified process/sequence of events is 
often assumed for repair (Figure 1, (a)), 
however, as clarified by Lefebvre (2019), a 
process map of repair does not adequately 

capture the considerations and pre-existing 
conditions that ultimately influence the decision 
to repair-or-not-repair (Figure 1, (b)).   

 

 
 
Figure 1: Simplified sequence of user-based events and decisions associated with repair, aligned with 
the five steps of the repair process.*Preparation activities may occur before or after a decision to repair-or-not-
repair is made (Lefebvre, 2019)

As a general process/sequence (Figure 1, (a)) 
illustrates that:  
 
An event occurs (e.g., damage is inflicted) 
requiring repair (1). For wear-and-tear, and 
scheduled repairs, the timing of this event may 
be influenced by the extent to which proper care 
and use have been employed.  
 
The user/owner decides to repair-or-not-repair 
the product (2).  A variety of factors related to 
the product, the system, and the user’s/owner’s 
conditions, can influence and motivate whether 
repair is undertaken.  
 

If the decision to repair is made, repair is 
actioned (3a), typically yielding a functioning, 
usable product (4a). Alternatively, if not 
repaired (3b), the user/owner may keep the 
product as-is (4b), replace it (4c), and/or 
dispose of it (4d).  
 
The time between events varies depending on 
whether the product is considered to be 
essential by the user/owner (e.g., the sense of 
urgency), the presence of any emotional 
attachment to the product, access to repair 
necessities (e.g., spare parts, tools), and/or 
required skills (e.g. skilled professional or non-
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commercial labor) (Lefebvre, 2019; Svensson-
Hoglund et al., 2021). 
However, according to Lefebvre (2019) (Figure 
1, (b)), the steps associated with repair are 
more complex than a simplified decision/routing 
process. Prior to making the repair decision 
(Figure 1a, (2)), the user/owner may engage in 
preparation (information-gathering) activities 
(Figure 1b: Stage 3) to understand the nature of 
the damage, assess own ability to conduct the 
repair (e.g., DIY), identify a qualified repairer if 
needed, assess the acceptability of the required 
time for the repair work (e.g., repair can be 
completed according to the user’s/owner’s 
needs), assess the acceptability of the 
estimated repair cost (e.g., alignment with 
user/owner budget), and other details that may 
inform the user’s/owner’s willingness-to-pay 
(WTP).  
 
Pre-Decision conditions (e.g., pre-existing 
user/owner attitudes, and awareness)(Figure 

1b: Stage 1), and post-repair satisfaction 
(Figure 1b: Stage 5) can provide a reinforcing 
system dynamic in which past repair 
experiences may influence future likelihood to 
engage in repair again (Lefebvre, 2019).  
 

Analysis and Discussion 
 

The System of Repairability 
Integrating these insights with other findings 
from the analysis of temporal dimensions of 
repair barriers and motivations (Table 1), three 
important elements of the System of 
Repairability are clarified (Figure 2): 1) Timing 
of and motivation for repair (the event); 2) The 
conditions and actions taken (the response); 
and 3) Who has the ability to influence and 
control the options that are available (Locus of 
Control). Each of these three elements has a 
temporal dimension to it. 

 

 
Figure 2: Overview of the system that influences whether, and the extent to which repair is possible, 
herein named the “System of Repairability”. 

Timing and Motivation for Repair (When?) 
Product repair may be needed or pursued for 
several reasons, each with an impact on timing: 
Repairs necessitated by wear-and-tear typically 
occur relatively later in the product’s service life. 
In contrast, a hazard event, such as a product 

being dropped, can occur at any time. While the 
nature of the damage may be predictable (e.g., 
a smartphone screen crack), the time at which 
the repair is needed is unpredictable. Finally, 
scheduled maintenance and repair activities 
may be expected or planned to occur at regular 
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intervals, anticipated by both the owner and the 
producer, such as vehicle oil changes.  
Figure 3 below demonstrates two distinct 
user/owner decision points that logically 
emerge from the system, and may inform 
strategic interventions to scale repair: First, a 
decision to investigate the potential for repair 

(Figure 3, (2a)), made after the damage event 
has occurred, and before any preparation is 
undertaken. Second, if investigated, and once 
the necessary information has been gathered 
and assessed, then a second decision to 
pursue (or not) repair is made (Figure 3, (2b)).   

 

 
Figure 3: Expanded timing and motivation sequence within the System of Repairability, reflecting the 
influence that access to information, skills, and other necessities have upon the user’s/owner’s 
willingness and ability to engage in repair. 

Temporal Dimensions of Conditions and 
Actions Taken (What?) 
From Figure 3, it is clear that in the absence of 
information and compatibility of repair cost, 
knowledge, comfort, perceived value, and 
warranty coverage (e.g., preparation - 
gathering information), the decision to repair 
(Figure 3, (2)) may not be viable for the 
user/owner and/or it may not be possible to 
complete the repair, even if it is desired 
(Figure 3, (3)).  
 
Exposure to repair during childhood and in 
social settings (pre-event) may increase 
propensity for repair prior to a repair event 
occurring (Lefebvre, 2019). After a repair event 
occurs (Figure 3, (1)), familiarity with repair and 
with the product may facilitate subsequent 
preparation stages.  
 
Depending on when the repair need arises, the 
conditions of the product, user/owner, product-
system, and even OEM may differ. The 

temporal distance between the time of product 
purchase and the breakage event can impact 
the perceived value of the product, and 
whether warranty coverage is still available to 
facilitate repair (Figure 4, (B)). Further, while 
the age of the product may negatively impact 
the likelihood of repair (Laitala et al., 2021), so 
too does the constant, annual release of new 
models touting upgraded technological 
functionality and compatibility (e.g., four 
models of iPhone released between 2017 and 
2020) (Figure 4,(A)) (Apple Inc., 2021; Jaeger-
Erben et al., 2021).  
 
The temporal distance between the time of the 
model release date and the breakage event 
(Figure 4, (B)) often matters for the availability 
of necessities (i.e., spares, repair information 
and tools). Manufacturers eventually cease to 
manufacture spare parts for older models; 
however, the likelihood of someone having 
‘leaked’ or developed repair manuals 
increases the longer the product has been on 
the market (Clapp 2018). 
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Figure 4: Influence of temporal distance upon the repair decisions, wherein (A) reflects the time that has 
passed between product release and breakage event, and (B) reflects the time that has passed between 
the product purchase and the breakage event. 

 

Temporal Dimensions and Locus of Control 

(Who?)  
An expanded view of the repair scenario, 

acknowledging the other actors within the 

proposed System of Repairability (product 

designers, OEMs, distributors, policymakers,  

 

and product owners), show that the control 
afforded to product owners is quite limited. 
From Figure 5, this expanded view of the 
product repair scenario demonstrates the 
influence, and thus the need for greater design 
and manufacturer accountability for decisions 
that negatively impact the System of 
Repairability. 
 

 
Figure 5: Overview of the expanded repair scenario, clarifying locus of control for user/owner vs. external 
repair system stakeholders (e.g., OEM) that influence the decision to repair-or-not-repair. 

 

Policy Implications 
Policymakers looking to scale repair activities 
must ensure complementary and effective 
policy interventions that facilitate the alleviation 
of barriers to repair that are often hidden by 
oversimplified process-structures, or 
overshadowed by established corporate 
systems and priorities. From the System of 
Repairability framework, several key policy 
opportunities emerge: First, forward-looking 
design requirements for OEMs to ensure the 
technical possibility of repair, and that 
repairability information is clearly 
communicated to consumers prior to purchase, 
e.g., a repairability index (Stone, 2021). This 
can build-in the potential for repair as an 
inherent element of the product life cycle, and 
improves user/owner knowledge. Second, the 
assignment of responsibility via policy 
mechanisms for assuring viable aftermarkets 
and supply of spare parts for  
 

 
future models, whether by the OEM or third 
party agents. This can build capacity and 
opportunity for products to remain in-use 
through repair, addressing some of the 
“variable” system conditions. Finally, more 
immediate measures directed at the use-phase 
conditions, such as tax-reduction for repair 
services (Milios, 2021) and enforcement of 
consumer law to protect the interests of 
users/owners who wish to engage in repair. 
Improvements to transparency and provision of 
product information to consumers can address 
issues of information asymmetry in the market, 
and lead to improved repair propensity 
(Lefebvre, 2019) and trust between 
users/owners and other stakeholders in the 
System of Repairability, e.g., through a credible 
certification scheme ensuring the quality of 
product repairs (Gåvertsson et al., 2020). 
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Conclusions 
Circular economy is built-upon a 
comprehensive understanding of product 
lifecycles, and the potential to retain products 
and their inherent value within economic 
systems, for longer. By considering the 
temporal (time-based) dimensions of repair, 
this work reveals that scaling repair may be as 
much a “matter of timing” (e.g., when a 
decision, need, or activity arises), as it is a 
technical challenge (e.g., availability of spare 
parts and infrastructure), and a social challenge 
(e.g., consumer’s willingness to pay, physical 
access, awareness, motivation). Challenges of 
scaling and optimizing for repair within a CE are 
compounded by factors and conditions 
determined by value-chain actors (e.g., product 
designer) who are spatially and temporally 
distant from the user/owner. Further, there are 
few effective feedback mechanisms available to 
enable mitigation of these barriers across the 
product’s life cycle without the intervention of 
policymakers.  
 
In order to meaningfully pursue this vision in the 
context of a scaled repair society, use-phase 
complexity and conditions that currently inhibit 
the scaling of repair must be better understood 
and tackled, including the ease and 
convenience of a system designed for 
replacement instead of repair.  
 
Across the policy opportunities mentioned 
above, the temporal distances and dimensions 
must be considered to ensure reparability under 
a wide range of evolving conditions for the 
user/owner over time. This Framework needs to 
be further developed in future research, as well 
as applied to processes of developing 
appropriate policy mix (Milios, 2018) of 
available tools (Svensson-Hoglund et al., 
2021), with a life cycle perspective.  
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Abstract:  
The paper presents a case study of four DSKD graduates who have actively chosen to implement and 
experiment with wardrobe methods in their design practice as a way to further garment longevity and 
encourage more sustainable lifestyles. In the paper we first explore examples of how these methods 
impact the design process, the design outcome and the designer role when applied in practice. Second, 
we discuss how, designers’ engagement with and understanding of users’ real lived clothing practices 
may lessen product obsolescence in relation to fashion. Through this study we suggest that designers 
can help users build ‘clothing competencies’, as part of a design practice. They not only aim to design 
products for longevity, but also apply a design process that assist users to enjoy and keep their 
garments in active use over time. These design interventions help the user build self-reliance and 
understanding of personal needs in terms of style and function starting from what’s in their wardrobe.   
The cases show how wardrobe methods, when applied to design practice can divert in multifarious 
ways and help design out fashion obsolescence. 
 
Introduction  
Industrial mass production of textiles in the 
middle of the 19th century, created the basis 
for turning fashion making into a trend-based 
practice by offering new collections of 
decorated fabrics twice a year (Forty,1992; 
Harris, 1993). From the 1960s outsourcing of 
the fashion industry developed into a global 
system, and with the raise of fast fashion 
around 2000 a new norm of planned 
obsolescence was established that replaces 
garments with an ever-increasing high speed 
(Bismar, 2015; Fletcher, 2012). This 
development has had huge environmental 
consequences and also influenced fashion and 
textile education as well as the profession in 
general. 
In Denmark fashion design education was 
established in 1967 to meet new needs in the 
growing industry.  As in most western countries 
this education started out teaching trend 
development visualized in mood boards 
(Delong & Labat, 2004; Casedy, 2011), and 
described as personas, ‘universes and muses 
based on presumptions of what and who 
fashion users wants to be. Such imaginary 
constructions of the user as consumer are 
strongly supported by the fashion media 

presenting ‘dream concepts’ of fast fashion as 
a ‘democratic right’ for the masses (Woodward, 
2007; Skjold, 2015; Valle-Noronha, 2019).  
As product obsolescence mechanisms are 
evidently unviable in terms of planetary 
boundaries and sustainability, the entire sector 
is currently looking to change. However, the 
Pulse of the fashion industry report (2019) 
states,” … that fashion companies are not 
implementing sustainable solutions fast enough 
to counterbalance negative environmental and 
social impacts of the rapidly growing fashion 
industry” (p. 4). Niinimäki et al. (2020) find that 
“…brands are now producing almost twice the 
number of clothing collections compared with 
pre-2000, when fast-fashion phenomena 
started” (p.189). This clearly demonstrates that 
planned obsolescence is still the norm within 
the industry. In order to change this, 
alternatives must be developed that can meet 
the ‘fashion’ needs of the users. New 
understandings of what fashion might be and 
what value criteria we assign to this has to be 
developed and transformed into new business 
models.  
Therefore, more fundamental shifts in 
approaches to fashion design and fashion use 
are needed. Here, designers and their 
education can contribute by replacing drivers of 
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the fast fashion system (Rissanen, 2017; 
FashionSEEDS, 2018; Ræbild & Riisberg, 
2021). To initiate such changes design 
students must be given relevant knowledge, 
methods and tools to gain experiences with 
new ways of doing, whereby product 
obsolescence can be designed out (or 
lessened) in fashion. This, we believe, entail 
dialogue and engagement with users in order 
to build clothing competences that can support 
transition to a more healthy and sustainable 
fashion culture. Fletchers refers to the notion 
‘clothing competence’ developed by Tranberg 
Hansen as a “set of skills, ideas, and 
identifiable practices that are conducive to 
promoting the satisfying use of garments and 
to the creation of fluid appearance in dress 
appropriate to both time and place that is 
expressed in a fashion ‘moment’.”  (Fletcher, 
2012 p. 235). 
 
Wardrobe studies 
At Design School Kolding (DSKD) we have 
introduced, developed and applied wardrobe 
studies at BA and MA level since 2012. Klepp 
and Bjerck (2012) define wardrobe studies as 
“…a methodological approach that analyses 
the way in which clothes relate to each other 
on the whole or in parts of the wardrobe” (p. 
373). Research, in this field has shown, that 
while companies churn out new products at 
certain intervals in a linear manner, the way 
people manage, organise, buy and discard 
their clothes are non-linear and complex. In 
fact, whilst people may be influenced by trends, 
the main drivers for using, keeping or 
discarding clothes items are personal (Klepp & 
Bjerck, 2012; Fletcher, 2016; Skjold, 2016; 
Fletcher & Klepp, 2017).  
This paper first explores examples of how 
these methods impact the design process, the 
design outcome and the designer role when 
applied in practice. Second, the paper 
discusses how, designers’ engagement with 
and understanding of users’ real lived clothing 
practices may lessen product obsolescence in 
relation to fashion.  
 
Methodology  
The paper presents a case study (Crouch & 
Pearce 2012) of four designers conducted 
spring 2021. The case designers graduated 
from DSKD in the period 2003 - 2020. All four 
have actively chosen in different ways to 

implement and experiment with wardrobe 
methods in their design practice as a way to 
further garment longevity and encourage more 
sustainable lifestyles.  
The empirical material consists of semi-
structured interviews (Leavy & Brinkmann, 
2014) conducted online, the case designers´ 
projects, including descriptions, presentations, 
and website information. 
In the paper we analyse the four cases using a 
wardrobe method typology ‘The Family Tree of 
Wardrobe Methods’ by Fletcher & Klepp (2017) 
to uncover the types of user engagements and 
motivations embedded in the designer’s work. 
The concluding discussion is centred around 
the notion of clothing competence as coined by 
Tranberg Hansen (2003) and further explored  
by Fletcher (2012). 
 
Wardrobe methods in practice 
Case 1 
Signe Brøchner (SB) and Ashna Patel (AP), 
graduated from the interdisciplinary MA 
programme in design and sustainability, Design 
for Planet, in 2020. They both came to the MA 
with a menswear design expertise from their BA 
studies, AP from London College of Fashion, 
and SB from DSKD.  For SB, wardrobe 
methods had been introduced in curriculum 
during her third year BA. For AP, wardrobe 
methods and user driven approaches in 
fashion, was new.  
During their final year they worked together in 
the project Dear men of Midddelfart within the 
course Design for Behavioural Change. The 
brief was about green transition through design-
led co-creation with citizens in small Danish 
towns, here specifically the commune and 
residents of Middelfart. The two designers 
asked. ” What if men felt empowered to sustain 
attachments to their garments, and what if we 
could co-create a community space for this 
purpose?” 
In order to explore these questions, they 
devised a portable wardrobe studies dialogue 
tool (Figure 1).  
 
In their first set of workshops, the designers met 
with the residents who answered the invitation. 
They first spent time with them individually in 
order to understand the men’s relationship with 
garments. Secondly, the designers created a 
visual dialogue tool to engage the men in a 
tangible activity inspired by wardrobe studies. 
From these interactions SB and AP gained 

526



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Ulla Ræbild, Vibeke Riisberg 
How to design out obsolescence in fashion? - exploring wardrobe methods 
as a strategy in design education 

 

- 3 - 
 

insights on how and where the men buy clothes, 
how they establish and maintain relationships 
with the clothes and how and why they chose to 
dispose of them. 
 

 
Figure 1. Portable Wardrobe Studies Dialogue 
Tool. Photo credit Ashna Patel & Signe Brøchner 
(2020). 
 
When we look at the activities in relation to the 
wardrobe methods typology (Fletcher & Klepp, 
2017), we can see, that the designers draw on 
participatory wardrobe methods, because 
participants “also contribute with words, sounds 
or images about their own clothing practices” 
(ibid p. 177). But also wardrobe activism, where 
the researcher’s role is often “that of facilitator, 
sometimes teacher and documenter of what 
takes place” (ibid p. 185). The distinctive 
feature of this method is the gathering of data 
through a creative activity to gain insights about 
the use phase. AP and SB invite and engage 
the men to co-explore their own clothing 
practices and thereby help build participants 
own understanding of it. 
 
Case 2 
Amalie Ask (AA) graduated in 2018 with an 
MA in Fashion Design. Since graduation, 
AA has worked for Danish designer Jan 
Machenhauer who is renowned for his 
product durability ideology. The first year 
as a design student AA attended industrial 
design where she was introduced to user 
studies. Shifting to fashion in her second 

year, she wondered about the lack of user 
involvement in the design process. 
However, later she was introduced to 
wardrobe methods during the final year of 
her BA studies in the course Design for 
Change (Ræbild & Riisberg, 2018). 
Inspired by Woodward (2007) AA decided 
to apply wardrobe methods as a user 
driven approach in her MA thesis. During 
this project she explored what she 
experienced as a conflict area in outer wear 
between fashion aesthetics and garment 
functionally.   This she investigated through 
wardrobe interviews with women 
representing her selected target group.  
She conducted interviews with three women 
age 25-32, focusing on their use of outer wear 
garments. AA found out, that it meant more to 
them to feel stylish than to be kept warm and 
dry. For example, the women explained how 
they would rather be soaked than to wear a rain 
coat. AA also obtained insights on how the 
women ‘felt silly’ in hoods, and how oftentimes 
the cut of the garment made them feel bulky. 
AA also found out, that it was small details that 
made a garment feel to ‘outdoorsy’ or sporty to 
their liking. AA film recorded the wardrobe 
interviews and used the observations during 
her design ideation and toile making process. 
When the collection was finalized, she brought 
the garments to the women’s homes where 
they tried them out, and gave comments while 
they mixed and matched the outerwear with 
their own garments. 
As part of the design concept AA described a 
potential future business concept where the 
collection is designed, showcased and 
produced in facilities close to the costumer in 
combination with guidance on materials, fit and 
possibilities for layering garments before 
purchase via web shop. 
Looking back on the project, AA reflects on how 
she struggled as a designer between being 
loyal to the women’s opinions and tastes while 
staying true to her own aesthetic language. She 
says, that should she work actively with 
wardrobe interviews now, she would let them 
inform her process, but not let them decide the 
final outcome, if she didn’t like it herself. 
In this case we see AA employ wardrobe 
interviews which, according to the wardrobe 
typology, “is a method where specific garments 
and/or clothing related behaviours act as a 
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‘gateway’ to opening up the wardrobe”. 
(Fletcher & Klepp, 2017, p.173). 
 
Case 3 
Laura Terkildsen (LT) graduated with an MA in 
textile design in 2005, before wardrobe 
methods became part of DSKD curriculum. Her 
first job was as knit designer including 
forecasting. Next, she worked as shop 
assistant in a womenswear boutique selling 
large size garments and then moved on to 
become personal shopping assistant in a 
department store for a number of years. At the 
same time, she took classes at the university in 
Art History and in 2015 during a course in 
Ethnography she discovered Woodward’s 
writings on wardrobe studies. Here LT found 
theory that connected the wearer, garments 
and use, perspectives which she had been 
missing in design education. LT found the job 
as shopping assistant interesting due to the 
dialogue with many different customers and her 
design competencies turned out useful in 
finding the right garments, however, she was 
not so interested in the sales part. Therefore, 
she decided to set up her own business in 2017 
focusing on how to guide women in styling what 
they already have and avoid buying mistakes. 
LT call herself a wardrobe expert and sees her 
practice as part of promoting more sustainable 
consumption patterns. She loves to help 
women become confident and happy about 
everyday dressing by developing skills and a 
library of clothes that provides overview. The 
methods she uses has developed through 
practice with women trying on clothes in the 
fitting room of the department store and later in 
her own business. To make a maximum of 
outfits from what is already in the wardrobe she 
works with the interaction between garment 
shape, textile material, colour, contrast, 
pattern, texture and the body to create a united 
composition, drawing on basic skills from her 
design education.  
LT has developed a set of ‘assignments’ that 
the clients are asked to do before she visits 
them. First, they have to sort and to try on all 
garments with open and closed eyes in order to 
see colour, patterns, shape, feel the fit and 
sense the materials on the body. Then they 
have to pick out the clothes that will fit if they 
gain or lose weight, that is the ’5 kg pile’. Next, 
they are asked to make a ’nostalgia’ pile with 
clothes they do not wear but still feel 
emotionally attached to. They are asked to 

consider getting rid of it, put it in storage and 
maybe keep one piece they can hang on the 
wall. The last pile is the ’wrong purchase’ pile, 
when done it should be carefully analysed to 
find out if there is a pattern – what is it I repeat 
and is there some kind of dream image 
involved? What remains should be the ’yeah’ 
pile representing what fits and what they 
actually like to wear.  
 

 
Figure 2. LT at work in a client’s Wardrobe. Photo 
credit Laura Terkildsen (2020). 
 
Next step is a visit to their home, where LT 
make a personal interview to understand 
client’s self-image, needs, dreams, aspirations 
and life situation e.g., if they bicycle to work, 
dress code in the job and how body 
temperature may fluctuate during the day or if 
they are always cold or warm. She then asks 
the client to pull out everything from the ‘yeah’ 
pile and try out various combinations of clothes 
that LT suggests related to categories like 
sporty, casual and feminine. During this 
session she takes pictures that serve as 
illustrations in a follow up text. She also 
encourages them to take selfies so they can 
learn more about how to experiment with 
combinations on their own. Her focus is on 
building client’s own self-reliance when it 
comes to clothing choices. Not to provide a set 
of expert rules. 
LT talks about the ‘whauu’ experience the 
clients get when they are pleased with 
compositions matching their personality and 
how surprised they are when finding out the 
many new ‘looks’ they can make without buying 
new clothes. She also gives advice on 
adjusting some garments and if they are unable 
to do so themselves to take it to a service. LT 
says there is a need to relearn how to repair 
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and adjust clothes since these skills are no 
longer part of our upbringing or education. 
“Many shop too much – hoping to find solutions 
to other problems – comfort shopping like 
comfort eating”. 
This case shows a combination of several 
wardrobe methods; wardrobe interviews, 
wardrobe audits which is the “process of 
creating a systematic overview of the 
wardrobe” (ibid. p. 170) and wardrobe 
consultation where services “are directed at the 
wardrobe, not at purchases” (ibid. p. 187). 
 
Concluding discussion  
The first two cases show designers using 
wardrobe methods to inform their design 
practice, but at the same time, they also seek to 
educate and empower the user. Therefore, the 
wardrobe methods they either use and/or 
develop have an engaging character, with 
emphasis on building user awareness and 
clothing competences. The last case uses 
generic design competences in combination 
with wardrobe methods to activate private 
wardrobe ‘deadstock’ where new outfits are 
‘designed’ and composed from existing 
garments while also providing clothing 
competences. 
 
However, in what way might the wardrobe 
study-based practices, identified in the 
presented cases, be seen to design out fashion 
obsolescence? 
In the Dear men of Middelfart project AP and 
SB used strategies to engage men through the 
wardrobe dialogue tool, in order to motivate 
participants to repair their own clothes, thereby 
prolonging the life of treasured garments.  
Through wardrobe interviews AA sought 
insights on how to design outerwear that the 
women felt comfortable and stylish to wear and 
use. Thus, a focus on product satisfaction, to 
lessen number of mistaken purchases. 
In the case of LT, the aim is to minimize 
consumption of new clothes, and instead 
educate women on how to activate what they 
already have. Thereby hindering garment 
disposal and lessening fashion obsolescence. 
Fashion is then becoming more of a practiced 
skill than a trend, and such skills can make 
garments relevant for the user again.  
This resonates with Tranberg Hansen and 
Fletcher’s notion of ‘clothing competence’ as a 
user carried counter weight to product 
obsolescence.  

 
Through this study we suggest that designers 
can help users build clothing competencies, as 
part of a design practice. They not only aim to 
design products for longevity, but also design in 
a way and with a process that assist users to 
enjoy and keep their garments in active use 
over time. These design interventions help the 
user build self-reliance and understanding of 
personal needs in terms of style and function 
starting from what’s in their wardrobe.   
The cases show how wardrobe methods, when 
applied to design practice can divert in 
multifarious ways and help design out fashion 
obsolescence. 
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Abstract: The Sharepair project aims to decrease the waste of electronic and electric consumer 
products and increase their useful life, by supporting repair communities and scaling up citizen repairs 
through digital tools. One of the focus areas of this project is to support the discovery or manufacturing 
of spare parts. With a 3D CAD model of a part and a 3D printer, repair communities could manufacture 
spare parts. This paper discusses the possibilities of identifying repairs, within repair communities, that 
can be met through 3D printed spare parts. To understand and identify these possibilities, the repair 
entries expressed in the Open Repair Database (ORD) from the Open Repair Alliance were examined. 
The analysis aimed to identify documented examples of repairs that have broken or missing parts, and 
estimate how many may be suitable for replacement by 3D printed versions. The ORD includes 41,874 
repair data entries from 229 repair communities (Repair Café, Restart Project, Fixit Clinic, and 
Anstiftung) in eighteen countries. Repair entries include information such as product category, brand, 
model, repair status and notes regarding the repair process and result, all in different languages. 
The analysis identified a list of the most commonly repaired product categories, brands, and models, 
as well as an estimate that between 7.5% and 29% of products in repair cafes that are not repaired 
today could be repaired with 3D printed spare parts. The analysis also showed that the data and 
information about the repairs is inconsistent, open to interpretation and often too limited to precisely 
pinpoint opportunities for 3D printed spare parts. Specifying the product parts that need repair or 
replacement and their functional requirements would be key to a successful identification. Thus, the 
study proposes recommendations to improve the process of capturing repair information that specifies 
the repair needs that can be met by the use of 3D printing. 

 
Introduction 
The Sharepair project aims to decrease the 
waste of electronic and electric equipment 
(WEEE) and to increase their useful life, by 
supporting repair communities and scaling up 
citizen repairs through digital tools. WEEE is a 
rapidly growing waste stream, partly because 
advances in technology have contributed to 
shorter product lifetimes (Cole, Cooper & 
Gnanapragasam, 2017). The most logical 
approach to closing the loop on product use and 
extending the product’s life is simply to repair 
the product. However, while the concept of 
repair seems simple, it is seldom practiced 
(King et al., 2006). Consumer interest in repair 
is increasing (Scott & Weaver, 2014), but there 
are still barriers that discourage consumers 
from repairing broken products (Pérez-Belis et 
al., 2017). In a survey among self-repairers, 
Sabbaghi et al. (2016) found the main reasons 
for an unsuccessful product repair were the 
complicated repair process (26%), expensive 

spare parts (17%) and spare parts unavailability 
(16%). Lack of spare parts is the most 
mentioned reason for unsuccessful repairs in 
repair cafes across the world (Repair Café 
International Foundation, 2020).  
 
Producing spare parts on demand would be 
expensive using traditional manufacturing, 
which makes additive manufacturing (AM) more 
attractive. 3D CAD files of spare parts can 
easily be shared, today, however, access to 
such files is limited (Ford, Despeisse & 
Viljakainen, 2015). Sharepair wants to provide 
digital resources so repairers can produce 
spare parts with AM. To provide such 
resources, the necessary parts and the 
products they belong to should first be 
identified. The focus of this paper is to identify 
the repairs within repair communities that can 
be met through 3D printing spare parts.
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Figure 1. Current repair data entry process.

Method 
Estimating the demand for 3D printed spare 
parts, and what products would be the best 
candidates for such parts, was determined by 
combining quantitative and qualitative analysis. 
The best candidates for 3D printable parts were 
determined by counting the most common 
products brought in for repair, and whether the 
repairs would be solvable with 3D printed spare 
parts.  
 
All data was gathered from the Open Repair 
Database (ORD) of March 2020 (v0.1). The 
database contained the following fields: Data 
“ID” (e.g., repaircafe_2163), “Data provider” 
(e.g., Fixit Clinic), “Country”, “Product category” 
(e.g., Mobile), “Product brand” (e.g., Apple),  
“Product model” (e.g., iPhone 6S), “Year of 
manufacture”, “Repair status” (fixed / repairable 
/ end of life / unknown), “Repair date”, “Group 
Identifier” (e.g., 5073) and “Problem” (any other 
notes on the repair process and result). Figure 
1 illustrates the data entry process for Repair 
Café’s in the Netherlands, however other 
communities may have different processes. 
The ORD included 41,873 repair entries in six 
languages (English, French, Dutch, German, 
Spanish and Italian) from Open Repair Alliance 
communities in 18 different countries, 
documented from June 2012 to March 2020. 
Countries represented were Netherlands 
(43.4%), Great Britain (26.8%), Germany 

(11.2%), Canada (3.2%), Italy (3.1%), Belgium 
(3%), USA (2.2%), Norway (1.9%), Argentina 
(1.5%), Sweden (0.9%), France (0.5%), Spain 
(0.5%), Australia (0.4%), Hong-Kong (0.4%), 
Ireland (0.4%), Israel (0.2%), Tunisia (0.2%) 
and Switzerland (0%). All database entries 
were translated into English using Google 
Translate. 
 
The “Repair status” field was a key entry, 
because 3D printed spare parts are only 
needed for products which are either 
“Repairable”, “End of life” (see Table 1). 
“Unknown” entries could either be fixed, 
repairable, or end of life, and thus was not used 
for analysis. 
 
The most common product categories, brands 
and models were determined by counting the 
“Product category”, “Product brand” and 
“Product model” fields. Both “Product category” 
and “Product model” needed refinement before 
further analysis. The “Product category” field 
needed recategorization to align with the 
newest ORDS (v0.2) updated in January 2021, 
which is closely aligned with the EU directive on 
WEEE product categorization (Open Repair 
Data Standard, 2021; EU Directive, 2012). 
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Repair Status Description 

 
“Fixed” 

If the repairer and owner were 
satisfied that the item can continue to 
be used. 

“Repairable” 

If the repairer and owner didn’t 
complete a repair, but identified what 
reasonable additional steps or 
professional help is needed doe 
successful repair. 

“Unknown” An empty or zero value recorded. 

“End of life” 
If the repairer and the owner decided 
that it is not cost-effective or realistic 
to repair the device.  

Table 1. Repair Status definition (Retrieved from 
Open Repair Data Standard, 2021). 

For example, the “Small kitchen item” product 
category included both coffee makers and food 
processors, which have their own categories, 
causing redundancy. The “Product model” field 
contained mostly incorrect entries (most users 
entered the product category in this field 
instead of the model), so its data was refined 
before analysis by separating mislabeled 
entries from correctly labelled entries. The 
“Product brand” field did not require further 
analysis steps as it was generally filled out 
correctly or left blank.  
 
There was no data available on spare parts. 
The closest data available could be found in the 
“Problem” field, which included open comments 
about the repair and why it was (not) 
successful. Therefore, the 3D-printable spare-
parts potential was estimated by qualitative 
analysis of the “Problem” field entries. Because 
of the extensiveness of data in this field for the 
complete database, we used a representative 
subset of 1,463 repair entries constructed by 
selecting 5 entries per product category per 
year between 2012-2020. For product 
categories with less than 5 entries, all entries 
were selected. The data was not filtered by 
repair community, country, product model or 
product brand, as these varied too widely in the 
number of entries. The sub-selection does not 
perfectly mirror repair event demographics, but 
it was a close enough approximation. 
 
Within the qualitative analysis the 1,463 entries 
were categorized in 5 repair types: (i) 
mechanical, (ii) electromechanical, (iii) 
electrical, (iv) software, and (v) unknown. 
Electrical, software and unknown entries were 
per definition unsuitable for the purpose of this 

research. Mechanical and electromechanical 
entries were further coded on their estimated 
3D printability using the following categorical 
division: high certainty, plausible, unlikely and 
unknown. The categories were counted to 
provide quantitative estimates of repairs that 
might be fixed using 3D printed spare parts.  
 
The minimum and maximum of the repair type 
estimates were determined by taking the outer 
ends of the error bars. The 3D-printability error 
bars overlap, so to prevent double counting, the 
minimum was determined by taking the low end 
of the high-certainty error-bars, and the 
maximum by taking the absolute number of 
high certainty and the high end of the error bar 
for plausible. The estimate for the whole 
database (represented by the qualitative 
subset) was made by multiplying the repair type 
and 3D printability percentages. 
 

Results 
Figure 2 shows the number of repair entries and 
their status from 2012 to March 2020 
(OpenRepairData V0.1, 2020). In this period, 
41,873 repair entries were documented in the 
ORD from 229 repair communities (Repair 
Cafe, Restart Project, Fixit Clinic and 
Anstiftung). Of all 41,873 repair entries, 53% 
were "Fixed", 21% “Repairable”, 18% 
"Unknown" and 8% "End of life". The yearly rate 
of "Fixed" and “Repairable” repairs largely 
remained stable over time, "Unknown" 
percentages increased slightly, and "End of life" 
percentages decreased slightly.  
 

Product Category 
Recategorization of the ORD gave 40 product 
categories (see Figure 3). The category “Small 
kitchen items” was by far the most often 
recorded entry, with 13.8% of the database 
total, while the average product category was 
2.5% of the total. Within the "Small kitchen item" 
category, 51.4% of the entries were "Fixed", 
15.4% “Repairable”, 27.2% “Unknown”, and 
5.9% "End of life". Other common product 
categories were "Laptop”, “Lamp”, “Hi-Fi 
separates”, and “Vacuum” with relatively 
substantial “Fixed” and “Repairable” entries. 
The product categories with the highest 
percentage "Fixed" entries were “Sewing 
machine”, "Lamp", “Paper shredder”, “Hair 
dryer”, and “Toy”.
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   Figure 2. Number of repair entries brought in between 2012 - 2020 and their respective repair status. 

 
Figure 3. Number of entries in each product category, and their repair status (listed as percentages), 
sorted by total entry numbers.  

The product categories with the lowest 
percentage “Fixed” entries were “Flat screen”, 
“Digital compact camera”, and “DSLR/video 
camera”. Product categories with the highest 

“Repairable” percentage were “Games 
console”, “Flat screen”, “Tablet”, and “Mobile”, 
and the lowest were “Kettle”, “Hair dryer” and 
“Paper shredder.
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Figure 4. Number of entries for each product brand with over 100 repair entries, and their repair status, 

sorted by total entry numbers. 

Product Brands 
39% of database repair entries had unlabeled 
product brand names, of which 55% were 
"Fixed", 20% “Repairable”, 12% “Unknown”, 
and 13% “End of Life”. Within the correctly 
labelled product brands, 3,234 unique brands 
were identified. “Philips'' was most often 
recorded, and other common brands recorded 
were “Apple” “Sony”, “Samsung”, and “Bosch” 
(see Figure 4). Brands with the highest “Fixed” 
percentages were “Pfaff”, “Singer”, “Miele”, and 
“Moulinex”, and the lowest were “Samsung”, 
“LG”, and “Cannon”. Brands with the highest 
“Repairable” percentages were “Dell”, “Asus”, 
and “Samsung” and the lowest were “Tornado”, 
“Silver Crest”, “Miele” and “Princess”.  
 

Product Models 
72% of the total repair entries in the ORD had 
unlabeled product models; 28% were either 
correctly labelled or mislabeled. Of the entries 
with product model labels, 90% were 
mislabeled as product types (e.g., laptop), 
serial numbers, or only product model numbers.  
Only 10% with labels were correctly labelled 
(3% of total entries). Figure 5 shows the most 
often listed (top 10) correctly labelled product 
models; nine of the ten were models of iPhones. 
Not shown in the figure, the correctly labelled 
product models with the highest “Repairable” 
percentages were “iPad 2”, “iPhone 7 Plus”, 

“MacBook Air 13-inch 2015” and “iPhone 8”. 
The lowest percentage “Repairable” were 
“iPhone 5C”, Senseo HD 7840”, “Senseo 
HD7825”, and “Galaxy 2”. 

Similarly, Figure 6 shows the most often listed 
(top 10) mislabeled product models, starting 
with "Laptop", “Sewing machine”, “Vacuum 
cleaner”, “CD player”, and “Coffee machine”. 
Mislabeled product models with the highest 
"Fixed" percentages were “MacBook Pro 2012” 
and “Bike light”, and the lowest were “iPod” and 
“Amplifier”. Mislabeled product models with the 
highest “Repairable” percentages were 
“Kindle”, “Galaxy” and “iPhone”, and the lowest 
were “Coffee machine”, “CD Player”, “Radio” 
and "Lamp". 

Repairs addressable by 3D printing 
To estimate to what extent repairs could be met 
by 3D printed spare parts (plastic desktop 3D 
printing), a qualitative analysis of 1,463 
“Repairable” entries was used. Figure 7 shows 
that of the 1,463 entries, 30% were electrical, 
21% were mechanical, 14% were 
electromechanical and 5% were software 
related repair types. Thus, a total of 35% of the 
repair types categorically could be addressed 
by plastic desktop 3D printing. That is, 
mechanical or (possible) electro-mechanical 
repair types.
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Figure 5. Number of entries for the most often listed correctly labelled product models, and their repair 
status, sorted by total entry numbers. 

 

Figure 6. Number of entries for the most often listed mislabeled product models, and their repair status, 
sorted by total entry numbers. 
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Figure 7. Different repair types within the 
selected data. Error bars are 95% binomial 
confidence intervals. 

Likewise, Figure 8 shows the 3D printability for 
the mechanical and electromechanical repairs, 
of which 34% to 80% of mechanical repairs and 
9% to 66% of electromechanical repairs might 
be able to be repaired with 3D printed spare 
parts. For the whole qualitative dataset, this 
would be between 7.5% - 29 %. 
 

 
Figure 8. D Different levels of assessed 3D 
printability within the selected data. Error bars 
are 95% binomial confidence intervals. 

Discussion 
Product category/ model/ brand 
The best product category for 3D printed spare 
parts is likely “Small kitchen item”, since it was 
by far the largest, and contained a large 
percentage of mechanical repairs that could 
arguably be repaired with 3D printed spare 
parts.  However, this category contained a great 
diversity of products, and thus a great diversity 
of parts that would need to be 3D modeled and 
tested. 
 
Several brands, including Philips, Apple, Sony, 
and Samsung, had high numbers of repair 
entries. Notably, Apple, Sony, and Samsung 
also had high percentages of entries labelled as 
“Repairable”, but with many of their products 
being primarily electronic and the possibilities of 

being fixed by 3D printed spare parts are 
limited. Similarly, the product models which 
were correctly labelled were almost all 
smartphones, so this did not help find targets 
for 3D printed parts.  
 
The most-mentioned product categories and 
information on product models and brands are 
currently insufficient to plan the generation of 
3D printed spare part libraries. The current 
categorization lacks distinctness or allows for a 
large number of mislabeled entries (e.g., the 
ambiguity of the “Miscellaneous” category, 
“Small kitchen item” being a separate category 
from “Toaster” and “Kettle”). To improve this, 
we recommend using the European Directive 
WEEE categorization (Directive 2012/19/EU), 
as a guide to reframe the “Product category” 
entry, since it provides more granularity. In 
addition, we recommend providing examples of 
product models, to avoid the currently rampant 
mislabeling. 
 

Repair Status 
“Fixed” products are unlikely to need 3D printed 
spare parts, so most opportunities for repair 
with 3D printing were estimated to be in entries 
labelled as “Repairable”. There are potential 
opportunities in the "Unknown" and "End of life" 
categories, but these have insufficient data to 
conclude. This “Repair Status” data could be 
clarified by asking what would be needed to 
finish a repair marked as “Repairable”. We 
recommend request further information to 
justify the selected label, specifically when it is 
labelled as “Repairable” (E.g., spare part is 
necessary; Figure 9). 
 

3D Printability 
Between 7.5% to 29% of all recorded repairs 
from these repair communities might be helped 
by 3D printed spare parts, when counting 
“highly likely” and “plausible” entries within 
those labelled as “repairable” with 
“mechanical”, and “electromechanical” repairs. 
These percentages are an initial estimate of 3D 
printability, but this also depends on the 
functional and performance requirements of 
each part. Further analysis is required to 
consider the specifics of each component. This 
information is not currently available in the 
ORD.  
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 Figure 9.  Proposed repair registration data entry process. Categorization of symptoms based on Pozo et 
al., 2020.
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ORD Limitations 
Entries within the ORD were often mislabeled 
or incomplete, in many cases due to vagueness 
of the entry fields, as mentioned above. In 
addition, a large part of the repair data was 
entered in multiple languages in open 
comments, without pre-categorization. In 
consequence, considerable data processing 
and interpretation are required to analyze it, 
leading to information getting lost in translation 
and inconsistent data sets. Table 2 shows 
examples of “Problem” field comments which 
lacked detail or included information that should 
have been entered in other fields.  
 

Fixed Repairable 
"Bolt does not work" "Failure" 
"cut" "Clogged element" 
"HVAC 1.1kg" "Yes ~ Does not" 
"Changed capacitor" "Valve is broken" 

"Broken riser pipe break" 
"PCB Board faulty ~ Not charging 
the fence" 

Unknown End of Life  

"Unknown ~ Do nothing" "Coffee machine leaks"  

"Makes too much noise" "Engine broken"  

"Stops halfway" "Heating defective"  
"Broken water filter- does 
not filter" "Fell out ON-OFF button"  
"Clutch/drive connection 
failed" "Blenders - power broken button"  
Table 2. Example of comments in the “Problem” 
field in the ORD. 

We estimate these limitations arise mainly from 
the repair registration form and data entry 
process; which asks an extensive number of 
open questions that do not correspond to the 
database, is filled in by more than one individual 
per entry, and is recorded using a paper form 
which is later manually digitized (Figure 1).  
 
We recommend the following for the 
streamlining of the entry process and to 
facilitate the identification for the need of 3D 
printed spare parts: switching the entry process 
into a directly digital format, limiting the number 
of people entering information to only the 
volunteer repairer, requesting only relevant 
information in the form of closed questions with 
pre categorized fields, and allowing the 
specification of spare part requirements within 
the “Repair Status” field.  (See Figure 9) We 
also recommend testing and validating the 
recommended process with users in repair 
communities. Such revisions of ORD data entry 
would not only help expose opportunities for 3D 

printing in repair, but would also help expose 
opportunities to improve the repairability of 
products in many other ways. 

 
Conclusion 
The goal of this paper was to find opportunities 
for 3D printing of spare parts for repair 
communities by analyzing repair needs in the 
Open Repair Database from the Open Repair 
Alliance. The objectives were to estimate how 
many repairs 3D printing could address, and 
what kinds of products should be targeted for 
creating libraries of 3D printable parts.  

To answer the first question, qualitative coding 
of repair problems showed 7.5% - 29% of non-
repaired items in repair cafés might benefit from 
3D printed spare parts. Suitable repairs were 
mainly estimated to be mechanical, so 
mechanical parts of kitchen appliances would 
be the priority when constructing a library of 
downloadable 3D CAD files of spare parts. 

 
To answer the second question, quantitative 
analysis showed "Small kitchen item", “Laptop”, 
and “Lamp” were the most common product 
categories. “Small kitchen item” had many 
“Repairable” and many mechanical repair 
entries, which made it a promising target for 3D 
printed spare parts. Product model data was 
too often mislabeled to be trustworthy, and the 
most common correctly labeled product models 
were electronic, thus unlikely candidates for 3D 
printed spare parts. Common brands included 
Philips, Apple, and Sony, but their products 
were also mainly electronic. Therefore, specific 
product models or brands were not useful to 
target. 

This study’s effectiveness was limited by 
significant amounts of incomplete or incorrect 
data. Many entries had unidentifiable product 
models and/or brands, and most product 
models were incorrectly labelled as either a 
product sub-category, serial number, or just 
product model number. Information on product 
fault and spare part use was also limited, which 
made it difficult to conclude if parts could be 
printable. To better estimate possibilities for 3D-
printing for repair in the future, and provide 
other insights into product repairability, we 
recommend improving the data entry process. 
This can be done by streamlining the data entry 
process and minimizing the number of open 
questions.
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Repair is one of many ways to create a more 
sustainable world with longer-lasting products. 
Although 3D-printing cannot solve all repair 
problems, by further testing and developing 3D-
printing for Repair, we can make a positive 
impact by saving product lives. 
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Abstract: This study investigates the context of post-consumer fashion textile waste in the urbanised 
city and brings into dialogue the sub-field of discard studies, circular economy and social theories. This 
is to enable an alternative approach through which the health of urban metabolism for textile waste is 
improved. This research argues the flow of unwanted textiles in the urbanised environment remains to 
be unpredictable despite all the in-placed managerial strategies; and proposes that inefficient 
management of urban textile waste is partly due to lack of attention to the materiality of textiles. This 
research is designed as a case-study on Metropolitan Melbourne. The collected data was through 20 
semi-structured interviews with the allied actors of post-consumer textiles in the urbanised city. This 
study first uncovers the materiality of textile waste and its impact on the spatial and temporal 
displacements of discarded textiles in the urban environment. Research findings indicate that, research 
participants understood the materiality of textile waste through the dichotomy of 12 main characteristics 
that determine the flow of urban textile waste. This is discussed through the lens of social theories of 
Actor-Network and Rubbish theory. The generated knowledge assists to reflect on the concept of 
circular economy and its implementation in the urbanised city for effective management of textile waste. 
 
 
Introduction  
 
This paper studies the post-consumer fashion 
textile waste in relation to the urban 
environment through intersecting social 
theories, the interdisciplinary sub-field of 
discard studies and the principles of circular 
economy. This is in search for a theoretical 
approach that enables the effective 
management of textile waste in the urban 
environment and is led by epistemological 
questions around alternative ways of knowing 
textile waste and uncovering its unknowns. In 
so doing, this paper draws on the principles of 
circular economy to envision desirable 
scenarios for the flows of textile waste materials 
in the urban environment, where the reuse and 
recycling practices are enabled. Against that, 
this study maps out the realities of and the 
drivers for the current textile waste material 
flows in the urbanised city. To do so, this 
research is designed as a case study on post-
consumer fashion textile waste in Metropolitan 
Melbourne, Australia, and is guided by the 
question of how can social theories inform a 
wholistic approach to manage textile waste in 
an urbanised environment? 
 

