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Professor Tim Cooper

Knowledge and power

The evolution of research into

product lifetimes

Over the past decade there has been a substantial
growth in research relating to product lifetimes.
By contrast, in the early 1990s a report entitled
Beyond Recycling: The longer life option revealed
very little academic activity in the field, and over the
next 20 years it grew only slowly. Around a decade
ago, however, a time when interest in the circular
economy concept was rapidly expanding, the need
for a series of clearly focussed conferences to
bring together researchers with expertise relating
to product lifetimes became apparent. Launched
in the UK in 2015, PLATE conferences have since
been held biennially, each in a different country,
and attracted over 650 participants.

In his presentation, Tim Cooper, who initiated
the conference series, will reveal the findings of
a recent study on the evolution of research on
product lifetimes, based on a review of papers
presented at past PLATE conferences, which now
total nearly 400. The study team explored not only
the content of papers but the background of their
authors, enabling a comprehensive overview of
academic work over the past decade.

Tim will highlight trends in the aims and methods
of conference papers, the types of products
addressed, and the extent to which research has
been framed in the context of the circular economy.
He will identify the location of researchers, their
academic disciplines, the extent of collaboration
between research institutions, and how conference
papers have been used to shape and disseminate
knowledge, including transmission into peer
reviewed journal articles.

Academic discourse on product lifetimes looks
set to grow as public pressure mounts for the
principles of the circular economy to be put into
practice. Tim will argue that the PLATE community
has a vital role to play in ensuring that decisions
made by governments, companies, campaigners
and consumers are based on sound knowledge
derived from high quality research.

Tim Cooper is Emeritus Professor of Sustainable
Design and Consumption at Nottingham Trent
University. Having started his career as an
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economist in the construction industry, his first
study on product lifetimes, Beyond Recycling,
was published in 1994 by the New Economics
Foundation. He began his academic career at
Sheffield Hallam University, and was awarded a
Chair at Nottingham Trent University in 2010. His
book Longer Lasting Products, published the same
year, established his reputation as an international
authority on the lifetime of consumer goods. He
initiated the biennial series of PLATE (Product
Lifetimes and the Environment) conferences in
2015, serving as Conference Series Chair until his
retirement in 2022.

Tim's research has been funded by the European
Commission, Council of Europe, Defra, WRAP,
the EPSRC and ESRC. It has explored product
lifetimes from a range of perspectives, including
design, marketing, business models, behavioural
change and public policy, and has addressed
a range of industry sectors, notably clothing,
appliances, vehicles and furniture. Tim has
advised the European Commission (DG Justice
and Consumers) and European Economic and
Social Committee, and has presented evidence
to various UK Government committees, most
recently the House of Commons Environmental
Audit Committee inquiries into Electronic Waste
and the Circular Economy and The Sustainability
of the Fashion Industry.



Tamar Makov

The hidden

environmental
costs of consumer
product returns

During the 2020 holiday season alone, US
consumers sent more than one million products
back to retailors each day(!). Consumer returns
are a particularly challenging issue in e-commerce
where as many as 20%-40% of all products sold
are returned. While many consumers consider
return policies to be a key factor in their purchase
decisions, few seem realize that the products
they send back don't necessarily make it back to
the shelf. Instead, many returns travel through a
complex reverse logistics supply chain, at the end
of which some are resold via outlets and secondary
markets at a fraction of their original retail price,
while others are recycled, donated, or sent directly
to incineration.

Beyond the added transport and waste associated
with the post-return lifecycle stages, disposing
of brand-new perfectly functional products also
squanders the embodied materials and energy
invested in their production and distribution. While
the environmental impacts of eCommerce are
well discussed, returns are seldom included in
analyses. As a record number of households adopt
eCommerce following the global pandemic, gaining
a better understanding of the environmental
implications of such a massive shift in consumption
patterns is both timely and imperative.

Building on a unique dataset covering over
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600,000 apparel items returned in
the EU, semi-structed interviews
with industry experts, and a
comprehensive literature review,
we use data-science methods and
LCA, to map the flows of returned
items across the post-return supply
chain and assess the full lifecycle
environmental impacts of product
returns. Our results suggest that
the embodied impacts associated with producing
items that are never used far surpass the direct
emissions associated with transport, processing
and packaging of returned products. To the best
of our knowledge, this work presents the first
attempt to quantify the environmental impacts of
product returns from a full lifecycle perspective.

Dr. Tamar Makov investigates the potential to
address social and environmental challenges
through  sustainable  business  practices,
technologies, and entrepreneurship. Adopting a
systems approach, she draws from the fields of
Industrial ecology, Data science, and Behavioural
economics, and combines methods including
Life Cycle Assessment (LCA), machine learning,
and psychological experiments. Her goal is to
generate insights informing theory, policy, and
real-world decision making on issues including
sustainable food systems, the circular economy,
and digitalization.