Exploring the factors that determine the flows of 
urban textile waste is particularly important due 
to their growing volumes and associated 
planetary impacts over the past few decades 
(Niinimaki, et al, 2020). As argued in the 
sustainable and circular studies the reuse and 
the recycling of textile products will mitigate 
their environmental impacts to a significant 
level (Sandin, et al, 2019). However, 
considering the fact that globally 73% of textile 
waste is heading to landfill and incinerators 
every year (Ellen McArthur Foundation, 2017) , 
it is evident that unwanted textile materials are 
mismanaged.  The production and consumption 
of textile and fashion products over the past four 
decades has more than doubled (Niinimaki, et 
al, 2020; Ellen McArthur Foundation, 2017).It is 
estimated that, this growth will continue its 
upward trend. For instance, pre-Covid19 
estimations of Pulse of the Fashion Industry 
report anticipated the increase to 102mt from 
62mt for the textile products by 2030 (Kerr and 
Landry, 2017). Considering the 36% reduce in 
cycles of wear that resulted in the average of 
only 7 to 10 wears (Ellen McArthur Foundation, 
2017; Thomas, 2019), the growing worldwide 
population (Wells, 2019), the rising demand for 
fashion and textile products (Kerr and Landry, 
2017) and low volumes of reuse and recycling 
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(Ellen McArthur Foundation, 2017) it is easy to 
imagine that the volumes of immaturely 
discarded fashion items (textiles) will increase. 
While the growing scholarship suggest varying 
strategies and establishments to reduce, reuse 
and recycle the unwanted textile at the post-
consumption phase, landfills and at times urban 
areas are still found decorated with perpetual 
mountain chains of wasted textiles. Meanwhile 
textile production still relies on high percentage 
for virgin feedstock (97%) and offloading tonnes 
of textiles to landfill and incinerators (Ellen 
McArthur Foundation, 2017) remains a relevant 
practice. This is in spite of the key concerns in 
circular studies which is to eliminate strategies 
such as landfill and incineration, close the gap 
between post-consumption and manufacturing, 
reutilise the secondary raw materials and to un-
waste (e.g. Kirchherr et al, 2017; World 
Economic Forum, 2018, etc.). This research 
argues the slow progress in desirably 
recirculate, manage and reuse/recycle the 
textile waste is partly the consequence of not 
knowing textile materials (beyond the technical 
aspects) and how what we already know has 
eclipsed the need to know what we do not know 
about textiles. Despite all the implemented 
frameworks, aspects of the textile waste remain 
unknown, overlooked or untapped and the 
journeys of post-consumer textile materials 
remain to be unpredictable. As argued by 
Alexander and O’Hare (2020) our ignorance 
towards waste can be cultivated or unintended; 
this can be socially, culturally, governmentally, 
amongst more.  
 
The scope of this research is the urban city; a 
place constructed by human and non-human 
actors where the social and the material worlds 
collied.  Today 55% of the global population live 
in the cities and this is expected to grow to 68% 
by 2050 (UN, 2018). This indicates a growing 
scope in which a significant percentage of 
important decisions upon textiles are made.  
 
 
The Theoretical Approach 
Discard Studies, Actor-Network Theory 
and the Rubbish Theory 
This study draws on scholars such as Hawkins 
(2005) and Gille (2007;2012) and their 
perspectives on materiality. Hawkins (2005) 
argues “waste is both a provocation to action 
and itself a result of that action”. Waste, 

however, is only understood when it is given a 
chance to speak for itself (Hawkins, 2005). Gille 
(2012) states “waste constitutes a social 
relationship, and as such should be studied as 
something produced materially and 
conceptually by profoundly social relations”. 
Following this lead, this paper first interrogates 
the materiality of textile waste through the 
material and the social worlds. This knowledge 
then directs the study to trace and understand 
the temporal and the spatial displacement of 
the textile waste in the urban environment.  
 
The materiality and the material agency of 
textile waste in this paper is studied through the 
lens of Actor-Network Theory (ANT). The ANT 
is a social theory that views the world to be built 
by ever-expanding networks (Latour, 1996). 
Unlike the common perceptions of the term 
network, actor-networks are defined based on 
associations (Latour, 2005). Through tracing 
the associations around textile waste, this 
paper unravels their materiality and the agency. 
Another factor that appropriates this theory for 
this study, is its symmetrical approach towards 
human and non-human actors of a hybrid 
network (Callon and Latour, 1992). 
 
Tracing the associations around textile waste 
made it clear that associating discarded post-
consumer textiles as waste by the urban 
stakeholders is a subjective matter. Waste as a 
word is a catch all term (Hird, 2021) and 
therefore, indeterminant (Alexander and 
O’Hare, 2020). Common categorisations of 
waste as pure-impure, holy-secular, polluted-
sacred by leading scholars such as Mary 
Douglas (Alexander and O’Hare, 2020), 
indicates that waste is only social and relational 
as opposed to phenomenal (O’Hare, 2019). 
However, the term waste in relation to post-
consumption textiles can be applied at varying 
levels in between the two contrasting ends of 
these spectrums. This paper draws on the 
Rubbish Theory (Thompson, 2017) to reflect on 
the matter of waste and value.  Thompson 
argues for a dramatic value shift which leads to 
waste making and vice versa (Thompson, 
2017). This is through introducing a third term, 
rubbish, to understand the circulation of things 
between the two associations of commodity 
and rubbish (Alexander and O’Hare, 2020).  
 
Urban Metabolism 
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Once the materiality of textile waste is 
discussed, this argument is taken to the urban 
environment through the discussion on how the 
materiality of textile waste results in its temporal 
and spatial displacement in the urban context. 
This discussion is carried out while drawing on 
the concept of Urban Metabolism and the 
adaptation of this concept for urban textile 
waste. The concept of urban metabolism is a 
way of conceptualising material flows in the city 
(Schott, 2004). Thomson and Newman (2018) 
note that urban metabolism approach based on 
the analysis of material flow is a powerful 
means of observing the cities, quintessentially 
because we are facing unprecedented 
challenges such as ever-increasing population 
growth, resource scarcity, growing 
consumption patterns, climate change amongst 
more. Like organisms, cities have metabolism; 
that is to maintain their structure, to flourish and 
to respond to their local, regional and 
international environment. Therefore, urban 
metabolism is a path to understand 
sustainability in the cities. However, city 
metabolisms vary from city to city and suburb to 
suburb (Thomson and Newman, 2018). This 
paper proposes that not only metabolism varies 
in different parts of the urban environment, but 
the urban metabolic pathways vary for one 
material to another (e.g. textiles vs paper). As 
Schott (2004) states, cities are made of 
networks of infrastructures (e.g. sewages 
pipes, gap pipes, electricity, etc.) that build a 
second invisible city within the city to flow the 
material/waste. Driven by this concept, this 
paper uncovers the actor-networks that flow the 
post-consumer textile waste in the urban 
environment. These actor-networks of 
associations build the urban metabolism for 
wasted/discarded textiles. Meaning, the 
invisible second city (Schott, 2004) within the 
urban environment is built by infrastructures 
and artifacts as well as associations that define 
the fate of discarded textile.  
 
Methodology 
This paper is designed as a case study on post-
consumer fashion textile waste in metropolitan 
Melbourne (metro-Melbourne) in Australia. The 
city of metro-Melbourne due to its reputable 
fashion, liveability (Chalkley-Rhoden, 2017), 
growing population (ABS, 2020) and 
sustainability tendencies (home to 

Sustainability Victoria, etc.) was chosen for this 
case study. The proposed theoretical 
framework was examined against the data 
collected through 20 semi-structured interviews 
with the allied actors of pre-/post-consumer 
textiles and end-of-use, working in varying 
managerial roles. This allowed for in-depth 
discussions about textile as a material within 
the urban context. The number of 18 research 
participants were working on the metro-
Melbourne and Australian scale. To enrich the 
research insight, 2 interviews were carried out 
with interviewees working on European scale. 
The interview questions followed themes such 
as value, material flow, policies and 
collaborative approaches in relation to textile 
waste. All the interviewees were de-identified 
and coded. The following figure (see Figure 1) 
provides the in-text codes used for this 
research:  
 

 
 
Figure 1 Area of background and in-text codes of 
Interviewees 
 
 
Understanding the Textile Waste 
Metabolism in Metropolitan 
Melbourne through Social Theories 
The Australian fashion and textile sectors in 
recent history have seen several remarkable 
changes. From being the dominant industry in 
the years after the second World War, this 
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sector mostly became offshore and contract-
based by 2000s (Webber and Weller, 2001; 
Nosser et al. 2015). From 2011 
onwards, several giant international retailers 
such as Zara, H&M and Uniqlo, have entered 
the Australian market and started competing 
with local brands (Do, 2019). While the 
Australian domestic production has had a sharp 
decrease, the consumption of textile materials 
has grown notably; to the point that today 
Australia stands as the world’s second highest 
consumer of new textile products (Textilebeat, 
2019). Meanwhile, the number of wear-per-
garment has decreased, in many cases 
shortened to only one wear (YouGov, 2017).  
 
In the Australian landscape, textile is not 
included in the state and/or federal government 
waste management plans (Ross, 2019), 
therefore, textile waste is untracked, and the 
available data are conservative figures; 
illustrating just an approximation of Australian 
textiles waste problem (Ross, 2019). Australian 
post-consumer textile wastes are collected 
through three main streams, namely recyclers, 
charities and municipal solid waste bins 
(Moazzem et al, 2021). While recyclers and 
charities treat discarded textiles as a resource, 
the textiles disposed in municipal bins are 
considered as garbage and a contaminant to 
other recyclable materials, therefore, landfilled 
(Moazzem et al, 2021). The following figure 
(Figure 2) provides some statistics on 
Australian textile waste: 

 
Figure 2 an overview of Australian textile waste 

The available knowledge on Australian post-
consumer/unwanted/wasted textiles is mainly 
estimated on the national scale and a detailed 
study, specifically on metro-Melbourne’s 
landscape is missing. Metro-Melbourne is the 
second largest city of Australia and the capital 
of the state of Victoria (Melbourne, 2021a). The 
population of metro-Melbourne is 4.9 million 
people and is culturally very diverse 
(Liveinmelbourne, 2021). Metro-Melbourne has 
the overall number of 31 local governments that 
provide multiple services to their suburbs and 
enforce federal, state and local laws  
(Liveinmelbourne, 2021). While metro-
Melbourne is the city of 4 seasons, it is well-
known for its unpredictable and changeable 
weather (Melbourne, 2021b).   
 
Over the past 4 years, a chain of events left a 
significant mark on metro-Melbourne’s post-
consumer textiles landscape. A brief of these 
events through the words of the interviewees is 
mentioned in the following figure (Figure 3).  
 

  
1.(Textilebeat, 2019) 
2.(ABC,2021) 
3.(NACRO, 2017) 
4.(Blocktexx,nd) 
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Figure 3 Recent Influential Events in 
Metropolitan Melbourne and Australia 

The interviews were carried out after, during 
and in anticipation of events above. In light of 
these events, the interviewees had a unique 
opportunity to reflect on textile waste in metro-
Melbourne and its metabolic pathways for 
unwanted textiles. While the two main actors 
are charities and the private sector, 
interviewees asserted decision making 
regarding waste follows this structure (Figure 
4):  
 

Figure 4 Decision Making Structure in Australia 
regarding Waste 
 
Disconnection between allied end-of-use 
actors, consumerism, ample of land and landfill 
were mentioned as some of the challenges in 
managing textile waste in metro-Melbourne. 
While fast fashion is commonly blamed in the 
literature for excessive volumes of wasted 
textiles, interviewees of metro-Melbourne 
provided discount retail stores such as Kmart, 
Target and BigW are their main challenge. 
Interviewees reflected on textiles through the 

dichotomy of 12 main- at time contrasting- 
characteristics. These associations highlighted 
textile’s social, physical and social/physical 
aspects; each explaining the actor-networks 
that unwanted textiles are associated with (e.g. 
networks building charities, municipal bins, 
second-hand shops, etc.). Following table 
(Table 1) provides further insight: 
 

Characteristics 
and Associations 

Enrolling to Actor-Networks 

 

Capturing the 

intangibles 

Interviewees: 

Recycling Enterprise not-for 
profit Charity (2019) 

National Second-hand Retail 
Charity 1,2,3a&b and 4 (2018; 
2019; 2019;2019) 

 

 

Textiles can capture bodily presence, 
scents/odours and time through tear, 
faded colour, etc1. Should this 
presence belong to a loved one, it 
leads to emotional attachments2. 
Should it belong to unknown others it 
brings a sense of repel3. In an urban 
context, this feature may lead to some 
complexities. While for an individual 
the emotional attachments associate 
and enrol that piece of textile with 
“value”, “Donation”, “Charity”; for the 
recipient charities same piece is 
considered as “old”, “undesirable” and 
even “rubbish” resulting in high costs of 
disposal for Melbournian/Australian 
charities. 

 

 

Translational and 

transformative 

Interviewees: 

Australian Global Recycling 
Private Company (2019) 

National Second-hand Retail 
Charity 1,2, 3 a&b and 4 
(2019) 

Recycling Enterprise not-for 
profit Charity (2019) 

Independent Waste Research 
Consultant (2018) 

 

 

The textile material through social 
orders can translate in different 
meanings/identities/impressions or 
transform one’s feelings. This 
characteristic guides the work of the 
interviewees such as charities and 
recyclers. For instance, Charities prefer 
to recirculate the donations within the 
same suburb as the aesthetics/style is 
more likely to be appreciated. Private 
recyclers explain unmatching 
outfit/shoes/etc. are utilised in areas 
where matching outfit might subject the 
wearer to the matter of theft as it 
translates into wealth, yet, it can 
provide a sense of confident to the new 
wearer. Luxury brands may prefer to 
incinerate their unsold stock as 
discounting or donating them may 
damage the brand image, etc. 

 

Vulnerable 

Interviewees: 

Inner western Council (2019) 

 

 

Vulnerability of the textile material to 
the weather, damp and contamination 
is its Achilles heel that prevents it to 
mingle with other materials in waste 
collection streams of the city.  This has 
led to some operational complications 
for most charities, resulting to the 
change of collection methods form 
collection hubs to limited in-store drop 

  
1.(Binotto and Payne, 2017) 
2.(Fletcher, 2011) 
3.(Binotto and Payne, 2017) 
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National Second-hand Retail 
Charity 1,2 and 3 a&b (2019) 

Australian Global Recycling 
Private Company (2019) 

 

offs or pick-ups. Recyclers however 
are reducing the potential damage by 
frequently emptying the hubs.  

 

 

Content and 

inoffensive 

Interviewees: 

National Second-hand Retail 
Charity 3a (2019) 

Inner City Council (2018) 

Inner Western Council (2019) 

 

 

 

Although textile waste is not officially 
part of City Councils (municipality) 
obligations, most interviewees 
suggested city councils due to their 
close relationship with households can 
help improve the quality and quantity of 
unwanted textile collection. However, 
textile waste is not associated with any 
urgency by the councils because, 
textiles do not make an unpleasant 
scene or obnoxious odour and can be 
piled up in a corner, remain 
unnoticeable and harm the 
environment in silence over time. 

 

 

Complicated 

Interviewees: 

National Textile Industry body 
(2020)  

Inner City Council (2018) 

 

 

Textiles are complicated materials, 
both technically and structurally and 
also in terms of ownership; therefore 
difficult to deal with (e.g. sorting and 
recycling). 

 

 

Lightweight 

Interviewees: 

Inner City Council (2018) 

National Second-hand Retail 
Charity 3a (2019) 

 

 
 
 
 
Textiles are also associated with their 
light weight. Therefore, they receive 
less priority by actors such as city 
councils as they address the heavy 
waste. This characteristic, however, is 
preferred by the charities because it 
eases the logistics and shifting of the 
donations. 

 

Flexible and 

forgiving 

 
 
 
 
Textiles can offer a unique level of 
flexibility and forgiveness as a material. 
For instance, they can be reworked on, 
be fixed, and shift from wasted to useful 
through the simple act of cut and sew; 

Interviewees: 

Local SME (2018) 

Micro-Manufacturer (2018) 

Independent designer-maker 
(2019) 

 

therefore, textiles can be recirculated 
and reused where the skill exists.  
 

 

Dangerous and 

hazardous 

Interviewees: 

National Textile Industry body 
(2020) 

Independent Researcher 
(2020) 

 

 
 
 
 
 
While textile is associated as harmless 
by some of the interviewees, some 
other emphasis that textiles can pose a 
level of hazard both to the environment 
that they are dumped in and to their 
wearers. This is because some textile 
materials are highly combustible, and 
some contain dangerous chemicals.   
 

 

Resource and 

commodity 

Interviewees: 

National Textile Industry body 
(2020) 

Australian Global Recycling 
Private Company (2019) 

National Second-hand Retail 
Charity 3a&b (2019) 

 

 
 
 
 
Textiles are increasingly associated as 
resources and a valuable commodity 
with untapped potentials. Interviewees 
emphasised associating textiles as a 
resource will uncover multiple 
functionalities and markets for them 
that will go beyond the textile sector. 
This includes cross-sector reuse and 
recycling. 
 

 

Cheap 

Interviewees: 

Micro-Manufacturer (2018) 

National E-waste Company 
(2019) 

 
 
 
 
 
 
 
 
While textiles are deemed as valuable 
commodity by some of the 
interviewees, some highlight their low 
monitory values, associating them as 
cheap. This association has meant less 
incentives for the government and the 
textile and fashion sector to plan better 
recovery networks. Also, it has led to 
enrol the unwanted textiles to the 
council bins that is eventually offloaded 
to landfills.  
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Undervalued 

Interviewees: 

Independent Researcher 
(2020) 

 

 
 
 
 
Unwanted textiles are also associated 
as undervalued materials because the 
many networks of resources that are 
connected for textiles to be made are 
invisible to the majority of people. This 
has led to a significant negligent in 
recirculating the discarded textiles by 
every individual. 

 

Expensive 

Interviewees: 

National Textile Industry 
body (2020) 

E-waste Company (2019) 

Recycling Enterprise not-for 
profit Charity (2019) 

 

 

Because textiles are considered to be 
cheap and complicated, properly 
managing textile waste is regarded as 
an expensive operation in some cases. 
To those actors whose work is tied with 
managing textile waste, the reducing 
quality and high volumes of unwanted 
textiles has also meant high expenses 
for insignificant profit. 

Table 1 Associations around Discarded Textiles 
in Metropolitan Melbourne 
 
By discussing the materiality of textiles through 
the lens of ANT, the flow and the spatiality of 
material in metro-Melbourne is better 
explained.  This uncovered how these 
associations lead to building and connecting 
networks that make the urban metabolism. For 
instance, when textile is associated as a cheap 
material- through social understanding- it is 
enrolled to networks of human and non-human 
actors such as municipal bins, city councils and 
eventually landfill. While waste is indeterminant 
(Alexander and O’Hare, 2020), reflecting on 
waste through value may shed light on its 
ambiguity. The waste-value relationship, 
however, can be blurred. Alexander and 
Sanchez (2019) state, waste can be the 
opposite of value, the loss of value or its 
synonymous. In Rubbish theory, Thompson 
argues for a dramatic value shift that explains 
the three terms: waste, rubbish and commodity. 
The value change shifts the objects in between 
the three categories of Durable, Transient and 
Rubbish materials. Durables are the kind of 
materials that their value increases over time. 
Transients are the materials that their value 
decreases with time and rubbish has no value 

regardless of time (Thompson, 2017). Waste in 
Rubbish theory, therefore, is unwasted or 
created through the matter of time. Value 
therefore is understood not only through the 
movement of materials but also through time. 
Returning to the examples provided in Table 1, 
the “translational and transformative” 
characteristics of an unsold but brand-new 
luxury textile product, and the brand’s tendency 
to incinerate rather than discount, mirrors the 
role of time in value shift, from luxurious product 
to rubbish.   
 
Within the urban context, this paper adduces 
that a healthy urban metabolism for post-
consumer textile waste allows for pathways that 
prevent accumulation or misuse of discarded 
textiles in the urbanised environment and 
enables their temporal and spatial recirculation. 
This relies not only on a well-established 
network of infrastructures such as varying 
streams of collection followed by 
sorting/reuse/recycling technologies, but also 
requires social preparations and the shift from 
consumers to prosumers. As stated by circular 
scholars, the term “prosumer” suggests 
individuals are the makers of the resources as 
well as users/consumers (Savini, 2019). In 
other words, prosupmtion is the temporal and 
spatial overlap of the two processes of 
production and consumption (Ritzer, Dean, & 
Jurgenson, 2012) through individuals. This 
concept makes room to implement circularity 
beyond technological or business concepts, but 
as a socio-cultural shift (Savini, 2019); 
therefore, useful in an urban context. Returning 
to Table 1, the social understanding of textile 
material is uncoherent in metro-Melbourne, 
occasionally registering textile waste to 
undesirable actor-networks. However, 
improvements and amendments are frequently 
made.  
 
 
Conclusions 
Incorporating social theories in studying textile 
waste, uncovered an alternative perspective to 
revisit this material. Indeterminacy of textile 
waste is not fully comprehended or 
acknowledged in the present approaches to 
textile waste, nor is the extend of the social 
actor’s roles. However, this altering perspective 
can assist enabling a step towards a healthier 
urban metabolism for textile waste. The deeper 
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understanding of the textiles through material 
and social worlds will help to define roles such 
as prosumers, or policies (e.g. EPR) that find 
utility for the wasted materials. To close the gap 
between post-consumption and raw material in 
the product lifecycle or circular economy, the 
unique characteristics of the materials such as 
textiles shall guide the waste management 
planning.  
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Abstract: Circular Economy (CE) is commonly proposed as a means to advance towards the 
Sustainable Development Goals. Design thinking (DT) has been identified as an innovative problem-
solving approach, capable of addressing complex challenges, such as the CE, through multidisciplinary 
collaboration. Currently, the spaces for multi-stakeholder collaboration have been affected by Covid-19 
restrictions, forcing organizations to develop online collaboration capabilities. Accordingly, this study 
aims to assess the effectiveness of the application of DT to generate CE-based solutions to address a 
sustainability challenge in an online setting. The assessment particularly addresses the extent to which 
a purposefully adapted DT process allows to conceptualize sustainability solutions, and, the user 
experiences in a digital collaboration environment. This research presents the findings obtained from 
an online DT workshop focused on proposing circular business models to improve the sustainability 
impacts of urban mobility in the city of Graz, Austria. The event involved 39 sustainability experts from 
academia, industry, public sector and NGOs, participating in five teams, each led by a workshop 
facilitator. Three specific activities have been elaborated to embed a focus on sustainability, which are 
combined with traditional DT exercises, and adapted to a digital environment. We report the outcomes 
of the online workshop and reflect on the adapted method strengths and weaknesses. DT is supported 
as a plausible method to conceptualize CE-based solutions, however, sustainability aspects need to be 
embedded throughout the problem-solving process.  
 

Introduction  
Reversing inefficient natural resource use has 
been explicitly contemplated under SDG12 – 
Sustainable Production and Consumption 
(United Nations, 2015). Circular economy (CE), 
a socio-technical paradigm aiming at disrupting 
the taking-making-disposing consumption 
patterns through multiple value retention 
options (Reike et al., 2018) has been promoted 
as a direct contributor to meeting SDG12 
(Schroeder et al., 2019). While the paradigm is 
gaining momentum in global multi-stakeholder 
arenas, its actual transformational impact on 
socio-technical systems is being questioned 
(Blomsma & Brennan, 2017). Innovative 
problem-solving methods such as Design 
Thinking (DT) are postulated as capable of 
generating solutions to complex challenges in a 
multidisciplinary and collaborative manner 

(Brown, 2008; Lewrick et al., 2018). 
Remarkably, collaborative capabilities have 
been drastically transformed due to Covid-19 
restrictions and have undergone an accelerated 
digitalization (Kudyba, 2020), and thus, the 
transformation of face-to-face workshops into 
online versions generates both challenges and 
opportunities (Constantin et al., 2021). Under 
this new scenario, this research posed the 
following question: To what extent is Design 
Thinking an effective method for generating 
CE-based solutions to a sustainability 
challenge? How is this effectiveness impacted 
by a digital workshop format? The following 
sections describe the method’s theoretical 
underpinning (Theoretical background), a 
summary of the proposed activities (Methods), 
the workshop outputs (Results) and a critical 
reflection on the problem-solving potential of 
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embedding CE concepts into a DT 
methodology (Discussion, Conclusions). 
 

Theoretical Background  
DT is a problem-solving approach that “uses 
designer’s sensibility and methods to match 
people’s needs with what is technologically 
feasible and what a viable business strategy 
can convert into customer value and market 
opportunity” (Brown, 2008).  It has recently 
attracted attention for its capacity to tackle 
complex or wicked problems (Buhl et al., 2019; 
Carlgren et al., 2016), suited for contexts of high 
ambiguity or uncertainty (Liedtka, 2015). It is 
characterized by the themes of problem 
framing, user focus, visualization, 
experimentation and diversity (Carlgren et al., 
2016); leading a multidisciplinary team through 
a process characterized by phases of 
understanding, ideating and testing, each 
underpinned by alternative activities that 
stimulate divergent and convergent thinking 
(Liedtka, 2015).  
 
Even though applying DT has been found 
suitable for sustainability-oriented innovation 
(SOI) processes (Baldassarre et al., 2017; 
Geissdoerfer et al., 2016), DT does not 
incorporate sustainability concerns unless the 
user chooses to do so (Shapira et al., 2017). 
Furthermore, Buhl et al. (2019) conceptually 
discuss how and why DT can foster SOI, 
offering four propositions in which DT can 
address SOI challenges. They encourage 
future research on examining whether and how 
DT needs to be adapted to ensure that 
innovation outcomes have positive 
sustainability effects, the primary aim of the 
present research. 
  
Additional attempts to integrate DT with CE-
oriented innovation or SOI can be found in the 
literature, most interestingly Guldmann et al. 
(2019) DT framework for circular business 
model innovation, which proposes to add 
introduction and realignment spaces in the 
process, and Shapira et al. (2017) Integrated 
sustainable Design Thinking process, which 
considers 20 add-ins to a conventional DT 
process. However, the mentioned articles are 
described as explorative and encourage future 
proposals.  
 
In consideration of the limitations of DT to fully 
embed a sustainability foci (Shapira et al., 
2017), we propose that for a sustainability-
oriented DT process, the three innovation 

lenses of desirability, feasibility and viability 
(Brown, 2008), should be complemented with a 
fourth lens of sustainability (Figure 4). 
Sustainability could be considered as an 
additional constrain, however, if approached as 
an opportunity, sustainability can drive 
innovation by opening up the idea space -
during divergent thinking phases-, before 
sustainability aspects can filter proposed 
solutions -during convergent thinking phases- 
(Shapira et al., 2017; Thompson et al., 2011). 

 
Figure 1: Four lenses of sustainable innovation. 
Own elaboration, inspired by Brown (2008) and 

Shapira et al. (2017).  

Methods 
Theoretical and practical development 
Researchers first discussed the goal of the 
workshop – to have participants proposing 
sustainable alternatives to individual mobility 
challenges in Graz using circular-economy 
based solutions - and adopted the DT process 
(Lewrick et al., 2018; Liedtka, 2015) as the 
overarching framework for methodological 
development. The process phases understand, 
ideate and test were distributed among three 
researchers, and each one independently 
designed a practical exercise to meet the goal 
of the DT phase while adding a sustainability 
perspective. For the understanding phase, an 
Actor system mapping exercise (Schiffer & 
Hauck, 2010) was adapted to include the 
identification of sustainability issues. The 
ideation activity considered brainstorming 
supported by a set of six circular business 
model pattern cards, simplifying typologies from 

the literature (Lüdeke‐Freund et al., 2019). 

Finally, testing consisted of a SWOT exercise 
that followed a  qualitative assessment of 16 
mobility-related sustainability indicators, related 
to the sustainability principles of the Framework 
for Strategic Sustainable Development (FSSD; 
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Broman & Robèrt, 2017). The three 
sustainability-oriented DT exercises were 
refined and integrated into the DT process 
through 4 joint online brainstorming rounds, 
where the virtual workshop canvases were 
supported in Miro 1 . During the rounds, 
additional DT exercises (Lewrick et al., 2018) 
were added to ensure sequential consistency of 
the workshop and to support the workshop goal 
(i.e. Expert lightning talks, How might we 
questions, Business Model Canvas). A 
summary of the final exercises included is 
displayed in Table 1. The complete workshop 
was simulated in a session with seven 
academics, including the five facilitators of the 
final workshop, to adjust the format to a digital 
environment and adapt to required time 
constraints. 
 

DT 
phase 

Exercise Time 
(min) 

Description 

Under
stand 

Expert 
lightning 
talks 

20 Listen to 3 experts 
(5 min each) to get a 
deeper 
understanding of the 
challenge 

How might 
we (HMW) 
questions 

20 Rephrase insights 
into "How might 
we...?" questions to 
turn problems into 
opportunities and 
define workshop 
goal. 

Actor 
system 
mapping 

35 Visualisation of the 
key actors of a 
system, the flow of 
value and the 
sustainability issues 
within. 

Ideate Ideation 
supported 
by CE-
pattern 
cards 

40 Brainstorming 
session to propose 
solutions, finding 
inspiration in circular 
economy strategies 
and CE-business 
models. 

Test Business 
Model 
Canvas 
(Simplified 
version) 

40 Prototype the 
solution defining the 
key elements of a 
business model: the 
who, what, how and 
why. 

FSSD 
SWOT 

35 Simplified ex-ante 
performance 
assessment of 4 key 
sustainability 
dimensions, pre-
adapted with 4 
impact categories 
per dimension. 

Table 1. Workshop overview. 

 
1 https://miro.com/ 
2 https://cresting.hull.ac.uk/ 

Workshop preparation and execution 
Table 2 summarizes all workshop materials 
provided to ensure participants literacy and 
consistency across workshop break-out rooms. 
 

Use-
case 

User Document Objective 

P Participant Consent 
form 

Obtain consent 
for data 
collection 

P Participant Invitation to 
the platform 
test session 

Get participants 
familiarized with 
the online 
workshop 
platform 

P Participant Workshop 
program 
with 
glossary 

Ensure 
participants 
content literacy 

P 
E 

Workshop 
facilitators 

Workshop 
script, 
exercise 
instructions, 
glossary 

Ensure 
replicability of 
exercises across 
break-out rooms 

E Participants, 
facilitators 

Workshop 
online 
boards 

Execute the 
workshop 
exercises 

E Participants, 
researchers 

Feedback 
form 

Data collection 

Table 2. Workshop materials used during the 
preparation (P) and the execution (E). 

The workshop was organized on the occasion 
of a week-long CRESTING2 Innovative Training 
Network training event. It was attended by 39 
sustainability professionals: 30 researchers, 6 
private sector practitioners, 2 public sector 
representatives and 1 from a non-profit. 
BigBlueButton 3  was the video conference 
platform used. For each exercise, the main 
facilitator provided instructions in a plenary, and 
five teams executed the exercises in breakout-
rooms, using the Miro boards and supported by 
a team facilitator. Break time (1.5 hours in total) 
was distributed between the exercises to avoid 
screen fatigue. The overall workshop duration 
took six hours. 

 
Data collection and analysis 
Data collection was effectuated by one 
researcher using the input from feedback 
forms, results from the virtual boards, 
participation log and facilitator notes. A 
thematic analysis of qualitative data was 
performed by three researchers in a 
brainstorming session and categorical data 
from closed-ended survey questions was 
quantitatively analyzed. 

3 https://bigbluebutton.org/ 
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Results  
The preparation and execution process 
described above allowed to complete all 
workshop exercises within the planned time 
frame. 61% of participants stayed for the six 
hours, however, retention rate was 
considerably higher for researchers (85%) than 
for non-researchers (27%). Feedback form 
responses (n=21; 5-point Likert scale) indicated 
that participants regarded the DT format (logical 
sequence, non-redundancy and 
complementarity of activities) as very positive 
(‘strongly agree’ = 76%; ‘agree’ = 24%). When 
asked if the online setting (versus face-to-face) 
improved workshop outcomes , answers were 
disparate (‘strongly agree’ = 9%; ‘agree’ = 5%; 
‘neutral’ = 62%; ‘disagree’ = 24%). Most 
respondents considered the goals of each of 
the activities were met (‘strongly agree’ = 46%, 
‘agree’ = 40%, ‘neutral’ = 12%, ‘disagree’ = 2%) 
and, in average, the activities were regarded as 
understandable and accessible (‘strongly 
agree’ = 51%, ‘agree’ = 40%, ‘neutral’ = 9%). 
 

Understanding sustainability – Actor 
system mapping 

Across the five teams, an average of 20 actors 
involved in individual mobility were mapped, 
connected through 16 exchanges of value. On 
average, 17 sustainability issues were identified 
by each team.  
 

Ideating circularity – Ideation supported by 
CE-pattern cards 
On average, 27 ideas were produced by each 
team. The inclusion of circularity principles -i.e. 
any of the 10 r-strategies (Reike et al., 2018) or 

CE-business models (Lüdeke‐Freund et al., 

2019)- was observed in 24% of these ideas. Out 
of the 5 selected winning ideas (1 per team), 3 
included a circularity principle. Particularly, 4 
winning ideas were dependent on public 
policies or based on a public-private 
partnership, and only one was a fully private 
based solution. 
 

Testing sustainability - FSSD SWOT 
From the analysis of the 16 sustainability 
indicators, the teams assessed on average a 
positive impact on 8 indicators, and, 
remarkably, no team reported any negative 
impact linked to their solution. However, on 
average, 5 indicators were assessed as 
uncertain, and 2 as neutral, indicating the 
difficulties of ex-ante sustainability assessment.  
 

CE-based winning solutions 
The selected ideas presented by the five 
groups to improve the sustainability impacts of 
individual mobility in Graz were:  

• “Graz is grass”:  A publicly-funded 
campaign to encourage the use of public 
transport by promoting reusable 
sustainable masks made of Graz's garden 
waste biomass. 

• “Citizen mobility as a right”: Tax-funded free 
multimodal-eco-friendly transport to Graz 
citizens. 

• “Moving Graz”: Public transport card and 
app that combines all biking and public 
transport options, financed by a city tax on 
cars. 

• “Lots and lots of parking lots (saved)”: 
Corporate private car-sharing service 
system for employees and shareholders, 
including privately own cars in the pooling 
system. 

• “Grazing to the city”: Combination of an on-
demand bike-sharing system at commuting 
hotspots and improved bicycle paths. 

 

Discussion 
This study has explored the effectiveness of an 
adapted Design Thinking approach in 
generating CE solutions for sustainability, in an 
online and time-constrained multidisciplinary 
workshop. 

 
Generation of CE solutions 
The results of the workshop suggest that the 
methods used and the digital collaboration 
setting allowed participants to conceptually 
develop circular solutions tackling specific 
sustainability issues related to the mobility 
systems in Graz, in line with previous research 
(Baldassarre et al., 2017; Buhl et al., 2019).  
Moreover, the solutions were not only focused 
on private companies, four out of five solutions 
were a mixture of public-private initiatives. This 
could be explained by the decontextualized 
setting and the profiles of the participants, 
which were mostly sustainability academics. As 
a consequence, they focused on the 
development of more radical innovations for 
sustainability, which consider a wider 
integration of stakeholders beyond value chains 
such as governmental institutions, research 
centers, NGOs, etc. (Farla et al., 2012; Raven, 
2005).  
Three out of five of the solutions integrated CE 
strategies as the main component of the 
proposals. We assume this could be related to 
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the nature of the HMW questions and 
objectives in the understanding phase. The 
teams that did not integrate CE strategies on 
their concepts focused on social challenges 
rather than technical challenges. Moreover, the 
feasibility, desirability and viability of the 
conceptual solutions developed in the 
workshop are questionable, as these were not 
presented to key stakeholder groups of Graz 
mobility. Further validation and iteration stages 
are necessary. 
 

Participants experience working on an 
online collaborative platform 
The feedback survey results indicate that the 
majority of workshop participants (62%) felt 
neutral regarding the positive influence of the 
digital collaboration outcomes of the workshop 
when compared to a face-to-face scenario. In 
addition, comments collected by the survey 
indicate that virtual collaboration could be 
positive when compared to a face-to-face 
format as it can enhance the engagement of 
participants with introverted personalities. 
Some of the negative perceptions of virtual 
collaboration were related to the quality of 
discussions and the mental tiredness of 
interacting virtually. Certain participants 
expressed that engagement in face-to-face 
discussions could have resulted in better 
outcomes. In addition, some negative 
downsides were also related to the technical 
issues caused by unstable internet connection. 
 

Recommendations for improvement of 
online collaborative workshop and methods 
The outcomes of the workshop were highly 
influenced by the quality of the problem 
definition on the understanding phase. Defining 
a proper goal scope or problem statement 
before the workshop -not too narrow, not too 
broad- is crucial for a successful workshop 
development (Buhl et al., 2019).  
We consider that the actor system mapping 
activity could have been done after the expert 
lightning talks and before formulating the HMW 
questions. The main assumption is that the 
mapping activity is good for visualizing and 
understanding a problem within a system and 
selecting a specific issue to improve.  
Digital platform literacy is vital for ensuring 
group members participation. Having previous 
sessions or sending tutorials on the digital 
platform to be used is recommended.  
 
 
 

Limitations of Design Thinking  
The results of the workshop suggest that the DT 
approach is suitable for the development of 
sustainable business model concepts for 
sustainability and the CE. However, some of its 
limits should be remarked. The first one is 
related to the fact that some groups tended to 
think about the solutions rather than the 
problems for formulating the HMW. Participants 
by nature wanted to develop solutions without 
having a proper understanding of the problem. 
Thus, we suggest that DT approaches should 
emphasize the importance of having a good 
understanding of the problem before jumping to 
ideation and further phases, to improve the 
quality of the outcome. The second limitation of 
the DT approach is the lack of reflection on the 
type of participation of stakeholders in the 
sessions. Usually, there is a tendency of 
assuming that all stakeholders will participate 
during all phases of the process. However, the 
integration of stakeholders might be improved 
when the roles of the actors in the different 
phases are identified in advance. In our 
experience, this consideration would have 
improved the participation of the stakeholders 
that participated in a limited amount of time.  
 

Limitations of the study 
There is limited generalizability of results, as 
only one full workshop was conducted. 
However, five independent working groups 
allow us to compare their outcomes. Also, it is 
relevant to highlight that it was a 
decontextualized workshop, meaning that it did 
not involve relevant stakeholders of the Graz 
mobility system and that concepts developed 
were not validated with real users, a critical step 
in DT. This limitation is also enhanced by 
participants previous knowledge and 
experience -having an overrepresentation of 
sustainability academics- and thus, potentially 
biasing results. The workshop format should be 
further tested within specific business or policy 
contexts, answering to a real challenge and 
involving both direct and indirect stakeholders. 
Finally, the quality of outcomes could have 
been improved if more time were assigned to 
each phase.  
 

Conclusions 
We suggest that DT offers a plausible approach 
to develop CE-based conceptual solutions to 
sustainability challenges, however, to attain this 
goal, sustainability aspects should be 
embedded in the problem-solving process, 
adapting activities and guiding the problem 
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framing phase. Leveraging on sustainability 
aspects to open the possibility space, and to 
further filter potential solutions, is therefore 
suggested as a key enhancer of the 
sustainability-oriented DT process.  
No major conclusions can be drawn regarding 
the effectiveness of an online format versus a 
face-to-face workshop. 
The present research contributes to the 
theoretical integration of CE and sustainability 
into the innovation and design research fields, 
and provides practitioners with an actionable 
framework and set of tools to support the 
operationalization of the CE. 
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Abstract: Access-based business models such as product rental hold promise extending product 
lifetimes. However, a lack of consumer acceptance hinders these models from becoming mainstream 
in the business-to-consumer market. In order for rental models to resonate with consumers, they must 
be designed and communicated in a way that aligns with consumers’ needs. While a number of studies 
have addressed business model design, few have looked at how rental is promoted to consumers. 
Focusing on the growing sector of home furnishings rental, we use a qualitative content analysis of 
company websites to explore whether and how company messaging reflects consumer drivers for 
product rental found in literature. We find that, contrary to studies of sustainable business models that 
suggest emphasising sustainability aspects, sustainability is not widely communicated. In addition, 
while messaging does reflect broad drivers found in literature for a variety of consumer goods – 
including economic benefits, freedom from burdens of ownership, convenience, and novelty – home 
furnishings rental companies represent these drivers somewhat differently. This includes appealing to 
more intangible ideas such as aspiration, self-expression and homeliness, as well as citing benefits 
specific to home furnishings such as the literal burdens of transporting furniture when moving. Our study 
raises interesting questions about the role of sustainability in messaging and provides insights from 
companies actively engaged in rental that can potentially help ensure that company messaging 
resonates with consumers. We also contribute empirical findings on home furnishings rental, which has 
seen increasing engagement by practitioners but has received little consideration in academic literature. 
 
 

Introduction  
Access-based business models, in which 
people pay to use rather than own goods, have 
been put forth as one way to extend product 
lifetimes and contribute to more sustainable 
consumption. By enabling sequential use of 
products by multiple consumers, models such 
as rental have the potential to keep products in 
use for longer and ultimately reduce the number 
of new products that must be produced (Kjaer 
et al., 2019). Despite this potential, there is still 
a relative lack of rental models in the business-
to-consumer market, in part due to a lack of 
consumer acceptance (Tukker, 2015).  
 
In order for access-based business models to 
resonate with consumers, they must align with 
consumer needs (Rexfelt & Hiort af Ornäs, 
2009). Companies need to have a good 
understanding of what drives consumers to 
engage in rental and to both design and 
communicate their offers in a way that aligns 
with these drivers (Rexfelt & Hiort af Ornäs, 

2009). While some studies have addressed 
how companies can design their offers to meet 
consumer needs (Borg et al., 2020; Tunn et al., 
2019), and others have highlighted the 
importance of framing for successful 
implementation (Day et al., 2020) or suggested 
how companies might position rental (Catulli, 
2012), few have addressed how companies 
actually promote their rental offers (see 
Chamberlin & Boks, 2018 for a notable 
exception).  
 

In this study we address this gap by exploring 

how different companies actively engaged in 
product rental frame their offers to consumers. 
We focus on the case of home furnishings 
(furniture and home accessories), which has 
seen a proliferation of companies offering 
rental, ranging from start-ups such as US 
company Fernish to incumbent companies 
such as IKEA. This thus allows us to study 
communications in practice. Consumers’  
unfamiliarity with the concept of home 
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furnishings rental has also resulted in a need for 
some home furnishings companies to invest 
heavily in marketing and communications. 
(Schoonover et al., 2021). In addition, home 
furnishings is a sector ripe for product life 
extension, as the majority of products are 
disposed of before the end of their useful life 
(Arvidsson et al., 2016).  
 

Literature Review: Consumer 
Drivers for Product Rental 
A number of studies have looked at consumer 
drivers to engage in product rental. Due to the 
very limited body of academic research on 
home furnishings rental in business-to-
consumer markets, our literature review also 
includes literature focused on other sectors, 
such as clothing, mobile phones, and baby 
products, as well as consumer goods rental 
more generally. The studies we reviewed 
primarily comprise empirical studies of drivers 

as perceived by consumers. 
 
Studies of sustainable business models more 
broadly suggest emphasising sustainability in 
communications (Bocken, 2017; Viciunaite, 
2020). However, while some studies on product 
rental do find that environmental concerns 
influence consumers’ interest in renting 
(Armstrong et al., 2015; Lawson et al., 2016; 
Mukendi & Henninger, 2020; Rousseau, 2020), 
others have shown a relatively low propensity 
of consumers to choose renting for 
environmental reasons (Gullstrand Edbring et 
al., 2016; Jones, 2019; Schallehn et al., 2019).  
 
Economic benefits, namely potential cost 
savings resulting from the low (initial) cost of 
renting versus buying, are an important driver 
for consumers to engage in renting (Day et al., 
2020; Schrader, 1999). This low initial cost can 
also give people access to higher quality and 
more expensive products than they would 
otherwise be able to afford (Fota et al., 2020; 
Mont et al., 2006). The predictability of monthly 
payments (Poppelaars et al., 2018; Rousseau, 
2020) and avoidance of surprise costs for repair 
or replacement that can occur with ownership 
(Rexfelt & Hiort af Ornäs, 2009) have also been 
found to influence the decision to rent. 

 
Freedom from burdens of ownership is one of 
the most frequently cited reasons for renting. 
These burdens can include risk of product 
obsolescence, risk of making an incorrect 

product choice, responsibility for maintenance 
and repair, and paying the full cost for products 
that may only be used infrequently (Berry & 
Maricle, 1973; Moeller & Wittkowski, 2010). In 
contrast, renting gives consumers the flexibility 
to change to their minds and to change 
products when needed (Poppelaars et al., 
2018), and is especially appropriate when 
consumers may not be able to predict their 
needs (Rexfelt & Hiort af Ornäs, 2009). 

 
In addition to responding to changing needs, 
renting gives consumers the opportunity to 
change products in response to changing 
‘wants’. Although home furnishings have 
traditionally been considered more of a long-
lived “workhorse” product (Cox et al., 2013), in 
recent years they have begun to more closely 
resemble the fashion industry, framed by both 
retailers and consumers more in terms of 
fashion and short-term trends (Leslie & Reimer, 
2003). Renting can be a way to stay up to date 
with the latest products (Fota et al., 2020; 
Rousseau, 2020) as well as to satisfy a general 
desire for change (Armstrong et al., 2015, 
2016). It can also allow consumers to 
experiment with different styles as a mode of 
self-expression and identity (Camacho-Otero et 
al., 2019; Mukendi & Henninger, 2020) and to 
seek status, even if only temporarily (Lawson et 
al., 2016). 

 
Convenience is another driver for renting. 
Aspects of convenience include knowing that 
any need for repair will be addressed by the 
service provider and taken care of quickly 
(Cherry & Pidgeon, 2018; Poppelaars et al., 
2018) or being able to have a variety of 
products without filling one’s closets (Mukendi 
& Henninger, 2020). Returning products at the 
end of the rental period also saves consumers 
the hassle of disposing of them, as well as 
transaction costs that they would incur if they 
were to try to resell them (Lehner et al., 2020). 

 
While renting can be an end in and of itself, the 
opportunity to test a product before buying is 
also an important driver for consumers to rent 
(Rexfelt & Hiort af Ornäs, 2009). Renting can 
help consumers figure out what products they 
like (Gullstrand Edbring et al., 2016; Lawson et 
al., 2016), or help them determine if they even 
want to commit to owning something (Durgee & 
Colarelli O’Connor, 1995). 
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Methods 
To analyse company messaging, we performed 
a qualitative content analysis of websites of 
companies offering rental of furniture and/or 
home accessories to private consumers around 
the world. We focused on homepages because 
they feature the most prominent messaging and 
also represent the first point of entry for many 
consumers. As we were interested in how 
companies promote their rental offers, we only 
considered text that companies developed 
themselves, so did not include customer 
testimonials or reviews. To develop coding 
categories, we used a mix of deductive and 
inductive approaches, starting with categories 
reflecting the drivers found in the literature 
review, and creating new categories and 
subcategories as new drivers emerged from the 
data. Once we had coded approximately 25 
homepages, we found the same drivers 
occurring repeatedly, and thus determined we 
had reached saturation. 

 
Results 
We found that home furnishings company 
messaging does roughly reflect many of the 
categories of consumer drivers previously 
found in literature on rental of consumer goods. 
These include economic benefits, freedom from 
burdens of ownership, novelty, convenience, 
and, to some extent, sustainability. However, 
furnishings rental companies represent these 
drivers somewhat differently than does 
literature, including introducing additional 
drivers. 
 
In keeping with mixed findings in literature 
about sustainability as a driver for rental 
(Schallehn et al., 2019), company messaging 
around sustainability is not very prevalent, with 
a few key exceptions of companies that elevate 
it to the level of their taglines. Sustainability 
aspects that are mentioned include those found 
in previous literature, such as keeping products 
out of the waste stream and increasing the 
number of users per item (Armstrong et al., 
2015; Lawson et al., 2016), as well as additional 
ones including lower emissions due to not 
transporting furniture when relocating long 
distances.  
 
Although many companies communicate some 
aspect of economic benefits associated with 
renting, few communicate the low (initial) cost 
or compare the cost of renting to buying, as is 

highlighted in literature (e.g., Day et al., 2020). 
This could reflect uncertainties about whether 
renting may result in cost savings over the 
longer term (Gullstrand Edbring et al., 2016). 
Companies instead stress general affordability 
or access to higher quality products. They also 
go beyond a product-specific focus to appeal to 
the idea of aspiration more broadly, such as by 
inviting consumers to create their dream home. 
 
Messaging around freedom from burdens of 
ownership also differs somewhat from drivers 
found in literature. Rather than addressing the 
commonly identified burdens of incorrect 
product choice, product obsolescence, or the 
need for repair and maintenance (Berry & 
Maricle, 1973), companies primarily focus on 
the difficulties of moving when one owns 
furniture. Flexibility is extensively 
communicated, and goes beyond presenting 
renting as more flexible than owning to also 
include flexible aspects of the rental offers 
themselves, such as the ability to swap 
products. Aspiration also appears here, with 
companies linking freedom from burdens of 
ownership to freedom to pursue new 
experiences or life opportunities. 
 
Renting as an avenue for self-expression and 
style seems to be more prominent than the idea 
of being able to change products whenever one 
desires, although some companies do mention 
the latter. Expanding beyond renting being a 
way to keep up with current product trends 
(Fota et al., 2020), the idea of the act of renting 
itself being trendy adds an additional aspect to 
this driver. 
 
Messaging about convenience is quite specific 
to home furnishings, focusing on delivery and 
assembly, which are presumably the most 
inconvenient aspects of acquiring furniture. 
Other aspects of convenience found in 
literature, such as repair and maintenance 
being covered by the company (Cherry & 
Pidgeon, 2018), are not as prevalent, perhaps 
suggesting that home furnishings are not as 
much in need of these services as products with 
more technical features or faster innovation 
cycles.  
 
Trialability, in terms of renting being a way to try 
products before committing to owning them 
(Rexfelt & Hiort af Ornäs, 2009), is the one 
driver from literature that is not clearly reflected 
in company messaging. However, the fact that 
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some companies allow consumers to buy out 
their rented products could imply that some 
consumers do use furnishings rental in this 
way.  
 
One additional driver that companies 
communicate but that is not found in literature 
is that of homeliness. This contrasts with 
previous findings that renting cannot provide 
comfort in the same way as ownership (Durgee 
& Colarelli O’Connor, 1995), but could reflect 
the unique role of home furnishings in creating 
a home (Reimer & Leslie, 2004). 

 

Discussion 
One key finding of our research is that in 
contrast to suggestions of how to promote 
sustainable business models more generally 
(Bocken, 2017; Viciunaite, 2020), sustainability 
is not a focus of most home furnishings 
companies’ communications. This could reflect 
broader findings that environmental features 
play only a minor role in most consumers’ 
purchase decisions (Davis, 2013). It also aligns 
with our previous findings that despite 
companies being motivated to enter the rental 
market for sustainability reasons, they have not 
found this to be a key driver among their 
consumers and thus tend to appeal to a 
diversity of other consumer drivers rather than 
emphasise sustainability when talking with 
consumers (Borg et al., 2020). This raises 
interesting questions about how best to 
encourage sustainable consumption practices 
such as renting. For example, if the end practice 
is ultimately more sustainable, does it matter 
why consumers engage in it? Relatedly, rather 
than trying to raise awareness of and concern 
about sustainability, does it make more sense 
to appeal to other consumer drivers as a way to 
increase sustainable consumption practices? 

 
Looking across the other categories of 
consumer drivers reflected in company 
messaging, some other insights emerge. First, 
echoing findings that consumer drivers and 
decision-making can vary with product type 
(Baumeister, 2014; McDonald et al., 2009), 
much of the messaging is rather specific to 
home furnishings – such as literal burdens 
when moving – even though the broad 
categories of drivers do align with those found 
for other consumer goods. This could provide 
learnings for other sectors in terms of tailoring 
messaging based on the particular products 

involved. It also raises the question of whether 
a consumer’s motivations for renting would 
extend across different consumer goods 
sectors. 

 
Second, we note that consumer drivers are 
often discussed in literature in quite tangible 
and functional terms, whereas company 
messaging tends to be about less tangible 
ideas. For example, home furnishings rental is 
promoted as a vehicle for aspiration, self-
expression and homeliness. In addition, the 
finding that the act of renting itself might be 
considered trendy suggests that home 
furnishings rental goes beyond just fulfilling 
functional needs, which contrasts with some 
other examples of access-based consumption 
(Bardhi & Eckhardt, 2012).  
 
Relatedly, it is also interesting that some of the 
consumer drivers that we saw reflected in 
company messaging deviate from previous 
findings regarding drivers for (and against) 
renting. For example, whereas some studies 
suggest that renting is not appropriate for 
products tied to identity and self-expression, 
including home furnishings (Cherry & Pidgeon, 
2018), home furnishings rental is in fact 
marketed in this way. The increasing popularity 
of renting, not only for home furnishings but also 
for other consumer goods, also contrasts with 
previous studies that cite desire for ownership 
as a barrier to renting (Tukker, 2015). These 
findings may reflect larger trends such as more 
transitory lifestyles or a desire to own less 
“stuff”. They could also reflect changes in the 
rental market, as the variety of products 
available for rent continues to expand (Jones, 
2019). 
 
Finally, our analysis shows that few companies 
emphasise any one driver. Although many 
homepages have taglines that reflect one 
particular driver, the rest of the page often 
reflects other drivers. This could be because a 
company targets a wide range of consumers 
who may have different needs or desires. It also 
aligns with literature on consumer behaviour 
demonstrating that consumers consider many 
different factors when making a choice (Power 
& Mont, 2010). In addition, as home furnishings 
rental is a relatively new concept for many 
consumers, providing information about its 
multiple benefits may reduce uncertainty and 
increase trust, which have been found to be 
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barriers to access-based business models 
(Cherry & Pidgeon, 2018; Day et al., 2020). 
 

Conclusions 
Our study contributes to the growing literature 
on access-based consumption by providing 
insights on whether and how different 
consumer drivers for product rental are 
reflected in messaging by companies actively 
engaged in access-based business models. 
Such knowledge can potentially help ensure 
that company messaging resonates with 
consumers and in turn help increase consumer 
acceptance of rental models. Our study also 
contributes empirical findings on the growing 
and dynamic sector of home furnishings rental, 
which thus far has been little studied in 
academic literature. 
 
While focusing our analysis on company 
websites allowed us to analyse messaging from 
a wide range of companies, it has been beyond 
the scope of this paper to examine the thinking 
behind these messages. For example, we have 
not studied if or what consumer research may 
have informed companies’ messaging or why 
certain messages were chosen. Future 
research could include interviews with 
representatives of these companies to better 
understand their messaging strategies, as well 
as what they see as their target consumers’ 
drivers for engaging in their offers. It could also 
include conversations with customers of these 
companies to understand why they have 
chosen to rent home furnishings and to see if 
their drivers align with those reflected in 
company messaging. 
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Abstract: The clothing industry is always mentioned among the most polluting industries. The reduction 
of this environmental burden has been a concern and a subject of research for many years. One of the 
tools used for these researches is the Life Cycle Assessment (LCA) methodology. This methodology 
showed researchers that there was another phase of the life cycle that needed research and 
optimization: the use phase. The definition and study of the use phase is a combination of engineering 
(to define the washing machines used and their impacts) and social sciences (to define how the 
customer used these machines). Furthermore garments were also a subject of interest for social 
science researchers. They studied the behaviors of people towards their garments, why they kept or 
dispose of them, etc.  
This paper explores how the customer can be defined and characterized to define a more precise LCA 
for garments. First a population sample is characterized into different customer profiles through a self-
completing survey. The profiles are defining the content of a pull over use phase and added to multiple 
LCAs. In a second phase a module of product repair is added to the use phase and weighted according 
to the customer profiles. The potential benefits of this approach are then discussed as well as the current 
limitation of the study. 
 

Introduction 
The reduction of the environmental impacts is 
one of the major challenges faced by the textile 
industry. The environmental impacts of the 
industry are measured using Life Cycle 
Assessment (LCA) which integrates all stages 
of the life-cycle of a product. Through LCA 
studies, clothing lifespan and its extension was 
identified as a significant lever to reduce the 
impacts of the product (Brezet & van Hemel, 
1995) in our case a pull-over.  

Clothing lifespan (and LCA) is influenced by 
many factors that can be divided in two main 
categories: quality related factors and customer 
related factors. This study focuses on customer 
related factors and more specifically customer 
behaviors and practices. This field of research 
is widely investigated in sociology; 
nevertheless, to the best of our knowledge, it 
has not been widely used to improve LCAs 
studies for garments. The influence of customer 
behaviors and practices are mainly 
concentrated in the use phase. Due to the 
complexity, uncertainties and variety of 
consumer factors, in most of LCAs, the use 

phase of LCA is generally based on a mean 
behavior of customers at country level. In some 
applications, this strongly limits the accuracy of 
LCAs since the use phase is considered as the 
first or second contributor in terms of 
environmental impacts (De Saxcé, 2012).   

The aim of this study is to define customer 
profiles in terms of environmental sensitivity, 
consumer attitude and behavior, to integrate 
them in the LCA process in order to enhance 
the impact evaluation of garments. 
 

Definition of customer profiles 
A self-completion online survey was conducted 
in the north of France with a sample size of 268 
respondents following the age census of the 
French population. The questionnaire was 
constructed around three main axes. The first 
section asks the respondents to self-evaluate 
their sensitivity to environmental issues and its 
expression in their actions and practices. The 
second section defines the consumption habits 
of the respondents with questions on the 
frequency of garments purchases or the budget 
per article for garments. The final section 
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describes their wash and care habits notably 
their washing habits in terms of temperature 
and washing programs and their use of ironing 
and drying machines. 
 
The respondents are then clustered together in 
groups of similar behaviors using the 
hierarchical clustering method (Johnson, 1967). 
It produced respectively 4 groups for the 
consumption axe; 3 for the environmental axe 
and 3 for the wash & care. 
 
The four consumptions groups: 

• Minimalists: respondents with low 
buying frequency and medium budget 
and an low count of bought garments 
per years 

• Qualitative: respondents with relatively 
low buying frequency, high budget and 
low count of garments bought per year. 

• Rational: respondents with medium 
buying frequency, relatively low budget 
and a low number of garments 
purchased per year. 

• Impulsive: respondents with the 
highest buying frequency, low budget 
and a high number of garments bought 
per year.  

.  
The 3 environmental sensitivity groups: 

• Insensible: respondents that self-report 
a low sensitivity to environmental 
matters and not many concrete actions 
towards sustainability. 

• Woke: respondents reporting a high 
sensitivity to environmental issues and 
medium number of concrete action 
performed regularly. 

• Hypersensitive: respondents with the 
highest self-reported sensitivity and a 
significant number of concrete actions 
performed regularly in that regard. 

 
The Consumption and Environmental (C&E) 
clusters seem to indicate certain coherence 
between how the respondents consume and 
their sensitivity to environmental issues. For 
example, there are three times more 
“Impulsive” respondents in the “Insensible” 
cluster than in the “Hypersensitive” cluster as 
seen on the following figure 1. 
 
The third group of clusters is describing the 
wash and care habits of the respondents. The 
respondents were divided in three groups the 
first group consisted of the respondents who 

 
Figure 1. Cross comparison of the effective of the 
Consumption and Environmental clusters. 

 
reported ironing their cloth regularly, the two 
other were only differentiated by their likelihood 
to use the variety of washing programs at their 
disposal. 
These clusters are used to weight and distribute 
the use of different wash & care modules for the 
use phase in LCA scenarios. 
                                                                                                                      
Using the C&E profiles the respondents are 
divided in 12 subgroups. Three of these 
subgroups were excluded as each only 
consisted of 15 respondents (only 5 % of the 
total count). The remaining 9 subgroups will be 
used in corresponding LCA scenarios to study 
the influence of “virtuous” behaviors on 
environmental impacts. 
 

Application in a simple Life Cycle 
Assessment 
For garments the LCA methodology is often 
performed with high details on the production, 
distribution and/or end-of-life phases of the life 
cycle with the use phase being represented by 
researchers own assessment of a “typical” 
behavior. Nevertheless, changing the wash & 
care a habit of the customers is discussed as a 
significant mean to reduce the environmental 
impacts of garments through the use of lesser 
polluting washing practices or gentler ones 
aiming to prolong the garments lifespan. 
 
To illustrate the importance of modelling the 
use phase of garments from real data we 
compared two scenarios representing extreme 
behaviors on the use phase (named Extreme 
ECO and Extreme Indifferent) with two 
scenarios based on the data described 
previously. The two selected scenarios produce 
the minimum and the maximum impacts of all 
the other scenarios and represent the following 
subgroups: Minimalist-Hypersensitive (M-H) 
and Qualitative-Hypersensitive (Q-H). 
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The LCA methodology (14040, 2006; ISO 
14044, 2006) is applied to obtain the 
environmental impacts of each scenario. 
SimaPro LCA software is used to model the 
different scenarios using Ecoinvent database 
(Ecoinvent 3.2, 2014) and the ILCD method 
(JRC European commission, 2011) is the 
midpoint assessment method used to calculate 
the impacts of all scenarios. All the scenarios 
are life cycles of a basic cotton pullover 
produced in China, commercialized, used and 
disposed in France. It is hypothesized that the 
pullover is washed after each wear and that its 
lifespan is 15 uses before disposal. Since the 
focus of this study is on the use phase and 
every other aspect of the scenarios remains 
unchanged the content of the LCA will not be 
further detailed in this paper.  
 
The difference of environmental impacts 
between the data driven scenarios (M-H and Q-
H) is way smaller than the difference between 
the Extreme scenarios (see Figure 2). It 
indicates that the population has a relatively 
more homogenous way of washing and caring 
for their cloth than what is theoretically possible.  
 

 
Figure 2. Environmental assessment of 
theoretical and data driven extreme use phase 
scenarios 

It should be noted that when doing a pairwise 
comparison between the M-H and Q-H 
scenarios the difference of impacts on the 
environment ranges from 0% to 30%. Therefore 
the change of wash & care practices is still a 
significant lever to reduce the impacts of 
clothing. 
 

Scenario comparison with different 
product lifespans 
To further the study, the impacts of the 9 
scenarios were compared over multiple LCAs 
were the product lifespan was set to different 

values ranging from 5 to 25. The Figure 3 
shows the Water resource depletion of the 9 
scenarios. 
 
 The scenarios with the highest impact are 
Qualitative–Hypersensitive and Qualitative–
Woke despite describing rather virtuous 
behaviors considering their C&E profiles. This 
higher impact comes from a heavier use of 
ironing which indicates that the customer is 
more involved in the care of its product. In these 
scenarios the effect of ironing on the product 
lifespan are ignored therefore ironing only 
produces higher impacts with its other potential 
benefits ignored.  
 
It should be noted that the two least polluting 
scenarios are Minimalist-Hypersensitive and 
Impulsive-Woke. If the former might be 
expected as it would indicate certain coherence 
between environmental consciousness, buying 
habits and wash & care practices. The 
presence of the latter in the least polluting 
scenarios added to the relative positions of the 
other scenarios indicates that there is no 
evident correlation between their C&E profiles 
and the washing habits of the respondents.  
Qualitative interviews are currently ongoing to 
further comprehend the reasons of this 
incoherence. 
 
The difference between lowest and highest 
impact is constant (see Table 1). In the 
scenarios, the impact of the wash & care 
practices on the lifespan were not considered. 
The reference flux was identical for every 
scenarios resulting in this constant difference of 
impacts between the scenarios. The difference 
only comes from the weighting of the washing 
modules. Further studies are needed to link the 
wear during wash and its influence on the 
lifespan and to refine these results.  
 

Adding repair practices into the loop 
When the survey was conducted the 
respondents were also asked if they repaired 
and the magnitude of said repair they were 
ready to make on their garments. This item was 
not used in the clustering process however its 
integration in the LCAs allows to see how the 
impacts of the scenarios will evolve when there 
is a change on the product lifespan. 
 
Repair in itself is a complex subject as it is 
difficult to evaluate the amount of further use 
induced by a repair operation on garments. For 
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the purpose of the study all repairs are 
considered to give the same amount of further 
uses: 20% of the initial lifespan. Besides that, 
the repair operation is supposed to be made by 
hand and the materials used in this operation 
are deemed negligible. The repair module was 
then weighted using the percentage of 
respondents who declared to repair their 
garments within each C&E subgroups (see 
Figure 4).  
 
The environmental impacts of the 9 subgroups 
were reassessed with a varying lifespan 

ranging from 5 – 25 uses. The results show that 
for longer lifespans, the scenarios are ranked in 
the same order as when there was no repair 
although with different values (see Figure 5).  
The presence of repair has lowered slightly the 
impact of all scenarios.  The influence of the 
repair rate on the pull overs impacts are 
flattened by the long lifespan.  
 For shorter pull over lifespans, the repair rate 
has shuffled the order between the scenarios 
with the subgroups Rational-Insensitive having 
the highest impact for products with a lifespan 
inferior to 9 uses. Despite having a low use rate 

Water Ressource Depletion - Scenarios without repair 

Product 
Lifetime 
(Nb of 
uses) 

C&E profile with minimum 
impacts 

C&E profile with 
maximum impacts 

Difference in 
percentage 

Raw difference 
(m3 water eq.) 

5  Minimalist - Hypersensible 
 Rational - 
Insensitive 

14% 0,482 

10  Minimalist - Hypersensible 
 Qualitative - 

Hypersensible 
19% 0,482 

15  Minimalist - Hypersensible 
 Qualitative - 

Hypersensible 
23% 0,482 

20  Minimalist - Hypersensible 
 Qualitative - 

Hypersensible 
25% 0,482 

25  Minimalist - Hypersensible 
 Qualitative - 

Hypersensible 
26% 0,482 

Figure 3. Environmental assessment of Water resource depletion for 9 customer scenarios with varying 
product lifetimes. 

Table 1. Highest and lowest impacting C & E profiles on Water Resource Depletion. 
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of ironing and drying machines, this scenario 
had the lowest repair rate of all resulting in the 
maximization of its impacts. 
 
It is interesting to note that for the two lowest 
impacting scenarios (Impulsive-Woke and 
Minimalist-Hypersensitive) the repair did not 
create a substantial difference between their 
impacts. Despite a difference of repair rate of 
28.6% the difference of impacts between these 
two scenarios went from 0.39% to 0.69% for a 
product lifespan of 15 uses. And even for low 
lifespan products were the repair effect should 
be maximized the impact difference only went 
from 0.21% to 0.71%. These scenarios are so 
similar in the weighting of their washing 
modules, use of ironing and drying machines 
that the repair had a very low influence on their 
impacts. 
 
Another interesting phenomenon observed 
when adding repair rates to these scenarios is 
the range between the lowest and the highest 
impacting scenario is minimized on certain 
product lifespan value. For a product lifespan of 
10 uses this difference hits a minimum of 0.450 
m3 water eq.   Contrary to the previous section 
were this difference was constant at 0.482 m3 
water eq. This is a consequence of the action of 
repair on the product lifespan which also 
modifies the referential flux of the LCAs. This 

allows the identification of points or values of 
interest when comparing products and 
scenarios.  
 
For example: Can repair flatten the impact of 
ironing and machine drying? Here it is the case 
for low lifespan products as the Rational-
Insensitive scenario produces the maximum of 
impact despite having a lower use of ironing 
and machine drying than the Qualitative-
Insensitive scenario (which was the most 
impacting scenario when there was no repair). 
 

Conclusions 
This exploratory study has described how the 
social sciences and engineering can synergize 
to refine LCAs for garments. A careful definition 
of the customer behavior on key factors leads 
to a better understanding of what are the best 
actions to lower the environmental impacts of 
the garments use phases.  
It should be noted that this study was based on 
limited samples and without considering the 
influence of the identified customer behaviors 
on the garment lifespan. Besides the LCAs 
were performed only on a single lifetime 
therefore ignoring a more long-term view using 
a cumulative approach on LCA results 
 
The researchers often discuss on virtuous 
behaviors for the use phase but for now these 

Figure 4. Percentage of respondents who repaired in C&E each subgroups. 

568



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Maximilien SCHRUB, Anne PERWUELZ, Sébastien THOMASSEY, 
Isabelle ROBERT 

 Integration of customer profiles in LCAs. A study of their influence on pull-over lifespan. 

- 6 - 

 

conclusions are missing a significant 
component which is the garment lifespan and 
conclusions are missing a significant 
component: the garment lifespan and how it is 
influenced by customer behaviors.  
Further research is indeed needed on the link 
between wash & care practices and product 
wear and lifespan in order to further 
differentiate the environmental impacts of 
different customer profiles. Same goes for 
repair as there is a need for definition of the 
number of use gained though repair and the 
lifespan of the repair.  
 
Following this study, future research will 
attempt to define more precisely the pull over 
lifespan and how the wash & care wan influence 
it through new test methodology and wear tests. 
This study will contribute to the growing 
transversal approach of LCAs through the 
synergy between social sciences and 
engineering. 
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Abstract: This paper aims to assess the environmental and economic impact when it comes to the 
presumed end of life for solar photovoltaic (PV) panels. A recycling option is compared to the reuse of 
the PV panels in the two impact categories: costs for the consideration of economic feasibility and global 
warming potential (GWP 100) for the consideration of the environmental impact. The evaluation is 
carried out with a parametric life-cycle-assessment-based model that was designed to be adaptable for 
evaluating different scenarios by changing the parameters to fit the given cost structure or climate zone 
in which the panels are being used. The recycling option involves market-established methods for 
recycling the old panels and replacing them with new ones. The reuse case involves testing and reusing 
the old panels, taking a certain rejection rate into account. 
The most significant parameters for the reduction of greenhouse gas emissions are the rejection rate, 
the solar radiation and thus the capacity utilization as well as the expected lifetime of the newly 
manufactured panels and their greenhouse gas emissions during production. The results indicate that 
in most cases greenhouse gas emissions can be saved compared to the recycling option. The costs for 
reuse compared to recycling depend on the rejection rate and the expected lifetime for both the panels, 
that can be reused and the new panels. The comparison of the costs for reuse and recycling contains 
some uncertainties since the testing of panels has yet to be commercially established and automized. 
The model developed in this paper allows for the holistic evaluation of individual reuse and recycling 
scenarios. The results can thus be used to determine decision-making for better economic and 
environmental outcomes. 
 

1. Introduction  
Large quantities of solar photovoltaic (PV) 
panels are needed for a successful transition 
towards renewable energy. Thus, the global 
demand for PV panels will continue to increase 
with annual capacity additions of 129 - 165 GW 
in the mid-2020s (IEA, 2020). 
The cost of electricity for PV panels has fallen 
sharply in recent years from $8.81/W in 1990 to 
$0.38/W in 2019 (Lafond et al, 2017; IRENA 
2020). Further price declines are expected in 
the future (IEA, 2020) leading to “[…] an 
increasingly economically advantageous 
source of electricity over expanding 
geographical regions” (Branker et al, 2011, 
p.14). 
The International Energy Agency (IEA) and the 
International Renewable Energy Agency 
(IRENA) forecast that by 2050, 60-78 million 
tons of PV-waste are being generated 
(Weckend et al, 2016). One factor that adds 
additional uncertainty to these projections is 
early loss. PV panels have a life expectancy of 
25-30 years (Frischknecht et al, 2016). When a 

PV system stops working, often only single 
wafers are affected, but due to microcrack 
damages not being visible to the naked eye, 
often the full strings of multiple panels are being 
disposed of (Tsanakas et al, 2020). 
Solutions exist to process this PV waste using 
recycling and reuse pathways for the next stage 
in the product life cycle. According to the 
reduce, reuse and recycling concept for waste 
prevention by the United Nations and the 
proposals for the end-of-life management of PV 
panels by IEA and IRENA reuse is generally 
preferred (United Nations, 2004; Weckend et al, 
2016). High savings potentials of reused PV 
panels in terms of greenhouse gas (GHG) 
emissions have been identified in case study 
applications (Schelte et al, 2021). However, 
there are many parameters to consider, and it 
is often unclear if recycling or reuse is the more 
sustainable option for individual cases. Hence, 
the goal of this paper is to provide a generic 
model that makes it possible to compare 
recycling and reuse scenarios from an 
environmental and economic point of view. 
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2. Methodology 
An LCA-based approach based on the ISO 
1404/41 standard was utilized to determine the 
environmental impact and the costs for the 
recycling and reuse of PV panels. A cradle-to-
grave approach is chosen for the LCA. This 
means that the entire life cycle is presented with 
a focus on the end-of-life phase. 
The impact parameters considered are costs 
and the GHG emissions contributing to the 
Global Warming Potential over a period of 100 
years (GWP100) developed by the IPCC 
(Forster et al, 2008).  
The functional energy unit is 1 kWh of electricity 
produced which results in cost and GHG 
functional units of €ct/ kWh and g CO2e/ kWh 
respectively. 
Figure 1 shows a flow diagram of the processes 
for the PV-Panels with a focus on the two 
options compared for the end-of-life, where 
option 1 is a recycling scenario without testing 
and option 2 is a reuse scenario. 
The flow diagram is read from top to bottom. 
“Other systems” refers to intermediate products 
that lie outside the system boundaries and 
belong to the environment of the product 
system, such as the infrastructure for the 
provision of electricity or the excavators used 
for material extraction. Within the system 
boundary are raw material exraction, 
production of the PV panels and their use as 
well as their end-of-life. 
For this, the first option is the recycling process, 
in which the disassembled panels are recycled 
without a test procedure on their functionality 
and replaced by new ones.  
The default assumptions for recycling in the 
model are done according to the lifecycle 
inventory raised by (Latanussa et al, 2016), 
(Weckend et al, 2016), (Directive 2012/19/EU, 
2012) and (Tsanakas et al, 2020). 
The second option for the end-of-life is a reuse 
process. Here, a mechanical electro-
luminescence (EL) test must be performed. The 
evaluation then shows whether microcracks or 
other damage exists and whether the panel can 
be reused. This results in a rejection rate, 
indicating the percentage of discarded 
defective panels. The defective panels are 
recycled and replaced by new ones, and the 
intact panels are reused. For all processes 
transportation and energy use can be adjusted. 
For recycling, there is an additional credit for 
thermal and electrical energy use by the waste 
- 

 
Figure 1. Flow Diagram LCA PV-panels.. 
 

treatment, which can also be adjusted 

according to the recycling plant used. 
All GHG emissions and costs that occur within 
the system boundary can be calculated in 
relation to the energy output with the model. 
 

3. Model 
The model was designed where all parameters 
for costs and CO2e emissions are adjustable. 
Table 1 shows a selection of the most important 
parameters and their values for a case study 
application in Germany. 
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Parameters Value Unit Source 

Old Panel 

Peak Power 200 Wp example 

Annual 
Degradation  

0.5 % Wirth, 2021 

Annual full 
load hours 

873 h AEE, 2021 

Service 
lifetime until 
1st 
disassembly 

10 years example 

Service 
lifetime 2nd 
life-cycle 

20 years Tsanakas et 
al, 2020 

New Panel 

Peak Power 300 Wp example 

Annual 
Degradation 

0.5% % Fraunhofer 
ISE, 2010 

Service 
lifetime new 
PV-Panel 

20 years Frischknecht 
et al, 2015 

price new 
panel 

0.62 €/ Wp BSW, 2016 
(Germany) 

GWP new 
panel 

1 kg 
CO2e/ 
Wp 

Bracquene et 
al, 2018; 
Fthenakis, V., 
Raugei, M., 
2017; 
Frischknecht 
et al, 2015; 
Lauf et al, 
2019 

Recycling and Reuse 

Electricity 
GWP 

0.552 CO2e/ 
kWh 

GaBi, 
electricity mix 
germany 
2016 

Diesel GWP 0.347 CO2e/ 
kg 

GaBi, diesel 
mix germany 
2016 

Assembly 
costs 

20 €/ 
panel 

Wesselak & 
Voswincekl, 
2015 

Disassembly 
costs 

10 €/ 
panel 

Wesselak & 
Voswincekl, 
2015 

Transport 
route panel 
replacement 

132 km Hütter, 2014 
(Germany 
average) 

Recycling 

Recycling: 
total costs 

19 €/ 
panel 

downscaled 
from 
Tsanakas et 
al., 2020 

Transport 
route 
recycling 

132 km average for 
Germany, 
Hütter; 2014 

Reuse 

Rejection 
rate from EL 
testing 

50 % Tsanakas et 
al, 2020 

Transport 
route reuse 

132 km Hütter, 2014 
(Germany 
average) 

EL-Testing: 
total costs 

20 €/ 
panel 

Tsanakas et 
al, 2020 

Table 1. Parameters considered for the model.  

 
The values for the different parameters shown 
in Table 1 are retrieved from literature research 
but can also be adjusted using on site 
experience. For the GWP, models were also 
created with the LCA software GaBi by the 
developer Sphera, which were then scaled via 
the excel model, so that no access to special 
software is necessary for changing values of 
these parameters (Sphera Solutions Inc, 2021). 
 
The rejection rate is one of the key parameters 
with a value of 50% which is a conservative 
assumption based on how many functional 
panels enter the waste stream (Tsanakas et al, 
2020). 
As a minimum requirement for a meaningful 
result, the parameters annual full load hours 
based on the irradiation of the application area, 
transport distances, transport costs, costs of 
the new panels and their performance should 
be considered as well as the lifetime of the old 
and new panels. 
The model can be fully used in Excel, offering 
the possibility to run individual scenarios for 
costs and GHG emissions. This can be used to 
make both financially and environmentally 
sound decisions for reuse and recycling of PV 
panels worldwide. 
 

4. Results 
To highlight the research results, first a case 
study for an example application in Bochum, 
Germany is discussed using the values applied 
in Table 1.  
Then, a Monte Carlo analysis is conducted to 
determine the sensitivity of the parameters, and 
therefore which parameters change the 
outcome of the results the most in relation to the 
case study. 
 
 
 

Case study application in Germany - GWP 
The first option is the recycling approach, where 
the old panels with an output of 200Wp are 
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directed to a recycling facility and replaced by 
new panels with 300Wp which have a life 
expectancy of 20 years. A credit is included for 
the recycling of the materials and the thermal 
use of the non-recyclable materials. This is 
compared to the second option where the 
panels undergo an EL test procedure which 
results in a rejection rate of 50%. The 
malfunctioning panels are directed towards the 
recycling facility and replaced by new 300Wp 
panels. For the old, functional panels, a reuse 
for another 20 years is assumed. In total, a 
period of 30 years is considered, in which in the 
recycling case all panels are replaced after 10 
years by panels that generate electricity for 20 
years and in the reuse case the functioning 
panels generate electricity for a total of 30 years 
and the non-functioning panels are replaced in 
the same way as the recycling option. 
Figure 2 shows the attributable GHG emissions 
measured in g CO2e/ kWh for the recycling and 
the reuse option over the whole time period. 
The emissions for the recycling option are 73.5 
g CO2e/ kWh, which is about 22% higher than 
the emissions for the reuse option with 60.1 g 
CO2e/ kWh. The avoided emissions from the 
longer use of the panels far outweigh the 
additional efforts for testing and transporting the 
panels in terms of GHG emissions.  

   
Figure 2. Comparison of the GWP per kWh for the 
recycling and reuse option in the case study 
application. 
 

The saving potential of GHG emissions 
depends especially on the rejection rate. Figure 
3 shows that up to a rejection rate of over 98%, 
reuse is the GHG-saving option compared to 
recycling. Looking into the future less GHG 
emissions per Wp are likely due to efficiency 
gains (Bracquene et al, 2018). Two alternative 
cases with a reduction of the GWP by 20% and 
50% compared to the base case were added in 

Figure 3. The reduction in emissions for reuse 
and recycling is roughly equivalent. Since reuse 
still causes significantly lower emissions, the 
intersection shifts only minimally. The additional 
emissions for the test procedure are much 
lower than the emissions for new panels, even 
with the GHG-savings in production. 

  
Figure 3. Difference in GWP per kWh of the reuse 
scenario compared to the recycling and reuse in 
relation to the rejection rate considering different 
scenarios for GWP reduction of a future panel 
production. 

 

Case study application in Germany – Costs 
Figure 4 shows that the calculated costs of 5.2 
€ct per kWh are slightly higher for recycling than 
for reuse with 4.9 €ct per kWh. 

 
Figure 4. Comparison of costs per kWh for the 
recycling and reuse option in the case study 
application. 

Like the GHG emissions, the costs are also 
strongly related to the rejection rate, since the 
costs for testing all panels are allocated to the 
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functioning panels. Figure 5 shows that in this 
scenario the reuse process is only financially 
worthwhile below a rejection rate of 60%. In the 
following years, further cost reductions for PV 
panels are expected (Yu & Geoffron, 2020; 
IRENA, 2016). To take this into account, further 
cases were added in Figure 5 with cost 
reductions of new panels by 20% and 50% per 
Wp. This shows that in the same scenario, the 
reuse option is only more favorable up to a 
rejection rate of about 50% in the case of a cost 
reduction of 20% and only up to a rejection rate 
of just under 20% in the case of a reduction of 
50%. 

  
Figure 5. Difference in costs per kWh for 
recycling and reuse in relation to the rejection 
rate considering different scenarios for cost 
reduction in the production of new panels. 
 

Sensitivity analysis 
A Monte Carlo analysis was carried out to 
determine the most important parameters 
influencing the costs and the GHG emissions 
for recycling and reuse relative to the case 
presented in the previous chapter. Monte Carlo 
analyses are suitable for quantifying the 
uncertainties behind the assumptions for 
individual parameters in a life cycle analysis 
and showing their impact on the overall result 
(Hung & Ma, 2008). 10,000 random based runs 
were performed, which is in line with the 
widespread practice for Monte Carlo analyses 
in the context of LCA (Heijungs, 2020). To 
determine the sensitivity, the default 
assumptions used in the case study were used 
as the median for a normal distribution of the 
value ranges with a 20% standard deviation. 

For the rejection rate, a standard deviation of 
50% was assumed because of higher 
uncertainties, since a comprehensive 
application of test processes has not been 
carried out yet (Tsanakas et al., 2020). 
The parameters with the highest influence on 
the GWP/ kWh are the service lifetime for new 
panels, the GWP for producing new panels and 
the rejection rate as discussed previously. The 
recycling process itself has little impact on the 
overall GHG emissions balance. 
For the cost comparison, the picture is more 
fragmented. For recycling the price of new 
panels and their service life are decisive but for 
reuse also the service life for the 2nd lifecycle of 
the old panel, the rejection rate and the 
performance of the old panel have a significant 
impact. The costs for EL-Testing, assembly and 
disassembly don’t play a high role in this case 
application but are more important when the 
service lifetime of the 2nd life cycle of the old 
panels is lower than the service lifetime of new 
panels. Thus, more parameters need to be 
considered and the economic benefit of reuse 
is more difficult to predict as it depends on many 
factors. 
 

5. Discussing and Conclusion 
The model is suitable for comparing the end-of-
life options for recycling and reuse from an 
economic and ecological point of view. The 
validity of the model depends on the quality and 
availability of information on the most important 
parameters. The more detailed and precise this 
information is, the more reliable and accurate 
the assessment can be regarding which option 
is better from a cost and environmental point of 
view. 
Comparing scenarios in which the lifetime of the 
new panels differs from the lifetime in the 
second life cycle of the old functional panels, is 
methodologically questionable and not 
applicable because the allocation cannot be 
assigned directly, since the panels that are no 
longer functional would then be replaced by 
new panels in the period under consideration. 
Further research is needed to extend the model 
with a more complex allocation assignment. 
Considering the increasing quantities of PV 
panels that will reach their presumed end-of-life 
in the following years, reuse can make an 
important contribution to reducing GHG 
emissions over the life cycle of PV panels. This 
presumes the panels continue to generate 
significant amounts of electricity compared to 
new panels, which depends especially on the 
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decrease of GHG emissions to produce the 
compared new panels and their performance. 
For an economical implementation the total 
quantity of PV panels and the scaling effects 
that can be achieved are decisive. Furthermore, 
the lifetime of the 2nd life cycle of the reused 
panels and the proportion of reusable panels, 
described by the rejection rate, is crucial, both 
from a cost and an environmental point of view. 
Therefore, an individual examination of the 
given application is recommended which can 
be evaluated with the developed model. 
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Abstract: Most circular design tools focus on how to design durable products that are fit for circular  
(re-)production flows, or how to design circular business models. The crucial role users play for a 
transition to a circular economy is often overlooked in existing tools, as is design opportunities to enable 
and support circular consumption. This paper presents one of the tools in the Use2Use Design Toolkit, 
the Circular Designs Ideation Pack, which is a user-centered circular design tool especially developed 
to aid designers and others to design for circular consumption. The tool supports design of products 
and services that can create enabling preconditions making it more convenient, and preferable for 
people to circulate products from use to use. In contrast to other available circular design tools, it 
supports exploration of circular design opportunities from a user perspective and in relation to people’s 
consumption processes. The tool has been tested in eight workshops with professionals and students, 
who considered it easy and fun to use. The workshop participants found the tool instructive and 
inspirational, and said that it helped them to discuss relevant design opportunities and come up with 
promising circular ideas. They also expressed that looking at circularity from a user’s point of view made 
it easy for them to address the topic. While the tool was found both usable and valuable in an 
educational workshop setting, the tool’s potential when utilised in companies’ regular design processes 
is yet to be explored. Future research will address how to integrate the tool as a part of existing 
processes to effectively support companies to design for circular consumption. 
 
Introduction  
Recent literature has highlighted the crucial role 
design plays for a successful transition to a 
circular economy. It is often suggested that the 
transition requires that products and services 
are designed to enable long-term product use 
and circular flows, which allow for repair, 
redistribution, refurbishing, remanufacturing or 
recycling (see e.g. Bakker, et al., 2019; Bocken, 
et al., 2016). During the last couple of years, 
several circular design tools have been 
released to support designers to explore such 
design opportunities.  
 
Need for a user perspective 
A common denominator amongst most circular 
design tools is that they primarily focus on how 
to design durable products that are fit for 
circular (re-) production flows, or how to design 
circular business models. However, a transition 
to a circular economy not only requires changes 
in production and business, but also changes  
in consumption (Kirchherr et.a., 2017). After 
investigating how five circular design tools 

consider and integrate aspects related to 
consumption, Camacho-Otero and colleagues 
(2019) concluded that although some tools 
acknowledge the need to gain consumption-
related insights, the crucial role that users play 
in a circular economy is often overlooked along 
with design opportunities related to users and 
their consumption processes.  
A circular economy is dependent on that people 
shift from being traditional consumers that 
engage in linear consumption processes (i.e. 
buying new products, using, and disposing of 
them as trash) to becoming users that engage 
in circular consumption processes (i.e. 
obtaining pre-used products, using, and 
clearing them by passing them on to others). 
Designing for circular consumption (e.g. making 
it easy and attractive for people to rent, borrow 
or pass products on) presents new types of 
challenges for designers (Selvefors et al., 2019; 
Poppelaars, 2020). Many of these challenges 
are closely linked to the activities and 
practicalities that circular consumption 
processes entail in everyday life. Apart from 
enabling long-term use, designers must also 
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consider how to make products fit for use by 
multiple users throughout multiple use-cycles 
and how to facilitate product exchange 
processes (Selvefors et al., 2019). For 
instance, designing for easy inspection, 
handling, and assessment becomes important, 
as do designing for diverse user needs, 
detachment, and long product careers.  
Most design tools frame circular design 
opportunities from an industry setting, i.e. how 
production and business constraints can be 
addressed through design. But the design 
characteristics which would make it easier for 
users, to for instance repair or upgrade a 
product, may be very different to how a design 
should be adapted to industrial processes.  
Since design challenges related to users and 
their consumption processes are rarely 
highlighted by circular design tools, there is 
need for more user-centered tools.  
 
The Use2Use Design Toolkit 
Recently, a new circular design toolkit – the 
Use2Use Design Toolkit – was developed by 
the authors (Rexfelt & Selvefors, 2019) to aid 
the design of products and services that can 
enable and facilitate circular consumption from 
a user perspective. The toolkit includes five 
tools that can be used in the early phases of a 
user-centered design process to explore 
people’s consumption processes and the 
design challenges they entail. The tools aid 
elicitation of user needs, concept generation 
and evaluation and can be used consecutively 
but also independently of each other. All tools 
are freely available at www.use2use.se. 
 
Aim 
The aim of this paper is to present a rich 
description of one of the tools in the Use2Use 
Design Toolkit, the Circular Designs Ideation 
Pack, which can be used in ideation sessions to 
spark ideas for products and services fit for 
circular consumption. In addition, the paper will 
present initial experiences from applying it in 
design work to discuss the tool’s potential. 
 
Methods 
The methods used to develop the tool is briefly 
described followed by a description of how the 
tool has been applied so far.  
 
Developing the tool 
The key activities that contributed to the 
development of the Circular Designs Ideation 

Pack comprised of four main undertakings 
during 2016-2019.   
First, relevant literature and available ideation 
tools were reviewed to assess to what degree 
previously proposed circular design strategies 
addressed design challenges related to 
people’s consumption processes.  
Second, activities and practicalities linked to 
different stages of the consumption process 
were analysed to identify key design challenges 
that designers should consider.   
Third, early versions of the tool were developed 
based on gained insights and evaluated in three 
ways. Workshops were conducted with six 
companies (4 workshops, each with 6-8 
representatives) to verify the need for the tool 
and to identify the requirements on it. Moreover, 
early versions of the tool were tested with 
design students at Chalmers University of 
Technology through workshops in courses on 
Sustainable Design (6 occasions, each with 30 
students) and in master thesis projects (13 
students in seven teams). 
Lastly, the tool was redesigned based on 
gained insights and packaged into the format 
presented in this paper. This included 
formulating novel design strategies as well as 
re-formulating previously proposed design 
strategies from a user perspective. 
 
Applying the tool 
The tool’s potential to support development of 
products and services for circular consumption 
has been explored in workshops with a mix of 
professionals and novices, including designers, 
project managers, technical specialists, and 
attribute leaders.  
Due to the current covid-19 pandemic, some 
workshops were organised online using digital 
workshop canvases. Four workshops were 
carried out with in total 70 professionals (7 
physical and 8 digital working groups) and four 
workshops with in total 125 students (20 
physical and 19 digital working groups). In the 
workshops, the tool was either applied to purely 
fictious cases, or to cases resembling the 
companies’ regular projects. All workshops 
were foremost educational, but also carried out 
to generate valuable ideas. 
Data regarding the tool’s potential to support 
the participants in their work was collected 
through observations of the workshops and 
during follow-up discussions with both 
professionals and students. In addition, 
participants in three of the workshops with 
professionals were asked to fill in a survey prior 
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to the follow-up discussions (41 respondents). 
The survey included seven Likert scale 
questions and the possibility to leave free-text 
comments. The collected insights from the 
workshops were analysed qualitatively along 
with the survey data.  
 
The Circular Designs Ideation Pack 
The Circular Designs Ideation Pack helps 
designers and other agents to envision 
products and services that enable circular 
consumption. It can be used by anyone that 
want to explore circular design opportunities 
from a user perspective. The tool is best used 
in early design phases to provide inspiration 
and spark ideas during creative workshops.  
 

 
Figure 1. The Circular Designs Ideation Pack. 
 
Design strategies 
The tool highlights different types of design 
challenges related to four main design 
strategies. The strategies point to a variety of 
design opportunities and are, as illustrated in 
Figure 2, related to people’s consumption 
processes in different ways. 

 
Figure 2. The four design strategies covered. 
 
The strategy Design for extended use is related 
to the use phase and addresses challenges 
associated with a product’s lowered utility, 
attractiveness, and need-fulfilment over time. 
The strategy Design for multiple use-cycles 
addresses challenges that arise when products 
are repeatedly circulated from use to use. For 

instance, design challenges associated with 
diverse user needs, shortened use-cycles, and 
long product histories are important to consider 
to make each use-cycle relevant and attractive 
for people. 
The strategy Design for exchange highlights the 
importance of facilitating people’s obtainment 
and clearance processes, i.e. facilitating the 
process of product exchange. For instance, 
challenges covered relate to handling, 
inspecting, transporting and re-activating 
products stuck in disuse limbo.  
The strategy Design for circular match-making 
addresses design challenges related to 
interactions between two subsequent users. It 
covers challenges around how people can be 
supported to connect, trust, avoid conflicts, and 
make deals with others.    
 
Tool composition 
The tool consists of a deck of cards that 
includes an introduction to the four design 
strategies and 38 ideation cards that highlight 
design challenges and opportunities related to 
the strategies.  
As Figure 3 shows, each ideation card has a 
short introduction, which describes a typical 
design challenge, and a set of trigger questions 
aimed to support ideation. An inspiring design 
example, i.e. a product or service that can help 
users overcome the described challenge, is 
included on the back of each card.  
 
Experiences and insights 
A central quality of a design tool is its usability, 
e.g. that it is easy and pleasant to use. A tool 
also needs to be effective in helping the users 
achieve the indented output and be relevant for 
the users to apply in their everyday work. The 
experiences gained by testing the tool will 
therefore be described related to the tool’s 
usage, effectiveness, and relevance. 
 
Usage 
The participants expressed that they had a 
good time using the tool. It was also ranked very 
high on “Fun” and high on “Quick and 
convenient” in the survey, see Figure 4. The 
participants commented on the tool’s inviting 
design, on how relatable the topics were, and 
how well they sparked discussion. One 
participant stated that “I can participate without 
being a circular economy pro”. Overall, it was 
clear that both professionals and students, 
irrespective of their background, could easily  
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Figure 3. The design of the ideation cards.  
 
use the tool. When observing the workshops, it 
however appeared as though the participants 
with design experience got the hang of it all a 
bit quicker than the others. 
 

 
Figure 4. How usable the participants found the 
tool to be. 
 
Many participants commented on the number of 
cards in the tool. Some said that the sheer 
number of cards made the tool more 
challenging to use, as it was difficult to gain an 
overview of all available topics and identify the 
most relevant ones. Some also thought that it 
was a bit tricky to visually differentiate one card 
from another. However, other participants 
viewed the number of cards as an advantage: 
“It felt luxurious to have all these cards prepared 
for me to pick from”. 
  
Effectiveness 
Overall, the participants found the tool effective, 
and considered the results of using it to be 
meaningful. Many commented on how the tool 
helped them to view circularity from the user’s 
point of view, and that their understanding of the 
challenges circular consumption entails for 
people’s everyday life was broadened. The  

 
survey data, see Figure 5, also suggest that 
many participants found it inspirational to 
explore circularity from a user perspective. 
 

 
Figure 5. How effective the participants found the 
tool to be.  
 
Regarding the novelty of the ideas generated 
during the workshops, a few participants were 
a bit unsure. They thought that the ideas were 
not that new, which could be a consequence of 
them having used the other tools in the 
Use2Use Design Toolkit prior to this tool. 
Others were of the opposite opinion: “I already 
work with similar questions as I am the chief 
designer for a service exactly like the one in the 
workshop case. But I still found the tool very 
useful!”.  
Some of the participants stated that the 
characteristics of the generated ideas made it 
challenging to move forward. The workshops 
typically resulted in a mix of service and product 
ideas, and some of the participants stated the 
product ideas were difficult to manage before 
one knew more about the solution on a service 
level. One participant suggested that a smart 
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way to use the tool would be to “…use it in two 
rounds, one to ideate on the overall service 
process, and one to capture the details further 
on in the design process. One could also collect 
the most relevant cards and make sure to return 
to them later”. 
 
Relevance 
The participants expressed that the pack 
included many relevant ideation cards, more 
than they had time to discuss during the 
workshops. While the number of cards may 
make the tool a bit more challenging to use, it 
also makes the tool flexible. Although a few 
cards were considered irrelevant in most of the 
workshops, the participants said that “It’s good 
to have many cards to choose from” and that 
“Even though one card may not be relevant for 
a particular case, it makes you broaden your 
mind”.  
As the survey data in Figure 7 shows, the 
participants had varying opinions regarding 
whether it would be Rewarding/Irrelevant and 
Easy/Difficult to use the tool in their everyday 
work. This is not surprising considering the mix 
of participants. Some expressed that they did 
not currently have a position, or clients, that 
made it relevant to ideate circular solutions. In 
contrast, many participants that normally 
worked with user-centered design projects 
found the tool spot on: “It enables user-
centered designers to relate to and address 
circularity”.  
 

 
Figure 7. How relevant the participants found the 
tool to be for their everyday work. 
 
Both students and professionals considered the 
tool fit for cross-functional ideation sessions. It 
enabled people that do not normally work with 
product and service design to contribute and 
ideate together with more experienced 
designers. Some participants also highlighted 
that the tool would be useful in ideation 
sessions together with clients: “It would really 
make them expand their minds and get new 
ideas”.  
 