Makov’s work has been published in high impact
journals including Proceedings of the National
Academy of Sciences (PNAS), Nature Climate
Change, and Nature communications, and is
funded by the Alfred P. Sloan Foundation, Internet
Society Foundation, Israeli Science Foundation
(ISF), and the German - Israeli Foundation for
Scientific Research and Development (GIF).
Makov is the head of the Circular Economy lab and
a faculty member at the Guilford Glazer Faculty
of Business and Management and the Goldman
Sonnenfeldt School of Sustainability and Climate
Change at Ben Gurion University. She holds a
PhD and MA in Environmental Management from
Yale University, and a B.Sc. in Nutrition science
from the Hebrew University of Jerusalem.



Thomas Nystrom and Anneli Selvefors

Future Adaptive Design - designing
products for circular business models

A growing number of companies are
investigating how to reduce the environmental
load and capture financial values through
new business models driven by product
longevity. However, such a shift entails a
multi-dimensional transformation and previous
research highlights several challenges related
to, forinstance, ensuring the viability of business
models and value propositions, designing
products fit for longevity, and creating pleasant
user experiences. Product and organizational
complexity can also make it especially difficult
to explore circular business models that
challenge the current linear business logic.

In their presentation, Thomas and Anneli
will highlight opportunities and challenges
companies face when pursuing new business
models based on extended product longevity.
Building on several research projects, they will
discuss what implications extended product
lifetime has for product and service design,
business, and organization. Learnings show
that moving away from the prevalent focus on
minimizing manufacturing costs, to a focus on
preserving product values and reducing both
lifecycle costs and the environmental footprint
requires fundamental changes in business and
design logic.

Results from their research suggest that an
approach and methods for Future Adaptive
Design can enable companies to explore
future uncertainties by identifying risks for
premature obsolescence and associated cost
drivers. Moreover, it can aid exploration of
opportunities to redesign product architecture
and components to increase the potential to
significantly reduce business risks as well as
the environmental load.

Learn more

Future adaptive design:

www.ri.se/en/what-we-do/expertises/
future-adaptive-design-for-a-circular-economy
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Thomas Nystrom Lic. Phil has more than 20
years of experience in circular design, business
development, and organizational change
management. In 2013 Thomas was part of starting
up RISE research team Sustainable Business,
that since, systematically has contributed to
knowledge building around circular business
models built on value preservation, with a potential
to radically reduce climate/environmental impact.

Thomas’s main research focus is on how physical
products can be designed for reduced business
risk in circular business models. This could be
achieved by designing physical products for
extended functional life through Future Adaptive
Design which could mitigate the risk of premature
obsolescence. Thomas has a background as an
industrial designer and has the privilege of doing
just that, contributing to designing industries to
better fit in a circular economy.

Anneli Selvefors is a design researcher and
innovation catalyst at RISE - the Research
Institutes of Sweden. Her research focuses on
how companies can rethink their design and
innovation processes and develop sustainable
and circular offers. Primarily, she explores
opportunities to design for circular business
models, to facilitate circular consumption, and to
enable sustainable lifestyles. An important part of
her work is to develop, assess, and disseminate
new methods and tools for sustainable design
and business model innovation.

Since 2019, Anneli is a member of the reference
group for the Swedish Delegation for Circular
Economy and has been the chair of one of
its expert groups tasked with proposing new
policies and other measures that can aid Swedish
companies to design for circularity. During 2020-
2022 she was also a member of one of the
working groups of the Swedish Government's
innovation partnership programme Climate
Neutral Industry that advised the Government
on how circular design can aid development
of sustainable innovations. She holds a Ph.D.
in Human-Technology-Design and a M.Sc. in
Industrial Design Engineering from Chalmers
University of Technology.
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Susanna Horn:

Ecodesign for
Sustainable Products
Regulation (ESPR)

The recent proposal for Ecodesign for
Sustainable Products Regulation (ESPR) aims
to reduce the negative life cycle environmental
impacts of products and improve the
functioning of the market. It is strongly linked
to its predecessors, the Ecodesign directives
but extends the existing framework to cover a
very broad range of products (such as textiles)
and widens the scope of the requirements
with which products are to comply. The new
Ecodesign regulation is also linked to multiple
other EU policy frameworks, such as the EU
Green Deal, EU Industrial policies, the Circular
Economy Action Plan, the EU textile strategy
as well as initiatives related to sustainable
production and consumption and waste
management. The actions proposed in the new
ESPR cover, for instance, binding requirements
for the environmental sustainability of textile
products, such as longevity, repairability and
recyclability requirements; the implementation
of a digital product passport for textile products;
mandatory requirements concerning public
procurement; and banning the destruction of
unsold and/or returned textiles.

Continues on the next page »



The implementation of the regulation will
cause some changes to the way stakeholders
are operating and prepare them to transition
to sustainable and circular economy.
Nevertheless, it raises several concerns
by the private actors due to the regulation
being mandatory and binding for all member
states. The keynote will discuss these
changes, concerns and implications to various
stakeholders, the status of the regulation, and
the potential drawbacks that still remain. In
addition, the possibility to lay down specific
minimum standards for placing different
products on the market will be discussed from
the viewpoint of product-specific ecodesign
requirements. Due to the regulation being still
in preparation, the contents of this keynote
will be subject to updates according to the
progress of the preparation.

Susanna Horn, DSc (Econ). Group manager
in the Industry and value chains the Finnish
Environment Institute (Syke). Susanna is
currently working in projects related to circular
economy and life cycle approaches related to
textiles, plastics, digitalization, metals, as well
as ecodesign, innovation, policies and data
questions. Her main expertiseisin the strategic
use of life cycle methods. Prior to working
in Syke, she has worked in the metals and
mining sector in sustainability and innovation
positions, as well as in the university sector
as a researcher. PhD in business-related
application of LCA methodologies, Master’s
degrees in Economics (JYU) and Sustainable
Resource Management (TUM).
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Paula Sarsama is Infinited Fiber Company’s
Program Manager, a circular economy enthusiast
with passion for finding solutions to decrease
the environmental impact of the fashion industry.
Her focus is on creating collaborations with
other stakeholders in the circular value chain
and ecosystem, with an aim of making circularity
in textiles an everyday reality. Prior to joining
Infinited Fiber Company, she was a Senior
Scientist at VTT, leading several projects in the
areas of sustainability and bio-based materials.
Paula has over 20 years’ experience in leading
commercial and technology projects in industry,
business, and academia.

Learn more about Infinited Fiber Company at
www.infinitedfiber.com



Professor Martin Charter is a Director in The
Centre for Sustainable Design, Research &
Innovation, Business School for the Creative
Industries, University for the Creative Arts, UK.
Professor Charter has worked at director level
on business sustainability issues in consultancy,
leisure, publishing, training, events and research
for over 30 years. Prior to this he held in a
range of management positions in strategy,
research and marketing in gardening, building
products, trade exhibitions, financial services
and consultancy including Save & Prosper
Group, Reed International, Creative Marketing
Group and Kiveton Park (Holdings) Ltd. Martin
was the launch Director of Greenleaf Publishing,
Marketing Director at the Earth Centre, former

Nina Teufel is an experienced Innovation Manager with
a strong background in the sports apparel industry. With
a passion for driving conceptual innovation and creating
sustainable solutions, Nina has been actively involved
in various roles related to sports apparel Innovation,
development and purchasing for companies as adidas
and H&M. Since February 2021, Nina has been leading
the conceptual side for adidas of the PFRP (Publicly
Funded research project) New Cotton New Cotton
Project. An Industry consortium of 12 pioneering
partners driving circularity forward. In that role she
has been instrumental in creating a vision for new
cellulosic materials, aiming to introduce sustainable
and circular alternatives in the apparel industry. Within
that project, adidas by Stella McCartney has launched
a capsule collection in FW22 to demonstrate a circular
approach. As part of the Innovation Concepts team,
Nina has also been driving strategic innovation projects
related to several sports, always pushing the limits of
performance and sustainability.

director of regional business networks focused
on sustainable business, green electronics and
eco-innovation.

Martin has been Director of The Centre
Sustainable Design® at the University for the
Creative Arts (UCA) since 1996 where he has
led a range of international, national and regional
research, consultancy and training programmes
focused on product sustainability and sustainable
innovation.

The Centre Sustainable Design®
www.cfsd.org.uk

University for the Creative Arts (UCA)
www.ucreative.ac.uk
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Co-creating a Vision for the Circular Economy: A Case Study of the

Polyurethane Foam Industry via Backcasting

Mona Abadian®, Jennifer D Russell®
a) Virginia Tech, Blacksburg, United States

Keywords: Circular economy; Backcasting; Polyurethane foam; End-of-life management; Recycling,
Sustainability; Transition strategy.

Abstract: The circular economy (CE) is seen as a way to address the environmental impact of plastic
waste. Achieving a CE requires advanced technical solutions, innovation, and reconfiguring the value-
chain and stakeholder practices. Backcasting is a method of strategic planning, commonly used for
policy development, that involves integrating different perspectives from stakeholders, starting with a
co-created vision. A two-day workshop was held using backcasting to explore opportunities and
strategies for a CE transition within the polyurethane (PU) foam product value-chain. Participants from
industry, government, and academia were tasked with clarifying an ideal CE future state for diverse PU
foam stakeholders and to identify gaps in the current system. Participants developed, discussed, and
ranked priorities for stakeholders in each part of the value-chain and find consensus strategies for
transitioning. During the workshop, 348 ideas were generated, and stakeholders agreed to develop a
common vision for CE within the industry. From these, participant groups identified strategic priorities
for CE advancement, including customers, manufacturers, producers, distributors, retailers, recyclers
and recovery, suppliers to manufacturers, and research. By utilizing the backcasting methodology,
industry stakeholders engaged in collaborative efforts and open discussions, leading to a mutual
comprehension of the requisite infrastructure for the transition towards a circular economy. The
outcomes of the study offer valuable perspectives into potential pathways for achieving a circular
economy in the PU foam industry.