Overall insights and final remarks 
Discussions with the participants confirmed the 
need for a user-centered circular design tool. 
Many professionals clearly stated that they are 
currently reaching in the dark and need support 
to address circularity. They considered the tool 
to be very easy to start using and that it 
facilitated circular thinking even for people not 
already engaged in the topic.  
The professionals, as well as the students, 
expressed that the tool helped them to start 
cultivating a new mindset and to explore 
circular design opportunities from a user 
perspective. When using the tool for the first 
time, some participants experienced the 
number of cards as slightly overwhelming. 
When one has learnt how to use the tool and 
know what ideation cards it includes, is will be 
easier to identify and focus on the most relevant 
cards for the case at hand.  
The participants were generally happy with the 
ideas and insights gained but the perceived 
possibilities to implement them varied. One key 
cause may be the circumstances under which 
the workshops were conducted. The sessions 
were organised separate from the companies’ 
ordinary processes and with new cross-
functional groups, making it difficult to move 
forward. Future research will focus on how the 
tool can be utilised as an integrated part of 
existing processes and not only for educational 
purposes.  
Overall, the experiences so far point to that the 
Circular Designs Ideation Pack is a promising 
and appreciated tool with potential to aid 
companies to explore user-centered circular 
opportunities and design for circular 
consumption.  
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Abstract: Durable goods can enter a state where they are not in use, nor have they been dispositioned 
(sold, gifted, recycled, donated or trashed). Instead, these goods are said to be in hibernation in 
people’s homes or storage areas. To explore this phenomenon further for smaller consumer electronic 
devices, we conducted in-depth video interviews with 50 people in the United States about their 
currently hibernating devices. We found that devices usually go into hibernation because a newer 
device was purchased, but the trade-in offer (if it even existed), or other disposition options, did not offer 
sufficient financial and/or social incentives to motivate the user to relinquish their older device. 
Secondly, we found that approaches to increase user attachment to a device (either at initial purchase 
or in order to extend product longevity) can later support the user’s justification for the hibernation. 
Overall, this research prompts the need to design for initial product attachment but later product dis-
attachment, to ensure goods are first used for as long as possible but are then promptly handed off for 
secondary use. 
 
 

Introduction  
One of the known challenges in ensuring the 
prompt secondary use (such as reuse or 
recycling) of consumer electronics relates to the 
phenomenon of users stockpiling their unused 
devices, also known as device hibernation 
(Wilson et al., 2017; Baxter & Gram-Hanssen, 
2016). As described by Casey, Lichrou, & 
Fitzpatrick (2019), past research has found that 
users state various reasons for stockpiling 
various types of electronics, including: keeping 
the device for future use (e.g. as a spare); 
having an emotional attachment to the data on 
the device; expressing data removal privacy 
concerns; not knowing what to do with the 
device; and others. 
 
Much of the recent research on hibernation has 
been done with consumers outside the US 
(Speake, 2015; Wilson et al., 2017; Casey et 
al., 2019). This study was conducted to 
determine if the previous research also applies 
to US consumers, and to determine additional 
insights into the hibernation phenomenon.  
 

Methodology 

Interviewee Selection 
Approximately one-hour long video interviews 
were conducted with 50 people across the US. 
Interviewees were chosen to roughly represent 
current US demographics—including age, 
gender, ethnicity, education, employment 
status, income level, and geographic location— 
and were chosen with a range of self-stated 
environmental attitudes. Interviewees were 
compensated for their time. 
 

Interview Process 
Interviewees (users) were requested to have 
their hibernating consumer electronics devices 
(smaller, non-appliance WEEE) with them to 
show during the interview. Users were asked to 
“tell the story” about each of their hibernating 
devices, from the point of acquisition to the 
present. Depending on the answers, further 
questions were asked, moving through the 
inquiry for as many products as possible. As 
time allowed, users were also asked to 
speculate what would cause them to de-
hibernate their products, including suggestions 
from the interviewer. 
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Analysis 
The interviews were recorded and 
professionally transcribed. One member of the 
research team coded the transcripts using QDA 
software, in consultation with the other 
researcher. Coding focused on the categories 
of user-stated barriers to de-hibernating 
devices. Codes were refined and merged after 
reviewing coding across the interviews.  
 

Findings 
 
The Barrier Stack 
Overall, seven main categories of reasons for 
the device hibernation were identified: (A) Lack 
of awareness of handoff options, (B) Expecting 
compensation (financial or social), (C) 
Nostalgia about the device, (D) Possible future 
use, (E1) Data retrieval needs (including 
nostalgia about the data), (E2) Data removal 
needs, and (F) Low handoff convenience. 
These reasons thus serve as barriers to the 
user de-hibernating their devices.  
 
While this was not designed to be a quantitative 
study, 308 distinct hibernating products were 
mentioned across the 50 interviews. Just over 
half of the products discussed by users were 
phones, laptops, or tablets. 35 products of the 
308 were mentioned by a user, but time didn’t 
allow for any of the barriers to be discussed.  
 
Based on user responses, coding indicated a 
barrier was present (“yes”), not present (“no”), 
or the response was contradictory (“maybe”) for 
the product. About a third of the time a potential 
product-barrier combination (e.g. was barrier A 
present/not present/possibly present for the 
user’s laptop) was discussed during the 
interview, leaving the remaining two-thirds as 
“unknown”. See example in Figure 1. Figure 2 
illustrates the relative frequency of the barriers 
when the barrier was stated as being present 
for a product.   
 
We hypothesize that the barriers need to be 
addressed roughly in order down the barrier 
stack (from A to F) for the user to ultimately take 
a disposition action.  For example, without 
knowledge of any available handoff options 
(barrier A), the user will not begin to retrieve or 
remove data from their device (barriers E1 and 
E2).  And the last step for the user to actually 
disposition a product is when the handoff option 
itself is convenient enough for the user to use 

 
Figure 1: Example of hibernating products and 
barriers for one interviewee. 

 

 
Figure 2. Barriers present (“yes”) for products 
identified by interviewees (n=273). 

 
(barrier F). 
 

How Products Move into Hibernation 
Users indicated, not surprisingly, that many of 
their products went into hibernation when they 
acquired a newer version or replacement for the 
product. Alternatively, some products went into 
hibernation when they no longer functioned.  
These findings align with those by Nowakowski 
(2019). 
 
Specifically, some users described that they 
were concerned the newer product would not 
work as anticipated and thus the older product 
could serve as a backup (barrier D).  Users also 
mentioned a concern that the data transfer 
process from the older product to the newer 
product would fail (barrier E1) as the reason 
they held on to the older product.  
 
In the case of phones, tablets, and laptops, 
though, some users explained that they were 
given a trade-in financial offer from the retailer, 
but that the offer was not compelling to them 
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(barrier B), a phenomenon described by Okada 
(2001). Interestingly, the low financial offer was 
often described as being followed by the user’s 
idea to keep the product as a spare (barrier D), 
even though the user did not initially seem to 
have a strong need for keeping a spare before 
the offer. In other words, the user reasoned that 
if they were not going to get much money for 
their older product, they might as well keep it as 
a spare.  
 
Other users were not aware of or given any 
options at all for selling, trading-in, donating, 
gifting, or recycling their older product at the 
time of acquiring the newer product (barrier A) 
or felt that the options available to them—such 
as selling directly to a third party—were too 
inconvenient (barrier F). 
 

Valuing Products 
Users frequently discussed the value of their 
products and the value to be obtained from 
dispositioning them, as explored by Turë 
(2014). In fact, approximately half of the 308 
products mentioned by users indicated that 
either C (Nostalgia about the device), or D 
(Possible future use) were present – both 
barriers relating to how the user assigns some 
form of value to their device. Another 13% 
mentioned barrier B (expecting compensation 
(financial or social). Note these percentages 
could be even higher in reality, given the 
number of “unknown” barrier-product 
combinations.    
 
Some users felt they had paid a lot of money—
especially for devices such as laptops, phones, 
and tablets—and if the device was still working, 
believed that it must still be worth some amount 
of money to someone (barrier B). It appears the 
endowment effect may be in play as well 
(Morewedge & Giblin, 2015), as several users 
overvalued their devices compared to current 
market prices and not acknowledge that 
electronics tend to decrease in financial value 
over time. Users sometimes were insulted by 
what they perceived to be low trade-in values, 
especially if they believed the companies had 
charged them a lot of money for the new 
product in the first place. Parties seeking to 
collect products through trade-in or recycling 
programs should keep in mind how the initial 
communication of the financial value of the 
product by the retailers and brands to the 
consumer at the point of product acquisition can 
carry over well into the product’s post-use 
period.   

 
In addition, one user who felt strong nostalgia 
about their items (barrier C) explained that the 
low financial trade-in offer they received 
seemed felt incongruent with the positive 
experiences they had had with the device. We 
hypothesize that the nostalgic attachment that 
the users form with their products might 
necessitate receiving some form of equivalent 
value (compensation) in order for them to later 
“dis-attach” from their device. This observation 
is particularly relevant to discussions of product 
longevity that encourage customer product 
attachment; attachments that form must be 
later reversed for users to be willing to give up 
their products. 
 
The compensation (barrier B) that users expect 
doesn’t necessarily have to be financial, 
however. Some users stated that the potentially 
finding a new home for their hibernating device 
through donation to others could be sufficient to 
let go of the device and take a disposition action 
(social compensation). It is possible that this is 
in part because a donation (where someone 
else makes use of a device) reflects back to the 
user that the value they had assigned to the 
device was correct and that their instincts to 
keep the device were justified.  
 
Potential scenarios were proposed to some 
users—such as having very quick access to 
(free) spare products from a retailer should their 
newer device fail—to determine if they would be 
willing to give up a device they were keeping as 
a spare (barrier D). Some users did not feel this 
would be acceptable, describing what we 
believed to be highly unlikely situations in which 
that sort of access would not be sufficient or 
possible. It is possible, therefore, that keeping 
a product as a spare is as much an emotional 
safety blanket for users as it is a practical action 
to minimize risk. Not to mention, saying that a 
product is being kept for future use provides 
justification to the user and others for having 
kept the device in the first place.  
 

The Environmental Argument 
Some researchers and practitioners assert that 
environmental messaging (a form of social 
compensation) can encourage higher rates of 
recycling of previously hibernating devices. 
However, as stated by Baxter and Gram-
Hanssen (2016), we, too, found that users saw 
product hibernation as environmentally neutral. 
Even if users already understood the negative 
environmental and social impacts of mining, 
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they did not naturally make the connection that 
people keeping electronics out of circulation 
prompts manufacturers to have to mine 
additional materials.  
 
Instead, for many users, recycling seems to be 
seen simply a better alternative to putting a 
waste item in the trash. Since the hibernating 
items are often still seen to have some form of 
value (and thus are not classified as waste by 
the user), the term “e-waste” did not particularly 
resonate with them.  
  

Conclusions 
Based on our interviews, we conclude that US 
users do have similar reasons to European 
users for keeping their unused electronic 
devices in hibernation, although further 
quantitative studies would have to confirm the 
frequency and priorities of these reasons. 
 
To encourage users to ‘break up’ with their 
electronics and enable secondary uses, we 
believe the best intervention is at the point of 
acquisition of the newer/replacement device; 
i.e. to try to stop devices from going into 
hibernation in the first place. To this end, 
retailers should visibly promote trade-in, 
donation, and recycling programs along with 
their new product offers. Donation campaigns in 
particular can create a sense of urgency for 
users to take action. Retailers and brands 
should also assist users in feeling confident 
about transferring all their data to the new 
device (if applicable) and that the new device 
will meet their needs. At the same time, we do 
not recommend that the barriers of nostalgia or 
keeping the product as a spare are be directly 
confronted with users; instead, by offering a 
high enough financial or social compensation 
for the device, those two barriers may be 
naturally overcome.  
  
Once the products go into hibernation, though, 
the process of de-hibernating them is indeed 
challenging. Our research confirms the findings 
of Casey et al. (2019) that smaller electronics 
seem to go into the periphery of the users’ 
consciousness, making them difficult for the 
user to even be aware of, let alone take action 
with. Personal events like moving were not 
seen as times where users would be willing to 
address their hibernating devices (users stated 
they were too busy dealing with those types of 
events to take action with their products), but 
users did express interest to act in response to 
campaigns (such as joining a social movement 

or donating to those in urgent need).  These 
types of programs could serve as the basis for 
collection campaigns by municipalities and 
other parties. 
 
When constructing messaging for product dis-
attachment campaigns, because many 
functioning hibernating devices still have some 
form of value to the users (unlike household 
recyclables such as used cans or cardboard), 
using the terms ‘waste’ or ‘e-waste’ (or even 
‘recycling’ which appears to be primarily 
associated with items that users have classified 
as waste) could be problematic. Offering 
donation programs (with the statement that any 
devices that cannot be reused will be 
responsibly recycled) may be a way to avoid the 
discouraging the user (with the actual low 
market value of some of their products) in the 
way that might happen if recycling is offered as 
their only option.  
 
And finally, while product disposition is not 
normally associated with product longevity, the 
two topics are perhaps more interrelated than 
previously acknowledged—the attachment that 
consumers form with their devices during initial 
product acquisition and use (strategies 
associated with extending product longevity) 
must later be reversed in order for consumers 
to be willing to part with their used devices. 
Overall, this study prompts the need to design 
for both consumer attachment to products—to 
promote product longevity—as well as eventual 
dis-attachment from products after use—to 
promote secondary uses (such as reuse or 
recycling).  
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Abstract: 

Existing EU product policy tools (Ecodesign Directive, Energy Labelling, EU Ecolabel and Green Public 
Procurement) have already addressed, to a certain extent, material efficiency aspects, either on a 
mandatory or voluntary basis. In the last few years, the EU has been introducing material efficiency 
requirements that energy-related products (ErP) must fulfil in order to be placed on the market and/or 
put into service. At voluntary level, the EU Ecolabel Regulation and the EU Green Public Procurement 
have introduced more advanced criteria for both energy-related products and beyond (such as textiles 
and furniture). In 2019, the Commission adopted new product policy regulations and initiatives 
introducing new requirements and criteria on material efficiency aspects. These initiatives cover product 
groups such as refrigerators, washing machines, dishwashers, electronic displays, servers, light 
sources, among others. More recently, and building on this legacy, the new Circular Economy Action 
Plan foresees a ‘sustainable products’ policy initiative to address, amongst other aspects,  the lifetime 
extension  of products, including strategies as durability, reusability, upgradability and reparability, while 
ensuring their performance and safety. This paper presents a policy matrix that can help stakeholders 
in navigating the existing lifetime extension criteria and requirements in the EU product policy tools. 
 
 

Introduction  
Over the past decades, material circularity has 
been a strategic objective of the European 
Union (European Commission 2015a, 2019a, 
2020a). Indeed, a transition of the European 
economy towards a more resource-efficient 
path aims at reducing the environmental impact 
of production and consumption while 
maintaining competitiveness, growth and 
employment (European Commission, 2020).  
Several environmental product policy 
instruments have been designed to serve that 
purpose. The Ecodesign Directive 
(2009/125/EC) sets mandatory minimum 
environmental requirements for energy-related 
products sold in the EU market (European 
Union, 2009). The Energy Labelling Regulation 
(EC)2017/1369 (European Union, 2017) 
complements those requirements by 
introducing an energy efficiency label that 
enables consumers to make informed choices. 
The EU Ecolabel Regulation (EC)66/2010 
(European Union, 2010) introduces a voluntary 
labelling scheme awarded to products and 
services meeting high environmental standards 

throughout their lifecycle. Finally, the EU Green 
Public Procurement (GPP) refers to voluntary 
procurement guidance and a set of tools that 
public authorities can use to procure goods, 
services and works with reduced lifecycle 
environmental impact (European Commission, 
2008). 
The recent European Green Deal (European 
Commission, 2019) establishes the basis for a 
holistic material efficiency strategy by scaling 
up the circular economy from front-runners to 
the mainstream economic players. The Circular 
Economy Action Plan (European Commission, 
2020a) enforces this commitment by 
announcing a sustainable product policy 
initiative, making use of the aforementioned 
product policy tools. 
In order to streamline the consideration of 
material efficiency aspects in the product 
policies, and provide common methodologies 
and definitions, a series of standards were 
developed by CEN-CLC/Joint Technical 
Committee 10 (JTC-10) in response to 
Commission Mandate M/543 (European 
Commission, 2015b). Still, the incorporation of 
material efficiency provisions, and the 
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environmental savings expected to be 
achieved, varies depending on the product 
group. 
This paper examines how the different policy 
instruments are pursuing material efficiency 
goals, with a focus on lifetime extension 
strategies. 
 

Key concepts and definitions  
Key concepts applied in this study are defined 
below, coming from standards EN45552:2020 
(CEN/CENELEC, 2020a) and EN45554:2020 
(CEN/CENELEC, 2020b): 
 

• Reliability: probability that a product 
functions as required under given 
conditions, including maintenance, for a 
given duration without limiting event 
(EN45552:2020). 

• Repair: process of returning a faulty 
product to a condition where it can fulfil its 
intended use (EN45554:2020). 

• Disassembly: process whereby a product is 
taken apart in such a way that it could 
subsequently be reassembled and made 
operational (EN45554:2020). 

• Reuse: process by which a product or its 

parts, having reached the end of their first 

use, are used for the same purpose for 

which they were conceived 

(EN45554:2020). 

• Upgrade: process of enhancing the 

functionality, capacity or aesthetics of a 

product (EN45554:2020). 

 

Ecodesign Directive 
Even though some requirements related to 
material efficiency had already existed 
sporadically in some ecodesign regulations 
(e.g. Regulation (EU) 666/2013 on vacuum 
cleaners (European Union, 2013)), in 2019, the 
European Commission adopted a number of 
measures, which established such 
requirements in a more systematic manner. 
This package covers: 

• servers (EU)2019/424 (European Union, 
2019a);  

• refrigerators (EU)2019/2019 (European 
Union, 2019b);  

• light sources and separate control gears  
(EU)2019/2020 (European Union, 2019c); 

• washing machines (EU)2019/2023 
(European Union, 2019d); 

• dishwashers (EU)2019/2022 (European 
Union, 2019e); 

• electronic displays (EU)2019/2021 
(European Union, 2019f); 

• refrigerators with a direct sales function 
(EU)2019/2024 (European Union, 2019g); 

• welding equipment (EU)2019/1784 
(European Union, 2019h). 

Most material efficiency provisions apply as 
from the 1st March 2021, except for those on 
welding equipment, which apply as from the 1st 
January 2021.  
The Regulations address the concepts 
described below. Table 1 provides a matrix of 
requirements for lifetime extension applied in 
ecodesign regulations. 
 

Reliability: endurance and stress testing 
Reliability requirements are applied to lighting 
sources whereby LED and O-LED light sources 
shall undergo endurance testing (switching 
cycles) to verify lumen maintenance and 
survival factor. For other products, failure can 
be due to specific stress factors or linked to 
specific parts. The regulation on vacuum 
cleaners, includes requirements for the 
reliability of the hose (useable after 40000 
oscillations under strain) and the motor 
(operational motor lifetime shall be greater than 
or equal to 500 hours). In the case of servers 
and data storage devices, stress testing is 
requested for temperature and humidity 
operating conditions. 
 

Availability of spare parts 
Spare part availability is a fundamental 
precondition for reparability. Variations in the 
regulations exist in terms of which specific parts 
are to be available, to whom they should be 
available and for how long. The Regulations 
also require that spare parts can be replaced 
with the use of commonly available tools and 
without permanent damage to the equipment 
and the part. For servers and data storage 
devices specifically, manufacturers shall 
ensure that joining, fastening or sealing 
techniques do not prevent the disassembly for 
repair or reuse purposes of the following 
components, when present: data storage 
devices, memory, processor (CPU), 
motherboard, expansion card/graphic card, 
PSU, chassis and batteries. Furthermore, the 
list of these spare parts and the procedure for 
ordering them shall be publicly and freely 
available at the latest two years after placing on 
the market of the first unit of a model and until 
the end of the availability of these spare parts. 
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Spare parts shall be delivered within 15 working 
days after placement of the order. 
 

Access to repair and maintenance 
information 
Another key parameter is access to repair and 
maintenance information by professional 
repairers and end-users. Such access shall be 
provided no later than two years after the 
placement on the market, and until the end of 
spare part availability. If a professional repairer 
fulfils conditions related to their expertise and 
insurance coverage, they are provided with 
access to repair and maintenance information, 
such as disassembly maps, diagnosis 

information, wiring and connection diagrams, 
and instructions for software and firmware 
installation. A fee may be charged for that 
access, which is reasonable and proportionate, 
meaning it does not discourage access by 
failing to take into account the extent to which 
the professional repairer uses the information. 
For refrigerators (including those with direct 
sales function), the minimum duration of the 
guarantee offered shall be included in the 
instruction manual and free access website of 
the supplier. For the 2013 regulation on vacuum 
cleaners, information provision on non-
destructive disassembly for maintenance 
purposes is required. 

 
 Reliability Repair / Reuse / Upgrade 

Product 
Group 

Endurance 
and stress 

testing  

Spare parts availability 
Design for 

Disassembly 
Repair 

Info 
Guarantee 

Info Which parts? To whom? 
For how 
long?* 

Refrigerators 
(EU)2019/2019 

   thermostats; 
temperature 
sensors; printed 
circuit boards; light 
sources, 

professional 
repairers  

min 7 
years  

X X X 

door handles, door 
hinges, trays and 
baskets, door 
gaskets 

professional 
repairers 
and end-

users  

min 7 
years 
(10 for 

gaskets) 

Refrigeration 
commercial 

(EU)2019/2024 

   
   

thermostats; 
starting relays; no-
frost heating 
resistors; 
temperature 
sensors; software 
and firmware incl. 
reset software; 
printed circuit 
boards; and light 
sources 

professional 
repairers  

min 8 
years  

X X X 

  
  

door handles and 
door hinges; knobs, 
dials and buttons; 
door gaskets; and 
peripheral trays, 
baskets and racks 
for storage; 

professional 
repairers 
and end-

users  

min 8 
years  

Electronic 
displays 

(EU)2019/2021 

  
  

internal power 
supply, connectors 
to connect external 
equipment (cable, 
antenna, USB, 
DVD and Blue-
Ray), capacitors, 
batteries and 
accumulators, 
DVD/Blue-Ray 
module and 
HD/SSD module 

professional 
repairer  

min 7 
years  

X X  

external power 
supply and remote 
control 

professional 
repairers 
and end-

users  

min 7 
years  

software and 
firmware updates 

professional 
repairers  

min 8 
years  
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Servers and 
data storage 

products 
(EU)2019/424 

   
Information 

on the 
operating 
condition 

class 
(temperature 
and humidity) 

  

latest available 
version of the 
firmware; the latest 
security update to 
the firmware; a 
functionality for 
secure data 
deletion 

end-users  
min 8 
years  

X X  

Dishwashers 
(EU)2019/2022 

  
  

motor; circulation 
and drain pump; 
heaters and 
heating elements 
incl. heat pumps; 
piping and related 
equipment incl. all 
hoses, valves, 
filters and 
aquastops; 
structural and 
interior parts 
related to door 
assemblies; printed 
circuit boards; 
electronic displays; 
pressure switches; 
thermostats and 
sensors; software 
and firmware incl. 
reset software; 

professional 
repairer  

min 7 
years  

X X  

  
  

door hinge and 
seals, other seals, 
spray arms, drain 
filters, interior racks 
and plastic 
peripherals such as 
baskets and lids 

professional 
repairers 
and end-

users  

min 10 
years  

Washing 
Machines 

(EU)2019/2023 

   
   

motor and motor 
brushes; 
transmission 
between motor and 
drum; pumps; 
shock absorbers 
and springs; 
washing drum, 
drum spider and 
related ball 
bearings; heaters 
and heating 
elements, incl. heat 
pumps; piping and 
related equipment 
incl. all hoses, 
valves, filters and 
aquastops; printed 
circuit boards; 
electronic displays; 
pressure switches; 
thermostats and 
sensors; software 
and firmware 
including reset 
software; 

professional 
repairers  

min 10 
years  

X X  

  
  

door, door hinge 
and seals, other 
seals, door locking 
assembly and 
plastic peripherals 
such as detergent 
dispensers, 

professional 
repairers 
and end-

users  

min 10 
years  
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Welding 
equipment 

(EU)2019/1784 

  
  

control panel; 
power sources; 
equipment housing; 
batteries; welding 
torch; gas supply 
hoses; gas supply 
regulators; welding 
wire or filler 
material drive; fans; 
electricity supply 
cable; software and 
firmware incl. reset 
software 

professional 
repairers  

min 10 
years  

X 
  

X 
  

 

Light sources 
and separate 
control gears 

(EU)2019/2020 

LED and 
OLED light 
sources:   

1200 
switching 

cycles (90% 
survival rate)  

       

     

Vacuum 
cleaners 

(EU)666/2013 

Motor 
endurance:  
500 hours  

Hose:40.000 
oscillations   

  
  

  
   

  
  

  
  

   

* after placing the last unit of the model on the market 
Min. = minimum period required  
X = aspect covered  

Table 1. Ecodesign requirements related to lifetime extension 

Energy Labelling  
Despite focusing on energy efficiency, Energy 
Labelling allows for providing supplementary 
information, for instance, on material efficiency. 
Specifically, it states that, the Commission 
should provide a long-term working plan for the 
revision of labels, starting with a technical, 
environmental and economic analysis of the 
product groups concerned, looking as well at 
supplementary information such as durability or 
environmental performance. This 
supplementary information “should improve the 
intelligibility and effectiveness of the label”. The 
recently-launched European Product Database 
for Energy Labelling (EPREL) provides access 
to detailed information by scanning QR codes 
featured on new energy labels.  
  
Material efficiency aspects covered in Energy 
Labelling Regulation are generally related to 
the provision of information on the “minimum 
duration of the commercial guarantee 
(warranty) offered by the supplier”. This is the 

case of dishwashers, refrigerators, washing 
machines and washer dryers. The recently 
published regulation on electronic displays (EU) 
2019/2013 (European Union, 2019i) goes even 
further requiring suppliers to provide 
information on minimum guaranteed availability 
of software and firmware updates, spare parts 
and product support. 
 

EU Ecolabel 
The EU Ecolabel typically goes beyond energy 
efficiency to cover other environmental aspects, 
such as climate change, resource consumption, 
generation of waste and social aspects. 
However, its impact is limited by its voluntary 
approach. 
  
Cordella et al. (2019) studied existing material 
efficiency requirements set in EU Ecolabel 
criteria for different product groups. Table 2 is 
an update of that information, with a particular 
focus on lifetime extension criteria. 

 Warranty Reliability Repair / Reuse / Upgrade 

Product Group 

 
At least 

how long? 

Endurance 
and stress 

testing   
 

Spare parts availability 

Design for 
disassembly 

Repair 
Info Which parts? 

To 
whom? 

For 
how 

long?* 

Electronic 
displays 
(EU)2020/1804 
(European 

3 years, at 
no 
additional 
cost 

 

-Screen assembly 
and LED backlight, 
-Stands,  
-Power and control 
circuit boards; 

Publically 
available 

Min. 8 
years  

X X 
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Commission, 
2020b) 

-Spare parts 
included under 
Annex II (D. Material 
efficiency 
requirements. Point 
5. (A) Availability of 
spare parts) of 
Regulation 
(EU)2019/2021, as a 
minimum 

Textile products 
2014/350/EU 
(European 
Commission, 
2014b) 

 -Dimensional 
changes during 
washing and 
drying 
-Colour 
fastness to 
washing,  
perspiration, 
wet and dry 
rubbing;, light; 
-Wash 
resistance of 
cleaning 
products; 
-Fabric 
resistance to 
pilling and 
abrasion; 
-Durability of 
function. 

     

Footwear 
(EU)2016/1349 
(European 
Commission, 
2016) 

 -CE marking 
and durability 
requirements 
for occupational 
and safety 
footwear in 
accordance 
with Directive 
89/686/EEC; 
-For all other 
footwear: 

 - Uppers' flex 
resistant; 

 - Uppers' tear 
strength; 

 - Outsoles' flex 
resistance; 

 - Outsoles' 
abrasion 
resistance; 

 - Upper-sole 
adhesion; 

 - Outsoles' 
tear strength; 

 - Colour 
fastness of 
the inside of 
the footwear; 

- Linings' and 
socks' 
abrasion 
cycles. 

 

     

Bed mattresses 
2014/391/EU 
(European 
Commission, 
2014c) 

10 years 
(except for 
cot 
matrasses) 

Durability 
-Loss of height 
< 15 % 
-Loss of 
firmness < 20 
% after 30.000 
testing cycles 

   X X 
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Wood, cork and 
bamboo based 
floor coverings 
(EU)2017/176 
(European 
Commission, 
2017a) 

5 years, at 
no 
additional 
cost 

Resistance to 
indentation;  
-Thickness 
swelling; 
- Impact 
resistance; 
Wear 
resistance; 
- Locking 
strength; 
- Thickness of 
top layer,  
- Wood 
hardness; 
- Resistance to 
indentation 
 

 -Information / 
recommendation of 
keeping spare floor 
covering elements 
in stock for possible 
event of repair  

Users 
and 

installers 
 X X 

* after placing the last unit of the model on the market 
Min. = minimum period required  
X = aspect covered 
 

Table 2. EU Ecolabel criteria related to lifetime extension.

The broad concept of lifetime extension is 
generally included in various criteria sets, as 
long as a product or service can rely on 
infrastructure in place, guaranteeing the 
applicability and verifiability of the requirement, 
i.e. provision of spare parts, or take back and 
repair service (see Table 2). This requires co-
operation between manufacturers and end 
markets, which might be expected over time 
depending on local infrastructure, consumer 
demand, and also industry initiatives.  
 
Lifetime extension, in terms of “reliability” is 
considered in approximately one third of the 
product groups. They generally appear as 
requirements related to stress resistance and 
endurance, and as extended product 
guarantees. In electronic displays, the supplier 
shall provide at no additional cost a minimum of 
a 3-year commercial guarantee. 
 
“Reparability, Reusability and Upgradability” 
(RRU) is taken into account in product groups 
subject to breakdown or malfunction. It can be 
found in EU Ecolabel for electronic displays, 
furniture, bed mattresses and wood floor 
coverings in the form of access to key parts, 
limited use of adhesives, inclusion of repair 
manuals and availability of spare parts (for at 
least 8 years following the end of the model 
production in the case of electronic displays).   
  

EU Green Public Procurement 
Criteria on lifetime extension are included in 
most of recent EU GPP Criteria as summarized 
in Table 3.  
 

Several criteria suggest minimum length of 
product warranty and/or support services. The 
minimum length suggested is 2 years for 
computers, displays, tablets and smartphones, 
3 years for furniture, and 5 years for road 
lighting and traffic light signals. In general, the 
EU GPP criteria highly encourage the 
application of longer service contracts / 
warranties. 
 
Reliability criteria are included for road lighting 
equipment: the failure rate of the control gear 
should be less than 0.2% per 1000h, and LED 
lighting sources should fulfil specific survival 
rates. 
  
Stress test criteria aim to ensure that mobile 
computers, tablets and smartphones are able to 
resist to specific events and stress conditions 
as drops, high/low temperature, dust and water. 
Also LED lighting source should be able to 
demonstrate resistance to water and dust 
ingress stress.   
 
Also, a stress test criterion is included for data 
centres hardware. Servers and storage devices 
are exposed to temperature and humidity stress 
in data centres. Despite a wider allowable 
conditions range can ensure more flexibility and 
energy efficiency, the reliability of these devices 
is an important aspect to consider. 
 
The GPP durability Criteria for textile products 
aim to avoid a premature degradation of the 
product (in terms of water, oil or stain 
repellency) due to the cumulated washing 
cycles.  
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Most of the EU GPP Criteria set a list of spare 
parts that should be available. Generally, there 
are two options in a contractual agreement: 1) 
the spare parts are available to be purchased 
or 2) the spare parts are available to be 
replaced by a service provider. 
 

Finally, specific criteria on the design for 
disassembly and the availability of repair 
information are applicable to the majority of the 
product groups.   
 
 
 

 
Warrant

y / 
Service 

Reliability Repair / Reuse / Upgrade 

Product Group 

 
At least 

how 
long? 

Endurance and 
stress testing  

  

Spare parts availability 
Design 

for 
Disassem

bly 

Repai
r Info Which parts? 

To 
whom? 

For how 
long?* 

Computers, 
monitors, tablets 
and 
smartphones  
SWD(2021)57 
(European 
Commission, 
2021) 

2 years 

Ingress Protection 
IP54 or higher 

 
Drop Testing ≥ 45 

cm 
 

Storage 
temperature  

≥ 60 °C≤ -30 °C 
Operational 
temperature  

≥ 40 °C 
≤ -20 °C 

 
 
 
  

Desktop Computers 
:CPU, GPU (PCIe), 
PSU, Storage (SSD, 
HDD, ODD, RAM), 

System/ 
motherboard) 

 
Notebooks: Battery, 

Display 
panel/Display 

assembly, Storage 
(SSD, HDD, RAM), 

PSU, Keyboard, 
System/motherboard 

 
Tablets: PSU, 

Storage (SSD, HDD, 
ODD, RAM),System/ 

motherboard 
 

Smartphone: 
Battery, Display 
panel/Display 

assembly, 
External/internal 

Monitors 
Connectivity cables, 

Power cables, 
External PSU 

 
Availabl
e to be 
purchas
ed by 
the 
procurer 
or 
replaced 
by a 
service 
network 
for 
repair 
and 
mainten
ance  

Min. 2 
years 

X  X 

Data centers, 
server rooms and 
cloud services 
SWD(2020)55 
(European 
Commission, 
2020c) 
 

 
Entire product 
Operational 

temperature (from 
15-32 °C to 5-45 
°C) based on the 
operating class 

   X X 

Imaging 
Equipment, 
consumables, 
and print services 
SWD(2020)148 
(European 
Commission, 
2020d) 
 

2 years 

 

Print heads. Laser 
unit. Fuser units, 
Drum units (core 

level)  

Procurer 
/ service 
provider 

Min. 3 
years 

X X   

Road 
Transport (vehicl
es and services) 
SWD(2019)2 
(European 
Commission, 
2019b) 

150 000 
km or 8 
years 
(battery) 
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Road lighting and 
traffic signals   
SWD(2018)494 
(European 
Commission, 
2018) 

5 years Control gear failure 
< 0.2% per 1000h 

 
Ingress protection: 

IP55 or higher 
 

Specific rated 
lifetime for the 

LED-based light 
sources 

 

LED Module 
Service 
provider 

 Min.  5 
years 

X    

Furniture 
SWD(2017)283 
final/2 (European 
Commission, 
2017b) 

3 years 

 
List of parts not 

defined 
Service 
provider 

Min. 3 
years 

X X 

Textile  
SWD(2017)231 
(European 
Commission, 
2017c) 

3 years Water, dirt and 
stain repellency 
after 20 washing 

cycles or 10 
industrial washing 

cycles: 
 

Water repellency: 
80 out of 90 

- Oil repellency: 3.5 
out of 4.0 

- Stain repellency: 
3.0 out of 5.0 

All parts and 
accessories (e.g. 

zips, buttons, 
fasteners)  

Procurer 

Min.  2 
years 

X    

*From the date of purchase 
Min. = minimum period required  
X = aspect covered 

Table 3: EU GPP Criteria aiming to lifetime extension  

 

Conclusions 
With a plethora of material efficiency initiatives, 
the EU’s commitment to a transition to a circular 
economy began to take shape switching to the 
implementation phase. First, the definition and 
categorization of the key material efficiency 
aspects allows for their coherent consideration 
across product groups. At the same time, their 
incorporation in different policy instruments, 
from mandatory requirements to voluntary 
schemes, aims at enabling various sectors to 
meet the sustainability path while respecting 
product group specificities. This paper 
attempted to map this exercise at the point of 
writing. As the implementation of the EU 
Circular Economy Action Plan is still unfolding, 
further aspects and product groups are being 
considered. 
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learning Object Character Recognition; Product Identification.  

Abstract: When an electronic device fails, treatment procedures and objectives can differ significantly 
depending on the actor who receives the device. For example, repair facilities generally focus on 
product reuse and rely on the expertise of employees to select models suitable for repair and 
subsequent reselling in second-hand stores, while recycling businesses generally focus on bulk 
processing to recycle raw materials. Even though devices destined for recycling might still qualify for 
repair or contain valuable/reusable components, there is no method to identify those models quickly in 
a cost-efficient manner. In addition, tools are lacking that facilitate the registration and retrieval of 
information on the repairability of specific models or the value of its spare parts. Therefore, an interactive 
web application has been developed in close collaboration with one of Europe’s largest networks of 
reuse and repair centers. The developed application can be used when performing triage to determine 
whether to repair or recycle a specific model. A photograph of the device label is uploaded to an online 
model identification pipeline. The latter recognizes text on the image with deep learning techniques and 
compares the text with a database to identify the model, allowing for model-specific information and 
previous repair experiences to be displayed to the user. Thereafter, novel triage and repair information 
can be registered and stored for later use. In the presented research, the triage and registration 
procedure is tested at two repair facilities on 97 washing machines. Learnings from the co-development 
as well as improvements made throughout the experiment on to the interactive interfaces and forms of 
the application are presented in this article. 
 

Introduction  
In the European Green Deal initiative, the 
European Union proposes a strategy towards a 
sustainable European economy (European 
Commission, 2019). The electronics sector is 
identified as one of the major resource-
intensive sectors with substantial improvement 
opportunities to support the transition towards a 
circular economy. To this end, specific 
measures will be required to encourage the 
development of more sustainable Electric and 
Electronic Equipment (EEE). Among these 
measures, using digital technologies such as 
the concept of electronic product passports are 
proposed to improve the availability of device-
specific information which is considered vital for 
various businesses adopting circular business 
models. For example, repair businesses often 
need to identify the type and model of the 
device to find relevant repair guides and spare 
part information. Similarly for reuse centers, the 
retrieval of product information is important to 
correctly inform customers about the model 
number, maintenance instructions, and energy 

label, which are often mandatory details that 
need to be provided when reselling a device.  
 
For current shredder-based EEE recycling 
practices, model-specific information is not 
necessary as various models are jointly treated. 
However, discussions with different reuse and 
repair centers in Flanders indicate that the 
sales of second-hand EEE are limited by the 
amount of devices than can be sourced for 
repair and reselling, rather than by costumer 
demand. Indeed, an annual increase in sales of 
1,36% was reported in 2019 by De Kringwinkel, 
which is located in Flanders, Belgium and is one 
of Europe’s largest networks of reuse and 
repair centers (HERW!N, 2021). Therefore, 
great opportunities are to be expected when 
more potentially repairable products, as well as 
components frequently required for those 
repairs, could be sourced from recycling 
centers. The main bottlenecks to implement 
those opportunities are expected to be the cost-
efficiency of both the triage and the repair itself, 
for which EEE repair and reuse facilities 
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generally focus on training personnel to 
become experts for specific types of electronic 
products (e.g. only kitchen appliances, laptops 
or televisions). 
This need for experts to perform triage and 
repair reduces the economic viability of these 
activities, limits the scalability, and 
consequently hinders reaching the circular 
economy targets put forward by the European 
Commission. Additionally, the existing 
knowledge of experts can only be transferred 
locally. As a result, collaboration between 
(waste) EEE collection points and repair and 
reuse centers is often limited to certain regions 
and for certain high-value waste streams, such 
as large household appliances and ICT. 
The hypothesis is that performing model 
identification during recycling and repair 
procedures is fundamental to handle these 
challenges. By identifying the model of a 
device, relevant model-specific information can 
be consulted to perform decision making 
whether to attempt to repair or whether to 
discard a device for recycling. In addition, triage 
is also affected by other factors. The reason 
behind the malfunctioning of specific product 
models can often be accredited to a small 
number of recurring issues which may or may 
not be repairable or require expensive or 
unavailable spare parts. Consequently, it is 
expected that identifying the model and 
registering relevant triage and repair 
information would highlight these issues. The 
resulting quantitative information on the 
repairability of certain devices could lead to 
valuable insights to optimize both triage and 
repair activities. 
However, to initiate model identification and 
subsequent registration of triage and repair by 
repair centers, the procedure would need to be 

seamlessly adopted into existing manual triage 
and repair practices. Therefore, an interactive 
web application which implements state-of-the-
art deep learning text extraction techniques for 
device identification has been developed 
together with a user-friendly interface that 
allows for model information to be displayed 
and for repair and triage information to be 
structurally registered.  
The underlying methodology and reasoning 
that lead to the various decisions made during 
the development is explained in the second 
chapter. The results of initial tests of the 
developed RepairApp at two repair centers for 
the repair of washing machines is presented in 
the third chapter along with the feedback 
obtained and lessons learned during pilot 
testing. 
 

Materials and Methods 
At the outset of the project, a fully functional 
product identification prototype was developed 
based on open-sourced libraries. In this 
prototype, devices were identified by extracting 
text from an image of the device label, similar to 
the images shown in Figure 1Error! Reference 
source not found.. Hand-tuned filters were 
used to attempt identification of the model 
number from the extracted text, after which this 
attempt was compared with a database. This 
database was built from information which was 
registered during prior analyses. The initial 
prototype was developed as a python package 
running on a personal computer with the aim of 
determining minimum viable product (MPV) 
requirements for the eventual RepairApp in 
collaboration with employees of De 
Kringwinkel. 

    

   

(a) (b) (c) (d)    

Figure 1. Images of washing machines labels captured at a repair center to perform model identification 
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Various functionalities that could potentially be 
provided by the RepairApp were discussed and 
ranked by assessing the added value for the 
repair activities on the one hand and the ease 
of implementation on the other hand. Washing 
machines were selected as a case study 
because of their frequent repair, the large 
demand for second-hand devices and relatively 
high residual value compared to other white 
goods. The ease of implementation was 
assessed based on the availability and difficulty 
to integrate the required algorithms into a 
mobile application. Based on this discussion, 
the following functionalities were determined to 
be incorporated/excluded: 
 
Incorporated functionalities for MVP:  

- Product identification procedure. 
- Ability to validate the device model 

from a list of models proposed by the 
identification procedure.  

- Access to the following product data 
when the model is identified: Model 
number, brand name, energy efficiency 
label, water usage, power usage, 
device dimensions, device weight, 
maximum rotation speed, availability of 
a separate eco-mode, a link to a device 
manual, and the expected target price 
to resell the device.  

- Registering whether an attempt was 
made to repair the device or whether 
the device was discarded for recycling 
(triage) and registering repair 
information in an interactive form which 
can be updated by different users.  

- The triage of washing machines, the 
actual repair, the registration of 
information and preparation for device 
reselling is all performed at different 
times and possibly by multiple people. 
Therefore, users are able to consult a 
list of recently registered devices.  

 
Excluded functionalities due to limited added 
value:  

- No translation of the application itself 
nor of the recorded information is 
planned as supporting non-native-
speaking employees to learn Dutch is 
one of the social objectives of De 
Kringwinkel.  

- Due to the complexity of compliance 
with the European General Data 
Protection Regulation (GDPR), no 
account system is used. A name or 
alias is only requested during 

registration so users themselves can 
keep track of ongoing repairs.  

- Open access: access to web 
application is also kept private as the 
used data was only made available for 
testing with De Kringwinkel. 

 
Functionalities excluded due to complexity of 
implementation: 

- A flat-file database structure is 
adopted. Registered information is 
bound to a single model number. 
Potential relevance of specific 
information for similar model numbers 
or an entire series is not considered.  

 
Based on the MVP requirements, a web 
application, named the ‘RepairApp’, was 
developed. The number of users can easily be 
scaled up and any type of electronic device with 
internet and browser access, including tablets 
and mobile phones running any operating 
system (including Android and Apple iOS), can 
be used to interact with users. The 
development of the RepairApp was performed 
in collaboration with Kunlabora, a software 
development company located in Leuven, 
Belgium (Kunlabora, 2021), and was developed 
using Amazon Web Services (AWS, 2021).  
In the RepairApp, users are first requested to 
capture an image of the device label (examples 
of uploaded images shown in Figure 1). 
Subsequently, the image is uploaded to an 
online product identification pipeline, where 
state-of-the-art deep learning image text 
extraction techniques are utilized to extract text 
from the image. For this step, multiple deep 
learning text detection and recognition 
architectures were evaluated on a dataset of 
200 washing machine labels (Du et al., 2020; 
Liao et al., 2018, 2019; Shi et al., 2017). Finally, 
the Google Vision text recognition service was 
selected for integration as it extracted text with 
the least matching errors between the ground 
truth model number and the extracted text 
(Sterkens et al., 2020). The extracted text is 
then compared with a model database in order 
to identify the device. To perform this 
comparison, the Levenshtein distance scoring 
technique was implemented (Levenshtein, 
1966). The matching procedure was made 
available as an online service by using the AWS 
Elasticsearch Service (AWS, 2021b).  
From this pipeline, a ranking of multiple 
potential model numbers are proposed to the 
user. Subsequently, product information, such 
as the model number, energy efficiency class, 
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year of introduction and power/water use as 
well as previously registered repair instructions 
can be requested from the database and 
displayed in the RepairApp. The user has the 
possibility to register triage and repair 
information with the developed interfaces and 
forms after which this information will be 
uploaded to the DynamoDB databases used by 
the application (AWS, 2021a).  
An initial version of the app was tested in two 
repair facilities for washing machines of De 
Kringwinkel in January 2021. To test the 
application, a Samsung Galaxy Tab A10 tablet 
was provided to both facilities. The facilities 
were also visited on average once every three 
weeks to provide training, to solve various 
issues which were encountered during the 
experiment, and to gather feedback for 
improvements.  
 

Results & discussion 
In order to link the registered repairs to a model, 
a database was developed by merging 
washings machine data made available by the 
data analytics company GFK with records of 
washing machines previously sold by De 
Kringwinkel. An overview of the resulting 
database is displayed in Error! Reference 
source not found.. The main body of the 
database consisted of information provided by 
GFK, as in this database, products were 
already registered according to their model 
number. 177 unique brands are listed in the 
GFK database.  
 

Property 
Amount  

registered Data Source 

Model number 10194 GFK 

Brand name 10194 GFK 

Energy label 10194 GFK 

Device dimensions 10194 GFK 

Rotations per minute 10194 GFK 

Water usage 5727 GFK 

Energy usage 5632 GFK 

Device weight 3189 GFK 

Link to manual 602 De Kringwinkel 

Target reselling price 552 De Kringwinkel 

   
Table 1. Overview of model information available 
in RepairApp database. 

 

In addition, 602 links to a device manual, and 
552 target prices to resell the model in second-
hand stores were extracted from the database 
provided by de Kringwinkel and attached to the 
corresponding model. This information was 
attached by matching the accompanying model 
number with the GFK data. Originally, 8995 
records of resold devices were made available 
by De Kringwinkel, of which 1025 and 7632 
records contained a link to a device manual and 
target price respectively. However, the model 
number was often registered incorrectly or 
incompletely, resulting in only 58% of the 
manual links, and 14% of the target prices to be 
attached to the GFK database. A common 
mistake in the historic data concerned 
registration of the series the model number, 
which made linking the data, as well retrieving 
the information later on no longer possible. 
After an image has been captured by the user 
and posted to the server to find possible 
matches, the 30 models with the highest 
matching score are proposed by the model 
identification pipeline and displayed to the user 
as shown in Figure 2a. This allows for the 
correct model to be identified even when the 
recognized text is not fully identical to the 
ground truth. In this overview, only the brand 
and model number are displayed to avoid 
confusion during the selection procedure and to 
assure that the operator double-checks the 
correctness of the identified model number. 
With the current implementation, it takes 5 
seconds on average to process an image of a 
label and propose a list of model numbers. If no 
matching model number is found, users should 
register the device as new model by using the 
“product not found” option. This procedure must 
be followed, even if there is only a slight 
difference between the proposed model 
number and the ground truth. This way, 
additional model numbers and related 
information are correctly added to the product 
database, resulting in more correct model 
number proposals by the pipeline over time. 
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(a) (b) (c) 

Figure 2. Examples of screens displayed by the RepairApp during the product identification procedure 
translated from Dutch to English for the sake of this publication. (a) Models proposed by the identification 
procedure. (b) Model information and previous repairs displayed after selecting a model. (c) Additional 
information on previously registered repair.  

After selecting the correct model number or 
registering a new device, product information 
and previously entered repairs are displayed as 
shown in Figure 2b. Additional product 
information is shown when pressing the 
“additional data” marker, as shown in Figure 3. 
This product information is usually consulted 
and updated by users when preparing the 
device for reselling. Below the product 
information, previously registered repairs are 
displayed, ranked according to average star-
rating the repair has obtained over time. This 
user-based ranking method was selected to 
assure that the most valuable repair information 
is more easily found on the one hand and 
because of the ease of implementation on the 
other. Along with the rating, the alias of the 
person that registered the repair, the date of 
registration, and the described symptoms of the 
issue are displayed to allow users to easily find 
relevant previous registries with similar 
symptoms. When clicking on a prior repair, 
more information on the underlying problem 
and how it was solved is displayed as shown in 
Figure 2c. Cases where the repair was not 
attempted or unsuccessful will also be 
displayed if relevant.  