Introduction competencies, resources, and capabilities to
Environmental impacts have incrementally drive the necessary transformations. Their
increased pressure on industrial businesses active participation is vital for the successful
(Lieder & Rashid, 2016). The circular economy implementation of the CE (Gallego-Schmid et
(CE) has been proposed as a solution to al.,, 2019). Innovative technologies are being
mitigate the environmental impacts of plastic developed to convert end-of-life products into
consumption and waste disposal. The CE useful feedstocks for production processes.
concept has attracted significant attention from However, the implementation of effective and
both academics and professionals, as it is feasible systems is crucial for the successful
viewed as a way for businesses to practice diversion, collection, capture, and reintegration
sustainable development (Geisendorf & of materials, which are widely distributed across
Pietrulla, 2018; Ghisellini et al., 2016). millions of sites. Therefore, it is essential to
However, implementing the CE concept is not a develop comprehensive strategies that address
straightforward process, and it requires the challenges associated with material
innovative actors who can provide services and recovery and recycling. To bridge the gap
designs towards appropriate radical changes in between the technology developed and the
practices, policies, and decision-making tools current product cycling system assessment, an
(Golinska et al., 2015; Murray et al., 2017). evaluation of the market potential and feasibility
Furthermore, CE demands advanced technical of select pivoting technologies will be
solutions  (MacArthur, 2013), such as conducted through backcasting. Backcasting is
depolymerization, alongside innovation and an approach that aims to foster a participatory
reconfiguring the value chain and stakeholder and collaborative process among stakeholders
practices. Industry stakeholders are keen on by establishing a common vision and purpose
adopting a CE model within their respective for the future. Stakeholders to the System are
value chains, as they possess the requisite engaged to identify and reverse-engineer key

focus areas, innovations, and interventions to
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expedite the transition to more efficient and
effective systems (Gaziulusoy & Erdogan
Oztekin, 2019; Watz & Hallstedt, 2020). The
ABCD-procedure are used in accordance with
the funnel metaphor presented in the
Framework  for  Strategic Sustainable
Development (Broman & Robert, 2017) to
establish a common terminology and co-create
a future vision for circularity.

In this study the backcasting method was
employed in a case study centered around the
polyurethane (PU) foam value-chain to
investigate the potential opportunities and
strategies for transitioning to a CE for relevant
PU foam products, including mattresses,
furniture, and insulation. PU foam is the sixth
most used polymer in the US and is highly
versatile is widely used in various applications,
including the automotive industry, insulation,
(Das & Mahanwar, 2020). However, with the
increasing amount of PU foam waste generated
and disposed each year, there is a growing
focus on CE solutions to close these material
loops (Kraitape & Thongpin, 2016). Recycling
PU foam is challenging due to its resistance to
degradation, making it difficult to dispose of at
end-of-life (EOL), This study aims to identify
new opportunities and effective strategies for a
smoother fransition towards a CE in this
industry. By exploring avenues for innovation
and development, we can address challenges
and barriers towards a more sustainable future.
With a collaborative approach and leveraging
the latest research, this study provides practical
insights for informed decision-making and
effective solutions.

Methodology
The study uses the ABCD backcasting
methodology (Broman & Robert, 2017):
Awareness and defining success (A),
Baselining the current state (B), Creative
solutions (C), and Decide on priorities (D).
During the workshop, participants inductively
worked through the four scaffolded A-B-C-D
activities. The workshop hosted 43 workshop
participants (in-person and virtually)
representing PU foam stakeholders, including
recyclers (4.7%), chemical suppliers (39.5%),
manufacturers of PU foam /products (23.3%),
academia (25.6%), and governments (6.9%).
Online participants were included through the
use of Zoom's collaborative online room option,
and the digital collaboration whiteboard tool
was used to share ideas for both in-person and
virtual formats.
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At the outset of the workshop, the participants
were guided through the first two stages of the
ABCD backcasting methodology (Steps A and
B). Workshop participants independently
worked to identify the essential needs and
requirements of a successfully implemented
circular economy in the PU foam value chain
(hereafter referred to as “CE requirements”)
based on different positions within the value
chain. These questions focused on identifying
stakeholders, potential opportunities, and
barriers associated with implementing CE
initiatives in the PU foam industry. During Steps
C & D of the workshop, participants were asked
to share their solutions and CE requirements
for a sustainable future in the industry. The
participants were divided into eight pre-
assigned groups, comprising individuals from
different parts of the value chain / lifecycle
stages: (1) chemical suppliers, (2)
manufacturers, (3) distributors and retailers, (4)
consumers, and (5) recyclers (6) governments
and policy makers and (7) academia (hereafter
referred to as “value chain stakeholder
groups”). Groups were then tasked with
collaboratively developing an ideal vision of a
future CE for each stakeholder group. A total of
six scenarios were presented for groups to
consider where the PU foam industry had
achieved circularity, i.e., “Imagine: We have a
magic wand - and now the polyurethane foam
industry is 100% circular. Describe what this
looks like for [e.g., consumers]?” Five scenarios
focused on each stakeholder group, and a sixth
scenario asked participants to consider policy
and research needs and priorities. Groups
rotated across topics at least three times to
ensure diverse perspectives and contributions,
and to generate a range of innovative solutions
and priorities.