 
Figure 3. Product information which can be 
consulted and edited in addition to the fields 
shown in Figure 2b, translated from Dutch to 
English. 
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Figure 4. Form displayed to user when a new 
individual device is registered. 
 

This information on previous repairs can all be 
consulted to perform the next step, the registry 
of a new device as shown in Figure 4. 
Regardless of the decision made, users are 
requested to perform the complete procedure 
for every new device arriving in the facility, in 
order to gather data on the triage of specific 
model numbers. Users can select whether an 
attempt was made to repair the device, or 
whether the device was discarded for recycling. 
In the former case, the remainder of the form is 
filled out afterwards. In the latter case, users are 
only asked to enter why the device was 
discarded for recycling.  
When an attempt to repair is performed, users 
are solely requested to enter repair information 
for unusual repairs. This feature was included 
in a later version of the RepairApp. Standard 
revision procedures are performed for washing 
machines by De Kringwinkel, for example the 
replacement of shock absorbers and carbon 
brushes. The amount of added value for De 
Kringwinkel employees to describe these 
repairs is limited. As a result, users rather focus 
on properly documenting abnormal repairs, as 

this information is most useful to share between 
users and facilities. Nevertheless, motivating 
some personnel from De Kringwinkel to use the 
app was found to be challenging. Several 
experienced employees were averse to share 
information on challenging repairs with the 
outside world. Analysis of the initial registries 
showed that information was incorrect or very 
limited in most cases. To attempt to improve 
this, the user interface of the entry fields were 
adapted multiple times in cooperation with team 
leaders from De Kringwinkel and examples 
were added for every field. However, some 
operators still had difficulties to enter a proper 
description, which is assumed to be mainly due 
to limited Dutch language skills and fear of 
entering information incorrectly. To overcome 
these issues, the overall objective of the 
RepairApp and the sole purpose of the alias to 
retrieve past repairs was better explained. In 
addition, a feature was created for the 
workshop team leader to review and edit the 
repair information entered by adding the afore 
mentioned option to consult a list of recent 
repairs. 

Attempt to repair 
Discarded for 

recycling 

82% 18% 
Standard 
revision   Unusual repair   

73% 27%   

  
Details 

described 
Details not 
described   

  88% 22%   
 

Table 2. The rate of devices registered for 
repair/recycling with the RepairApp,  the rate of 
repair registered as unusual, and the rate of 
unusual repairs with details entered. 

 
To this date, 97 devices were registered using 
the repair app over the course of four months, 
but with an accumulated work time of 
approximately two months. The resulting 
registration rates as of now are displayed in 
Error! Reference source not found.. Of the 
registered attempts for repair, 91% were 
selected as successfully completed. Notably, 
27% of washing machines were registered as 
requiring an unusual repair, but of those 
registries, the fields for describing details on the 
repair were not filled out by users 22% of the 
time. However, the amount of collected data to 
this day is too limited to be able to draw 
conclusions. After the afore mentioned 
improvement measures were taken, recent 
registries are made more complete and the use 
of the RepairApp is better welcomed by the 
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users.  Hence, data collection can be intensified 
in view of further assessing the effectiveness of 
the approach. 
  

Conclusions 
Various benefits can be found in more 
systematic registration of model-specific 
product information and information relevant for 
repair. To facilitate this, the web application, 
named the ‘RepairApp’ is developed in the 
presented research. It allows users to identify a 
product model by capturing an image of a 
product label and using deep learning text 
extraction techniques to detect the product 
model number. Based on this product 
identification, relevant information can be 
retrieved from a database. Pilot tests were 
performed at two repair centers for washing 
machines and 97 devices were registered using 
the RepairApp.  Various challenges were 
encountered and opportunities were identified 
to improve the application interfaces and forms. 
Nevertheless, challenges remain to better 
inform and train users of the application and 
promote the use of the RepairApp, whereas the 
value of using the application is expected to 
grow along with the content of the database and 
hence, the relevance of the information that can 
be accessed using the RepairApp. During pilot 
testing, the application was used in parallel with 
the current paper-based registration tools. 
Therefore, future work will investigate how the 
RepairApp could be further integrated and 
replace and/or aid current registration 
procedures.  
In future research, the model identification 
pipeline will be evaluated and optimized with 
the data that is being generated in terms of the 
share of recognized products. Furthermore, the 
applicability of similar product model 
identification techniques in recycling centers 
will be investigated to evaluate opportunities for 
collaboration between repair and recycling 
centers. Devices frequently repaired using the 
RepairApp will be compared with models 
identified at the recycling facility with the 
ambition to reuse devices or recover 
components from the recycling facility. 
Collaboration has been established for this 
evaluation and approximately 1000 images 
have been gathered in a recycling facility during 
initial experiments.  
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Abstract: Consumer goods industries are increasingly incorporating circular practices (e.g. recycling 
and reuse) into their offerings to reduce environmental impact and combat the issue of waste. The 
success of these offerings depends on consumers significantly changing their behaviour across the 
journey of purchase, use and disposal. There are a number of unique features that demarcate circular 
behaviour from other types of consumer behaviour, such as the fact that consumers must operate within 
a system of interconnected elements to enable resources to flow continuously. However, research to 
date has applied methodological approaches and behaviour models in a way that only addresses a 
fraction of the picture. In moving beyond this reductive framing of circular behaviour, a systems thinking 
framework is introduced, integrating circular behaviour research. The framework is applied to a case 
example and preliminary findings are presented, which highlight the capability of the proposed 
framework to explain broad and deep data on circular consumer behaviour. This can be used to pinpoint 
specific problems in an interconnected chain of behaviours, understand how system elements can 
cause unintended behavioural consequences, highlight barriers and opportunities to circularity and 
develop more informed intervention strategies. 
 

Introduction  
For decades, the production and consumption 
of consumer goods has followed a 
predominantly linear model. Raw materials are 
extracted to make products which consumers 
purchase, use and throw away as waste. 
However, with the growing application of 
circular practices (e.g. recycling and reuse) to 
reduce environmental impact, consumers must 
change their behaviour to adopt new and varied 
product and service models (Ellen MacArthur 
Foundation, 2019; Lofthouse et al., 2009; Ż. 
Muranko et al., 2021; Tassell & Aurisicchio, 
2020; A. Zeeuw van der Laan & Aurisicchio, 
2019). Whilst businesses are implementing 
circular infrastructure and offerings, it is 
consumers who are in possession of products 
when they reach the end of life and are 
ultimately responsible for enabling resource 
circularity. Therefore, consumer behaviour is 
hugely important in achieving a circular 
economy (Camacho-Otero et al., 2018, 2020). 
 
Previous research has helped to identify the 
key features of circular behaviour, revealing 
them to be extensive and multifaceted. First, as 
indicated by the EU waste hierarchy (UK 
Government, 2011) and circular economy 
frameworks (Blomsma & Brennan, 2017), 

certain circular behaviours should be prioritised 
due to their capability to keep materials at a 
higher utility level and reduce environmental 
impact. This requires consumers to shift up the 
waste hierarchy moving from disposal and 
recycling to reusing and reducing. Second, 
consumers practice multiple types of circular 
behaviour (e.g. (1) for one product across its 
life-cycle such as when using a durable water 
bottle and having to dispose of it at the end of 
life (Muranko & Aurisicchio, 2020) or (2) for 
more than one product such as when using a 
durable water bottle alongside disposable 
bottles (Ertz et al., 2017)). Third, circular 
behaviours are spread across the consumer 
journey including acquisition (e.g. re-buy, rent, 
receive), use (e.g. retain, care, engage with life 
extension services) and end-of-use (e.g. return, 
re-sell, dispose correctly) (Camacho-Otero et 
al., 2020; Wastling et al., 2018). Fourth, 
ultimate circular behaviours are enabled by a 
series of behaviours which are not always 
consecutively linked (Z. Muranko & Aurisicchio, 
2020). (e.g. obtaining a return envelope when 
purchasing a product to dispose of it correctly 
at the end of life (A. Zeeuw van der Laan & 
Aurisicchio, 2019)). Fifth, circular behaviour is 
part of a complex system of interconnected 
elements, such as actors, resources, 
infrastructure, information, value and 
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legislation, which influence how it unfolds 
(Zeeuw van der Laan & Aurisicchio, 2021). 
These elements are often psychological (i.e. 
within the person), described by Hornik et al., 
(1995). as intrinsic incentives (e.g. emotional 
reward, psychological attachment) and internal 
facilitators (e.g. awareness, knowledge). 
However, they can also relate to the interaction 
between a person and their environment, 
described by Hornik et al. (1995) as extrinsic 
incentives (e.g. monetary rewards, social 
influence, laws and regulations), and external 
facilitators (e.g. space, money, effort). In order 
to understand how system elements connect 
and interact within a complex system 
influencing behaviour, (West et al., 2020) 
propose a process of mapping. 
 
These five features indicate the need to study 
circular behaviour more holistically. However, 
behaviour is predominantly investigated using 
quantitative studies which look at a fraction of 
the picture. For example, in quantitative 
studies, the narrative on recycling is centred on 
disposal (Hornik et al., 1995; Tonglet et al., 
2004; Vining, Joanne; Ebreo, 1990; Vining & 
Ebreo, 1992)  whilst that on reuse is centred on 
purchase and use (Choate et al., 2014; Ertz et 
al., 2017; Poortinga & Whitaker, 2018). This 
falls short of explaining how circular behaviours 
operate across the product life-cycle. In 
comparison, qualitative research has shown the 
potential of exploring difficult to quantify 
relationships between behaviour and other 
system elements, such as business model 
experimentation for sustainability (Bashir et al., 
2020) and waste hierarchy awareness 
(Kunamaneni et al., 2019). It has also 
broadened the conversation on circular 
behaviour across the consumer journey 
(Lofthouse et al., 2009; Vaughan et al., 2007). 
However, without a systematic approach to 
considering the consumer journey, 
subconscious behaviours are likely to be 
missed. Other qualitative research has 
presented approaches to map circular 
consumer journeys (Z. Muranko & Aurisicchio, 
2020; A. Zeeuw van der Laan & Aurisicchio, 
2019) though relying heavily on business data 
with little understanding of how and why 
consumers act in reality. Overall, previous 
research only partly addresses the concept of 
circularity, omitting key variables and 
relationships between variables.  
 

Based on the five key features of circular 
behaviour identified, this paper makes a case 
for the importance of taking a system 
perspective in behaviour research and aims to 
develop a framework to integrate circular 
behaviour research. Understanding the 
relationships between system elements could 
help move away from problem displacement or 
shifting to a more integrated approach where 
interventions enable a wider web of 
interconnected parts to operate effectively 
together (Korhonen, 2020). 
 
Behaviour models and circular 
consumer behaviour 
This section discusses behavioural models and 
their applicability to understand circular 
behaviour constructs and system elements. 
  
Many commonly used behaviour models were 
not developed with (circular) consumer 
behaviour in mind but have been applied within 
this context. The Theory of Planned Behaviour 
(Ajzen, 1991) continues to be most widely used 
albeit with the inclusion of additional variables 
to increase its predictive power (reuse: (Ertz et 
al., 2017); recycling: (Tonglet et al., 2004)). 
Alongside pro-circular values and persuasive 
communication, the TPB has even been used 
to develop a behaviour change model for 
circular consumption (the Pro-Circular Change 
Model; (Z. Muranko et al., 2018). However, the 
TPB assumes that behaviour requires cognitive 
processing, limiting its ability to account for 
irrational or impulsive consumption 
(Baumeister, 2002; Kahneman, 2011) or to 
allow for gaps between values and actions  
(Boulstridge & Carrigan, 2000). 
 
Stern's (2000) Value Beliefs Norms (VBN) 
model was developed with the aim to address 
pro-environmental behaviour. In a mono-
directional chain, values lead to an ecological 
worldview, which shapes beliefs and a sense of 
obligation to act. Despite being described as a 
model well suited to predicting low impact pro-
environmental actions (e.g. recycling) 
(Whitmarsh et al., 2021), comparisons have 
found the TPB to be more reliable (Aguilar-
Luzón et al., 2012). This highlights the 
importance of contextual factors that relate to 
perceived behavioural control (e.g. availability 
of recycling points) (Vining & Ebreo, 1992). 
  
The TPB and VBN models are static and offer 
limited capacity to predict behaviour over time. 
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In comparison, the Transtheoretical Model of 
Change (TTM; Prochaska & DiClemente, 1984) 
proposes that people move through five 
dynamic stages: pre-contemplation, 
contemplation, preparation, action and 
maintenance. Stage matched interventions can 
be used to help people transition. Keller et al. 
(2021) apply the Stage Model of Self Regulated 
Behaviour Change (SSBC), which combines 
the TTM with constructs from more static 
models, to understand why consumers shift 
from single-use to reusable drinks cups. 
Intention to transition  was found to be informed 
by increased awareness, responsibility and 
emotions whilst perceived behavioural control 
strongly influenced the choice of a replacement 
reuse model. Mimiaga et al. (2009) note that 
using a small number of distinct stages fails to 
capture micro-level changes on a larger 
continuum, such as the habit formation 
process. Therefore, the TTM may not be 
sufficient to understand the complexity of 
circular behaviour if used alone. 
  
  
The application of these widely used behaviour 
models to circular consumer behaviour is 
limited because they are: reductive; 
individualistic, prioritising psychological factors 
over contextual ones (e.g. location); and based 
on linear causal chains. Further, these models 
assume that people act in isolation; take a 
deliberative decision-making stance; and do not 
enable types of behaviour to be distinguished 
according to their ability to reduce impact 
(Whitmarsh et al., 2021). Newer models are 
emerging that do not assume behaviour to be a 
linear process. Fogg’s (2009) model shows that 
behaviour results from the convergence of 
motivation (physical, emotional and social), 
ability (time, cost, physical effort, mental effort 
and routine) and prompts (a behavioural cue). 
The model has been used in qualitative 
research to structure interview questions and 
as a basis for coding data (Ackermann et al., 
2018). However, like the other models, there is 
still a lack of information on how to effectively 
apply it to gather data or how to pinpoint 
problems in need of analysis. 
 

Introducing a systems thinking 
framework for circular behaviour 
Current research frameworks, e.g. the waste 
hierarchy, and behaviour models, are too 
simplistic to aid in understanding circular 
behaviour and explain it as part of a dynamic 

and complex system. In response, the 
proposed framework (Figure 1) synthesises 
relevant theory including models of waste 
behaviour and behaviour change and methods 
for modelling and explaining behaviour. The 
framework is made up of four tiers which can be 
used to track emergent behaviour patterns and 
relationships between behaviours and wider 
system elements through: (1) the waste 
hierarchy, (2) stage-based behaviour change, 
(3) behaviour chains and (4) Fogg’s behaviour 
model. Combined, the four tiers enable the five 
key features of circular behaviour to be 
considered when researching circular 
behaviour. The framework is proposed to help 
comprehensively contextualise and explain 
circular behaviour and plan and conduct future 
studies. To date it has been tested and 
developed with application to in-depth 
interviews.  
 

Tier 1: Waste hierarchy behaviours 
First, the type of waste hierarchy (WH) 
behaviour under investigation needs to be 
selected. It is worth a note that the WH 
behaviours are not mutually exclusive and the 
relationships between each level need to be 
accounted for. As highlighted by the key 
features, this is because (1) certain circular 
behaviours should be prioritised and (2) 
consumers practice multiple types of WH 
behaviour at once. 
 
Tier 2: Stage based consumer behaviour 
change 
Second, the stage of a consumer in their 
transition to a circular behaviour needs to be 
understood. Based on the TTM, six stages 
specific to consumer onboarding for a product-
service have been identified: (1) have not 
considered, (2) previously considered, (3) 
currently considering, (4) previously used but 
stopped, (5) use and becoming familiar, and (6) 
use and feel committed. These reflect Roto et 
al.'s (2011) definition of user experience, which 
spans before use (anticipated), during use, 
after use and over time (cumulative). This is a 
fluid process and people may miss steps or 
travel in either direction. Time frames for the 
stages are likely to vary from consumer to 
consumer, a factor that has been identified in 
habit formation (Verplanken & Orbell, 2003).  
 

Tier 3: Behaviour chains 
Third, the consumer journey must be mapped. 
Designed specifically for circular consumption 
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systems,  behaviour chains are capable of 
identifying: forking and colliding points; forward 
paths and return loops; primary, secondary and 
ultimate behaviours; macro, meso and micro 
levels; interdependent behaviours across the 
journey; and performance indicators (e.g. 
intensity and frequency) (Z. Muranko & 
Aurisicchio, 2020). It is proposed that behaviour 
chains can be used for consumers who have 
experienced a product-service but also to 
explore if and how consumers mentally map 
anticipated stages of the journey before use. 

Tier 4: Fogg’s behaviour model 
Tier 4 integrates Fogg's (2009) behaviour 
model to analyse each behaviour in terms of 
motivation, ability and prompts. Notably Tiers 1 
to 3 sit within Tier 4 as Fogg’s model explains 
why behaviour occurs in all these tiers. Fogg’s 
model presents the three constructs as part of 
an interconnected system. Motivation and 
ability are visualised on a sliding scale and work 
together. When both are low it is unlikely that a 
behaviour will occur. When at least one is high, 
prompts designed to match motivation and

 

Figure 1. A systems thinking framework for behaviour change 

 
ability levels can set a behaviour in motion. 
Prompts come in many forms and can be 
external (e.g. an instruction manual), or can be 

embedded in our daily routines. Fogg’s 
inclusion of such a wide range of factors mean 
that this model is capable of capturing insights 
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on the relationships between consumer 
behaviour and other system elements. 
 

Example application 
The framework is currently being used to 
conduct a large-scale study on the reuse (Tier 
1) of fast-moving consumer goods. One 
preliminary case is presented here. The 
consumer (referred to as P1) uses and feels 
committed to reusable hot drinks cups (Tier 2). 
P1 owns two reusable cups but still sometimes 
uses single-use cups, all of which have been 
mapped (Tier 3) alongside motivations, abilities 
and prompts (Tier 4) shown in Figure 2. These 
insights were captured through an in-depth 
interview.  
 
This example shows the interconnected 
relationships between different levels of the 
waste hierarchy, stages of the consumer 
journey, behaviour chain and Fogg elements. 
The highest waste hierarchy behaviour, reduce, 
is reflected in P1’s reduced use of single-use 
cups since owning reusables. However, given 
that P1 has more than one reusable cup, the 
concept of reduction appears to have been less 
of a consideration when consuming multiple 
durable products. Multiple waste hierarchy 
behaviours can also be traced across P1’s 
journey with the reusable cups; whilst the cups 
are reused, the product packaging is recycled 
and the cups themselves will eventually need to 
be disposed of when they reach the end of life. 
The cardboard packaging is known to be 
recyclable, but P1 does not know what 
materials the cups are made from and, without 
any prompt, would have to search how to 
dispose of them correctly online. Despite P1 
feeling committed to reusable cups, they have 
not exclusively replaced single-use 
disposables, which are still occasionally used 
due to convenience when the other cups have 
been forgotten. 
 
The behaviour chain for cup 1, used at work, is 
less complex and more clearly defined (e.g. the 
cup is always stored on P1’s desk), enabling old 
habits to be replaced by new ones. 
Furthermore, the initial motivation was 
prompted by a work campaign so the  context 
of use is framed by a collective effort to change 
behaviour by multiple actors. P1 also receives 
a discount when they take the cup to be refilled. 
In comparison, looking at the behaviour chain 
and ability factors for cup 2, used at home and 
on-the-go, it is possible to pinpoint the likely 

factors responsible for the parallel consumption 
of disposables. Cup 2 is left in multiple locations 
(e.g. in the car, pram or cupboard) and so it can 
be forgotten about, causing a break in its 
continuous use. P1 also enjoys the social 
experience of having a coffee with friends and 
will relapse to single-use when needed to fulfil 
this. Furthermore, technological and 
infrastructural changes have led to the wider 
availability of recyclable and biodegradable 
single-use cups, which P1 feels better about 
using despite lacking an awareness of the 
correct disposal process for these alternatives.  
 
Discussion, further research and 
conclusions 
Previous research on circular behaviour has 
been found to be reductive, with limited 
understanding of how behaviours operate 
within a wider system of elements. In order to 
address this, five key features of circular 
behaviour have been established and used to 
inform the selection and synthesis of a set of 
behaviour models and methods which can be 
used in conjunction to explain the complexity of 
circular behaviour and inform future research. 
The capability of the integrated framework to 
understand behaviour within a system of 
elements is presented through a case example. 
The example application shows how multiple 
interwoven waste hierarchy behaviours form 
part of the circular consumer-product 
experience. The stage-based behaviour 
change model shows how advanced 
consumers are in the uptake of a circular 
offering. The behaviour chain is able to 
determine where consumers divert away from 
higher priority behaviours, whilst the Fogg 
constructs suggest why this might be the case. 
Instead of implementing changes without 
consideration of the whole system, which may 
cause unintended consequences, using this 
framework could help to develop interventions 
that enable the smooth operation of 
interconnected elements.  Through extending 
this approach to conduct a large-scale study, 
emergent patterns of behaviour and habit 
formation can be traced across a bigger 
dataset. Future research could also apply this 
framework to look at different products and 
consumption models (e.g. services) or analyse 
the onboarding process from pre-considering to 
committed. This would help further establish 
key problem areas before testing targeted 
intervention strategies. 
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Figure 2. Example application for consumer who uses and feels committed to reusable hot drinks cups
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Abstract: Premature obsolescence of electrical and electronic equipment is often considered one of 
the major factors driving the waste generation from this product category. Being the result of a mix of 
many technical and non-technical elements, this phenomenon is as complex as it is important. However, 
in order to increase products’ useful lifetime, better insight into the mechanisms of premature 
obsolescence is indispensable. 

The EU-funded project PROMPT (Premature Obsolescence Multi-stakeholder Product Testing 
Program) aims to reduce the information asymmetries between producers and consumers by making 
premature obsolescence measurable. As part of its activities, consumer organisations in seven 
European countries (Belgium, France, Germany, Italy, Portugal, Spain and The Netherlands) started 
collecting comparable data on consumers’ experiences with failed products. A continuously available 
online platform was launched in five of these countries, allowing consumers to report products of which 
they expected longer use. In Germany and The Netherlands, comparable data was collected using an 
online survey. 

This paper has the main objective to present and discuss the preliminary results from the analysis of 
the data collected in the different countries. The results show direct consumer feedback on the products 
that are failing most often and their respective failure modes, as well as consumers’ experiences with 
and attitudes towards repair. 

 
 
Introduction  
The manufacturing of electrical and electronic 
equipment (EEE) requires a significant amount 
of resources. Once these devices reach the end 
of their useful life, the generated waste can 
have negative impacts on the environment. For 
this reason, extending the useful lifetime of the 
devices can help to reduce the strain on both 
resource extraction and waste generation. 
Product obsolescence is a multi-faceted topic 
and can be related to different absolute (e.g. 
material wear, technical causes, etc.) and 
relative (e.g. psychological, technological, 
economic) drivers (Cooper, 2004). Recent 
research shows that many products are 
disposed of before they have reached the end 
of their functional life (van den Berge et. al, 
2020). To increase products’ useful lifetime, 
better insights into the mechanisms of 
premature obsolescence are indispensable.  
One important source of information to better 
understand the drivers behind product 
replacement can be the direct feedback 
provided by consumers.  
 

Methodology 
In 2016, the Belgian consumer organisation 
Test-Achats launched an online web tool 
enabling consumers to report products that 
failed prematurely. The main goal was to gain 
further insights into the phenomenon of 
premature obsolescence. With the help of 
extensive press coverage, over 3.000 
consumers reported their broken products 
within the first month after the initial launch. This 
number grew to 8.400 by 2019. 
Despite the limitation of being fully 
representative, this bottom-up approach 
allowed the consumer organisation to collect 
different kinds of information through a short 
questionnaire. Data points included e.g. the age 
of the broken product, the nature of the defect, 
the consumers’ choice to opt for a repair or not 
and the underlying motivation as well as the 
outcome of the repair attempt. Selectable 
product categories, brands and models were 
based on GfK Etilize market data. 
Respondents also had the option to leave 
additional comments. 
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In the context of the H2020 PROMPT project, 
consumer organisations in France (UFC-Que 
Choisir), Italy (Altroconsumo), Portugal (Deco 
Proteste) and Spain (OCU) followed this 
approach and launched their versions of this 
web tool in 2019. Consumer organisations in 
Germany (Stiftung Warentest) and The 
Netherlands (Consumentenbond) opted for a 
survey approach in the same year, using an 
extended version of the tool’s questionnaire. 

 
Figure 1. Overview of countries and 
organisations collecting consumer feedback. 

While the web tools rely on recurring online 
communication campaigns to incentivise 
consumers to visit the website and report their 
broken products, the surveys were based on 
one-time e-mail invitations. 
In Germany, invitations to the survey were sent 
to 316.858 Stiftung Warentest subscribers. 
Additionally, posts were made on the consumer 
organisation’s website, magazine and social 
media pages. Due to the choice of the 
organisation’s communication channels, the 
sample is not fully representative of the German 
population. However, it still provides valuable 
insights on consumer experiences with product 
breakdowns. The survey closed after one 
month. 
In the Netherlands, the invitation to the survey 
was included with a monthly newsletter, which 
was sent to 256.000 of the consumer 
organisation’s paying subscribers and 426.000 
non-paying subscribers. It was furthermore 
shared through Consumentenbond’s social 
media channels. The survey is still open at the 
time of writing. 

Results 
The overall data collection process in the 
context of the H2020 PROMPT project is 
ongoing until 2023. For this reason, this paper 
only presents preliminary results and focuses 
on four product categories: smartphones, 
televisions, washing machines and vacuum 
cleaners. Table 1 shows the number of 

completed questionnaires per country as of 
October 2020. 
Table 1. Number of records collected per 
country on 1/10/2020. 

Country Type Records 
Belgium Web tool 9.411 
France Web tool 3.493 
Germany Survey 4.774 
Italy Web tool 645 
Portugal Web tool 95 
Spain Web tool 534 
The Netherlands Survey 875 

 
Most reported product types 
The pro-active character of the web tools 
requires consumers to be intrinsically motivated 
to take the effort and report their products that 
failed prematurely. This motivation seems to be 
higher for products that are more relevant to 
consumers, represent a higher purchase value 
and of which they expect to have a longer 
lifespan. Everyday products, such as 
smartphones, are amongst the most often 
reported products. Wall-mounted boilers and 
systems for central heating are amongst the 
most often reported products outside of the 
selectable product categories in the web tools. 
On the other hand, small household appliances 
(e.g. hairdryers, hand mixers and toasters) are 
reported much less often. The following table 
summarizes the most reported products per 
country as of October 2020. 

Table 2. Five most reported products per 
country on 1/10/2020. 

  B
E 

FR
 

D
E 

IT
 

PT
 

ES
 

N
L 

Mobile phones               
Printers               
Washing 
machines               

Dishwashers               
Televisions               
Coffee 
machines               

Fridges & 
freezers               
Laptops               
Vacuum 
cleaners               

Tumble dryers               
Tablets               
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Despite the different methodologies, similar 
trends can be observed in the different 
countries. 

Age at first defect 
Figure 2 shows the reported age of the products 
at the time of their first failure in the seven 
countries. The Figure shows the average age 
and includes all product categories. 

 
Figure 2. Product age at first defect, across all 
product categories 

It can be observed that the share of reported 
products is relatively low in the first year and 
increases afterwards. A spike can be observed 
at around 2-3 years in all countries. While no 
direct correlation can be established, this time 
coincides with the end of the usual legal 
guarantee period (Official Journal, 1999).  
However, it is important to note that there are 
clear differences between the product 
categories. As an example, less than 15% of 
the reported mobile phones were over four 
years old when they failed for the first time. On 
the contrary, the reported washing machines 
were more evenly distributed over time. Further 
differences between countries can be explained 
by the different shares of reported product 
categories and the time of the first defect. 
In Italy for example, half of the reported 
products were mobile phones, which resulted in 
a lower overall age at first defect than in The 
Netherlands, where coffee machines and 
washing machines were reported the most. The 
results do not show the age at which most 
products broke down, but rather at which age 
the consumers considered a defect being ‘too 
early’. 
 
Reported defects 
Within the reported defects for smartphones, 
only batteries could be discerned as a clear 
trend, since more than 1/3 of reported 
smartphones had battery issues. For most 
other defects, the proportions differ significantly 

between the different countries. Besides 
batteries, software issues and display 
performance problems are the most 
commonly reported defects. Software issues 
cover a wide variety of complaints and do not 
necessarily put the device in a limiting state 
(e.g. the lack of updates) or reduced 
performance after an update, but play an 
important role in the perceived residual value 
and the premature replacement of these 
devices. The below Figure summarizes the 
findings. 

 
Figure 3. Aggregated overview of smartphone 
defects, reported in Belgium, France, Italy, 
Portugal and Spain 

Televisions are among the high-tech products 
which are composed of only a few (larger) and 
often integrated parts. These parts are 
relatively expensive compared to the price of 
the entire device which can and be a barrier for 
repair. Up to 61% of the reported TVs had a 
failed screen. Together with the mainboard 
and power supply, these three parts account 
for over 2/3 of TV breakdowns (Figure 4). 
Software-related issues were rarely reported in 
Belgium and France but constitute up 13-20% 
of the reported issues in Germany, Italy, Spain 
and The Netherlands. 
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Figure 4. Aggregated overview of television 
defects, reported in Belgium, France, Italy, 
Portugal and Spain 

25%-50% of consumers who reported a broken 
washing machine mentioned an issue with the 
electronic controller or the drum bearings 
(Figure 5). Each of these parts is usually 
relatively expensive to replace, constituting a 
barrier to repair. 
As high-tech features, such as Wi-Fi 
connectivity, find their way into household 
products (Internet of Things), the list of reported 
defects is also changing. 

 
Figure 5. Aggregated overview of washing 
machine defects, reported in Belgium, France, 
Italy, Portugal and Spain 

New types of vacuum cleaners, such as robot 
vacuum cleaners and battery-powered models 
are gaining in popularity. This can already be 
observed in the reported defects in Belgium, 
France and Spain. In these countries, the 
battery and motor were responsible for the 
breakdown of over half of the reported vacuum 
cleaners (Figure 6). 

 
Figure 6. Aggregated overview of vacuum 
cleaner defects, reported in Belgium, France, 
Italy, Portugal and Spain 

German and Dutch consumers reported, 
however, relatively fewer issues related to 
connectivity and batteries, and more problems 
related to conventional canister vacuum 
cleaners (Figure 7).  

 
Figure 7. Aggregated overview of vacuum 
cleaner defects, reported in Germany 

Repair 
No repair attempt was made for about 1/3 of 
all reported products, whether the products 
were still covered by a legal warranty or not. In 
general, consumers are more likely to 
attempt to repair large household 
appliances than small household 
appliances or consumer electronics. 
National differences can also be found when it 
comes to the contact point consumers turn to 
with their broken product. In Belgium, it can be 
observed that more consumers return their 
broken product to the seller. In other countries, 
returns are more evenly distributed between 
sellers, independent repairers and 
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manufacturers. In Spain, current data suggests 
that consumers turn more often towards the 
manufacturer in case of a defect. The self-
repair option was more often observed in 
Belgium, France, Germany and the 
Netherlands than in the southern countries.  
However, this could be explained by the higher 
proportion of large white goods that have been 
reported in these countries, since these are 
typically more often self-repaired than small 
white goods and consumer electronics. 
 
Reasons for not repairing 
Consumers in all countries pointed towards the 
cost of repair as the most important reason for 
not attempting to repair their broken product. 
Other important reasons are related to the cost 
of repair relative to the perceived residual value 
of the product (‘at this price I would prefer a 
newer product’; ‘I lost faith in this brand’). 
Practical reasons, such as the availability of 
spare parts or even the reparability of the 
product (‘repair impossible without breaking it’) 
are rarely mentioned as the main reason for not 
attempting to repair. A possible explanation 
could be that one would not be aware of any of 
these practical problems without having 
attempted to repair the product. 

 
Figure 8. Reasons for not attempting to repair, 
reported by Belgian, French, Italian, Portuguese 
and Spanish consumers via the web tools. 

Figures 8 and 9 show, respectively, the 
intermediate results of the web tool and the 
German survey for the reasons why consumers 
did not attempt to repair their broken product. 
Similar trends can be discerned for both 
methodologies, though the preference to 
replace a defective product with a new one is 
much more visible in the results of the German 
survey.  

Figure 9. Reasons for not attempting to repair, 
reported by German consumers in a survey 

Despite these differences, the success rate of 
the attempted repairs is overall around 20%. 
This rate varies depending on the product. E.g., 
up to 1/3 washing machines are repaired 
successfully and as few as 1/8 of the 
televisions. 
The choice of the repair method appears to 
have an impact on the outcome of the repair 
attempt as well. Except for Belgium, consumers 
who self-repair are more likely to succeed when 
compared to the other methods. Except for 
France, consumers who turn directly to the 
manufacturer are more likely to succeed with 
the repair than those who return the product to 
the point of sales. This result is the same for 
products that broke down within two years after 
purchase, which is remarkable since it falls 
within the legal guarantee. 
 
Conclusions 
Even though data collection is still ongoing and 
only preliminary results are available, several 
shared trends could already be observed 
between the different countries concerning the 
most common defects and reasons for not 
repairing. 
For smartphones, the most reported failures 
were related to batteries, software and the 
display. For televisions, the screen, mainboard 
and power supply were responsible for more 
than 2/3 of reported breakdowns. When it 
comes to defects in washing machines, the 
electronic controller and the drum bearings 
were reported most often. Cordless and robot 
vacuum cleaners are gaining in popularity, but 
the battery seems to create problems relatively 
early in the product’s lifetime, next to the motor. 
In all countries, repair attempts are relatively 
low, even during the products’ warranty period. 

Other
22.1% Prefer new 

product
1.9%

Spare parts
2.4%

Reparability
5.1%Lost 

faith in 
brand
7.8%

Practical 
reasons
12.8%

Combination 
of reasons

13.9%

Cost of 
repair
33.9%

REASONS FOR NOT 

Other
27.1% Prefer new 

product
11.1%

Spare parts
0.9%

Reparability
1.8%Lost 

faith in 
brand
4.8%

Practical 
reasons

6.1%

Combination of 
reasons
13.8%

Cost of 
repair
34.4%

REASONS FOR NOT 

618



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Thysen T., Berwald A. 
Consumers’ experiences with premature obsolescence – Insights from seven 
EU countries 
 

- 6 - 
 

Preconceptions or foreknowledge about the 
price of repair is amongst the principal factors 
that are hampering repair. Moreover, the lack of 
knowledge about what the options are for 
having a product repaired plays a role. 
Products not being repaired just because 
consumers want a new product are rarely 
reported, even for high-tech products. The 
choice of replacement over repair is often 
driven by the financial comparison of repairing 
versus buying a new product. 
 
It can be supposed that the pro-active nature of 
the web tools (consumers have to actively go 
on the website and report their problem) comes 
with a selection bias since more consumers that 
have an issue with their products will report their 
problems. Furthermore, consumers with 
negative experiences may be more likely to 
take the effort to report their products. Even 
though similar trends as with the web tool can 
be observed in the survey results, the success 
rate reported in the survey is higher. 
 
As more products are reported throughout the 
PROMPT project, the data availability will 
improve and specific trends should become 
more evident. In addition, more contextual 
information e.g. about national differences in 
the structure of the repair sector, product prices 
and user and market aspects will be used to 
analyse observed phenomena. 
 
Data collection will continue until the end of the 
PROMPT project in 2023, and most consumer 
organisations plan to continue collecting data 
also afterwards. 
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Abstract: Reuse involves taking a product that someone is finished with and reusing it for the same 
purpose it was used for before. The Q2Reuse research project (2019-2021) investigates methodologies 
to assess and measure the Irish reuse sector – a future requirement for EU Member States. A 
systematic review of the reuse landscape in Ireland was undertaken, providing insights into how the 
sector can be quantified, developed and compared to other EU Member States. Available literature on 
eight other regions was first analysed and combined with personal communication to determine an 
overview of good practices in other countries, drawing lessons for Ireland, and identifying gaps in the 
information that was needed to be gathered. Together with reuse practitioners in Ireland, the research 
team then developed methodologies for the qualitative as well as quantitative assessment of the sector. 
Through small-scale piloting, the methodologies have been refined and barriers to data gathering 
identified. This paper details the products that are included, the criteria for inclusion and the specificity 
of the Irish context. The project has tested the capability of the Irish reuse sector to supply necessary 
data and inform Irish policy makers on required supports to the sector. By developing a national 
quantification methodology for the assessment of the sector, this research will provide policy makers, 
stakeholders and practitioners with a crucial overview of the non-waste reuse sector in Ireland; vital 
information as Ireland and the EU move to implement reuse targets supporting reuse to its place as an 
essential climate action in the circular economy.  
 
 

Introduction  
Reuse is one of the main elements of a circular 
economy, ensuring that materials and products 
are kept in use and extending their lifetime. In 
the waste hierarchy, reuse sits within the 
prevention tier at the top of the hierarchy, as it 
prevents raw materials entering the 
production/consumption cycle. This is followed 
by preparation for reuse, which represents the 
most desirable option for resources that have 
entered the waste system and is a more 
environmentally friendly option than lower tiers, 
such as recycling, incineration and landfill. An 
Irish EPA report (Johnson et al, 2018) states 
that mandatory targets for reuse can help 
overcome barriers to reuse by prioritising (in the 
case of their paper) preparation for reuse and 
avoiding a situation where primary focus is on 
measures at lower tiers of the waste hierarchy. 
The circular economy aims to counter the 
dominant ‘take, make and dispose’ economic 
model, whose negative effects threaten the 

stability of economies and the integrity of the 
natural global ecosystems that are essential for 
humanity’s survival.  
 
Circular economy policy in the European Union 
is guided by the Commission’s 2015 European 
Circular Economy (CE) Package, and more 
recently the Circular Economy Action Plan 
released in March 2020. Reuse is defined in the 
EU Waste Framework Directive (WFD) ((EC) 
European Commission, 2018) as ‘any operation 
by which products or components that are not 
waste are used again for the same purpose for 
which they were conceived’. As a means of 
promoting reuse in the EU, the revised Waste 
Framework Directive intends that Member 
States (MS) take ‘appropriate measures to 
prevent waste generation and monitor and 
assess progress in the implementation of such 
measures’. Reuse is difficult to measure. As a 
non-waste activity and therefore non-regulated, 
reuse involves a great diversity of material flows 
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and business models, from online exchanges to 
refurbishment workshops and second hand 
retail. To ensure such measurement takes 
place, and to ensure that it is achieved 
uniformly across all MS, the Directive proposes 
that ‘common indicators and targets should be 
established’. This is further developed in Article 
9(4) of the Directive which requires that MS 
measure reuse, applying the common 
methodology to be established by the 
implementing Act. The Commission 
Implementing Decision laying down the 
methodology and a format for reporting on re-
use was published in January 2021 in Eurlex 
requiring: 
 

• Member States measure reuse by 
“carrying out a qualitative and a 
quantitative monitoring of measures on 
reuse” 

 

• Quantitative monitoring will include 
measuring - at least once every three 
years – of reuse undertaken by 
reuse operators or households. 

 

• Appropriate measures should be taken 
to ensure the reliability and accuracy 
of the data on reuse. 

 
In order to support Ireland in meeting the 
requirements of the WFD, the Environmental 
Protection Agency, in its Research Call for 2018 
for Sustainability, included a project: ‘Qualifying 
and quantifying the Reuse Sector in Ireland’ 
(Q2Reuse). In March, 2019, a consortium led 
by The Clean Technology Centre (CTC) at MTU 
Cork, with the Community Resource Network 
Ireland (CRNI) and The Rediscovery Centre 
began work on the research project. This paper 
summarises the work carried out thus far on the 
project.  
 

State of the art 
The project team first looked at regions that 
have carried out, or are carrying out, the 
measurement of reuse. Ten international 
programmes, measurement systems and sets 
of activities were analysed by the project team. 
The findings from Scotland, Spain, UK, New 
South Wales, Netherlands, Flanders, Finland, 
Greece, New Zealand and New York City were 
condensed into a synthesis report (Q2Reuse, 
2020).  
 

Some regions, such as Scotland, New South 
Wales, and the UK have carried out once-off 
quality or quantity related assessments of 
reuse. Each of these studies used different data 
gathering methods with varying assumptions 
and parameters. Other regions, such as 
Flanders, The Netherlands, Spain and Greece, 
have set up systematic, online, multi-annual 
data gathering systems to measure reuse 
(though the systems in Spain and Greece are 
only Electrical and Electronic Equipment (EEE) 
related). While this project was underway, a 
comprehensive review of possible 
measurement methodologies in Europe was 
published by Oko-Institut (Gsell, M. et al, 2019). 
This has been reviewed and has informed this 
work.  
 

Qualitative Methodology 
Next, a qualitative mapping of reuse in Ireland 
was conducted. This iterative process informed 
the development of a flow diagram outlining the 
definition of reuse, how reuse happens at 
different levels in Ireland and the different 
classifications of practitioners involved (see 
Figure 1). The main steps in the qualitative 
assessment of reuse in Ireland were: 
 

a. Determining a definition for reuse 
b. Creating a reuse decision tree and 

flowchart diagram 
c. Building a database to catalogue reuse 

practitioners in Ireland 
 
The flowchart was initially used to establish 
whether a material is classified as ‘reuse’ or 
‘waste’. A key criterion for this is whether there 
is an intention to discard the material or whether 
it is intended to reuse/exchange this material for 
its original purpose (even if some checking, 
cleaning or repair is required). The next main 
consideration within the scope of the Q2Reuse 
research project was whether that activity 
would be impacted by setting a target.  Informal 
reuse between individuals is unlikely to be 
influenced by targets and as such, it was not 
included in the research. Subsequent to these 
decisions, the flowchart was used to map the 
different routes by which materials are reused 
within society. From this mapping it was 
apparent that the most appropriate point of 
measurement for reuse is at the final point of 
sale or exchange, as this is the ultimate point of 
transfer from one user to the next. This decision 
was informed by the Oko-Institut’s work on 
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providing a methodology to report national 
reuse data to the European Union and previous 
work by RREUSE on how to measure 
preparation for reuse. The rationale  for 
collecting data at the final point of sale / 
exchange rather than at interim points or at the 
initial point of collection is that collected items, 
particularly textiles, can be exported for reuse. 
However, as this work is concerned with 
measuring reuse in Ireland, targeting the final 
point of sale/exchange ensures that exported 
items are not included. Additionally, double 
accounting is avoided through setting the 
measurement point at the final point of sale / 
exchange rather than at interim transfer points 
(e.g. donation to a charity). The mapping 
exercise made it clear that, no matter how much 
granularity was explored, there would always 
be exceptions. Therefore, it was decided that 
the flowchart should represent ‘business as 
usual’ and any important exceptions or 
explanations would be noted accordingly. 
 
Based on the mapping of reuse outlined in the 
flowchart and the different reuse practitioners 
identified, the team created a database to 
catalogue those involved in reuse across 
Ireland. Inclusion in this database followed the 
rationale behind the flowchart so, for example, 
it was agreed that sharing schemes and rental 
(e.g. libraries, library of things, clothing rental, 
reuse of cups for events/festivals, etc.) would 
be excluded from the database because, 
although these initiatives are important, they do 
not fit the definition of reuse as a change of 
ownership does not take place. This database 
organised reuse practitioners according to eight  
broad categories (including organisational 
information, contact details, materials handled, 
sources of materials, interim activities such as 
repair, the primary point of sale/exchange, 
information regarding measurement and 
metrics, and other comments).  
 
A systematic search approach was employed 
(involving direct internet searches as well as 
searches across a number of social media 
channels), to populate the database. 
Additionally, inputs from the Community 
Resources Network Ireland membership, Irish 
Charity Shops Association and the Rediscovery 
Centre Circular Economy Academy were 
utilised. Google searches and Facebook 
searches yielded the largest amount of results, 
with Etsy and Twitter providing a small number 

of additional entries. The research team also 
found a large amount of reuse and private sales 
through online platforms such as Depop and 
Instagram, as well as through online 
marketplaces such as Adverts and DoneDeal. 
Future revisions of the methodology might 
place a greater focus on online sales and swaps 
to capture those exchanges. Throughout the 
process, the team reviewed exemptions and 
decided on whether to include practitioners 
which did not fit the reuse definition with full 
certainty. 
 
The different searches resulted in 1,273 
identified reuse practitioners in Ireland. 
Throughout this qualitative investigation, the 
categories within this database were continually 
refined and updated based on barriers 
encountered during its application and 
feedback from stakeholders. It is important to 
note that the 1,273 practitioners identified 
excludes EEE/WEEE and food.  
 

Quantitative Methodology 
 
In order to quantify the reuse sector, a 
quantitative methodology was drafted with a 
sampling plan (referred to as Survey A) 
designed to support it. The sampling plan, 
based on 1,200 entries in the database, 
provides a 95% confidence level and a 10% 
margin of error, with a minimum of 90 samples 
being required. In order to identify those to be 
further investigated, a combination of 
probability and non-probability sampling was 
applied. This first involved identifying the 
number of practitioners within the main 
categories of reuse, followed by the project 
team identifying a proportionate number of 
individual businesses within each (e.g. social 
enterprise retail, charity shop retail, private 
retail, marketplaces, depots/redistributors, 
online (national/local) and online 
(international)).  
 
In total, 104 practitioners were contacted, six of 
whom didn’t want to participate. 57 Survey A 
questionnaires were completed and compiled 
using SurveyMonkey software. The output from 
these surveys was quantitative and qualitative, 
primarily showing overall approach by the 
sector to data collection as well as some 
qualitative data on incentives. Over 50% of the 
practitioners listed in the database were found 
to be non-profit organisations. This provides an 

622



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Tobin, K., Gibson, C., Downey, C., Miller, S. & Coakley, T.  
Qualifying and Quantifying the Reuse sector in Ireland - Plate Conference 
Proceedings Template 2021 

 

 

- 4 - 

 

important profile of the landscape of reuse 
practitioners in Ireland.  
 
Subsequently, a further 20 practitioners were 
approached via semi-structured interview 
(referred to as Survey B) to explore in more 
detail the actual flow of materials through the 
various practitioner locations and, where 
possible, identify and measure throughput at 
the appropriate points within this process flow. 
This subset was determined by non-probability 
convenience sampling. First, during a workshop 
held remotely, the research was explained and 
participant input was used to refine the 
interview methodology. A broad range of 
practitioner types were involved in Survey B, 
ensuring that these included online as well as 
physical retail spaces, shops which are part of 
a larger group with formal systems in place, as 
well as independent shops without formal 
management systems. This work was originally 
intended to take place during on-site visits but, 
with Covid-19 restrictions in place, this 
engagement was carried out remotely instead. 
In order to ensure a consistent examination of 
the different practitioners, and to facilitate 
collation of data, a flow template, with 
associated questions was developed using 
Miro software. The results of this process were 
combined to identify the main areas where data 
is currently gathered, to better understand how 
reuse materials should be classified and help 
the project team consider how data can be 
scaled up to provide national reporting figures.  
 
Based on these results, further investigation of 
relevant quantification systems in Flanders, 
The Netherlands, Scotland, Australia and 
Finland was deemed necessary. The project 
team conducted a number of structured follow-
up interviews with organisations based in these 
regions in order to aid the development of a 
national quantitative methodology for Ireland. 
As a consequence of these, and the results 
from both surveys, the main steps proposed 
have been identified as follows: 
 

a) Scoping of the sector  
b) Defining what will be measured  
c) Data compilation – gathering, 

collating, assessing  
d) Data extrapolation, scaling and 

accuracy  
 

Scoping of the sector 
The European study on a Methodology for the 
reporting of re-use of products underpinning the 
Commission's Implementing Decision (Gsell, 
M. et al, 2019) proposed a narrow scope of 
product categories as appropriate for 
measurement: EEE, textiles, furniture and 
construction materials. Many current 
measurements focus on measuring reuse by 
social enterprises working with donated goods, 
though there are diverging opinions on whether 
the wider sector should also be included, 
particularly online platforms. Based on findings 
from Q2Reuse research the proposed nine 
main material categories for reporting reuse in 
Ireland developed under this methodology 
include: clothing, other textiles and 
accessories, footwear, bric-a-brac, books and 
media, furniture, bikes, jewellery and other with 
a minimum of 28 sub-categories (and 
potentially 33 sub-categories) identified. Both 
non-profit enterprises and commercial 
enterprises (e.g. the whole sector) are included 
in the scope.  
 