The research team organized the resulting CE
innovation ideas into different categories based
on the common themes that emerged, hereafter
referred to as "CE pathways." To determine
priorities in Step D, participants were then
instructed to personally identify and rank their
top five CE pathways for each value chain
category from the list generated in Step C. A
five-point Likert-type scale was used, in which
1st rank was assigned for the “Most Important”
pathway, and received 5-points, and 5th rank
was assigned for “Least Important” and
received 1-point. To facilitate this, an online
survey was distributed to each participant,
containing all the visions in each category, and
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requesting them to rank them from first to fifth
priority. Finally, participants were formed into
diverse groups and given the task of
collaboratively identifying their top three priority
visions (unranked) from the same list of CE
visions used for individual prioritization.

Results and Discussion

Data collected during Steps A and B of the
backcasting method revealed general
alignment of participants regarding the current
conditions that may enable the transition to CE
for PU foam products. Despite general
agreement about CE opportunities, i.e.,
consumer interest and willingness to engage in
CE, a total of 84 barriers to a CE transition for
the PU foam industry were also identified
(Figure 1). The most significant concerns,
representing 47.6%, were related to
technological barriers (e.g., materials and
product design constraints). This was followed
by infrastructure-related barriers (e.g., reverse-
logistics and the cost of scaled recycling) at
17.9%, market barriers (e.g., the low cost of
primary feedstock, lack of standardization, and
low ROI expectations) at 14.3%, and regulatory
barriers (e.g., lack of policies to align value
chain actors) at 9.5% (Figure 2).

@
': Collaborative identification of barriers to
] CE vision (n = 84)
@
@ :
v
Collaborative identification of
requirements for CE transition (n = 384)
(8)
a v
8
“n Engaged scholarship & systematic
combining into themes / CE pathways
(n=78)
v
g Individual ranking & prioritization of
&' CE pathways

Figure 1. Primary activities and outputs of
backcasting method used in the workshop.

Data collected during Step C of the backcasting
methodology generated a total of 348 CE
requirements that were identified and assigned
by workshop participants to the value chain
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stakeholder group perceived to be the most
likely/able to implement the CE requirement
(Table 1). The greatest shares of CE
requirements were identified for PU foam
manufacturers (18.1%), and for chemical
suppliers (18.1%). However, all value chain
stakeholders were identified as having critical
CE requirement  responsibilities,  with
consumers and recycling agents assigned
16.7%, respectively, distributor/retailers
assigned 14.1%, and action by policy makers,
researchers, and investment accounting for
16.3%. Further inductive analysis by the
research team integrated elements of engaged
scholarship (Bansal & Corley, 2011) and
systematic combining (Dubois & Gadde, 2002),
and resulted in the emergence of 78 CE
pathways into which the 348 CE requirements
were organized (Table 1).

Infrustructure C;L(J)“l;g/al
17.9% T%
Market
14.3%
Regulatory
Technological 9.5%

47.6%

Figure 2. Categorization of the barriers to CE
transition for the PUF value chain, as identified
by workshop participants.

Value chain _CE CE
stakeholder requirements pathways
groups (#) (%) | (#) (%)
Chemical suppliers 63 18.1 11 141
Manufacturers 63 18.1 13 16.7
Distributors and 49 14.1 10 12.8
retailers

Consumer/Customers 58 16.7 | 11 14.1
Recyclers 58 16.7 | 13 16.7
::’ollues/ Research/ 57 16.3 | 20 256
nvestment

Total 348 100 78 100

Table 1. Distribution of CE requirements and CE
pathways.

For the purposes of this analysis, we focus on
the pathways identified for a select example of
PU foam value chain stakeholders: chemical
suppliers, manufacturers, and recyclers.
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Primary CE pathways identified for these
stakeholder groups are presented in Table 2
(manufacturers), Table 3 (consumers and
customer), and Table 4 (recyclers), along with
the CE requirements that were combined to
develop the CE pathway (Figure 1). The
calculated “priority score” for each CE pathway
is also presented in Table 2, and represents the
total scores assigned through individual
ranking.