While in an ideal situation there would be a 
100% response rate for any data collection 
exercise, in the absence of any Government 
funding directed to reuse operators, many of 
whom are charities with other driving forces, it 
may be difficult to gather sufficient data to 
provide for accurate reporting. 
 
Incentivising reporting (e.g. financial incentives, 
funder requirements, targets, access to data or 
marketing) has been shown to result in high 
levels of reporting. In the Irish context it is 
recommended that supports accompany 
reporting requirements.  

 
Defining what will be measured 
In Ireland, number of units (e.g. number of items 
sold) and financial metrics are the most 
commonly compiled primary measures on 
reuse. Very few reuse operators measure 
weights at the point of reuse and for those who 
report weight metrics, most use proxy weights 
or product weight protocols to convert unit data 
into tonnes sold. 
 
Turnover data is widely available, though for 
some reuse operators it may be difficult to 
distinguish general earnings from the value 
associated with reuse activities. Providing the 
data to check this can also involve a high 
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reporting burden. In the Netherlands floor area 
(m²) is widely reported and used for 
extrapolation of other data. Social metrics are 
not generally used to correlate with reuse 
levels.  
 

Data compilation 
There is general agreement in the sector that 
point of sale is an appropriate point for 
measurement though other data (e.g. weight) 
could help validate this. There are many unit to 
weight conversion tables (product weight 
protocols) used in different regions, with 
between 300 and over 1,000 categories. 
Observations of product weights over time 
indicate that these should be regularly updated 
to remain accurate, particularly for textiles and 
electrical goods. However, voluntary updates 
are harder to implement effectively. In Flanders, 
the move towards regularly weighing general 
product categories (rather than having a very 
large number of individual categories) will aim 
to help improve accuracy, reduce reporting 
burden and remove potential for error at store 
level.  
 
There is a growing trend toward unit-to-carbon 
saving conversion tables though these are 
mostly proprietary due to the large development 
cost involved. Electronic Point of Sale (EPOS) 
systems offer a clear advantage in terms of 
collecting point of sale data. The risk of double 
counting or error due to online sales or repair is 
considered to be minimal. 
 
Data extrapolation, Scaling and 
Accuracy 
As it is not always possible to gather data from 
all reuse activities taking place, to generate a 
baseline or full estimate of the amount of reuse 
taking place nationally, some form of 
extrapolation and scaling is required. Retail 
area and turnover are possible secondary 
metrics for scaling up available data to 
represent the entire sector. A number of 
methods are employed to ensure the accuracy 
of the data including checks at micro level 
(specific product categories such as “supermix” 
donations, sales data) or auditing 
(accountants), as well as checks at macro level 
(collective data compared with historic data). It 
is important to strike a balance between 
accuracy and the accessibility of data, bearing 
in mind the ultimate aim of driving reuse.  
 

Conclusions 
Based on the research carried out in Q2Reuse 
to date, the recommended methodology  
proposes: 
 

Periodic material category 
characterisation surveys using a base 
metric of number of units  
These surveys would assess the main 
materials category (of 9 categories) and 
examine them under their various sub-
categories (between 28 and 33) to generate a 
profile for each. While doing this, weights of the 
different sub-categories would be recorded to 
develop a statistically robust weight-based 
dataset for the main material subcategories. It 
is proposed that this data would be used, in 
conjunction with national data (e.g. reported 
data, national turnover), to generate a national 
profile (based on weight and individual sub-
categories) of reuse in Ireland. 
 

Application of conversion factors  
For this bottom-up approach to be applied, it will 
require either (or a combination of):  

a) the whole sector (or a representative 
proportion) to report into a formal national 
system, or  

b) a sub-set of the sector be assessed and 
then used to scale up against an 
appropriate national dataset (e.g. 
turnover).  

 
Both of these options currently have major data 
gaps that would need to be addressed to be 
applicable.  
 

Incentives to report for the reuse sector 
Incentives will be necessary for sector buy-in. 
Subsidies/funding could include: local authority 
rate rebates, reduced VAT, gift aid, more labour 
activation, grants for EPOS/scales. A national 
communications campaign to promote the 
sector may be a useful support but not likely to 
be incentive enough on its own to promote 
reporting.  
 
With a thorough and well-presented overview of 
reuse (both in quantitative and qualitative 
terms), policy makers can make assured and 
focused decisions on the most beneficial 
supports that are required to boost the sector 
and track the impact of policy decisions 
pertaining to the sector.  
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Stakeholders and practitioners of reuse can 
also use this information to get a balanced 
picture of the current status of the sector and 
how they can act to increase activities. 
 
The proposed national measurement 
methodology developed through this research 
represents a significant step towards Ireland’s 
progress in benchmarking its reuse sector 
against those of other Member States and 
regions. This provides Ireland with a valuable 
asset in meeting its future requirement to report 
on reuse levels to the European Union. 
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Figure 1. Reuse flowchart diagram 
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Abstract: Even though clothing items have been sold with attached washing instructions for a long 
time, the importance of appropriate garment care has only recently started to appear in fashion retailers’ 
sustainability reports. Simultaneously, some retailers also developed educational campaigns, and 
started selling washing items (detergents, washing bags), and upcycling tools (repair kits, iron-on 
patches). These offerings are often framed around sustainability and the need to prolong the lifetime of 
garments to reduce the impact on the environment. The present paper builds on qualitative research 
tradition, stemming from rich text and image material related to the appearance of garment care 
offerings (GCOs) in fashion retail settings, which are collected through offline and online retail setting 
observations. The collected material is approached through the lens of qualification, which allows to 
identify the processes through which fashion retailers aim to make care part of the fashion market. The 
preliminary findings suggest that GCOs aim to do this work by qualifying care practices as essential 
and clothing items as worthy of care. The present paper argues that if fashion retailers want to carve 
out a position within a slower fashion future, they need to focus their businesses more on scaling GCOs 
and establish their position as assisting consumers through clothing ownership and use with different 
care offerings. 

 

Introduction  
Today, fashion brands produce almost twice as 
many garments as in the year 2000, which is 
strongly connected to the development of the 
fast fashion sector (Niinimäki et al., 2020). The 
current fast paced, and high-volume production 
of the fashion industry, fueling the never-seen 
levels of garment consumption is widely 
problematised due to its environmental impact 
(Fletcher, 2017; Freudenreich & Schaltegger, 
2020; Goworek et al., 2020; Niinimäki et al., 
2020). As a response to this ‘hot situation’ 
(Callon, 1998), producers, retailers, policy-
makers, consumer groups develop different 
methods to deal with the increasing presence of 
concerns (Geiger et al., 2014). Guided by 
circularity principles, retailers in their 
sustainability reports (see H&M, 2019), 
increasingly frame the concern of shortened 
clothing longevity as an issue, and argue that 
besides material innovations, it can also be 
addressed with the help of the consumers 
through appropriate care practices.  
 
The present paper points out that garment care 
offerings (GCOs) are one of the strategies that 
retailers introduce to attempt to tackle the 

environmental burden of their operations. 
GCOs are conceptualised here as products or 
services on either complimentary or against 
payment-basis, which are concerned with the 
maintenance of clothing items in consumers’ 
wardrobes. Through an initial fieldwork, it was 
apparent that retailers started to put different 
types of offerings on the market, addressing 
different aspects of care. Involving online 
educational content for laundry practices, 
products protecting the garments through 
laundry activities, different repair tools, tutorials 
and services, as well as upcycling and DIY 
tricks. However, these offerings invite 
consumers to attach new meanings, adapt new 
materials, and develop new competencies 
(Shove et al., 2012), while managing their 
clothing items and wardrobes. Furthermore, 
retailers may face conflicting commercial and 
sustainability interests in communicating the 
importance of clothing longevity (Goworek et 
al., 2020). Therefore, the present paper aims to 
conceptualise how fashion retailers attempt to 
make care part of fashion markets, by analysing 
the qualifications embedded in these offerings, 
building on qualification theory from Callon et 
al. (2002), and using qualitative methods 

628



 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Réka Ines Tölg 
  Caring for extending: Consumer configuration in fashion retail settings 

- 2 - 

 

inspired by multi-sited ethnography (Marcus, 
1995). 

 
Qualifying GCOs 

Despite the importance of consumers’ clothing 
competencies in clothing longevity (Bocken et 
al., 2016; Fletcher, 2012, 2017; McNeill et al., 
2020; Niinimäki & Armstrong, 2013; Selvefors 
et al., 2019), research studying consumer 
practices related to repair and clothing 
maintenance identify several barriers to 
clothing maintenance, such as high costs of 
repair services, lack of skills or time to conduct 
repairs (Diddi & Yan 2019, McLaren and 
McLauchlan, 2015). On the other hand, despite 
the potential initial barriers to care practices, 
when consumers are provided appropriate 
information on the environmental importance of 
repair and clothing maintenance, they may 
consider to contribute to product lifetime 
extension initiatives, especially with items they 
treasure (Diddi & Yan 2019, McLaren and 
McLauchlan, 2015). This is important for 
fashion retailers, who want to adopt circularity 
frameworks, and enroll consumers in new 
offerings, which support clothing longevity 
beyond the point of sales, through facilitation of 
clothing care and repair. However, as Gwilt et 
al. (2015) argue, points of sale instructions and 
labels are rarely followed up by consumers. As 
clothing longevity, depends not only on physical 
durability but also on use, and the wider social-
cultural factors in which clothing consumption is 
embedded (Cooper, 2010), the recruitment of 
consumers in clothing care requires more 
invested approaches from clothing retailers, 
than the presence of instructions and care 
labels.  
 
The role of marketing in shaping markets is 
highlighted in different research fields, for 
instance in how certain concerns, such as in 
this case the environmental impact of short 
product lifetimes, may be embedded in 
offerings (Geiger et al., 2014) or the role of 
marketing to engage consumers in changing 
the way clothing is purchased (Goworek et al., 
2020). Marketing campaigns, amongst other 
activities can be approached as processes of 
qualification (Callon et al., 2002). Qualification 
theory focuses on the process, through which, 
for instance companies, attach ‘constellation of 
characteristics’ to their products and services to 
put them on a market (Callon et al., 2002, p. 
199). This process is at the core of configuring 
exchange practices, as it contributes to 
temporary singularisation and stabilisation of 

goods, which are pre-requisites for exchanges 
to occur (Callon, 1998; Callon et al., 2002; 
Kjellberg & Helgesson, 2007). This theoretical 
angle allows to view traded goods (entailing 
both products and services) as the temporarily 
fixed results of a qualification trials between 
multiple actors, such as product developers, 
marketeers, retailers, consumers, NGOs, and 
policy makers (Callon et al., 2002; Callon & 
Muniesa, 2005; Corvellec & Stål, 2019).  
 
Marketeers offer suggested qualities to the 
consumers at retail settings, through 
packaging, shelves, labels, and promotions, 
challenging consumers’ own calculative 
agencies (Callon & Muniesa, 2005; Cochoy, 
2004; Fuentes & Fuentes, 2017). GCOs, in the 
present paper may also be understood as 
channels, through which retailers aim to attach 
certain qualities to garments and clothing 
consumption in order to establish the different 
care related products and services on the 
market. Taking this approach gives insights into 
how retailers aim to enact care on the market 
and support consumers in contributing to 
clothing longevity, while having to tackle 
barriers to maintenance practices, and the need 
to negotiate commercial and sustainability 
interests (Diddi & Yan, 2019; Goworek et al., 
2020).  
 

Methodology 
The study was inspired by ethnographic 
research methods, following the research 
object of GCOs through multiple sites (Marcus, 
1995), the chosen fashion retailers’ marketing 
channels (i.e. Fuentes & Fuentes, 2017). More 
specifically, the data collection was inspired by 
‘following objects’ as discussed by 
Czarniawska (2007), highlighting the 
importance of materiality in socio-technical 
arrangements by drawing on the work of Latour 
and Callon. This approach allowed ‘following’ 
the instances when retailers addressed 
garment care, in different shapes and forms, i.e. 
informative campaigns, tips, educational 
content, service offerings, or products proposed 
as different clothing maintenance tools.  
 
To capture GCOs more in-depth, upon the 
initial fieldwork mentioned earlier, the 
observation was narrowed down to three 
distinct Swedish fashion retailers as research 
sites. The three companies provided a varied, 
yet distinct sample of Swedish retailers 
addressing garment care. H&M as the largest, 
mainstream fashion retailers, Filippa K as a 
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company, who base their branding on long 
lasting products, and lastly the mainly denim 
retailer, Nudie Jeans, who stands by offering 
free repairs through different channels for all of 
their jeans. Further data was collected at these 
three sites, through the retailers’ different 
marketing channels, entailing their websites, 
sustainability reports, stores, webstores and 
social media in October-November 2020, 
leading to 685 different captured instances of 
retailers addressing garment care. The social 
media observation focused on content 
published between autumn 2019-autumn 2020, 
to choose a long and unified timeframe for all 
three observation sites. Table 1 below presents 
the distribution of the collected material from 
the different sites and their different marketing 
channels.  
 
All of the files and captured instances were 
uploaded to NVivo, and sorted according to the 
three retailers, allowing line-by-line coding on 
all of the material. Upon all the material was 
coded, using the ‘node’ function of NVivo, the 
nodes, were assigned to sets, contributing to 
analytical questions of ‘how GCOs are placed 
on the market?’ and ‘what qualities do the 
GCOs speak of?’. 
 

 
Table 1. Material summary from the three 
companies. 

 

Preliminary findings 
The analytical questions to the material led to 
the identification of different forms of GCOs, 
identifying value adding, value recovering, and 
value preserving GCOs, across different 
channels, as well as the identification of the 

qualification work that GCOs conduct to 
establish care as essential activity, and to make 
clothes worthy of care. These findings are 
presented in the following section. 
 

Enacting GCOs on the fashion market 
In this on-going analysis, the preliminary 
findings point towards the multiplicity of how 
care is enacted on the market in the shape of 
GCOs. By studying the material across the 
three retailers, it was noticeable that each 
retailer takes different approaches. Some are 
more service oriented, offering life-long free 
repairs for their sold products, as in the case of 
Nudie Jeans. While others focus more on care 
product innovations, such as Filippa K through 
their partnership with Steamery Stockholm, 
who offers care technologies such as steamers, 
but also piling shaver, focusing on keeping the 
garments fresh. These offerings build on Filippa 
K’s promise of providing timeless, high quality 
investment pieces. Thus, their assortment is 
positioned to be best supported by high quality 
wardrobe maintenance, such as investing in 
wooden hangers, clothing mists, and piling 
removals: 
 
‘With Filippa K Care products, our customers 
can give their garments a luxury treatment. 
Each is uniquely designed to help keep your 
timeless styles in pristine condition, and looking 
new season after season.’ 
(Filippa K Sustainability report, 2018) 
 
Lastly, in the case of H&M, education through 
tips, related to garment care takes a central 
stage in their Take Care online knowledge hub, 
which provides information from washing and 
ironing clothes, refreshing smelly shoes, 
mending jeans, fixing buttons, as well as 
different DIY upcycling advice for tackling 
boredom with clothes. These step-by-step 
instructions are often supported by garment 
care products, such as zip replacements, 
pocket-sized sewing kit, elbow and iron-on 
creative patches.  
 

Looking at the material at this stage, a typology 
can also be proposed based on the different 
values the GCOs bring to the consumers. The 
three categories entail value preserving GCOs, 
value recovering GCOs, and value adding 
GCOs. Value preserving offerings address the 
necessity of not damaging clothing items during 
ownership, through for instance by providing 
instructions on how to conduct laundry with 
sensitive materials like silk or providing 
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products such as ‘gentle detergents’. 
Recovering offerings refer to different products, 
services and information that propose solutions 
for clothing damage such as stains, holes, loss 
of buttons, etc. Lastly, value adding offerings 
mostly aim to tackle the issue of emotional 
durability connected to clothing longevity. Thus, 
they offer upcycling tips, DIY products, or even 
services connected to personalisation of items, 
such as the embroidery services offered in a 
limited number of H&M stores connected to the 
Take Care concept.  

 
Qualifying care as essential 
One of the key roles of GCOs in the material 
was to explain and create a connection 
between the concepts of consumers performing 
caring practices, their role in longevity, and the 
implications for the environment. Firstly, to 
establish such connections and consequently 
increase the importance of care, the GCOs 
address the notion of circularity and the role of 
product use in the framework, which in all three 
cases, is the ‘chosen sustainability framework’ 
of the retailers. Due to the companies’ 
circularity strategies, product use receives 
elevated importance: 
 
’Long before circularity became a buzzword, we 
focused on longevity and knew that garments 
you love – you keep.’ 
(Nudie Jeans Sustainability report, 2019) 
 
Upon the roles of circularity and longevity in 
tackling sustainability challenges are 
established, the GCOs also communicate more 
directly the role of care in prolonging garment 
lifetimes. Here, caring for clothing and caring for 
the planet are often positioned as parallel 
activities, where the consumers can 
demonstrate conscious attitude towards the 
environment by taking better care of their 
clothing. Through connecting use phase and 
sustainability goals, as well as the implications 
of care for product lifetimes, the GCOs attach 
qualities to care, which encapsulate its 
essential nature for product longevity: 
 
‘Our goal is to become 100% circular. To get 
there, we need you. When buying clothes, 
make them last longer. Repair them when they 
are broken, preferably with a patch so they 
become more personal. Air more and wash 
less; and when washing, wash cold.’  
(H&M Take Care brochure, own translation 
from Swedish) 

 

Qualifying garments as worthy of care 
More directly related to qualification processes, 
GCOs also work to establish garments as 
worthy of care, by attaching different qualities to 
clothing items. An illustrative example of this 
process, is for instance, when Nudie Jeans 
makes old and worn clothes valuable by 
positioning them in different inspirational ‘user 
stories’ as being old friends, companions on a 
journey, and unique in nature due to their fades. 
Thus, making jeans to be the subject of love, 
which deserves care. The attached qualities 
can also aim to tackle wider social-cultural 
norms, such as cleanliness, and the perceived 
need of how often clothing needs to be washed. 
One of Nudie Jeans’ GCOs, a video they shot 
in a communal laundry room, teaching about 
how to wash dry denim, addresses this 
question, and also highlights that their jeans do 
not require washing often, for instance waiting 
six months before washing for the first time is 
what they suggest. The normalisation of less 
frequent washing, and the worn-out look, which 
may result from this are qualities embedded in 
this specific GCO.  
  

Conclusions 
The qualifications around GCOs make 
garments the subjects of care and potentially 
even creativity and craft. These qualities are set 
to work in making consumers more likely to 
invest resources into care activities as well as 
offerings. Furthermore, GCOs through their role 
in qualification of garments, and clothing 
consumption can address the social-cultural 
elements influencing longevity (Cooper, 2010). 
Such as cleanliness ideas, which may result in 
caring practices that negatively influence 
garment longevity, like too frequent washing. 
These qualifications embedded in GCOs 
around the meaning and value of clothing, as 
well as the importance of care practices in 
relation to clothing longevity are essential 
‘groundwork’ to create the foundations of 
potential future service offerings and address 
the need for extended product longevity.  
 
As pointed out by Goworek et al. (2020), 
clothing longevity ideas in fashion management 
may conflict with commercial interests, if 
clothing consumption is reduced as a result. 
This paper aims to point at a potential fashion 
future, where retailers and fashion brands do 
not only have interest in sales volumes, but are 
also involved in the post-purchase phase of 
garments’ lifetimes. This extended care view, 
would benefit the industry by complying with 
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potential EPR (extended producer 
responsibility) policies (Diddi & Yan, 2019). 
Furthermore, it would also create new 
opportunities through service offerings, which 
facilitate consumers in a longer ownership 
period and more frequent use of the same 
items, with willingness to invest into value 
adding, preserving and recovering offerings 
around those clothing items. 
 

References 
Bocken, N. M. P., de Pauw, I., Bakker, C., & van der 

Grinten, B. (2016). Product design and business 
model strategies for a circular economy. Journal of 
Industrial and Production Engineering, 33(5), 308–
320. 
https://doi.org/10.1080/21681015.2016.1172124 

Callon, M. (1998). An Essay on Framing and 
Overflowing: Economic Externalities Revisited by 
Sociology. The Sociological Review, 46(1_suppl), 
244–269. https://doi.org/10.1111/j.1467-
954X.1998.tb03477.x 

Callon, M., & Muniesa, F. (2005). Peripheral Vision: 
Economic Markets as Calculative Collective 
Devices. Organization Studies, 26(8), 1229–1250. 
https://doi.org/10.1177/0170840605056393 

Callon, M., Méadel, C., & Rabeharisoa, V. (2002). 
The economy of qualities. Economy and Society, 
31(2), 194–217. 
https://doi.org/10.1080/03085140220123126 

Cochoy, F. (2004). Is the Modern Consumer a 
Buridan’s Donkey? Product Packaging and 
Consumer Choice. 24. 

Cooper, T. (Ed.). (2010). Longer lasting products: 
Alternatives to the throwaway society. Routledge.  

Corvellec, H., & Stål, H. I. (2019). Qualification as 
corporate activism: How Swedish apparel retailers 
attach circular fashion qualities to take-back 
systems. Scandinavian Journal of Management, 
35(3), 101046. 
https://doi.org/10.1016/j.scaman.2019.03.002 

Czarniawska, B. (2007). Shadowing: and other 
techniques for doing fieldwork in modern societies. 
Copenhagen Business School Press DK. 

Diddi, S., & Yan, R.-N. (2019). Consumer 
Perceptions Related to Clothing Repair and 
Community Mending Events: A Circular Economy 
Perspective. Sustainability, 11(19), 5306. 
https://doi.org/10.3390/su11195306 

Fletcher, K. (2012). Durability, Fashion, 
Sustainability: The Processes and Practices of 
Use. Fashion Practice, 4(2), 221–238. 
https://doi.org/10.2752/175693812X13403765252
389 

Fletcher, K. (2017). Exploring demand reduction 
through design, durability and ‘usership’ of fashion 
clothes. Philosophical Transactions of the Royal 
Society A: Mathematical, Physical and Engineering 
Sciences, 375(2095), 20160366. 
https://doi.org/10.1098/rsta.2016.0366 

Freudenreich, B., & Schaltegger, S. (2020). 
Developing sufficiency-oriented offerings for 

clothing users: Business approaches to support 
consumption reduction. Journal of Cleaner 
Production, 247, 119589. 
https://doi.org/10.1016/j.jclepro.2019.119589 

Fuentes, C., & Fuentes, M. (2017). Making a market 
for alternatives: Marketing devices and the 
qualification of a vegan milk substitute. Journal of 
Marketing Management, 33(7–8), 529–555. 
https://doi.org/10.1080/0267257X.2017.1328456 

Geiger, S., Harrison, D., Kjellberg, H., & Mallard, A. 
(2014). Being Concerned about markets. In S. 
Geiger, D. Harrison, H. Kjellberg, & A. Mallard. 
(Eds.) Concerned markets: Economic Ordering for 
Multiple Values (pp.1-18). Edward Elgar Publishing 
Limited. 

Goworek, H., Oxborrow, L., Claxton, S., McLaren, A., 
Cooper, T., & Hill, H. (2020). Managing 
sustainability in the fashion business: Challenges in 
product development for clothing longevity in the 
UK. Journal of Business Research, 117, 629–641. 
https://doi.org/10.1016/j.jbusres.2018.07.021 

Gwilt, A., Leaver, J., Fisher, M., & Young, G. (2015). 
Understanding the caring practices of users. In: T. 
Cooper, N. Braithwaite, M. Moreno, & G. Salvia 
(Eds.) Product Lifetimes and the Environment: 
Conference Proceedings, 17-19 June, 2015 - 
Nottingham, UK. (pp. 125-129). Nottingham Trent 
University: CADBE. 
https://www.plateconference.org/understanding-
caring-practices-users/ 

H&M. (2019). Sustainability performance report. 
H&M. https://sustainabilityreport.hmgroup.com/wp-
content/uploads/2020/10/Sustainability_Peforman
ce_Report_2019.pdf 

Hagberg, J., Sundstrom, M., & Egels-Zandén, N. 
(2016). The digitalization of retailing: An exploratory 
framework. International Journal of Retail & 
Distribution Management, 44(7), 694–712. 
https://doi.org/10.1108/IJRDM-09-2015-0140 

Kjellberg, H., & Helgesson, C.-F. (2007). On the 
nature of markets and their practices. Marketing 
Theory, 7(2), 137–162. 
https://doi.org/10.1177/147059310707686 

Marcus, G. E. (1995). Ethnography in/of the world 
system: The emergence of multi-sited ethnography. 
Annual Review of Anthropology, 24, 95–117. 
doi:10.1146/annurev.an.24.100195.000523 

McLaren, A. & McLauchlan, S. (2015) Crafting 
sustainable repairs: practice-based approaches to 
extending the life of clothes. In: T. Cooper, N. 
Braithwaite, M. Moreno, & G. Salvia (Eds.) Product 
Lifetimes and the Environment: Conference 
Proceedings, 17-19 June, 2015 - Nottingham, UK. 
(pp. 221-228). Nottingham Trent University: 
CADBE. https://www.plateconference.org/crafting-
sustainable-repairs-practice-based-approaches-
extending-life-clothes/ 

McNeill, L. S., Hamlin, R. P., McQueen, R. H., 
Degenstein, L., Garrett, T. C., Dunn, L., & Wakes, 
S. (2020). Fashion sensitive young consumers and 
fashion garment repair: Emotional connections to 
garments as a sustainability strategy. International 
Journal of Consumer Studies, 44(4), 361–368. 
https://doi.org/10.1111/ijcs.12572 

632

https://www.plateconference.org/understanding-caring-practices-users/
https://www.plateconference.org/understanding-caring-practices-users/
https://sustainabilityreport.hmgroup.com/wp-content/uploads/2020/10/Sustainability_Peformance_Report_2019.pdf
https://sustainabilityreport.hmgroup.com/wp-content/uploads/2020/10/Sustainability_Peformance_Report_2019.pdf
https://sustainabilityreport.hmgroup.com/wp-content/uploads/2020/10/Sustainability_Peformance_Report_2019.pdf
https://doi.org/10.1108/IJRDM-09-2015-0140
https://doi.org/10.1177/147059310707686
https://www.plateconference.org/crafting-sustainable-repairs-practice-based-approaches-extending-life-clothes/
https://www.plateconference.org/crafting-sustainable-repairs-practice-based-approaches-extending-life-clothes/
https://www.plateconference.org/crafting-sustainable-repairs-practice-based-approaches-extending-life-clothes/


 

 

4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 

Réka Ines Tölg 
  Caring for extending: Consumer configuration in fashion retail settings 

- 6 - 

 

Niinimäki, K., & Armstrong, C. (2013). From pleasure 
in use to preservation of meaningful memories: A 
closer look at the sustainability of clothing via 
longevity and attachment. International Journal of 
Fashion Design, Technology and Education, 6(3), 
190–199. 
https://doi.org/10.1080/17543266.2013.825737 

Niinimäki, K., Peters, G., Dahlbo, H., Perry, P., 
Rissanen, T., & Gwilt, A. (2020). The environmental 
price of fast fashion. Nature Reviews Earth & 
Environment, 1(4), 189–200. 
https://doi.org/10.1038/s43017-020-0039-9 

Selvefors, A., Rexfelt, O., Renström, S., & 
Strömberg, H. (2019). Use to use – A user 
perspective on product circularity. Journal of 
Cleaner Production, 223, 1014–1028. 
https://doi.org/10.1016/j.jclepro.2019.03.117 

Shove, E., Pantzar, M., & Watson, M. (2012). The 
dynamics of social practice: Everyday life and how 
it changes. SAGE. 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

633



 

 

4th PLATE 2021 Virtual Conference 
Limerick, Ireland - 26-28 May 2021 

- 1 - 
 

 
 
 
Unravelling Repurposing - A taxonomy for a promising circular 
business model strategy 
Marco van Hees(a), Inge Oskam (a) 
a) Amsterdam University of Applied Sciences, Amsterdam, The Netherlands 
 
 
Keywords: Circular economy; circular business model; business modelling; repurposing.  

Abstract  

The Dutch government and leading academics in the field of circular economy propose that 
“repurposing”, i.e., finding new usages for discarded material, is important to reduce resource usage. 
Waste collectors, municipalities and start-ups increasingly find ways to develop circular business 
models, aiming for minimum loss of material integrity.  Repurpose is a circular business model strategy 
which entails using a discarded product or its parts in a new product with a different function.  

The aim of this research is to gain a better understanding of this promising but academically 
underexposed circular strategy by empirically exploring its key characteristics and developing a 
taxonomy that reflects the scope and potential of the concept. The taxonomy development was based 
on clustering and comparing 96 case examples using key characteristics and critical factors 
empirically collected by means of 11 semi-structured expert interviews. The taxonomy was iteratively 
refined and validated by means of workshops with experts. 

This paper proposes a taxonomy and a comprehensive definition for repurposing.  The Repurpose 
taxonomy distinguishes three main categories with increasing levels of material integrity: “Reprocess”, 
“Reshape” and “Recontextualize”. The taxonomy provides a refinement of existing circular business 
model patterns and frameworks for closing material loops strategies. It shows how repurposing may 
exploit the creative potential of design to fill the gap between reuse and recycling by retaining previously 
added value with three levels of physical adjustment. 
 
Literature background 
 
The Circular Economy has been positioned as 
a potential lever for sustainability and business 
innovation and sustainable business models 
and circular business models are needed to 
facilitate the transition towards a circular 
economy (WBCSD, 2015; Ellen MacArthur 
Foundation, 2017). Sustainable business 
models offer long-term solutions based on 
sustainable value and pro-active stakeholder 
involvement, beyond customers and 
shareholders and including the natural 
environment (Schaltegger, Hansen  & Lüdeke-
Freund, 2016). Circular business models are a 
subgroup of sustainable business models that 
specifically address the reduction of resource 
usage by means of circular loop strategies, 
based on narrowing, closing and slowing 
resource loops  (Bocken, De Pauw, Bakker & 
Van der Grinten, 2016). 
 

The Dutch government proposed a waste 
hierarchy based on 9 circularity R-strategies 
(Potting et al., 2018;  Reike, Vermeulen & 
Witjes, 2018) to minimize resource input and 
waste (see Table 1).  Higher strategies are 
considered more desirable from an 
environmental and business perspective and 
although most strategies have gained attention 
in the field of the Circular Economy, 
repurposing remains underexposed. 
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Table 1. circularity R-strategies and position of 
repurposing (adapted from Potting et al. (2016))  

Repurposing entails the re-use of a discarded 
technical product or its components in a new 
function (Sieffert, Huygen & Daudon, 2014; 
Potting et al., 2018; Kirchherr, Reike & Hekkert,  
2017). Repurposing offers eco-effective 
solutions (Braungart, McDonough & Bollinger, 
2007), aiming at maintaining high added-value 
products on the market as long as possible to 
ultimately delay recycling or disposal (Bauer, 
Brissaud & Zwolinski, 2017). Recycling is still 
very much part of the linear economy and 
sometimes uses more energy than the 
production of new materials, (Potting et al., 
2018; Allwood, Ashby, Gutowski, & Worrell, 
2011)  which makes repurposing preferable 
from an environmental and business 
perspective.  
 
Whereas repair, refurbish and remanufacturing 
focus at the original functional value of a 
product, repurposing often entails new value 
creation with a minimum loss of material 
integrity. Examples cited in literature include 
transforming wind blade parts into building 
structures (Leahy, 2019; Bank, Arias, Gentry & 
Al-haddad, 2018), turning old smartphones into 
parking meters or educational applications  
(Zink, Maker, Geyer,  Amirtharajah & Akella, 
2014; Li et al., 2010), and EV car batteries into 
energy storage systems  (Schulz, Bey, Niero & 
Hauschild, 2020;  Richa, Babbitt, Nenadic & 
Gaustad, 2017). Other examples from practice 
include transforming old truck tarpaulins into 

fashionable bags, iconic building floors into 
high-end furniture, and national railway 
timetables into trendy office supplies. 
Repurposing is popular among industrial design 
and artists (Reike, Vermeulen & Witjes, 2018), 
and has potential as a business model strategy 
for sustainability in the transition to a circular 
economy (Lüdeke-Freund, Gold & Bocken 
2018; Sieffert et al., 2014). However, 
repurposing of technical materials is less used 
than other circularity strategies (Reike et al., 
2018) and remains understudied in business 
model literature (Lüdeke-Freund et al., 2018; 
Kurt, Cung, Mangione, Cortes-Cornax & Front,  
2019). Moreover, there is a range of  academic 
interpretations of repurposing, for example with 
regard to various levels of product integrity 
(Sihvonen & Ritola, 2015), various strategic 
goals (Bauer et al., 2017), or its multiple 
linkages to other R-strategies (Coughlan,  
Fitzpatrick & McMahon 2018; Lüdeke-Freund et 
al., 2018; Kurt et al.,  2019).  
 
Therefore, the aim of this paper is to provide 
insight in the main characteristics of 
repurposing as a business model strategy  and 
to propose a comprehensive definition and 
taxonomy for this promising, but academically 
underexposed, circular strategy.  
 
Research design 
 
After exploring relevant literature, a qualitative 
research approach was used that consisted of 
two stages. In the first stage key characteristics 
and critical factors were derived from interview 
data and literature. In the second stage the key 
characteristics were used to collect more than 
100 empirical cases of repurposing that formed 
the basis for the development of a taxonomy for 
repurposing.    
 
Expert interviews 
 
The main method of inquiry is based on expert 
interviews and data collected from academia 
and practitioners involved in circular economy 
business modelling and design strategies for 
technical materials. To get a broad 
representation from science and practice, 11 
experts were selected that varied in 
background, sector and role. The interviewees 
included experienced senior business 
consultants, business owners, CEO’s and 
professors with a solid background in product 
design and/or business modelling (see Table 

Usage Function Resource

R0 Refuse abandon same different

R1 Rethink intensify same same

R2 Reduce intensify same fewer

R3 Re-use extend same same

R4 Repair extend same same

R5 Refurbish extend same same

R6 Remanufacture extend same same 

R7 Repurpose extend new same

R8 Recycle new new same 

R9 Recover new new same 
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2). The interviews had an average length of 45 
minutes and covered the following topics:  
- definition and characteristics of 

repurposing 
- critical factors  
- examples of repurposing 
 

Nr  Interviewees 
1 Professor in product design  
2 Founder Circular Business Consultancy 
3 Senior Sustainability Consultant 
4 Founder Circular Business Consultancy 
5 Founder Circular Design Company  
6 Founder Circular Design Company 
7 Founder Circular Business Consultancy 
8 Senior Consultant Manufacturing Industry 
9 Senior Consultant Waste Management 
10 Founder Circular Design Company 
11 Professor in Circular Business 

 
Table 2. interviewees expert interviews 
 
 
Data analysis  
 
The interviews were audio-recorded, 
summarized and transcribed ad verbatim with 
the consent of all participants. Software for 
qualitative data analysis (MAXQDA) was used 
to assist qualitative data analysis. The 
analytical process consisted of three stages, 
constituting open coding, axial coding and 
selective coding (Strauss & Corbin, 1990). 
Using a pattern-matching logic for explanation 
building (Eisenhardt & Graebner, 2007), key 
characteristics, critical factors in value creation 
and delivery processes and examples of 
repurposing were identified.  
 
Taxonomy development 
 
To develop a taxonomy, more than 100 cases 
were initially collected from literature, university 
archives, web search, and the interviews. The 
cases were archived in a database by means of 
the following variables: origin, characterisation 
of resource, application, characterisation of 
physical production, business model aspects, 
Impact, sources/more information. 
 
All cases were subject to a critical reflection by 
the researchers with regard to acceptability of  
repurposing case examples in this research. 
Only examples related to a scalable business 
model and industrial design were accepted, e.g.  
artwork, Do-It-Yourself or one-offs were 

excluded. This led to a (growing) database with 
96 cases in April 2021. 

 
The taxonomy was iteratively developed, 
refined and validated in various workshops: 
 
- Two card-sorting sessions, one with 

researchers and one with experts 
clustering cases by means of 6 profile 
diagrams based on the critical factors 
identified in the interviews.  

- Two round-table discussions with 
researchers to 1) develop the taxonomy 
based on the clusters found and  2) classify 
all cases and refine the taxonomy 

- Online workshop with experts to validate 
the taxonomy 

 
Results 
 
With regard to the circular economy business 
model (CEBM), we found a number of key 
characteristics and critical factors based on the 
interviews and exploration of characteristics in 
available literature.  
 
Key characteristics  
 
The characteristics that distinguish repurposing 
from other circularity strategies are particularly 
related to two aspects. Hence, we propose that 
repurposing typically involves a change of the 
value proposition and retention of value that 
was added in previous usage and production 
processes (see Table 3).  

 

 Characteristics Interview & Literature 

Ch
an

ge
 o

f v
al

ue
 p

ro
po

si
tio

n New context 
(e.g. new target 
audience, new 

market)  

1, 2,10 
 

(Sihvonen et al., 2015; 
De Hollander et al., 
2017; Bauer et al., 

2017; Whalen, 2019) 

New function 
(e.g. new goal, 

new application) 

2, 3, 5, 6,7, 8, 9, 11 
 

(Sieffert et al., 2014; 
Kurt et al., 2019; 

Potting et al., 2017; 
Bauer et al., 2017)  
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Va
lu

e 
re

ta
in

m
en

t 

Objective physical 
integrity 

(e.g. material 
destruction, eco-

effectiveness)  

1, 2, 3, 5, 6, 7, 8, 9, 
10,11 

 
(Bauer et al.,  2017; 
Allwood et al., 2011; 

Mestre &  Cooper 
2017; Braungart et al., 

2007) 

Subjective 
emotional integrity 

(e.g. personal 
attachment, 

culture, historic 
value)  

7, 10, 11 
 

(Sieffert et al, 2013) 

 
Table 3. characteristics based on change of the 
value proposition and value retainment  
 
Critical factors  
 
With regard to critical factors for repurposing, 
two main categories emerged from the data 
which are related to complexities in repurposing 
value creation and delivery processes:  
- Cross-sector collaboration 
- Resource availability  
 

 Critical factors Interview 

Cr
os

s-
se

ct
or

 c
ol

la
bo

ra
tio

n New integral logistics 
processes  

(e.g. new cross-sector 
forwarding and reverse 

logistics) 

1, 3, 6, 7, 
8, 9, 10 

New partnerships  
(e.g.  new revenue models, 
launching customer, new 

channels, new competences) 

1, 3, 4, 6, 
7, 8, 9, 10, 

11 

Re
so

ur
ce

 a
va

ila
bi

lit
y Quality  

(e.g. consistency, 
complexity, uniqueness, 

functionality) 

4, 5, 6, 7 

Quantity 
 (dis)continuity, 

timing/synchronicity, 
feedstock scalability,  

visibility & accessibility 

1,2, 3, 5 7, 
9 

 

Table 4. critical factors based on cross-sector 
collaboration and resource availability 
 
Although limited resource availability decreases 
options for upscaling the business model, some 
interviewees mentioned that, typically for 
repurposing, limited resource availability may 
also create opportunities for valorisation with  
‘limited editions’. However, this also carries a 
risk of a rebound-effect (Zink & Geyer, 2017), 
for example by replacing popular discarded 
products or components by virgin material.  
 
Taxonomy for repurposing 
 
Based on these characteristics, critical factors 
and a cross-case analysis of 96 cases, a 
taxonomy for repurposing is proposed, 
consisting of three main categories: Reprocess, 
Reshape and Recontextualize and four related 
categories (see Figure 1). 
 

 

Figure 1. Repurposing Taxonomy: three main 
categories for repurposing and four related 
categories. 

The three main categories – Reprocess, 
Reshape and Recontextualize – each entail 
new value propositions with increasing degrees 
of value retention. In Reprocess  the product or 
its components undergo relatively significant 
physical modifications, but specific functional 
and visual properties of components or 
materials are used for the production of higher-
value products. Other than with recycling, with 
Reprocessing the material of the discarded 
product or component is still recognizable, for 
example colorful flip flops produced from waste 
rubber found on African beaches each being 
unique and appealing to a sustainability-minded 
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target audience. In Reshape, the product or its 
components undergo minor physical 
modifications and are used for a new 
application inspired by the emotional value 
related to the unique origin of the product, the 
original form or appearance of the product or 
component, and/or the functionality or the 
properties the product or component offers. An 
example that uses a combination of these 
characteristics is a tray made of the national 
railway timetables, using the color and material 
properties as well as the emotional value 
related to the iconic timetables. In 
Recontextualize  the discarded product is used 
without physical modifications in a new context, 
however with a new value proposition which is 
closely related to its original usage. A car 
battery, for example, may no longer be able to 
fulfil its original function properly, but is with 
minor alterations usable in a less demanding 
context such as electricity storage in buildings. 
 
Additional to the three main categories, four 
separate product categories were identified, 
which merely facilitate repurposing. For 
example, “add-ons for repurpose” are products 
that facilitate recontextualizing of discarded 
products (for example a cap that makes a spray 
bottle out of a soda bottle), and “tools for 
repurpose” facilitate the making of a new 
product from  discarded materials  (for example 
a kit to make guitar picks out of cred-it cards). 
Additionally, some products were found that 
were specifically designed upfront for next-life 
repurpose (Bauer et al., 2017; den Hollander et 
al., 2017), whereas repurposing production 
waste is aiming at more efficient processes. 
 
Discussion 
 
Our research set out to explore repurposing as 
a promising, yet understudied circular business 
model strategy.  
 
On the basis of our findings, the following 
comprehensive definition for repurposing is 
proposed:  “a business model strategy that 
applies a discarded product or its components 
for a function or context, other than its originally 
intended value proposition, and in doing so 
retaining value that was added by previous 
value creation, value delivery and use 
processes and adding new value”.  
 
The taxonomy reveals the broad scope and 
creative potential of the repurposing concept 

and provides a refinement of the strategic 
options to retain value by applying the 
cascading and repurposing circular economy 
business model pattern (Lüdeke-Freund et al., 
2018). The results show that this business 
model pattern is not exclusive for biological 
cycles, but is also relevant for technical nutrient 
cycles. The main categories Reprocess and 
Reshape reflect the creative potential of design 
to fill the gap between reuse and recycling (e.g. 
Reike et al., 2018; Mills et al., 2012), and 
provide promising possibilities to retain value 
that was added in previous usage or value 
creation and delivery processes. The category 
Recontextualize reflects the definition of 
repurpose by Sihvonen and Ritola (2015) with 
no or minor adjustments to the original product 
design. 
 
Our findings suggest that the repurposing 
categories Recontextualise and Reshape may 
represent a higher level of circularity then just 
above recycling in the hierarchy. These 
categories could be equivalent to re-use, repair, 
refurbish and remanufacture (Coughlan et al., 
2018; Lüdeke-Freund et al., 2018; Kurt et al., 
2019) and create new opportunities for 
additional value creation. This makes 
repurposing particularly promising for the 
development of new circular economy business 
models, either by prolonged use and reuse of 
goods over time (‘slowing loops’) or the reuse 
of materials through recycling (‘closing loops’) 
(Bocken et al., 2016). However, since rebound 
may be a relevant risk in successful 
repurposing business models, additional 
research should investigate how, and under 
which conditions, repurposing could be placed 
higher on the circularity ladder.   
 
The taxonomy may be used as a framework to 
study circular economy business models and 
circular supply chains for each identified 
repurpose category based on design options 
and patterns found in state-of-the-art literature. 
We propose follow-up research by means of in-
depth case-studies for each repurposing 
category in order to identify whether the circular 
economy business model (CEBM) design 
options and patterns proposed by Lüdeke-
Freund et al. (2018) can also be applied to the 
various categories in the repurposing 
taxonomy, or whether additional CEBM design 
options and patterns are necessary to facilitate 
the development of business models on a 
micro-level.  
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Moreover, each repurposing category could 
benefit from more in-depth case studies to 
explore repurpose-specific constraining and 
driving mechanisms. For example, perceived 
supply chain risks related to usage of material 
in a different context play an important role. 
Further research could focus specifically on the 
dynamics and mechanisms in cross-sector 
collaborations for various repurposing 
categories.  
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Abstract: Consumers’ expectations about product lifetimes have an influence on the actual lifetimes. 

Promoting repairability and a product lifetime label can potentially encourage consumers to extend 

product lifetimes. In this paper, we present in-depth insights in how consumers make estimations 

about product lifetimes, and their attitudes towards repairability and a product lifetime label. Our 

results reveal that consumers feel unable to make a well-informed estimation about the product 

lifetime, have negative associations with product repairability, and have concerns about how use 

intensity and use behavior can be taken into account on a label. Additionally, displaying a minimum 

number of years on a label may cause unintentional rebound effects.  

 
 

Introduction  
Prolonging product lifetimes of consumer 
electronics lowers their environmental impact. 
Longer product use decreases the need for new 
products, which in turn lowers the released 
CO2 emissions, the amount of critical raw 
materials needed for production processes, and 
the number of products ending up in landfills. 
Product lifetime extension is therefore desirable 
for the environment (Bakker et al., 2014). 
Consumers and their behavior have an 
important role in product waste reduction 
(Cooper, 2004), however, a lot of nowadays 
products are disposed of for other reasons than 
being broken ‘beyond’ repair (Harmer et al., 
2019; Hennies & Stamminger, 2016; Wieser & 
Tröger, 2016). When aiming to prolong product 
lifetimes, it is thus important to consider the 
consumer perspective on product lifetimes. 
 
Consumers generally have certain expectations 
regarding the lifetimes of their products. 
Research suggested that low lifetime 
expectations may lead to shorter use times and 
replacement cycles (Wieser et al., 2015). When 
aiming to increase product lifetimes, it is 
important to be aware that the replacement of a 
product is in most cases not only based on 
rational decision-making (Guiltinan, 2010). 
During its lifetime, a product is mentally written 
off by the consumer. This mental value 
depreciation is influenced by both economical 
(e.g., low price of new product compared to 

costs of possible repair) and psychological 
factors (e.g., the desire for a new feature) 
(Okada, 2001). If consumers expect a product 
to be relatively short-lived, this mental 
accounting goes faster, and the product is more 
likely to be prematurely replaced because it has 
made its money worth (van den Berge et al., 
2021). To understand how consumers form 
lifetime expectations is therefore key. It can 
provide insights on how to lengthen lifetime 
estimations, and hereby potentially increase 
actual lifetimes. 
 
Product repairability (i.e., the extent to which a 
product is able to be repaired) has been 
indicated as a potential way to increase product 
lifetimes (Bocken et al., 2016). It seems likely 
that providing repair possibilities could thus 
lengthen consumers’ lifetime expectations as 
well. Previous research indicated that even 
though consumers may prefer repair over 
disposal, they currently do not look for 
repairability in products (Sabbaghi et al., 2016). 
Furthermore, consumers’ face a lot of barriers 
towards repair (Tecchio et al., 2019). To 
lengthen product lifetimes, it is thus important to 
explore consumers’ attitudes towards 
repairability.  
 
Consumers currently lack information in making 
product lifetime estimations (Cox et al., 2013). 
To support consumers in making more well-
informed estimations, a lifetime label can 
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potentially bring the longevity of the product 
more on top of mind during decision-making 
(Braithwaite et al., 2015; Gnanapragasam et 
al., 2018). However, it is unclear how 
consumers would respond toward such a label.  
 
This paper contributes to the literature on 
product lifetimes. It provides in-depth insights 
on how consumers make estimations about 
product lifetimes, how consumers perceive 
product repairability, and how a product lifetime 
label could support consumers in making more 
informed estimations about the lifetime.  
 