As shown in Table 2, the data from the survey
indicates that coordination with suppliers to
establish clear circular material
specifications/requirements (M4) is the most
highly ranked priority in the value chain
category. The development and
implementation of material design requirements
for circularity (M6) is the second highest priority,
but the degree of consensus among the

indication of both need and desire for better
alignment between manufacturers and their
suppliers to enhance the circularity and
sustainability of the PU foam value chain. In the
case of recovery and recycling stakeholders
(Table 3), establishing local collection
infrastructure and consolidation points and
coordinating with other stakeholders to
effectively communicate and educate about
local end-of-life options (RR4) emerged as the
most critical factor for attaining circular
economy, garnering 50% of the respondents'
preference. Meanwhile, the stakeholders
exhibited a degree of variability in ranking
coordination with manufacturers and material
suppliers to clarify the most important labeling
requirements (RR7) and market development
for by-products of chemical recycling (RR1) as
their second and third priorities, respectively.

participants is lower (Table 2). There is
CE Pathways (Manufacturers) Priority
score
Coding | Pathway (Ind.)
. Coordinate with suppliers to establish clear circular material

M4 s : 43

specifications/requirements
* Develop and implement material design requirements for circularity (e.g., design to

M6 . L X ; 36
degrade; controlled degradation; substance/material separation)

M5* Simplify material formulations to make end-of-use and end-of-life management and 32
recycling easier and less costly
Collaborate with and grow upstream supply chain to increase circularity

M9 " oo . 28
opportunities and compatibility of inputs (e.g., new sources, new feedstocks)
Collaborate with and grow downstream supply chain to facility circularity

M10 opportunities (e.g., streamlined recovery channels, purification, and secondary 28
refining of recycled feedstocks; removal of harmful substances)
Develop and implement design requirements for product circularity (e.g., design for

M7 . . ) e : ; 26
disassembly; design for durability; design for environment)

M3* Clear product labeling and/or product identification (e.g., digital passport technology) 25
regarding material composition and source information

M8 Develop and implement product-appropriate recovery and circularity systems 23
Manufacturer leadership to design and manage collection systems for end-of-

M11 ; 22
use/end-of-life products

M2 Communicate with and manage customer/user expectations regarding the circular 12
product (e.g., performance, color, longevity)

M12 Sustainable facility transitions to renewable energy and energy efficient 11
infrastructure and equipment

M1 Pre-consumer (production) scrap recovery and cycling (not down-cycling or 8
downgrading)

M13 Growth and innovation of niche value-add activities needed for circular systems 6

Table 2. CE pathway priorities for PU foam manufacturers, as identified and ranked by individual
participants and presented in order from highest to lowest. * denotes CE pathways collaboratively

prioritized by groups (refer to Table 4).
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CE Pathways (Recyclers) Priority
score
Coding | Pathway (Ind.)

Establish local collection infrastructure and consolidation points and coordinate with

RR4 other stakeholders to effectively communicate and educate about local end-of-life 47
options
Coordinate with manufacturers and material suppliers to clarify the most important

RR7 labeling requirements needed for disassembly, recycling, and other end-of-life 35
management options.

RR1 Market development for by-products of chemical recycling (e.g., urea, primary 34
amines, isocyanates)
Streamline/optimize networks for pre-treatment, collection, and transportation of

RR5 . ! 30
end-of-life products for recycling.

RR2 Market development for by-products/outputs of mechanical recycling 27
Establish dedicated ‘pure’ collection streams (e.g., hotels, universities, pre-

RR3 : e 27
consumer/production scrap) that can reduce loss/contamination in the system
Develop and communicate a portfolio of circular economy options, including

RR6 . : . 27
mechanical and chemical recycling, and reuse.

RR8 Ensure broad-scale accessibility and convenience of collection points for 26
customers/users
Educate customers/users about the options that are available for circular economy,

RR11 oS 15
and the performance implications

RR12 Educate customers/users about how to recycle their products, and how recycling is 9
performed

RR13 Innovate within the transportation system, e.g., electrification of fleets 6

RRO Educate customers/users about the structure and properties of the recycled 3
materials

RR10 Educate customers/users about the processes used to recycle 2

Table 3. CE pathway priorities for PU foam recyclers, as identified and ranked by individual participants

and presented in order from highest to lowest.

Collaborative group prioritization in the case of
manufacturers (Table 4) revealed some level of
coherence between individual viewpoints and
the collective priorities of the different groups.
Furthermore, the group discussion process was
shown to be influential in shaping individual
perspectives and promoting collaborative
ideation towards prioritization. For example, in
the Manufacturers' category, coordinating with
suppliers to establish clear circular material
specifications (M4) and simplifying material
formulations to facilitate end-of-use and EOL
management and recycling (M5) are deemed
top priorities by both groups and individuals to
achieve CE. In contrast, developing and
implementing material design requirements for
circularity (M6) was not a priority for the group
(Table 4). Conversely, after group discussions,
most stakeholders agreed that clear product
labeling and/or product identification (e.g.,
digital passport technology) regarding material
composition and source information (M3) would
be more effective compared to developing and
implementing material design requirements for
circularity (e.g., design to degrade; controlled
degradation; substance/material separation)
(M6). This also suggests that diverse group
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discussions can offer greater clarity on the topic
and help prioritize strategic pathways based on
what is truly feasible and achievable.