Method 
The explorative nature of semi-structured 
interviews (n=22) left room for new insights to 
emerge and supported in obtaining in-depth 
insights (Patton, 2002). The recruited 
participants showed variety in age (29-72 
years), gender (41% male, 59% female) and 
income. All participants replaced one or two of 
the selected products (washing machines: n=8, 
vacuum cleaners: n=8, TVs; n=8 and 
smartphones; n=8) within six months preceding 
the interview, to make sure the replacement 
decision was fresh in their memories. For the 
selection of the products that were discussed in 
the interview, a high market penetration, high 
environmental impact, high frequency of usage 
and a variety in technological advancement 
(high for smartphones and TVs, medium for 
vacuum cleaners and low for washing 
machines) were used as selection criteria.  
 
During the interviews we asked how the 
participants estimated lifetimes, whether the 
lifetime and repairability were considered at 
purchase, and what their opinion was about a 
product lifetime label. To identify the context of 
the replacement, we asked the participants 
about the actual product lifetime and the 
physical state of the old product when replaced, 
as well as the reason(s) for replacement. The 
interviews lasted 30-60 minutes and took place 
at people’s homes (November 2019). All 
interviews were audiotaped and fully 
transcribed. For this paper only the data on 
lifetimes, repairability and lifetime labelling were 
reported. The data was analyzed using Atlas.ti 
software, and coded in-vivo in the first round in 
order to stay close to the raw data (Saldaña, 
2013). The in-vivo codes were clustered into 
sub-codes (50) and codes (22), which were 
iteratively formulated, discussed and refined 
within the research team. 

Results and Discussion 
The actual lifetimes of the replaced products 
greatly differed within all categories (washing 
machine: 5-18 years; vacuum cleaner: 5-30 
years; TV: 4-25 years; smartphone: 2-9 years). 
This indicates a large variation in lifetimes of 
products analyzed in this study. Differences 
between product categories regarding the 
physical state of the products during 
replacement were observed as well. While most 
washing machines had a defect, most TVs were 
still working. The reasons for replacement were 
diverse as well, ranging from a defect or 
decrease in functionality (e.g., a broken drum of 
a washing machine, or a decrease in battery 
capacity of a smartphone) to a desire or a good 
deal for a new product (e.g., a TV with a bigger 
screen or a good deal for a vacuum cleaner). 
The insights related to the context of the 
replacement are presented in table 1. Below, 
we further elaborate on consumers’ lifetime 
estimations, responses towards repairability, 
and attitudes towards a product lifetime label. 
 

Consumers’ lack the ability to make well-
informed product lifetime estimations  
Participants’ estimations about the lifetime of 
their new product (i.e., the product bought as a 
replacement) were diverse, ranging from 5-12 
years for a washing machine, 5-15 years for a 
vacuum cleaner, 5-15 years for a TV and 2-10 
years for a smartphone (see table 1). Assuming 
that there is a large variety in lifetimes between 
products within each product category (i.e., 
depending on quality, range, price etc.), the 
diversity in lifetime expectations is not 
surprising. The observed spread in consumers’ 
lifetime estimations suggests there is a 
possibility to influence currently fluctuating 
lifetime estimations, because they currently 
seem to be very unpredictable for consumers. 
This is promising when aiming to extend 
undesirable short product lifetimes estimations.  
 
Initially, consumers either confirmed or denied 
that the product lifetime played a role in their 
purchase decision-making. More in-depth 
insights revealed that most of the participants 
did actually took the lifetime into account, but 
not always consciously. 
 
P16 – Vacuum cleaner: ‘No I do not think I took 
lifetime into account. Not consciously at least, but it 
might be something kind of self-evident. A thought of 
what you can expect from such a device.’ 
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Table 1. Overview of the interview data presented 
per product category. 

 
 

Participant 
number – 
Product 
category 

Actual 
lifetime 
replaced 
product 

Physical state 
replaced product 

Replacement reason 
replaced product 

Repair attempt 
replaced product 

Lifetime 
expectation 
new product 

Considered 
lifetime 
new product 

Considered 
repairability 
new product  

Interest 
Product 
lifetime 
label  

P1 - WM 15 Defect Unknown defect No 10 Yes No Yes 

P6 - WM 10 Defect Electronical defect No 5-10 Yes No No 

P15 - WM 5 Defect Unknown defect No 10 Yes No Yes, but 
concerns 

P17 - WM 13 Defect Unknown defect No 10 N.a. No N.a. 

P18 - WM 10 Defect Broken door Yes, new door 10 No No No 

P19 - WM 18 Defect Broken drum Yes, but failed 10 No No Yes, but 
concerns 

P20 - WM 15 Working, but decrease 
in functionality 

Wear of drum bearings No 10-12 Yes No Yes 

P22 - WM 15 Decrease in functionality No clean wash No 10 Not 
consciously  

No Yes 

 
          

 
    

P1 - VC 17 Working, but decrease 
in functionality 

Noise and smell No 15 Not 
consciously 

No Yes 

P2 - VC 30 Damaged Power plug felt unsafe No 10 Not 
consciously 

No Yes, but 
concerns 

P4 - VC 25 Working New product less noise, 
more energy efficient 

No 10 - 15 No No Yes, but 
concerns 

P6 - VC 10-15 Defect Unknown defect No 5 N.a. No N.a. 

P8 - VC 10 Defect Unknown defect No N.a. No No No 

P9 - VC 10 Working New product was a good 
deal 

No 10 Yes No Yes 

P11 - VC 6-7 Defect Unknown defect No 7-12 Yes No Yes 

P16 - VC 5-6 Defect Electronical defect No 5 Not 
consciously 

No Yes 

 
          

 
    

P3 - TV 5 Working New technological desires No 15 No No N.a. 

P5 - TV 7 Working Screen too small No 15 No No No 

P7 - TV 10 Damaged and decrease 
in functionality 

Damaged screen and 
decrease function 

No 10-12 Yes No Yes, but 
concerns 

P8 - TV 2-3 Damaged Stroke through screen No 5-6 No No Yes 

P10 - TV 10 Working Stain in screen and new 
technological desires 

No 6 No No Unsure 

P12 - TV 25 Working Analog TV incompatible 
with service provider 

No 10 No No Unsure 

P13 - TV 10 Working Analog TV incompatible 
with service provider 

No 10 No No Yes 

P21 - TV 4 Working Screen too small No 10 No No No  
          

 
    

P2 - SP 4 Working, but decrease 
in functionality 

Battery malfunctioning No 4 Yes No Yes 

P3 - SP 2 Working Subscription ending and 
brand reputation 

No 2 Yes No No 

P4 - SP 3 Working New desired, old product 
to family member 

  2 - 2,5 No  No Yes, but 
concerns 

P5 - SP 3 Damaged Broken screen No 5 - 6 No  No No 

P7 - SP 8-9 Working No available software 
updates 

no 7-8 Yes No Yes, but 
concerns 

P9 - SP 4 Decrease in functionality Decrease of function, low 
quality camera 

Yes, replaced 
screen 2 times 

4 Not 
consciously 

Yes, ability to 
repair screen 

Unsure 

P11 - SP 3-4 Decrease in functionality Low memory capacity, low 
quality camera 

Yes, replaced 
screen 2 times 

4 N.a.  No Yes 

P13 - SP 6 Working No available software 
updates 

Yes, replaced 
button 

10 Yes Yes, modular 
phone 

Unsure 
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Participants’ lifetime estimations were mainly 
based on intuition (i.e., instinctive knowing). 
When we asked what this intuitive estimation 
was based on, they mentioned personal 
experiences, recommendations from family or 
friends, consumer reviews, salesmen, the price 
and brand reputations. 

 
P1 – Washing machine: ‘[When making a lifetime 
estimation] you consider the price and the brand. It is 
based on instinctive feelings, but also on 
experiences from the past. Seeing products in the 
store or on the internet, you don't see the difference 
at all, and really have to read into it. If you see them 
in the store, you really need someone to tell you 
about the product.’ 

 
Consumers seem to lack expertise and 
knowledge to make a well-informed estimation 
about the product lifetime. Many participants 
acknowledge this and even declared 
themselves unable to make an estimation. 
From the appearance, it is difficult to identify 
differences between products in terms of 
lifetime. Information about the quality and 
robustness of used materials and components 
is often not communicated by the manufacturer. 
Estimating the lifetime feels as a guess to many 
consumers. To make the product lifetime a 
more prominent aspect in consumers’ purchase 
decision-making, it is thus important to better 
support them in making lifetime estimations.  

 

Consumers have a negative attitude 
towards product repairability 
Before replacing the product, three participants 
repaired their smartphone, and only one 
repaired her washing machine. None of the 
participants repaired a vacuum cleaner or TV 
(see table 1). Our results thus demonstrated 
that repair was often not considered for the 
replaced product, and thus was unable to 
lengthen the lifetimes of the investigated 
products. Confirming existing literature, the age 
of the product and cost of repair were mostly 
mentioned as barriers towards repair activities 
(Laitala et al., 2021; Tecchio et al., 2019). 
Interestingly, product defects that did result in 
repair all had a visible effect on the product 
appearance (e.g., broken door of a washing 
machine, a broken screen and button of 
smartphone, see table 1). This suggests that a 
know-how of what is wrong, either by visual or 
technical indication (supporting in the notion of 
what is wrong) may stimulate product repair.  
 

We also investigated the repair considerations 
of participants’ new products. Some additional 
barriers, such as the lack of a convenient repair 
infrastructure (Jaeger-Erben et al., 2021) and 
the availability of spare parts for a reasonable 
price (Sabbaghi et al., 2017), emerged that 
confirmed existing literature. Additionally, 
consumers also seem to face concerns about 
the repair outcome. 

 
P3 -TV: ‘How do you get an appliance like that safely 
and securely to a place you get offered a repair? And 
does it pay off to repair it? […] Are there any 
replacement parts available for a fair price? And after 
repair, do you really have a working device again that 
will have the life you hoped for?’ 

 
Our results revealed the uncertainty of the 
repair outcome as a hindrance towards 
executing repair activities. We believe that the 
prospect of a sound repair outcome may 
support in lengthening lifetimes expectations 
from consumers. It is interesting to investigate 
what design, service or business model 
elements (e.g., repair guarantee services) can 
take away this experienced hindrance, and 
consequently increase consumers’ confidence 
in repair.  
 
Finally, most participants responded that they 
did not take repairability into account when 
purchasing the new product. They were often 
surprised or confused by the question and 
indicated to ‘not have thought of it at all’. The 
participants also indicated that manufacturers 
currently do not communicate about 
repairability, and therefore, they could not have 
taken it into account. Additionally, some 
participants mentioned that the product did not 
look like it could be repaired.  

 
P 9 – Vacuum cleaner: No, not at all [considered the 
repairability]. I just did not think about it […] To me, 
this vacuum cleaner looks very closed as well... It 
doesn't look like I could open it up myself to replace 
something. 

 
Participants associated a repairable product 
with a performance that does not live up to the 
latest standards, as well as the more expensive 
option compared to similar products. Some 
participants even perceived repairability as a 
negative feature for products, because 
consumers just want a well-functioning product 
and do not wish to be bothered with potential 
repairs.  
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P15 – Washing machine: ‘No, I haven't thought about 
that… Well, it's not really promoted, that it’s easy 
repairable [...]. You hope that it will last a very long 
time. It is a negative thing if someone would promote 
that it is easy repairable. Then you think; does it 
break down that often?’ 

 

The discouraging attitude towards repairability 
can be attributed to consumers’ unfamiliarity 
with the topic and may change when more 
awareness is raised. Governmental parties 
should focus on promoting repairability and 
making policies for manufacturers that 
stimulate the promotion of repairs. For 
example, a policy obliging companies to share 
information about repairability may also change 
consumers’ current negative attitudes because 
repairability then becomes a more commonly 
considered attribute for products (such as the 
European Union energy label). 

 

Consumers’ varying attitude towards a 
product lifetime label 
Participants’ attitude towards a product lifetime 
label varied. Often concerns about the 
trustworthiness of the label were observed 
when it would be provided by the manufacturer. 
According to the participants, manufacturers 
have no interest in selling long-lasting products 
as this would reduce their sales. Additionally, 
the continuous development of new models 
made the participants wonder whether the 
lifetime of products can be predicted in 
advance. The speed of new technological 
developments makes it difficult to include 
evidence from practice in lifetime estimations.  
 
P16 – Vacuum cleaner: ‘I don't know if a lifetime label 
is reliable when it is provided by the manufacturer. 
They obviously commit to the mandatory warranty 
duration but have no interest in making the device 
last a lot longer […]. It also has to do with the fact 
that they keep renewing the devices and changing 
things. How can you predict anything about that?’ 

 
Furthermore, it was questioned how a label can 
take the influence of (careless) consumer 
behavior into account. Current warranty 
legislations from the European Union require 
proof that a failure is not due to the consumer. 
Often this was experienced as a burden, 
because for some cases it is difficult to provide 
proper evidence. On the one hand, participants 
mentioned that a lifetime expectation 
expressed in years could affect them, because 
this would enable them to compare the 

purchase price to the expected lifetime. On the 
other hand, there were concerns about a 
lifetime expectation expressed in years, 
because the use intensity (i.e., the frequency of 
usage) and consumer behavior (i.e., the way 
the product is handled by the consumer) 
strongly influence the product lifetime. 
Especially consumer behavior is difficult to take 
into account on a label.  
 
P4 – Smartphone: ‘I think that's very difficult for 
smartphones because it depends so much on 
individual usage. I think it is more important whether 
you have a good case around it protecting the phone, 
than the brand.’ 

 
Reflecting on these results, displaying a 
minimum number of years on the label may 
have undesirable rebound effects. Firstly, 
because consumers indicated that the lifetime 
of a product strongly depends on the products’ 
use intensity and consumers’ behavior, and 
therefore cannot be guaranteed. Additionally, 
research suggested that consumers’ lifetime 
expectations potentially affects the replacement 
decision (van den Berge et al., 2021). 
Displaying a minimum number of years may 
unintentionally encourage consumers to 
replace a still functioning product when these 
indicated years are exceeded. They may feel 
the product has made its money worth.  

 

Conclusions 
Our findings suggest that consumers do not feel 
confident in making accurate lifetime 
estimations. They need support in making more 
well-informed decisions with regards to product 
lifetimes. A product lifetime label potentially not 
only supports consumers in making better 
estimation, but it may also incentivize 
manufacturers to design products with a longer 
lifetime. When aiming to extend product 
lifetimes by a product lifetime label, it is 
important to alleviate consumers’ concerns. 
Special attention should be focused on the 
current negative attitude towards repair and 
repairability. Only then consumers will have 
confidence in the label and use it in their 
decision-making at purchase.  
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Abstract: According to Ellen Macarthur Foundation cities play a key role in the global economy and the 
implementation of circular economy concepts could lead to important social, environmental and 
economic benefits. Cities produce 50% of global waste and 60-80% of greenhouse gas emissions: the 
implementation of circular economy vision could change the consumption of resources reducing waste 
production. This research investigates the definition of a new circular economy business model to be 
applied to apartment for lease business, offering an innovative service to tenants. In detail, the business 
model aims at design and implement a rental service for social housing that includes the rental of 
furniture and appliances, defining a fully circular model that considers all phases of the assets life cycle 
and involves all the actors of the whole chain, from production, to use, to end of life management. 
Specifically, the project aims to investigate the possibility to offer furniture and electric appliances that 
are fully circular, i.e. reusable, refurbishable, recyclable, to tenants at a fare monthly rate within their 
rental agreement with the apartment owner.  
 
 

Introduction  
According to Ellen Macarthur Foundation cities 
play a key role in the global economy. Even 
though cities take up less than 3% of the earth's 
land surface, they account for 85% of global 
GDP generation and for 75% of natural 
resource consumption. Cities also produce 
50% of global waste and 60-80% of 
greenhouse gas emissions. These figures show 
an emerging and urgent transition towards a 
circular economy driven by cities. 
The implementation of circular economy vision 
in cities could lead to significant social, 
environmental and economic benefits: i) growth 
of economic productivity through the reduction 
of  congestion, elimination of wastes, and 
reduction of costs; ii) cities livable thanks to the 
improvement of the air quality, reduction of 
pollution; iii) reduction of raw materials used by 
keeping products in use.  
Each urban system is a set of themes integral 
to the circular economy such as the role of 
design, new business models and means of 
access, and use of digital technology.  
Within this process, the Circular Housing 
project, founded by EIT Climate KIC, aimed at 
defining a sustainable, replicable and less 

carbon-intensive business model for leased 
household appliances and interior furnishings, 
achieving the following objectives: 

• qualitative and quantitative evaluation of 
both current and proposed business model 
identifying potential critical aspects such as 
asset ownership, engagement of industrial 
and financial stakeholders; 

• investigation of the attractiveness for the 
users of the proposed business model; 

• validation of the model through the 
establishment of a strong network among 
relevant actors (industrial/financial 
stakeholders and tenants); 

• evaluation of the environmental impacts of 
the proposed solution. 

The innovation lies in particular in the systemic 
approach: the promotion of innovative circular 
economy model in the building sector implies 
the redesign of the current business model 
involving the financial, technical and 
governance drivers redefining the actors 
involved in the whole value chain. 
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Business model definition 
Context description 
As mentioned above this paper investigates the 
introduction of a new business model in the field 
of real estate with a specific focus on social 
housing that includes accommodation provided 
at affordable rates, on a secure basis, to 
individuals according to specific criteria (such 
as people on low income). As well as in other 
contexts furniture and appliances follow a linear 
life cycle in social housing field. The short-term 
of rental contracts, which usually last 4 up to 8 
years, pushes towards mobility of urban 
modern life and leads to high rate of waste 
generation. 
The study started evaluating the traditional 
purchasing scenario: furniture and domestic 
appliances are purchased as usual by the 
tenant. Considering the wide range of products 
available on the market and the possible 
preferences of users 3 different types of 
furnishings are considered in the evaluation of 
the traditional purchasing scenario: 

i. basic - furnishings characterized by low 
cost; 

ii. medium - furnishings characterized by 
an average ratio between quality and 
price, and 

iii. high - furnishings top of the range, 
characterized by design and quality 
elements. 

Regarding the apartments, are evaluated two-
room configurations (for single or couples) 
and three-room configurations (for couples 
with children) considering the following 
domestic environments: living room, kitchen, 
bathroom, double room and teen room. 
Finally, it was considered to evaluate different 
purchase options: direct purchase (without 
financial loan) and purchase with financing 
(with financial loan). The evaluation of costs 
to be incurred includes the purchase of 
furnishings as well as the costs of installation 
and maintenance. 

 
Business model and ecosystem description 
Considering the transition towards a circular 
economy it’s an ever-changing process, it is 
adopted an incremental approach for achieving 
a circular business model; three development 
phases, each one characterised by different 
business model, are investigated: 

i. as-is - it presents the current and linear 
way in which rental activity can be 

carried out. Furnishings rented are 
managed as waste after 8 years of use; 

ii. transitional - it presents the transition 
phase that will need to be addressed in 
order to reach a market maturity 
(adaptation of production cycles 
towards a circular model). Furnishings 
rented are checked after 4 years of use 
and are managed as waste after 8 
years of use; 

iii. to-be - it presents the fully circular 
business model which identifies a new 
model for the rental service of 
furnishings in the context of social 
housing, leveraging on a sustainable, 
replicable and scalable model. 
Furnishings rented are checked after 4 
and 8 years of use. After 8 years of use 
it is thus possible, through ordinary 
maintenance interventions and 
regenerative ones, to extend the useful 
life of the furnishings to 12 years and 
above if such interventions can still be 
performed. 
 

For each model described above, tenants 
select the furnishings desired that will be 
installed in the rented apartment signing a 
simplified lease contract including several 
services (installation, assistance, maintenance 
etc.). In addition, furnishings are classified as 
new goods, used-guaranteed or refurbished; 
considering that a wide range of products could 
better match tenants’ needs. The monthly 
instalment, as reported in Table 1, is calculated 
including additional services and to last for 8 
years as the hypothetical duration of the 
contract (with the possibility to further extent the 
renting with a lower instalment).  
 

Type of 

furnishings 

Two-room 

apartment (€) 

Three-room 

apartment (€) 

Basic 61.2 69.8 

Medium 84.5 97.4 

High 116.3 133.5 

Table 1 – Instalments for the different type of 
furnishings and apartments 

 
Moreover, the adoption of a new business 
model within the social housing renting context 
brings the needs (i) to identify and get involved 
different actors (benefit real estate investment 
management company, manufactures of 
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appliances and furniture, financial player, living 
manager and waste operators) and (ii) to 
establish business relationships. 
The economic evaluations, reported in Table 2, 
have been performed for to-be business 
model and adopting the perspective of the 
living manager who is the actor responsible for 
the management of renting contracts and the 
provision, through agreed condition with 
appliance and furniture manufacturers, of 
assistance services to tenants. Moreover, the 
economic evaluations are conducted assuming 
that at full capacity, thanks to a scalable 
business model, the Circular Housing 
ecosystem can involve a number of apartments 
of 3,000 units. 
 

Type of 

furnishings 

Investment 

(€) 
NPV (€) IRR 

Basic 11,990,000 450,000 1.7% 

Medium 16,550,000 620,000 1.7% 

High 22,770,000 850,000 1.7% 

Table 2 – Economic evaluation for two-room 
apartment 

 

The tenants’ engagement  
The introduction of a new business model 
envisages a strong final users’ involvement in 
the business model development and 
validation. The overall objectives of the users’ 
engagement process are:  

i. investigating the attractiveness of 
the new model for the users and their 
willingness to adopt the new model; 

ii. supporting the behavioural change 
towards the new model, through the 
improvement of the knowledge about 
environmental sustainability and 
circular economy themes and, thus, of 
their capacities to make aware 
individual choices.  

 
To reach these objectives a user-centered 
design approach1 was adopted in combination 
with a co-design methodology.  
The engagement activities are structured into 
two main phases: the analysis of the context 
and the validation of the solution designed. 

 
1 User-centered design is an iterative process that foresees 
the involvement of users in the design of the solution, in 
order to capture and address the whole user experience 
and to take into account their needs and desires, adopting 

The analysis activities have been structured 
into the following steps:  

i. an ice breaking online survey to 
investigate the user’s experiences. The 
results provide information about 
purchase habits while buying 
household appliances and furniture, 
finding out more on the type of choice 
made while buying and understanding 
how sustainability impacts on 
decisions. From the answer received, a 
variegate sample of users with different 
characteristics has been selected; 

ii. a second online survey to investigate 
the potential users’ points of view on 
the new model. The results obtained 
help to identify barriers and desires of 
each user. Through the analysis is 
possible to highlight the points of 
attention for developing the customer-
related aspects of the business model.  
 

Based on the results of the two surveys, the 
most significant user archetypes (Personas) 
has been delineated. The Personas’ tool is 
useful for driving the citizens involved in the 
workshop activities in empathizing themselves 
as a “typical users”, better understanding the 
proposed solution adopting different points of 
view, and to bring meaningful opinions for 
shaping the business model.  
 
The validation activities have been structured 
into the following steps: 
 

i. a training and mock-up workshop, 
organized to give the chance to users 
to know the model deeply and to share 
opinion through participatory activities. 
These activities include the simulation 
of the purchasing of the service, 
through the customization and the 
assessment of the quality-price ratio.  

ii. an evaluation survey for collecting 
information about results of the 
engagement activities in terms of 
behavioural change.  

 
The general perception about the ideated 
concept acquired from the 65 answers obtained 
from the ice breaking online survey is positive 

a series of research tools and design techniques to collect 
feedback.  
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and the propensity to change the habits in order 
to make them more sustainable is diffused as 
shown in Figure 1.  

 

Figure 1 – Willingness to change habits towards 
the circular models  

 
The second online survey achieved the 
collection of 20 answers that indicate a spread 
interest in adopting the new rental service. The 
highlighted strength points of the new model 
are the economical convenience, the flexibility 
and the sustainability; while the main weakness 
regards the worries about using reconditioned 
household appliances and used furniture that 
could be not performing as the new ones.  
 
The participative activities of the workshop 
allowed the involved users to validate the model 
through the evaluation of the proposed service 
options and the coherence of the cost, 
expressing their opinions and giving further 
suggestions for improving the service. The 
service was rated by most of them 
advantageous and interesting; the major 
strengths of the model highlighted related to the 
inclusion of the assistance service, the flexibility 
of the offer - which includes packages by 
environment and price range -, the breakdown 
of payment in light monthly instalments. The 
insights collected concern the opportunity to 
have a physical display of the furniture, the 
provision of packages that can evolve over 
time, the introduction of used furniture 
packages, the management of the early 
conclusion of the contract. 
 
Finally, the evaluation survey’s results 
confirmed that the majority of the engaged 
users, thanks to their involvement in the project 
activities, acquired new competences as regard 

the environmental sustainability and the circular 
economy and the environmental impact of the 
individual behaviour, and have a greater 
awareness and determination in making 
sustainable choices compared to the beginning 
of the involvement path. 
 

The environmental evaluation  
Environmental evaluation aimed to quantify 
potential environmental benefits arising from 
the implementation of the new circular business 
model in substitution of the current linear one. 
The analysis was conducted considering the 
impacts generated during the whole life cycle of 
the systems considered, by using the Life Cycle 
Assessment (LCA) methodology. 
The analysis considered the use of apartments 
(two-rooms and three-rooms) rented for a 
period of 8 years in the linear and in the circular 
model (deployed in three phases mentioned 
above). 
The study adopted a cradle-to-grave approach. 
The system under study included: 

• the manufacturing of appliances and 
furniture pieces (from the extraction of 
raw materials to the assembly of the 
final product) 

• their distribution from the manufacturer 
to the retailer (which includes import 
from non-EU countries, whenever 
relevant) and the retail 

• use and maintenance of the items 
during the renting period 

• the End of Life (EoL) of the items at the 
end of their useful life (which can 
include reuse, recycling or disposal, in 
different shares depending on the 
scenario analysed). 

The life cycle inventory (LCI) of the items 
considered was largely based on the work done 
by the Joint Research Centre (Castellani et al., 
2019; Reale et al., 2019). The furniture pieces 
considered are: kitchen cabinets, sofa, TV 
cabinet, wardrobe, bed structure, bed mattress, 
table and chairs.  
The appliances included are: washing machine, 
laundry dryer, TV, Induction hob, combined-
refrigerator-freezer, dishwasher, electric oven, 
cooker hood. 
The main impact considered in the study was 
climate change, calculated using the indicator 
Global Warming Potential (GWP – 100 years) 
based on the characterization factors provided 
by the latest IPCC report (IPCC, 2013), as 
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implemented in the Environmental Footprint 
(EF 3.0) impact assessment method, 
recommended by the European Commission 
(Zampori and Pant, 2019; Fazio et al., 2018). In 
addition, the other indicators included in the EF 
3.0 method are calculated for the 
characterization, normalization and weighting 
steps and the resulting weighted score is 
reported for each of the scenarios analysed. 
 

 

Climate change (kg CO2eq) 

Linear As is Transit. 
To 

be 

Per 

dwelling 
1708 1449 1312 1023 

Per 
dwelling/ 
person 

671 570 516 402 

Per 

dwelling/m2 
19.99 16.97 15.37 11.98 

Reduction  -15% -23% -40% 

 

Weighted score (mPt2) 

Linear As is Transit. 
To 

be 

Per 

dwelling 
376 343 310 260 

Per 
dwelling/ 
person 

148 135 122 102 

Per 

dwelling/m2 
4.41 4.03 3.64 3.05 

Reduction  -9% -18% -31% 

Table 3 – Results of environmental evaluation 

 
In the linear scenario, the most relevant life 
cycle phase (about 50% of the impact on 
climate change) is the use phase, and 
especially the energy consumption generated 
by appliances (45% of the whole GWP impact). 
The second most important phase is the 
production of raw materials and components 
used to manufacture appliances and furniture 
(33%). Due to the importance of energy 
consumption in the use phase, appliances are 
the most relevant product category (70% of 
GWP generated by the linear system), whereas 
furniture has lower contribution (30%).  
The solutions implemented in the circular model 
proved to be effective in reducing the impact on 
climate change generated by the system under 
study. The most effective change between the 
linear model and the circular models appeared 

 
2 milli-Points 

to be the possibility to rent appliances that 
ensure energy performance that are better than 
the average available on the market. The 
analysis of the impact generated on a wider set 
of impact categories highlighted that not only 
energy efficiency but also resource efficiency 
should be taken into account in the 
development of new business models aimed at 
reducing environmental impacts and 
implementing circularity principles. In this light, 
the complete set of innovations implemented in 
the circular business models (use of more 
efficient appliances, extension of the useful life 
of appliances and furniture, etc.) proved to be 
effective.  
The circular scenario “To be” allows for higher 
reduction of impacts compared to the other 
circular scenarios analysed. It means that the 
production of additional resources need for 
maintenance and regeneration of appliances 
and furniture generates impacts that are largely 
compensated by the extension of useful life and 
by the other innovations implemented. This 
holds true also when the effect of improved 
energy efficiency is not taken into account.  
 

Conclusions 
The results across economic, social and 
environmental dimensions have highlighted 
that it’s feasible to create an ecosystem of 
actors able to offer tenants ‘circular’ furniture 
and household appliances at a fare monthly 
rate within their rental agreement with 
apartment owner, reducing the generation of 
household waste significantly, through a 
gradual and incremental path. 
Additional research effort will be devoted to 
validate the obtained results implementing the 
model designed at real scale. 
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Buying new or refurbished?  
The influence of the product's durability and attractiveness, 
contamination risk and consumers' environmental concern on 
purchase intentions of refurbished and new products 
T.S. Wallner (a), L. Magnier(a), R. Mugge(a) 
a) Delft University of Technology, Delft, The Netherlands 
 
Keywords: Refurbished products; contamination; environmental concern, product durability, 
purchase intentions.  
 

Abstract:  
This research investigates how a durable and attractive product appearance, the perceived 
contamination risk, and consumers' environmental concern influence the purchase intentions of 
refurbished products. Consumers often have lower purchase intentions of refurbished products 
because they associate them with lower durability and fear that they are contaminated with a former 
user's traces. The environmental friendliness and lower price incentivise consumers to purchase 
refurbished products. Limitations of prior research are that it has focused strongly on qualitative 
research, and a comparison to the factors influencing the adoption of new products is lacking. This 
research contributes by investigating which factors significantly influence the purchase intentions of 
refurbished products. It additionally aims to uncover how these factors differ from those influencing 
purchase intentions of new products.  

In an online survey, we exposed 351 participants to a blender or headphones and informed them that 
the product was either new or refurbished. Two versions for each product were created to vary in terms 
of durability and attractiveness. Participants rated multi-item constructs on products' durability, 
attractiveness, contamination risk, their environmental concern and indicated their purchase intentions. 
The results indicate that product-related factors, such as durability and attractiveness, are important 
across the different phases of a circular life. Other factors, such as the contamination risk and the 
consumers' environmental concern, however, play an essential role in the decision to purchase 
refurbished products specifically. Underlining the cleanness of refurbished products and that they are a 
sustainable choice could be worthwhile strategies for increasing the desirability of refurbished products. 
 
 
Refurbishment of consumer 
electronics in the circular economy  
Refurbishment is a key strategy for the lifetime 
extension of products in the circular economy 
(Geißdörfer, 2017). Products that consumers 
no longer desire or need are collected and then 
refurbished. Refurbishment entails that the 
products are cleaned, tested, and repaired 
before they are being resold to consumers 
(Pigosso, 2010). While there is an established 
market for refurbished cars and bicycles, other 
refurbished consumer goods, such as 
headphones or blenders, are often seen as less 
desirable compared to new products (Mugge, 
Safari, & Balkenende, 2017).  
Consumers often have lower purchase 
intentions for refurbished products because 

they associate them with lower performance 
and durability (van Weelden, Mugge, & Bakker, 
2016; Baxter et al., 2017). Consumers 
additionally fear that refurbished products are 
contaminated with traces of a former user, and 
they lack a thrill of newness when purchasing 
them. A durable and attractive product 
appearance was suggested to enhance the 
desirability of refurbished radios, headphones 
and coffee makers (Wallner, Magnier, & 
Mugge, 2020) because these appearances 
could decrease the perceived risks that 
consumers associate with refurbished 
products. Furthermore, the environmental 
friendliness, extended warranties and lower 
price incentivise consumers to buy refurbished 
products (Mugge, Jockin, & Bocken, 2017). 
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A limitation of prior research is that it 
has focused strongly on qualitative research, 
and a comparison to the factors influencing the 
adoption of new products is lacking. This 
research contributes by investigating how 
product appearance-related factors (durable 
and attractive product appearance), perceived 
contamination risk and the consumers' 
environmental concern influence the purchase 
intentions of refurbished products. It 
additionally aims to uncover how these factors 
differ from the factors influencing purchase 
intentions of new products. 
 
The influence of product appearance 
Consumers make inferences on a product's 
utility and quality based on its appearance 
(Crilly, Moultrie, & Clarckson, 2004; Creusen & 
Schoormans, 2005). For example, consumers 
perceive objects that are heavy or look heavy to 
be of higher quality than light products because 
they associate the product's weight with 
strength and robustness. Consumers associate 
this robustness with a higher likelihood that the 
product will function for a long time (Mugge, 
Dahl, & Schoormans, 2018, van Rompay et al., 
2014). Associations that consumers have with 
products can be described as product 
semantics (Krippendorff & Butter, 1984). 
Product semantics are 'symbolic qualities of 
man-made shapes in the cognitive and social 
context of their use' (Demirbilek & Sener, 2003, 
p.3). Considering that semantics change with a 
product's context, a product with certain 
appearance-related characteristics may be 
perceived differently in a refurbished state 
because the context was changed through the 
use and refurbishment process. 
 
1.1.The influence of an attractive product 
appearance   
One factor responsible for the desirability of 
new as well as refurbished products is an 
attractive product appearance. Consumers 
associate attractive products with higher 
quality, trust (Page & Herr, 2002; Veryzer & 
Hutchinson, 1998), and greater ease of use 
(Hassenzahl, 2004) than less attractive 
products. This stereotype is widely known as 
the 'what's beautiful is good principle' (Dion, 
Berscheid, & Walster, 1972). Products that are 
new and should be kept in the loop as long as 
possible should therefore have an attractive 
and timeless product appearance (Mugge, 
Schoormans, & Schifferstein, 2005). Especially 
in the context of refurbishment, this seems 

relevant because refurbished products are 
perceived to be riskier, or in other words, 
trusted less by consumers. Decreasing this lack 
of trust in refurbished products with an 
attractive product appearance could enhance 
refurbished products' desirability. We, 
therefore, hypothesise that:  

H1: The attractiveness of the product 
appearance positively influences purchase 
intentions of new products (H1a) and 
refurbished products (H1b). The effect of an 
attractive product appearance on purchase 
intentions is larger for refurbished products 
than for new products (H1c). 

 
1.2.The influence of a durable product 
appearance  
Refurbished products should optimally 
communicate durability to counteract the risks 
that consumers perceive in them. Looking back 
at the history of product design, some products 
in the past communicated durability and 
longevity via their design and minimised the use 
of valuable resources (Oestereich, 2000). An 
example are designs from the beginning phase 
of the former German Democratic Republic 
(GDR). After the second world war, when 
resources were scarce, products with a 
Bauhaus design were designed to be long 
lasting in style as well as physical durability 
(Schaedlich, 1984), thereby using as few 
resources as possible. For new products, a 
durable product appearance may be preferred 
from an environmental perspective 
(Achterberg, Hinfelaar, & Bocken, 2016) and 
may be more desirable to consumers (Mugge 
et al., 2018).  
The topic of durability was also uncovered in 
qualitative research on the effects of product 
appearance for the acceptance of refurbished 
products. Refurbished products with a solid, 
massive product appearance were deemed 
desirable in a refurbished state (Wallner et al., 
2020). This research, however, needs 
quantitative validation to understand its 
influence on the purchase intentions of 
refurbished products in comparison to new 
products.  
We, therefore, hypothesise that: 

H2: The durability of the product 
appearance positively influences purchase 
intentions of new products (H2a) and 
refurbished products (H2b). The effect of a 
durable product appearance is larger for 
refurbished products than for new products 
(H2c). 
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Factors only relevant for 
refurbished products 
2.1. The influence of the perceived 
contamination risk   
Even though refurbished products are cleaned 
during the refurbishment process, some 
consumers fear that they are contaminated with 
traces of a former user (van Weelden et al., 
2016; Baxter et al., 2017), resulting in a feeling 
of discomfort or even disgust. However, the 
higher perceived contamination risk seems 
strongly related to the context and the 
consumer itself rather than the product. 
Shaving razors are a good example: While 
most consumers would feel uncomfortable 
buying a second-hand razor, being groomed 
with a (reused) razor at a barber's shop does 
not seem to cause an aversive reaction. 
Furthermore, some consumers are more prone 
to feel disgusted and feel disgusted more 
intensely than others; this has shown to predict 
avoidant behaviour (van Overveld, Jong, & 
Peters, 2010). For new products, we do not 
expect there to be an effect because the 
contamination comes through the reuse of a 
product which is not the case with new 
products. We, therefore, hypothesise that:  
• H3: Perceived contamination risk 

negatively influences the purchase 
intentions of refurbished products (H3a) but 
not the purchase intentions of new products 
(H3b).  

 
2.2.The influence of consumers' 
environmental concern 
Consumers who perceive the environmental 
benefits of refurbished smartphones are more 
inclined to purchase them (Mugge et al., 2017). 
This is why some consumers favour 
remanufactured products if they have an eco-
label (Wang & Hazen, 2016; Abbey et al., 
2014). The evidence for the influence of the 
consumers' environmental concern has, 
however, been conflicting. Some studies 
suggested that consumers' environmental 
concern does not predict consumers' purchase 
intentions of refurbished products (Chen, 
Wang, & Jia, 2020). Counterevidence,  
however, assumes that consumers know that 
refurbished products are the environmental 
choice. Whether it indeed influences the 
purchase intentions of refurbished products 
should therefore be tested. For new products, 
we do not expect this effect as they generally 
do not offer environmental benefits. We, 
therefore, hypothesise that:  

H4: Consumers' environmental concern 
positively influences the purchase 
intentions of refurbished products (H4a), 
but not the purchase intentions of new 
products (H4b).  

 
Methods 
Stimuli 
Although blenders and headphones are not yet 
commonly sold in a refurbished state, these 
product categories are easy to refurbish and 
therefore provide an interesting category when 
striving for a circular economy. We created 
twelve 3D models of blenders and headphones 
that varied in durability and attractiveness. The 
3D models were created in several iterations of 
sketching and 3D modelling until we obtained 
headphones and blenders that sufficiently 
differed in durability and attractiveness. 
Durability was operationalised in either a 
slender (breakable) or massive (durable) 
product form. Twelve 3D models were created 
with SolidWorks and rendered with Keyshot to 
include in the pre-test. 
 
Pre-test 
In a within-subjects design, we exposed 76 
participants with experience in design (48 
females; age range: 20-59, M=26.5; years of 
design experience: 1-35 years, M=6.14) to six 
blenders and six headphones. Participants 
rated all stimuli on several 7-point scales (see 
appendices). The pre-test results demonstrated 
that the stimuli significantly varied in 
attractiveness (Bell et al., 1991) and durability 
(Mugge, Dahl, & Schoormans, 2018) (all p's 
<.05). Furthermore, the stimuli had a similar 
level of performance quality and ease of use 
(Grewal et al., 1998; Mugge et al., 2018) (all 
p's>.05) to rule out that these factors would 
have an additional effect on our findings (see 
appendices). 
 

 
Figure 1. Example stimuli of breakable 
(slender/breakable) and solid/durable (right) 
headphones used in this study. 
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Participants and procedure of the main 
study 
The hypotheses were tested with 351 
participants from the United Kingdom (Age = 
18-80, 𝑀!"# =34.92; 241 females) that were 
recruited via Prolific. In the survey, participants 
saw a picture (6x4cm) of either a white blender 
or black headphones that was presented as 
being in a new or refurbished state with a 
product appearance varying in durability and 
attractiveness. Furthermore, they read a text 
about refurbished products and answered 
questions concerning their assessment of the 
product.  
 
Scales  

In the main study, we assessed the 
product's attractiveness with three items on a 7-
point semantic differential scale (e.g., ugly-
beautiful; Bell et al., 1991; a=95).  

We assessed the product's durability 
with four items on a 7-point Likert-scale 
(strongly disagree-strongly agree; Grewal et al., 
1998; a=.92). An example item was "These 
headphones will last a long time".  

To measure the product's 
contamination risk, we used four items on a 7-
point semantic differential scale ("I expect that 
this blender will be: Not contaminated–
contaminated"; a=.89).  

The participant's environmental 
concern was assessed with four items on a 7-
point Likert-scale (strongly disagree- strongly 
agree; Mugge et al., 2017, a=.91). An example 
item was "I make a special effort to buy 
products that are made from sustainable 
materials".  

We assessed the participants' 
purchase intentions with two items on a 7-point 
Likert-scale (strongly disagree- strongly agree; 
Dodds, Monroe, & Grewal, 1991; r=.87, 
p<.001). An example item was "If I would buy 
refurbished headphones, I would consider 
buying these headphones".  

All items we used in the study are 
displayed in the appendices.  
 
Results 
To test our hypotheses, we ran two regression 
analyses with purchase intention as the 
dependent variable and attractiveness, 
durability, environmental concern and 
perceived contamination risk as the 
independents. Both regression models were 
significant (new products: see Figure 21; 

F(4,165)=29.81, p<.001, 𝑅$ =.42; refurbished 
products: see Figure 32; F(4,176)= 36.01, p < 
.001, 𝑅$=.45). However, the extent to which the 
different factors explained the purchase 
intentions differed between new and 
refurbished products (see section 3).  
 
1.New products 
1.1. Product-related factors.  
The attractiveness (H1a;b=.49, p<.01) and 
durability (H2a; b=.32, p<.01) of new blenders 
and headphones positively predicted the 
purchase intentions, providing support for H1a 
and H2a.  
 
1.2. Factors only relevant for refurbished 
products 
Neither the perceived contamination risk (b=-
.09, p>.05) nor the consumers' environmental 
concern (b=.04, p>.05) predicted the purchase 
intentions of new headphones and blenders, 
supporting H3a and H4a.  

Figure 2. Regression model showing that 
product-related factors, but not the 
perceived contamination risk and 
consumers' environmental concern predict 
the purchase intentions of new products.  
 
2. Refurbished products  
1.1. Product-related factors 
For refurbished headphones and blenders, we 
found that the attractiveness (b=.37, p<.01) and 
durability (b=.29, p<.01) of refurbished blenders 
and headphones positively predicted the 
purchase intentions, confirming H1b and H2b.   
 

+ 

+ 
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1.2. Factors only relevant for refurbished 
products 
The perceived contamination risk had a 
negative effect (b=-.26, p<.01 and the 
consumers' environmental concern (b=.13, 
p<.05) had a positive effect on purchase 
intentions of refurbished products, confirming 
H3b and H4b. 

Figure 3. Regression model showing that 
product-related factors, perceived 
contamination risk, and consumer's 
environmental concern predict the 
purchase intentions of refurbished 
products.  
 
3. Differences between refurbished and 
new products 
3.1. Product-related factors 
The influence of the products' attractiveness 
was not significantly larger for refurbished 
products than for new products (b=.37 vs. 
b==.49, t(345)=-1.34,p>.10), disconfirming 
H1c. The influence of the products' durability 
was not significantly larger for refurbished 
products than for new products (b=.29 vs. 
b=.32, t(345)=-.09,p>.20), disconfirming H2c.  
 
3.2. Factors only relevant for refurbished 
products 
The perceived contamination risk was a larger 
(negative) predictor for the purchase intentions 
of refurbished products than for new products 
(b=-.26 vs. b=.09, t(345)=-4.08,p<.01), 
confirming H3b.  
Environmental concern was a larger predictor 
for the purchase intentions of refurbished 

products than for new products (b=.13 vs. b=-
.04, t(345)=2.4,p<.05), confirming H4b.  
 

Discussion 
This study investigated whether product-related 
factors, the consumer's environmental concern 
and the product's perceived contamination risk 
predict the purchase intentions of refurbished 
blenders and headphones. Our results 
indicated that the products' durability and 
attractiveness positively predict the purchase 
intentions for both new and refurbished 
products. This study supports and extends the 
literature on durable and attractive product 
appearance (Mugge et al., 2018; Wallner et al., 
2020) by demonstrating the importance of 
these product-related factors in the 
refurbishment stage. Our results, however, 
indicated that the product's attractiveness and 
durability do not play a larger role in refurbished 
products than new products. To extend the 
lifetime of circular products in general, it is thus 
important to pay attention to products' durability 
and attractiveness.  

However, the main contribution is that 
consumers' environmental concern and the 
perceived contamination risk influence the 
purchase intentions of refurbished products, 
whereas there are no effects for new products. 
This is in accordance with previous literature 
suggesting that refurbished products can 
trigger contamination concerns because of their 
previous use (Baxter et al., 2017; van Weelden 
et al., 2016). Our research is, however, the first 
to show that the perceived contamination risk 
has a quantifiable negative effect on the 
purchase intentions of refurbished products and 
that the effect is larger than the effect of the 
consumer's environmental concern.  

While previous research has mainly 
focussed on increasing purchase intentions of 
refurbished products via the route of 
environmental awareness, for example, by 
exploring the effect of eco-labels (Wang & 
Hazen, 2016; Abbey et al., 2014), we argue that 
future research should also focus on exploring 
strategies to counteract the contamination risk. 
For example, research could explore how the 
design of products can be optimised for 
cleaning and changing parts. For headphones, 
one could examine whether changing the ear 
cushions can eliminate the perceived 
contamination risk.  

Second, research should explore how 
communication about the refurbishment and 
cleaning process can be enhanced. Third, 

- 
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research should explore whether consumer 
characteristics, such as disgust sensitivity, 
contribute to perceived contamination; and 
make certain consumer groups more prone to 
reject refurbished products.  

One limitation of our study is that 
participants were not given a choice setting, 
which includes additional factors, such as the 
product's price and warranties. Future research 
could model consumers' choices more closely. 
 
Conclusion 
To conclude, product-related factors, such as 
the product's durability and attractiveness, are 
important across the different phases of a 
circular life. Contamination risk and the 
consumers' environmental concern, however, 
play an essential role in the decision to 
purchase refurbished products specifically. 
Underlining the cleanness of refurbished 
products and that they are a sustainable choice 
could be worthwhile strategies for increasing 
the desirability of refurbished products. 
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Abstract: In the fashion cycle, the laggard is the late adopter, a consumer who is slow to take the 
fashion risk of the early adopter, and is slow to adapt to dominant fashion trends. But what happens 
when the accepted networks of urban culture of shopping, going out and the visual communication of 
fashion, no longer dominates our understanding of what is fashionable? In 2020/21, we have an 
interesting example of how the fashion industry and the fashion consumer have adapted to the 
pandemic and lockdown. The paper will focus on the laggard as the accepted point of decline in the 
fashion cycle, and explore how the pandemic has forced a re-thinking of the conventions of fashion 
consumer adoption, leading to an extended product lifespan.  
The laggard is the point in the trend cycle that is closest to obsolescence; therefore, it is the point when 
product lifespan is ending (Rogers, 1962). This research interrogates the laggard as a convention of 
the fashion ‘trend and acceptance’ cycle, by surveying the reality of lockdown clothing behaviors 
alongside fashion industry strategies. The findings indicate that lockdown has intervened in the 
normative fashion cycle to the extent that it has led to a recalibration of the laggard category, which in 
turn has extended the lifetime of a product. A deliberate de-acceleration of the fashion cycle has 
occurred both in the strategies adopted by the fashion industry, and in the pattern of consumption. It is 
argued that  pandemic has forged new ways of thinking about fashion, and brought  about not just a 
rethinking of  the ‘end’ of the  cycle  but a more caring attitude to  fashion as a product. 
 
 
Introduction  
The impetus for this research was the 
recognition that as pandemic culture and 
lockdown continued through the first and 
second wave, attitudes to fashion were 
changing. I observed the ebbing of fashion 
consciousness, and there seemed to be a 
malaise or lack of concern for following fashion 
trends as directed by the fashion leaders. As we 
are emerging from lockdown in 2021, it is timely 
to reflect on the trend cycle and how the 
pandemic has disrupted and affected both the 
fashion industry and consumer behavior.   
 
Fashion by definition has a cycle of popularity 
and decline, there is not a timespan associated 
with this cyclical model, but inevitably, new 
popularity replaces the point of decline. The 
laggard joins the cycle at the tipping point; that 
is, the cyclical moment where it is being 
devalued as ‘fashionable’ product. As the 
lowest point of consumption, it represents the 
time when the cycle is slowing down and at its 
least trend conscious. The link between product 
lifespan and the fashion cycle is that renewal is 

a ceaseless part of the process. The premise of 
this paper is that pandemic has not just 
highlighted the laggard category, but its impact 
is such that it has caused a rethink. 
 
Contextualizing the laggard 
and product lifetime  
Theoretical perspectives on the laggard in 
fashion emphasize how slow consumer 
acceptance of new styles and the late diffusion 
of a new style, are interrelated. First published 
in 1962, Rogers’ The Diffusion of Innovations is, 
“the most widely accepted and applicable 
theory on the adoption and spread of 
innovations, the diffusion of innovation theory is 
a key foundational theory.” (Miller, 2015, 
p.1559) The term laggard describes the 
process of decline and is the final point at which 
a consumer accepts a fashion trend. Rogers 
(1962) theory focuses on the process of 
societal acceptance and the dissemination into 
the mass population. Design leadership drives 
the cyclical system, and the neoteric entry of 
innovation restarts the product cycle. In fashion 
terms, the translation of the innovative 
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characteristics of the early stage, leads to mass 
fashion adoption. The majority adoption of a 
trend is about 68% of the consumer market, 
leaving 16% for the laggard.(Matzler et al, 
2013) The latter percentage is when the 
consumption is reducing and closest to 
obsolescence. Gladwell (2002) and Barnes 
(2013) updated Rogers’ theory by arguing that 
the emergence and expansion of digital media 
has resulted in the widening and quickening of 
trend diffusion. Thus leading to an expansion of 
the early and mass adoption portion of the 
cycle. Barnes (2013) aligns its impact with the 
rise of Fast fashion in the noughties. Fast 
fashion was a new model in the supply/ demand 
chain where the aim is to maximize the fashion 
product at the peak of the trend. Ease of 
purchase through e commerce, the expansion 
of types of transmission, for example blogging 
and e marketing methods such as influencers, 
meant rapidity in the early stages of the product 
cycle. (Barnes, 2013) The rapidity of turnover of 
fashion trends alongside profuse production of 
fast selling items has resulted in a shortened 
cycle meaning that the laggard category is 
occurring more regularly. 
 
‘Purposeful lagging’ and pre 
pandemic trends.   
It is useful to review pre-2020 fashion 
tendencies beyond the fast fashion cycle, in 
order to contextualize pandemic culture. In the 
20-teen years, both fast fashion and casual 
dressing were on the increase. At one polarity, 
fast fashion continued to maximize the 
consumer awareness of fashion trends leading 
to a surge in purchase in the early adoption 
phase; at the other end, an increased 
percentage of the population were choosing 
indifference to fashion leadership. The latter 
could be termed ‘purposeful lagging ‘, that is, 
holding onto, and continuing to purchase and 
wear repetitive trends. Athleisure, a hybrid of 
sportswear and leisurewear is an example of 
the increasing informality of dress and a trend 
that was bucking the accepted cyclical system. 
Mackinney-Valentin (2017, p.64) describes the 
increasing emphasis on casual dressing as a 
style which highlights, “blandness rather than 
distinction”. She comments it “may be read as 
deliberate lagging.” That is, consumer 
indifference expressed as a, “relaxed attitude to 
fashion.” (2017, p.59) This phrase describes 
the slow adopter of Rogers’ theory, as the 
laggard is the most ambivalent of all fashion 
consumers. If protracted, as McKinney- 

Valentin is suggesting, then the ‘indifferent’ or 
laggard consumer also has the ability to slow 
the cycle. Therefore counteracting fast fashion 
rotation and extending the cycle by prolific 
adoption at its tail end.  
 
Mackinney-Valentin’s observation of the 
increasing propensity of casual dressing ties in 
to the emergence of the fashion trend of 
‘normcore’; an umbrella term associated with 
both a style of clothing and an attitude to 
dressing. Normcore is a term (said to have 
originated in 2013) which describes the rise in 
ubiquity of ‘everyday’ clothes such as jeans, 
sweatshirts, hoodies, trainers and t-shirts, as a 
global style adoption. (Duncan, 2014) It 
signifies an acceptance of maximal casual or 
informal dressing, which was not gender 
specific. Often associated with ‘street style’, 
and athleisure, its ‘sameness’ is considered to 
signify a rebellion against expressive 
individualism (a ‘letting go’ of a 20th century 
ideology of distinction through dress), and 
simultaneously strengthening the visual culture 
of a millennial generation. Therefore, a paradox 
has occurred in the decade 2010 to 2020 in 
relation to fashion and senescence. A rapid 
supply and demand cycle occurred at the same 
time as a slowing or prolonging of a trend that 
was outliving the normative cycle.  
 
Pandemic and new strategies  
Pandemic created an instant disruption to the 
established fashion system. This section will 
focus on two strands of changed behavior in 
relation to the laggard. One relates to the 
fashion industry, and the other to consumer 
behavior.  
 
One of the earliest strategies of the fashion 
industry was to consider extending the lifetime 
of their product.  For example, luxury brands 
recognized they need to prolong the 
serviceable life of existing products.. Bellettini in 
April 2020 (President of Yves St Laurent) 
commented, “The fact that stores worldwide 
have been closed for some weeks, and some 
production sites, too, has impacted the shelf life 
of collections….” (Bellettini in Samaha, 2020)  
As one of the first couture brands to  take a 
decisive  rescheduling/ cancelling of the  
biannual fashion shows, the artistic director of 
YSL Anthony Vaccarello,  is reported  to have  
described the decision as,  “Slowing down and 
living the moment”. (Vaccarello in Samaha 
2020) As pandemic culture continued, other 
examples of adjustments emerged. For 
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example, reselling.  Prior to pandemic the 
decline of the sales meant entering laggard 
category leading to the removal of the product 
from retail outlets as deadstock. However 
reselling means reinvigorating the lagged 
product to be ‘re-presented’ for sale. For 
example, The RealReal brand announced in 
October 2020 that it was collaborating with 
Gucci to launch an online collection of pre-
owned Gucci items and new items sourced 
directly from the brand. More recently, Rixo 
(March 2021) launched an ‘archive’ online site 
boosting the profile of ‘old or dead’ stock to the 
status of ‘collectibles’. Both resale examples 
have reduced the emphasis on product 
innovation and leadership, in favor of 
lengthening the lifespan of existing products of 
the previous season. Therefore creating a new 
way of utilizing the previously laggard category 
of product. 
 
The second strand concerns consumer 
behavior. In 2020, normcore was reaching the 
end of its fashion trend cycle but pandemic 
created a resurgence of interest.   Maguire 
(2020) proclaimed, “Streetwear was declared 
dead. It’s still here”, and Butler (2020) reported, 
“ Retailers and brands said they had been taken 
by surprise by the level of demand online during 
the spring and summer as the nation ditched its 
traditional work wear and  changed into 
something more casual to work from home 
during lockdown.” Renamed as ‘loungewear’ or 
‘comfort clothes’, the continuation and 
acceleration of casual clothing resulted in an 
extension of the product cycle. At the same 
time, new trends were forming through online 
media. Social media communities began to 
spring up as a response to lockdown. For 
example in  the early months of  first  wave and 
lockdown, Cottagecore or countrycore spread 
across the  media forums of Pinterest, Tik tok, 
Tumblr and Instagram. It visualized an idealized 
rural idyll and, “offers a vision of domestic bliss 
without servitude”. (Slone, 2020) The floral 
frock encapsulated a pastoral and gentle 
approach to how ordinary life could be re-
imagined. Using vintage purchases or 
homemade garments, cottagecore visualizes 
(through social media postings) a lifestyle away 
from the realities of urban living and intrusive 
regulations. Other trends driven by social media 
have emerged - survivalist, dark academia, and 
e boy; and more recently, Gorpcore - the 
adoption of hiking brands as fashion for the 
‘daily exercise from your front door’. As shared 
trends through online media, they created an e 

world that turned away from the directives of 
trend innovation of the traditional fashion 
system.  
 
Laggard tendencies - Pandemic 
consumer behavior and attitudes. 
In pandemic culture (from March 2020) we have 
been able to witness how the fashion industry 
has shifted tactics to tackle a rapid decline of 
fashion consumption, but also the potential  
loss of interest in what is fashionable and the 
normative fashion cycle. Using a qualitative 
questionnaire method and surveying 55 
respondents in the 18 to 25 age groups about 
their lockdown clothing behaviors and attitudes, 
three key relational areas have emerged.  
Change in behavior  
The majority of respondents reported that 
lockdown had an impact on both their fashion 
buying habits and their style.  One respondent 
commented, “With the most exciting activity 
available being a walk, the desire to ‘dress up’ 
has vanished”. In addition, “Before it was 
fashion over function and now its function over 
fashion.” As we moved into multiple lockdowns 
so attitudes shifted, “My style now consists of 
me wearing pajamas and tracksuits, whereas in 
the other lockdowns I would make an effort to 
get dressed.”   
 
The difficulties of lockdown in relation to fashion 
as a directional leader is clear, “Making a 
fashion statement is hard from home “, 
exclaimed one respondent, another 
commented, “I feel like fashion has become 
lazy.”  In describing their   lockdown clothes the 
majority of respondents used the term 
loungewear, describing it as tracksuits, or a 
combination of individual items including - 
hoodie, pajamas, joggers, t -shirts, leggings, 
shorts, and jumpers. It is clear that the overall 
style is the same as ‘normcore’ but the updated 
term describes the behavioral function. The 
respondents use expressions such as, “baggy”, 
“oversized”, “very casual”, are repeatedly used, 
and the most common descriptors were – 
“comfy”, “cozy” and “gentle”; the terms 
“fashionable”, and “expressive” fell exactly 
halfway in their priorities; and the lowest three 
descriptors were “controversial”, “assertive” 
and “glamorous”. Only one of the 55 
respondents kept their pre lockdown style, 54 
changed to the (more) casual informal dressing 
described above.  
New ways of thinking  
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The main behavioral shift of the respondents is 
evident in the division between the public and 
private self.  Many respondents commented on 
their public persona and the importance of 
‘being seen’, Typical comments are,” I will style 
up just to go out to the supermarket “(6) and, “I 
only wear fashionable clothes when I leave the 
house.” This relates to their feelings about the 
purpose of fashion and its performative ability. 
As one respondent commented, “having 
nowhere to go has taken away the opportunity 
to express yourself through style “.These 
comments emphasize how important the public 
arena is for sartorial expression. Perhaps also 
explain the rise of alternative online fashion 
cultures such as cottagecore as an alternative 
to sartorial expression in real life. For example, 
“I appreciate fashion more because I miss 
being able to express yourself with different 
outfits and show people” (45) and, “As much as 
I enjoy lounging around in baggy/comfy clothes, 
I cannot wait to express myself through fashion 
once again.” This comment reinforces the 
survey where ‘being fashionable’ was of a lower 
priority in lockdown, and casual clothing was 
performing a different role than in pre lockdown 
culture. However, trend awareness is still 
evident in their answers, but it has shifted even 
more towards social media as an influence. 
“I’ve just become more aware of how influential 
social media is on fashion because everyone is 
at home spending time on it, if someone posts 
a tracksuit on TikTok within an hour it can be 
sold out.” One respondent commented, 
“Instagram trends are becoming normalized.”  
New attitudes and caretaking 
The ubiquitous pandemic style of dressing has 
also reframed attitudes for some respondents. 
A degree of care about their buying habits has 
emerged. “Lockdown has definitely made me 
realize I don’t need a new outfit every time I go 
out”. In addition, “The pandemic has made me 
appreciate my more fashionable pieces of 
clothing as I do not have as many opportunities 
to wear them.” Some respondents feel as 
though  it has  released them from a system, “ I 
feel like the lockdown has made me reflect on 
my true style and what I do and don’t like, 
perhaps something that I wouldn’t have usually 
had time to do while not being in lockdown.”  It 
is clear from the questionnaire results that 
casual dressing had played a less important 
role in the expression of the self, and in doing 
so has extended its lifespan and raised its 
profile, “I have definitely learned that 
comfortable clothes can be made stylish.”  
  

Conclusions 
As we are still within the fractured space of 
pandemic then this research has yet to use a 
historical lens but is an attempt to review it mid 
to late term.  Pandemic has shown that the 
laggard category can be something more than 
a percentage of disinterested consumers and a 
product ready for obsolescence; it has revealed 
a potential for growth. In numerous ways, 
pandemic culture has slowed the normative 
fashion cycle and challenged the accepted 
framework (Rogers 1962; Gladwell 2003; 
Barnes 2013) of fashion forward trends as the 
impetus. The ‘stay home’ guidelines removed 
the drive to ‘dress up’ to go out, which in turn 
forced a slowing or a reconfiguration of fashion 
culture.  
 
In conclusion, the pandemic has brought about 
a conflict, a tension between the existent 
‘foundational’ theoretical understanding of how 
product cycles work (Miller, 2015), and the 
realities of practice during this unprecedented 
socio/economic juncture. The scope of this 
research was limited to an exploration of the 
laggard in relation to the fashion cycle and 
lifespan, but has wider design application in that 
it exemplifies how innovation arises through 
disruption. The consequence of extending a 
product point of decline is that it lengthens its 
lifespan. In turn this lessens the desire for the 
‘new’. A significant result of this study based on 
user experience is that it has raised awareness 
of  care - about the clothing we own, the clothing 
we desire to own, and from the  industry 
perspective, caring about those laggard items 
which seemingly are no longer of interest. 
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Abstract: People tend to give more attention to the products they feel attached to and exhibit 
preservative behaviours to keep them for a longer time (Mugge et al., 2008). Maintenance and repair, 
named as product care behaviours by Ackermann (2018), are examples of the user’s preservation 
method that strengthens the user-product relationship and eventually leads to a longer usage period. 
That is why these activities require a closer look of the researchers in the design for sustainability area, 
since the pile of prematurely thrown away products is getting bigger every day while resources are 
constantly depleting. Therefore, in this paper, findings from and insights into a graduate research will 
be presented, focusing on the implications of product care activities for strengthening the emotional 
attachment (Hernandez et al., 2020) between people and objects, and empowering people in possible 
ways in the process of enabling product longevity. To do so, first, the motivations behind product care 
activities and what is worthy for individuals to preserve are examined through semi-structured interviews 
conducted with repair enthusiasts that are also the members of repair-related initiatives. Afterwards, 
the techniques and skills involved in the process of maintenance and repair are explored. Key findings 
from the graduate research are as follows: the more people are engaged with product care activities, 
the more the transition of people’s role from passive consumers to active users is eased. The change 
in user attitudes towards their product strengthens their emotional attachment and eventually serves for 
product longevity. While the user-product relationship is evolving, formerly obscure objects are 
transformed to be more open and transparent for their users. Lastly, repair-related initiatives are 
significant actors in encouraging and helping people to conduct product care behaviours.   

  
Introduction  
 
Product Lifespan and Circular Economy 
Consumer products are designed and 
produced with a predetermined period of use 
time called product lifespan. When it is over, the 
product is expected to be disposed of, as it will 
not fulfill its purpose anymore. However, in 
today’s consumer culture, products are 
discarded long before they complete their 
lifespan, which results in landfills full of still 
functioning and considerably new products, 
especially in the consumer electronic segment 
(Chapman, 2005; Cooper, 2004). For the field 
of environmental sustainability and circular 
economy, this issue has been considered an 
important topic, since premature product 
replacement creates a burden on the depleting 
natural resources of the earth. The circular 
economy challenges the linear economic model 

dependent on take-make-dispose practices by 
offering a closed-loop system where materials 
and products are recovered and reused as 
many times as possible so that raw materials 
are used effectively to eliminate waste (Ellen 
MacArthur Foundation, 2013). The circular 
economy model suggests first to slow the loops 
where products and materials circulate longer 
without losing their value, and second keep the 
flow closer to the inner circles to save energy 
and labour needed for production (Ellen 
MacArthur Foundation, 2015). Therefore, it is 
crucial to extend the lifespan of products and 
slow down their rapid disposal. However, 
although products can be designed in a way to 
last longer, they can still end up in the depth of 
our closets and forgotten there to hibernate for 
a long time (Bakker et al., 2014), which may be 
a result of a lacking emotional relationship with 
its user.  
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User Empowerment and Emotional 
Durability 
Increasing product durability is the first option 
for most manufacturers to prevent premature 
product replacement and extend product 
lifespan (Ko et al., 2011). However, attention 
needs to be on the strategies that focus on 
enhancing the user-product relationship. Stahel 
(1986) asserts that users are on command 
rather than the designers and manufacturers 
when discarding or keeping a product. That is 
why many scholars offer design strategies to 
empower users in use and post-use phases 
(Chapman, 2005; Hernandez et al., 2020; 
Mugge et al., 2005; Salvia & Cooper, 2016; 
Terzioğlu, 2021; Ozan & Doğan, 2017). The 
emotional attachment that is defined as the 
power of the emotional bond between the user 
and the product by Chapman (2005), has been 
a prominent strategy to enhance users 
approach to products and studied by many 
scholars; while Ozan & Doğan (2017) explore 
the concept in creating ways to empower 
people within the product personalisation 
process, Salvia & Cooper (2016) discuss the 
topic around the digital DIY practices that 
enable people to use and create open design 
resources with the help of community-led 
initiatives. On the other hand, Mugge et al. 
(2005) and Rognoli & Karana (2014) suggest 
making wear and tear appreciated by users 
through products that age in dignity can serve 
more profound user-product attachment and 
stronger emotional bond. These approaches 
help for strengthening the emotional 
attachment to the product while increasing 
products’ relevance for their users; however, 
attributing personal meanings to products is a 
challenging and ambiguous endeavour for 
designers, since the emotional reaction that is 
created by users occurs beyond the designer's 
foresight and influence (Ozan & Doğan, 2014). 
In that sense, examining the relationship of 
maintenance and repair activities on emotional 
bonding and longevity can be a more concrete 
endeavour for designers to produce strategies 
that open space for user intervention and 
empowerment, which is the aim of this design 
research.  
 
Product Care Activities and Right to Repair 
Product care behaviours are defined as the 
maintenance and repair activities aiming to 
prolong a product’s lifespan and form the 
circular economy’s inner loop (Ackermann, 

2018). The importance of the inner loops for a 
sustainable future manifested by the European 
Union’s Right to Repair Directive which refers 
to as “empowering consumers by giving them 
more possibilities of repairing their products 
instead of discarding them” (Hernandez et al., 
2020, p. 1). Product care activities engage 
people with products and enable stronger 
relationships with a new perspective and 
awareness, since it allows people to observe 
and better understand the product’s structure to 
internalise them (Terzioğlu, 2017a). Based 
upon the importance given in the literature to 
the empowerment of users through repair 
activities, this study dives into the relationship 
of emotional durability and product care 
activities while investigating how users are 
reclaiming their right to repair in the context of 
creating circular economies. 
 
Methodology 
Field research is conducted with 19 non-
professional repair enthusiasts recruited 
through their connections with repair-related 
associations having concerns about prolonging 
the product’s lifetime. The participants shared 
their recent repair stories in the in-depth semi-
structured interview sessions through the 
photos or videos of the products they took, 
before, during, and after the repair process. To 
understand the users’ approaches towards 
product care activities, the focus was on how 
and why people were conducting protective 
behaviours rather than what they repair with 
which tools and materials. After the content 
analysis of the data gathered in the field, 
prominent themes revolve around the transition 
of users, objects, and communities and the 
implications of product care for the emotional 
durability of user-object relationships.  
 
Findings  
 
Nature of repair 
Repair is an iterative process involving creative 
problem solving with aesthetic concerns, just 
like a design process itself. Each process is 
unique in its way since people’s approach to 
repair and maintenance differs significantly. 
While some participants pay attention to keep 
products the same after the repair intervention 
to protect their originality, others prefer to 
demonstrate their personality and efforts 
without hiding the traces of wear and tear, 
referred to as visible repair (Terzioğlu, 2017b). 
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These diverse approaches may be a result of 
the differentiation in the aim of the repair. The 
participants indicated various reasons behind 
their motivation of caring for their products, from 
regaining an unusable product to decreasing 
waste or preserving the memories attached to 
the products. Lately, with the increased 
obscurity of electronic products, reclaiming the 
product’s ownership back is also a strong 
motivation. However, the common problems 
the participants facing are caused by the 
systemic issues that present themselves in the 
user-product relationship, such as 
inaccessibility of components, unavailability of 
repair knowledge, the high price of repair and 
the risks that repair can create, etc. Some of 
those issues related to spare parts and 
economic concerns have also been highlighted 
in a recent review by Hernandez et al. (2020). 
On the other side, people are more motivated 
when they are repairing with other enthusiasts 
within the repair initiatives that provide access 
to repair knowledge, materials, tools, and a 
place to share the experience. Figure 1 shows 
the warm environment that the community-led 
repair initiative offers for people who like to 
repair or share the environment with like-
minded people. In the following sections, the 
transformative nature of repair in the subjects of 
the user, product, and communities will be 
discussed and exemplified.  

 
Figure 1. A repair enthusiast is repairing a 
neighbour's coffee machine in a community-led 
repair initiative while another neighbour is 
knitting and having a conversation with him. 
From the participant’s archive. 
 
 
Objects in Transition 
The participants who repair consumer 
electronics such as phones and laptops 

indicated that it is hard for an amateur to open 
up the cases and get inside the products to 
reach components without having specialised 
tools and materials or without damaging the 
outer case and related connection details. 
Casings are not meant to be opened easily by 
the end-user and prevented mainly by the 
manufacturers and designers, which results in 
black box products that are obscure in nature. 
Obscurity in this sense refers to the products 
that are hard to understand and define the 
materials, components, and working principles 
of, which mainly discourages individuals from 
repairing. On the other hand, the more 
participants are engaged within the product 
care activities, the more they become familiar 
with the product’s inner structure and 
components, resulting in increased 
transparency. For example, a participant tells, 
in his first attempt to repair the broken screen 
of his phone, the process took a while since it 
was hard to define the main issue behind the 
broken screen, and he didn’t know how to treat 
it with which tools; however, after achieving to 
repair his phone, it was easier for him to detect 
the problems and fix his friends’ phones 
consequently.  

Apart from users' effort to engage with obscure 
products, the transformation of production 
towards open structured products like 3D 
printers -as a participant mentioned- helps 
them find malfunctioning components on the 
web and produce them independently. He 
repaired an annoying tab that is too short to 
reach the sink with a yellow piece that he 
printed with his 3D printer after finding the 
model of that particular component on 
thingiverse.com (Figure 2). The more open 
source pieces are used, the more objects 
become transparent and open to their users’ 
intervention.  
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Figure 2. Bathroom tab repaired by its user with 
a yellow 3D printed component found on 
thingiverse.com. From the participant’s archive. 
 
Users in Transition 
The participants’ involvement in the product 
care activities can differ from conducting small 
maintenance tasks to managing complex repair 
tasks which can be better illustrated with the 
personas created accordingly: Cautious, 
confident, and hobby-driven. Cautious users 
are hesitant about the safety of the repair 
process. For instance, repairing an electrical 
product without a professional's help is not 
likely for them since there is an electric shock 
risk. On the other hand, there are confident 
users who gained experience from managing 
multiple repair cases, and their first reaction to 
the malfunctioning product is to open up the 
case to define the problem. Lastly, hobby-
driven repairers enjoy the process of repair and 
maintenance itself and are curious about 
learning how stuff works. Besides defining user 
intervention levels, the degree of sustainability 
concerns exemplified with three personas: 
prudent, regainer and proactive. While the less 
sustainably concerned participants are defined 
as prudent personas, their main aim in product 
care is economical by purchasing less products 
and saving money. Regainers are more 
concerned ones whose primary problem is the 
environment, so they want to decrease waste 
by keeping their product in use for a longer time. 

Proactive users, however, take action to 
reclaim their right to repair and question their 
level of intervention and ownership of the 
product. When the level of involvement and 
sustainability concerns are mixed, new 
personas occur: such as confident-regainer, 
cautious-prudent, etc. 
 
Engagement in product care activities triggers 
a fluidity in user’s roles in the acquisition of 
abilities required to undertake the tasks and 
being an active participant in the process. The 
cautious participants who have just started 
repairing define themselves as “beginners”, 
“amateurs”, “not like professionals”, the 
confident and hobby-driven ones, on the other 
hand, describe themselves as “almost like a 
pro” or “repairer”. One participant even claims, 
with the availability of information on how to 
repair each product, everyone can be a 
professional repairer. The role of know-how via 
practising more and diverse repair activities is 
crucial in the transition from cautious to 
confident. Therefore, repair and maintenance 
activities blur the line between amateurs and 
professionals and create in-between roles for 
the users. These in-between roles also mean 
transitioning from being passive consumers to 
being actively engaged users who have a say 
in their products and being proactive, since they 
discover the product’s working principle and 
components. These proactive users feel secure 
and able about the product care and involve 
themselves in the whole life cycle of a product 
from purchasing to post-use.   
 
Cultures and Communities in Transition 
Product care activities are socially constructed, 
which means how others react to these 
activities affects their likelihood of execution. 
Moreover, within an environment of inspiring 
and encouraging people, the possibility of 
performing repair and maintenance activities is 
increased. While the majority of the participants 
mention their enthusiasm and curiosity of caring 
for their products comes from growing in a 
family where repair and maintenance is a part 
of daily life, others remark on the significance of 
community-led repair initiatives for them to form 
caring habits, since they offer help and 
guidance while also creating an environment for 
exchanging skill, knowledge, tools and methods 
(Figure 1). Therefore, the existence of repair 
associations and communities supports 
individuals in conducting product care activities.  
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There might be alternative means of socially 
constructed communities such as online 
platforms. Websites like ifixit.com and 
thingiverse.com, youtube channels, blogs and 
forums about repair and maintenance are used 
as educational tools for those willing to repair 
their products but do not know how to do so. 
Besides them, international projects like 
Sharepair (n.d.) that is financed by European 
Union (EU), aims to decrease the amount of 
waste of electrical and electronic equipment 
(WEEE) by supporting citizen repairers, local 
repair initiatives and professional repair 
services with digital tools and infrastructures 
that ease the repair process or access to repair 
infrastructures.  
Repair initiatives that start with neighbourhoods 
and expanded to online platforms help people 
transform their common take-use-dispose 
behaviours into more sustainable consumption 
methods.  By executing and encouraging others 
to repair and reuse products, those 
communities created their alternative economic 
cycles against a throw-away society.  
 
Emotional Durability 
The findings of the study suggest emotional 
bond and product care activities are reciprocal 
in nature. On one side, loved and attached 
objects are more likely to be repaired. Through 
the product care activities, memories attached 
to objects are kept for a more extended period. 
One of the participants exemplifies that with the 
childhood bicycle that he received as a gift from 
his father, and although it was not in good 
condition after years of hibernation, he couldn’t 
throw it away and eventually decides to 
refurbish it by changing almost all components 
and styling it all over again to revive the 
childhood memories attached to it (Figure 4). 
The following example is given by a participant 
who uses his pass away parents’ living-room 
furniture set. He confesses that he usually is not 
engaged with the product care activities apart 
from the maintenance of electronic products; 
however, when he noticed that the winged 
chair’s fabric part needs renewal, he felt the 
urge to repair it on his own.  He indicates, “when 
we talk about replacing the winged chair’s fabric 
covering underneath... it drives somewhat from 
my attachment to such ancient or rather 
memorable things. By repairing such a thing 
myself, I have kept that memory alive in some 
way” (Figure 5).   
 

 
Figure 4. The photographs of almost twenty 
years old bicycle before, during and after the 
repair. From the participant’s archive. 
 
As seen from the examples, the participants are 
more likely to repair and reuse the objects they 
share a unique history with. On the other side, 
there are participants whose repair and 
maintenance stories signify the opposite; after 
caring for the object, the emotional bond formed 
naturally. The process of repair and 
maintenance itself creates a shared history 
which they would like to preserve. For example, 
one of the participants tells about the hiking 
pole he repaired, it was a friend's broken pole, 
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and he somewhat fixed it. As he describes, 
fixing and making a discarded item usable 
again makes him feel great, and it even 
surpluses the excitement of using a brand new 
item. These efforts given to a product while 
fixing its problems help the users create an 
emotional bond between their products by 
creating a story for that product. Consequently, 
the more interpreted the object is, the stronger 
the user’s emotional bond to the object is. 
 

 
Figure 5. The photographs of the winged chair 
before and after the repair. From the participant’s 
archive. 
 

Conclusion  
The relationship of product care activities and 
the creation of emotional bond is rather an 
unexplored area in the field of product 
longevity. The study above clarifies that 
protective behaviours like repair and 

maintenance affect emotional bond and 
attachment formation, and provide stronger 
user-product relationships through empowering 
user intervention. The multi-dimensional 
experience and process of product care change 
the perception and understanding of products 
for their users while transforming society to 
unite and take action to reclaim their right to 
repair.   
The body of work, including workshops, 
research projects, exploratory design, etc., in 
repair and maintenance, is growing steadily 
from new legislations that support the right to 
repair to international funded projects that 
empower repair initiatives in their endeavours. 
Besides these, the scholarly works and 
designers' proposals that look into barriers and 
motivations for repair experiences considering 
diverse user intentions and attitudes have also 
increased in number. It is a rather concrete area 
of intervention for designers that is open to 
developing strategies to empower users in their 
act to repair and maintain their products 
compared to other areas of study that work on 
creating emotional durability. This research is 
constructed to see the nature of repair for 
people who are willing to repair and regain their 
products in various ways, as seen in the repair 
stories participants provide.  More exploratory 
work would be needed by adopting a "research 
through design approach" to explore further the 
implications of those insights and 
considerations through co-developing design 
solution areas via design workshops with repair 
enthusiasts. 
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Abstract: Resource flows are generated by integrating production and consumption systems. To 
achieve circular flows, manufacturers are increasingly collaborating with their stakeholders. 
Nevertheless, in these collaborations they typically focus on the interfaces between systems rather than 
on a more comprehensive implementation of systems thinking principles to achieve deeper integration. 
This research conceptualises a system called the Resource Flow System (RFS), whose boundaries are 
defined based on the operational requirement to flow resources circularly. The RFS is intended to be 
designed by stakeholders through a top-down collaborative approach. A tool called the Flow Mapper 
(FM) is also introduced. It involves a method to visually model the RFS, and a process to apply the 
method and analyse the model. Grounded in Systems Thinking, System Dynamics and Material Flow 
Analysis theories, the tool guides a team to collaboratively develop a visual model of the RFS consisting 
of a State Model, a Functional Model and a Structural Model. The FM provides a performance-driven 
focus on the design of solutions for the CE, essential for constructive collaboration and enables users 
to innovate during system design both by providing them with a model of the system, and by discovering, 
generating and refining solutions in the process to develop it. 
 

Introduction 
Today’s consumption and production systems 
produce linear resource flows (Dewberry & 
Monteiro de Barros, 2009), which deliver value 
to stakeholders though growth is dependent on 
waste accumulation. In circular flows, 
resources - taking the form of materials, 
components or products - flow repeatedly in a 
single loop (Blomsma & Tennant, 2020; Stahel, 
2019), e.g., recycling of materials recovered 
from products or reuse of components or 
products. Circular resource flows minimise 
inputs and outputs of resources and preserve 
resource properties (Ellen MacArthur 
Foundation, 2015). To shift to a Circular 
Economy (CE) and produce circular resource 
flows, manufacturers and their partners are 
increasingly integrating systems spanning 
sourcing, manufacturing, distribution, retail, 
consumption and waste management. 
Integrated systems can optimise the throughput 
of resources, which in turn generates value for 
stakeholders such as reduced material losses 
and energy savings. 
 
Nevertheless, there are limitations to the 
approach currently taken by industry to produce 
circular resource flows. The first limitation is 

that the system boundaries considered are 
often too narrow, focusing primarily on the 
interfaces between systems. With narrow 
boundaries there is a risk that only parts of the 
whole journey of resources are covered and 
disproportionate attention is given to such 
parts. In addition, the number of system 
elements considered is reduced, increasing the 
likelihood that significant behaviours of the 
system are omitted or erroneous assumptions 
are made (Liu et al., 2015). The second 
limitation is that systems are integrated without 
stakeholders’ alignment on the overarching 
requirement of the system to create circular 
flows.  
 
To overcome these issues, systems thinking is 
proposed as an approach to help design 
production and consumption systems that 
produce circular resource flows. Systems 
thinking involves looking at both system 
elements and their interconnected whole 
(Meadows, 2008; Sterman, 2014). What is 
considered the whole depends on how and 
where system boundaries are set (de Weck et 
al., 2011), thus stakeholders must frame the 
system to produce circular resource flows by 
setting appropriate boundaries, i.e. neither too 
narrow nor too loose. Further, in systems 
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thinking stakeholders are encouraged to 
understand the operational requirement of the 
system to be designed, aligning themselves on 
what the system has to do. Stakeholders also 
have to collaborate to architect, design and 
integrate the system. Collaboration is 
considered a key enabler for adopting a CE 
(Ellen MacArthur Foundation, 2016; 
Kraaijenhagen et al., 2016; Prendeville et al., 
2014) and gathering multiple perspectives is 
essential for a good understanding of the 
system (Charnley et al., 2011).  
 
In production and consumption systems, cross-
organisational resource flows are commonly 
modelled using Material Flow Analysis (MFA). 
MFA aims to capture the entire volume of a 
single material resource within the boundaries 
of a (geographical) system (Brunner and 
Rechberger, 2004). Although MFA models the 
flow of resources as a sequence of processes 
that partition the volume of the flow, it does not 
model the structure that delivers the operation 
of the system. This limits the ability of 
stakeholders to develop shared mental models 
of the system structure and, therefore, to 
visualise solutions (Charnley et al., 2011) and 
collaborate (Senge, 2006). If tools to 
conceptualise system solutions are not 
developed, important steps in the innovation 
process such as the evaluation of and 
alignment on solutions are jeopardised (Pieroni 
et al., 2020), as evidence for their success stalls 
their implementation (Goldsworthy, 2014). 
 
This work aims to encourage and enable 
manufacturers and their partners to 
collaboratively design the system that produces 
circular resource flows, hereafter called 
Resource Flow System (RFS). The objective is 
to develop a tool that frames the problem of 
flowing resources and defines system 
performance as resource throughput. The main 
outcomes of this research are a tool called Flow 
Mapper (FM) and a demonstration of how it 
adds value in circular design by means of a 
case study.  
 

The Resource Flow System 
In this research, production and consumption 
are intended as a system of systems (Flood & 
Jackson, 1991). The RFS, cutting across 
systems such as sourcing, manufacturing, 
distribution, retail, consumption and waste 
management (see Figure 1) is the system that 
produces the actual circular resource flow. The 

RFS, therefore, views the design of the 
production and consumption system from the 
perspective of the resource flow (Zeeuw van 
der Laan, 2021). 
 
The RFS is a socio-technical system and 
because it has nonlinear interactions between 
its elements and a dynamic behaviour over 
time, it can be considered a complex system 
(Snowden and Boone, 2007). Depending on 
how its elements are interconnected, a system 
such as the RFS, exerts a certain behaviour 
over time (Meadows, 2008; Sterman, 2014), 
which results in the ability to meet its purpose, 
i.e., flowing resources circularly.  
 

 
Figure 1. Schematic depiction of the envisioned 
RFS.  
 
In systems engineering, the purpose of a 
system is typically expressed through 
operational and functional requirements 
(Burge, 2006). The operational requirement of 
the RFS is to flow resources circularly. The 
boundaries of a system are set to ensure that 
its operational requirement can be studied 
(Forrester, 1968). Figure 1 shows the 
boundaries of the RFS. The operational 
requirement of a system is then translated into 
its functional requirements, i.e., what the 
system has to do (to resources). As an 
example, the RFS has to meet functional 
requirements such as ‘transport’, ‘save up’, 
‘sort’ or ‘form’ resources.  
 
Compared to producing circular resource flows 
by integrating the interfaces of existing systems 
only, in this research we conceptualise the RFS 
as a system that can be designed through a 
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top-down collaborative approach, involving 
identifying requirements and developing 
solutions to meet them. Although systems 
engineering approaches to achieve this exist, 
they are poorly adopted by industry. 
 

Methods 
This work aims to develop a tool to design the 
RFS called the FM. The FM was developed 
through an iterative process during which 
various versions of the tool were used in 
workshops and simulations. Workshops 
involved groups of users working on either an 
illustrative or a real-world industrial case. In 
workshops, each user brought a different 
perspective on the system. Simulations 
involved an interactive rapid demonstration to 
future (industrial) users. We collected empirical 
data through several methods including 
observations with note-taking, audio 
recordings, surveys and participant and initiator 
interviews. Empirical data was collected to 
investigate the usability and usefulness of the 
FM. The data was used to evaluate the FM: 
formatively to produce interpretations that 
informed the development of the tool (Venable 
et al., 2016); and summatively to develop 
understanding of the effectiveness of the 
process and the value of its outcomes (Wholey, 
2010).  
 
In this paper a case study is used for the 
purpose of explaining the FM process and 
demonstrating its value in analysing and 
designing complex systems for the CE. The 
case is based on literature and consumer 
research, and assumptions by the authors 
based on their knowledge of the sector. The 
case involves the household use and 
consumption of compostable coffee capsules. 
The capsules used in this case are polymer-
based and certified (EN 13432) as being 
biodegradable under industrial composting 
conditions (Cazaudehore et al., 2021). Despite 
the promising potential to use such materials to 
substitute conventional plastics (European 
Bioplastics, 2018), the waste management of 
biodegradable plastics is highlighted as a 
significant issue for the near future waste 
(Prieto, 2016). Specifically, this case is complex 
because of uncertainties and unknowns around 
the need for standardised labelling, sorting 
instructions, and coordination by policymakers 
(Prieto, 2016). Further, there are concerns 
around the commercial value that is recovered 
from the anaerobic digestion of these materials, 

jeopardising the chances for a successful 
closed-loop resource flow in the biosphere. At 
present, a wide variety of certified 
biodegradable materials are available on the 
consumer market, yet consumers are ill-
informed and infrastructure is lacking.  
 

The Flow Mapper philosophy  
The FM tool was developed to support the 
design of products and systems for the CE 
based on in-depth understanding of existing 
products and systems. Our philosophy for the 
tool evolved throughout the development and 
evaluation. The FM: 
 
• is grounded in the following theory: System 
Thinking (e.g., Senge, 2006) as interconnected 
system elements deliver the behaviour of the 
system as a whole; System Dynamics 
(Forrester, 1968, Meadows, 2008, Sterman, 
2014) as stocks represent resource quantities 
at different moments in time, flows represent 
the rate of change to resources caused by the 
processes that move and transform them, and 
system elements are interpreted as the 
auxiliary variables that influence stocks and 
flows; and MFA (Brunner and Rechberger, 
2004) as the flow of resources is interpreted as 
a sequence of processes that affect resources.  
 
• enables the development of a visual and 
easy-to-interpret model of the RFS for one 
product, including a State Model of the resource 
flow consisting of states of the system 
behaviour and the transition from one state to 
the next (Gedell et al., 2011); a Functional 
Model that identifies and organises functional 
requirements (Burge, 2006); and a Structural 
Model that explains how the system operates 
(Kasser & Mackley, 2008) by capturing its 
socio-technical elements and their 
interconnections (Ceschin & Gaziulusoy, 2020; 
Charnley et al., 2011). 
 

Introducing the Flow Mapper 
In this paper we present the FM version 1.0.3. 
The tool involves a method to model the RFS, 
as well as the process to apply the method and 
analyse the model. In an innovation project, the 
FM is typically used either to model novel 
systems for the CE informing design decisions 
or to model (partly) existing systems to analyse 
and optimise them. The initiator forms a team 
aiming to include various disciplines and 
different perspectives on the system (Charnley 
et al., 2011). Using the FM entails undertaking 
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several steps over three distinct phases, see 
Table 1. The steps are illustrated through the 
case study, which aims to model and analyse 
an existing system.  
 

Phase Step 

I Preparatory 1. Specify resource 

2. Pick a flow 

II Modelling 3. Take resource snapshots 

4. Map functions 

5. Map system elements 

III Action 6. Label pivotal functions 

7. Determine risks and 
opportunities 

Table 1. Phases and steps of the FM process. 
 

Phase I: Preparatory 
To start, the team aligns on the case and sets 
the scope of the system. This is necessary 
because a variety of perspectives often lead to 
assumptions and expectations on what should 
or should not be included in the system. This 
phase involves two key steps that enable the 
team to develop a shared mental model of the 
system.  
 
In Step 1, the team specifies the case based on 
what is already known about the resource, the 
consumer and the context of consumption 
using the Resource Specification Sheet (Figure 
2). This template contains a series of questions 
guiding the team to agree on which system to 
model. For example, in the case study the team 
specified the use context to be a consumer in 
London, consuming coffee at home and buying 
coffee capsule strips in the supermarket. This 
aligns the team on the geographic location and 
clarifies the household recycling systems.  
 
In Step 2, the team agrees on the type of flow 
that the RFS produces. The FM presents users 
with a choice of three types of flows, available 
on Flow Stickers. Rather than the waste 
hierarchy or circular business strategies, the 
Flow Stickers indicate the lowest entropy of the 
flowing resource, i.e., material, component or 
product (Blomsma & Tennant, 2020). In the 
case study, the Flow Sticker ‘material’ is 
selected to align with material composting. If, 
instead, the capsules were refilled, the Flow 
Sticker ‘component’ would have been selected. 
Basing the flow type on the resource entropy 
emphasises the function of the RFS and 

prioritises it over other stakeholder objectives 
as, for example, which business strategy to 
use.  
 

 
Figure 2. Resource Specification Sheet 
completed for the case study. 
 

Phase II: Modelling 
Next, knowledge and insights necessary to 
model the RFS are captured from each user. 
Developing the three models (i.e., State Model, 
Functional Model and Structural Model) 
gradually guides users from a high-level view to 
a detailed understanding of the RFS. Central to 
this phase is the Configurator Board (Figure 3), 
serving as a modelling canvas and supporting 
the team in developing the FM model.  
 
In Step 3, the team develops the State Model 
of the RFS, using Snapshots, i.e., 
characterisations of the states of the flowing 
resource at key moments in the resource flow. 
For example, in the case study, the ‘obsolete 
resource’ shows the used capsules in the 
Nespresso machine’s capsule container. 
Characterising the resource in time-specific 
contexts refines the narrative of the RFS and 
indicates relevant socio-technical system 
elements, deepening the shared understanding 
of RFS and making the first step towards a 
visual model. 
 
In Step 4, the team produces the Functional 
Model by chronologically mapping Function 
Cards each containing a verb to describe a 
process that physically moves and/or 
transforms resources. This provides a non-
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physical description of the RFS, translating the 
collective objective to achieve the operational 
requirement into a sequence of functional 

requirements, see Figure 4. These functions 

allow the team to imagine different solutions to 
satisfy them, encouraging the identification, 
comparison, consideration and addition of 
interconnected system elements to ensure the 
operation of the RFS. 
 
Typically, the system elements are easily 
recognised, but it is their interconnectedness 
that is key to the operation of the system 
(Meadows, 2008). Therefore, in Step 5, the 
team develops a Structural Model by describing 
the system elements and their 
interconnections, and positioning the elements 
on the Configurator Board. The elements are 
categorised in six (colour-coded) classes 
(Zeeuw van der Laan, 2021) presented in Table 
2, encouraging the inclusion of multidisciplinary 

knowledge and insights, see Figure 4. Because 
the system elements and processes emerge 
naturally and continuously while the team 
models the RFS, steps 4 and 5 are iterative.  
 

Phase III: Action 
The two final steps involve holistic and in-depth 
analyses of the FM model, necessary to 
develop the takeaways that support the 
innovation project. The FM model provides 
constructive reference points for these 
analyses.  
 
In Step 6, the team looks at the RFS holistically 
and labels the most critical functions with 
Pivotal Markers. Which functions are deemed 
critical depends on whether the innovation 
project involves understanding an existing 
RFS, or designing a novel one. Typically, the 
critical functions can be both those where the 
flowing resources succeed or fail, as it is 

 

 
 

Figure 3. Configurator Board. 
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important to learn from where the system works 
and where it does not. In the case study, for 
example, the function ‘ferment’ has a red 
marker as there are concerns about the ability 
of the compostable capsules to ferment in the 
anaerobic digestion system. In contrast, the 
function ‘press’ has a green marker, as the 
capsules are compatible with current 
operations and consumption behaviour.  
 
In Step 7, the team organises the marked 
functions and relevant elements in the Analysis 
Matrix to understand the root causes of success 
or failure and propose actions to improve the 

RFS. In the example of the function ‘ferment’, 

see Figure 4, the in-depth analysis explains that 
the EN 13432 certification specifies a 
disintegration time (principle), which is a 
property preserved by the material (resource); 
however, this exceeds the duration of the 
anaerobic digestion practice (infrastructure). As 
an action, the team could discuss the 
composting of coffee capsules with an 
anaerobic digester to learn about the 
limitations. 
 

 

Class of 
system 
elements 

Description 

Principle 
(yellow) 

Rules and circumstances that do 
not easily change, e.g., 
legislation, weather conditions. 

Value 
(orange) 

Activities that deliver business 
value, e.g., services, 
transactions. 

Actor  
(green) 

Actions and behaviours of and 
between stakeholders on 
resources, e.g., motivation, 
interaction. 

Information 
(pink) 

Information gathered and 
provided, e.g., data on 
resources, user instructions. 

Infrastructure 
(blue) 

Equipment and consumables, 
e.g., technology, production 
means, energy. 

Resource 
(purple) 

Resource qualities of the 
product or material, e.g., 
physical property, appearance. 

Table 2. Six classes of system elements. 

 
  

 
Figure 4. Close-up view of the Configurator Board completed for the case study. See the Appendix for the 

full view of the Configurator Board for the case study.  
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Discussion 

Production and consumption systems for the 
CE are typically integrated focusing on 
interfaces limiting the design of innovative and 
constructive solutions for the CE. By taking a 
resource flow-centric perspective and 
conceptualising the RFS following systems 
theory, a novel approach to designing system 
and product solutions for the CE is proposed. 
This is because the boundaries of the RFS are 
set to include the structure required to produce 
circular resource flows. The RFS is likely to be 
owned by several stakeholders who will benefit 
if the RFS operates effectively and efficiently. 
Designing the RFS, therefore, provides a 
shared and performance-driven objective, 
which encourages constructive collaboration.  
 
Common design support for the CE typically 
focuses on conceptualising or strategising 
solutions (e.g. Pieroni et al., 2019) but there is 
a lack of support focusing on the realisation and 
implementation of solutions (Baldassarre et al., 
2020). The FM translates systems engineering 
principles into an accessible and intuitive tool. 
Both the FM model as well as the process to 
develop it have implications for design. First, 
the templates, language and cues in the FM 
allow users to easily and rapidly develop a 
visual model. Visual models of complex 
systems are difficult to develop but offer 
invaluable support for collaboration as they 
allow alignment on and communication of 
solutions (Charnley et al., 2011, Lim et al., 
2008). Second, modelling the system with the 
FM encourages the discovery, generation and 
refinement of solutions, which are key activities 
in design prototyping (Lim et al., 2008). 
Developing system prototypes helps 
investigate the system and understand what it 
has to offer, such as identifying business 
opportunities (Houde and Hill, 1997), or finding 
evidence for the feasibility of solutions 
(Goldsworthy, 2014).  
 

Limitations and future work 
The FM is the result of on-going research and 
development (Zeeuw van der Laan, 2021). 
Although our research focuses on Fast-Moving 
Consumer Goods, we see value in using the 
tool in other industrial sectors. The 
development of the FM is on-going and future 
work focuses on: integration in industrial 
innovation processes; modelling product and 
material journey variations; and optimisation of 
the usability and effectiveness of the 

collaborative modelling process. Based on our 
current work we have confidence that there are 
recurring (sector-specific) system elements and 
functions (Zeeuw van der Laan, 2021). We, 
therefore, aim to undertake research to define 
them and develop taxonomies that can further 
simplify and accommodate the modelling 
process.  
 

Conclusion 
This work proposed a novel approach to the 
design of systems for the CE, making two key 
contributions. First, it introduces the RFS, which 
frames the system needed to satisfy the 
operational requirement to flow resources 
circularly. Second, it introduces a method and 
tool called the FM to model the RFS, supporting 
collaboration and innovation on solutions for the 
CE.  
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Appendix 
Configurator board completed for the case study of compostable coffee capsules.  
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