Value-chain Strategic Priorities
Stakeholder

Groups Group Individuals
Producers/ M3 | M4 | M5 | M4 | M5 | M6
Manufacturers

Table 4. comparison of prioritized pathways
from individuals and groups’ perspectives.

Conclusions

The interactive and diverse format of the
workshop provided an opportunity for
participants to gain a better understanding of
diverse stakeholder priorities, concerns, and
constraints. Through facilitated and structured
discussion enabled by the backcasting
methodology, industry stakeholders reached an
improved understanding of the challenges,
opportunities, constraints, and areas of
innovation presented by the transition to CE.
Moreover, through this collaborative process,
multiple diverse strategic pathways and
priorities were identified as part of a co-created
and cohesive transition towards a CE. The
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study's findings provide valuable insights into
potential pathways for the transition towards a
CE in the PU foam industry, and demonstate
the potential application of backcasting as a
facilitation tool for industry.
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Abstract: Upcycling is one promising approach to extending the lifetimes of products, components, and
materials by utilising a variety of material processes and innovations to turn waste products and
materials into products of higher quality or value than the compositional elements. Upcycling increases
resource efficiency and reduces solid waste and industrial energy consumption. It creates new job
opportunities for businesses and reduces costs for materials. Despite such benefits, however, upcycling
remains a niche practice. Moving from a niche to a mainstream practice (or scaling-up) could realise
the full potential of upcycling. Understanding interrelated and self-reinforcing challenges in the global
upcycling value chain is critical for scaling up global upcycling businesses. As existing studies of
upcycling are mostly industry and country-specific, the factors impacting upcycling success across
industries and countries still need to be discovered, making it difficult to establish which challenges can
be prioritised in effectively scaling up upcycling businesses internationally. This study aimed to identify
critical global challenges and opportunities for scaling up upcycling businesses worldwide. We
organised two online workshops with nine international experts in upcycling, utilising Interpretive
Structural Modelling (ISM). The preliminary analysis of the ISM workshop results showed that all global
challenges and opportunities are interlinked and that key opportunities reflect key challenges, with the
first priority intervention suggested as ‘involving citizens in upcycling initiatives or events’ followed by
‘improving material provision’.

Introduction efficiency and reduces solid waste and
Upcycling is one of the promising approaches industrial energy consumption in processing
to extending the life span of products, and manufacturing with virgin materials.
components and materials by utilising various Upcycling also creates new job opportunities for
material processes and innovations to businesses and reduces material costs.
transform used or waste products, components Despite such benefits, however, upcycling
and materials into a product/material of higher remains a niche practice (Sung, Singh, &
quality or value than the compositional Bridgens, 2021). Moving from a niche to a
elements (Sung, 2017). Examples include mainstream practice or scaling up could lead to
‘creative’ or ‘advanced’ forms of repair, reuse, the full potential of upcycling. Understanding
repurpose, refurbishment, upgrade, redesign, interrelated and self-reinforcing challenges in
remake, remanufacture, and recycling — within the global upcycling value chain are critical for
the remit of the circular economy, an alternative scaling up global upcycling businesses. For
to the traditional linear economy of take, make example, consumers’ negative perception of
use, and dispose (Stahel, 2016). The extended upcycled products affects the demand, which
life span of used/waste products, components affects the price, and, therefore, sales, leading
and materials by upcycling increases resource to a limited market resulting in few available

-28-



5 PLATE Conference Espoo, Finland, 31 May - 2 June 2023

Abuzeinab, Sung, Moalosi, Satheesan, Garba, Adeh, Lim, Baek, Njeru
Key global challenges and opportunities for scaling up upcycling businesses
in the world: Interpretive structural modelling workshop preliminary analysis

good quality products that feedback into
consumers’ adverse perception of upcycled
goods in fashion and furniture sectors (Singh,
Sung, Cooper, West, & Mont, 2019). Existing
studies of upcycling are mostly industry and
country-specific (e.g., Cumming, 2017; Paras &
Curteza, 2018; Singh et al., 2019). The factors
impacting upcycling success across industries
and countries are largely unknown, making it
difficult to establish which challenges can be
prioritised in effectively scaling up upcycling
businesses internationally.

This study aimed to identify critical global
challenges and opportunities for scaling up
upcycling businesses worldwide. We initially
conducted a literature review to identify global
challenges and opportunities for scaling up
upcycling. We used online questionnaires to
narrow down the factors into six. We then held
two online expert workshops to prioritise the
factors, which are explained in more detail in
the following section.

Methods

Literature review

The initial literature review to identify global
challenges and opportunities for scaling up
upcycling was conducted between February
and March 2021, resulting in nine common
categories of challenges and ten common
opportunities for successful upcycling across
industries and countries. Please find the details
in the review paper published as a book chapter
(Sung & Abuzeinab, 2021).

Online questionnaire

We created an online questionnaire from the
literature review to ask the study participants to
select up to six key global challenges and
opportunities  for scaling up upcycling
businesses. The answer options provided for
global challenges were: (i) difficulty in sourcing
materials, (ii) limitations from the materials (e.g.
inconsistency, damage), (iii) lack of facilities or
equipment, (iv) time-consuming processes, (v)
limited knowledge and skills, (vi) limited good
quality products, (vii) high sale price, (viii)
difficult and expensive promotion/marketing
activities, (ix) limited, affordable space, (x)
financial constraints, (xi) limited legislation,
standards, and warranty, (xii) consumers’
negative perception of upcycled products, (xiii)
consumers’ low awareness of upcycling, and
(xiv) other.
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The answer options for global opportunities
were: (i) improved material provision, (ii)
suitable  technologies, techniques, and
innovation in production, (iii) targeting high-
opportunity product categories, (iv) effective
marketing, (v) support for the better
mobilisation of resources and knowledge, (vi)
financial support and incentives, (vii) varied
stakeholder involvement (e.g., large brands,
local authorities), (viii) awareness-raising
training and education for consumers, (ix)
involving citizens in upcycling initiatives or
events, (X) awareness-raising campaign and
communication, and (xi) other.

The online questionnaire was sent to 21 people
interested in participating in the study within the
International Upcycling Research Network
funded by UKRI (UK Research and Innovation)
AHRC (Arts and Humanities Research Council).
Out of 21 people, 14 responses (67% response
rate) were collected between July and August
2022. The respondents were nine academics
and five practitioners with expertise in upcycling
from 12 countries in five continents (Africa, Asia,
Australia, Europe, and South America). The
results showed that the majority of global
upcycling experts (minimum 50%) agreed with
six key global challenges and opportunities for
scaling up upcycling businesses (Table 1).

Key global challenges

C1. Limitations from the materials (e.g.,

inconsistency, damage)

C2. Lack of facilities/equipment

C3. Time-consuming processes

C4. Consumers’ low awareness of upcycling

C5. Consumers’ negative perception of

upcycled products

C6. Limited legislation, standards, and

warranty

Key global opportunities

O1. Improved material provision

02. Targeting high-opportunity product

categories

03. Suitable technologies, techniques, and

innovation in production

O4. Varied stakeholder involvement (e.g.,

large brands, local authorities)

05. Involving citizens in upcycling

initiatives/events

06. Awareness-raising activities (e.g.,

campaign, communication, training, education)
Table 1. Key global challenges and opportunities
for scaling up upcycling businesses.
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Interpretive Structural Modelling online
workshops

Using the online questionnaire results (Table
1), we prepared for the Interpretive Structural
Modelling (ISM) online workshops. ISM is a
qualitative and interpretive method used to
structure various factors into a hierarchy based
on the importance of the factors and visualise
the interaction between these factors to help
decision-makers in tackling these factors in
order (Abuzeinab, Arif & Qadri, 2017; Attri, Dev
& Sharma, 2013). Two online workshops were
organised in September 2022. The workshop
invitation was sent to the same 21 AHRC-
funded International Upcycling Research
Network members who expressed their interest
in the study participation (who also received the

online questionnaire). Nine international
experts in upcycling participated in the
workshops. They were academics and

practitioners from seven countries (Botswana,
Kenya, India, Nigeria, South Africa, South
Korea, and the UK) covering three continents
(Africa, Asia and Europe).

At the beginning of the workshop, the facilitator
explained the aim and objectives of the
workshop and procedures. The main workshop
was organised in such a way that the facilitator
presented each factor (challenge or
opportunity) with other factors, and asked the
participants whether the presented factor would
influence other factors. Individual opinions were
collected, and group agreement was sought.
For data collection, notes were taken on the
main points and agreement, and the workshops
were video recorded with the participants’
consent. The data were analysed by developing
SSIM (Structural Similarity Index) and RM
(Reachability Matrix), and MICMAC (cross-
impact matrix multiplication applied to
classification) analysis (Nilashi, Dalvi, Ibrahim,
Zamani & Ramayah, 2019).

Results

Key global challenges

Four symbols were used to denote the direction

of the relationship between any two global

challenges (i and j):

= V:challenge i will influence challenge j, but
not in both directions.

= A: challenge j will influence challenge i, but
not in both directions.
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= X: challenge i and j will influence each
other.

= O:challenge i and j are unrelated.

See Table 2 for the SSIM (Structural Similarity

Index) and Table 1 for C1 to C6 descriptions.

C1 C2 |[C3| C4 |C5| C6
C1 X X A A X
Cc2 X A X X
C3 X \ X
C4 X X
C5 X
Cé6

Table 2. SSIM for global challenges.

The RM (Reachability Matrix) was obtained by

converting the SSIM into a binary matrix by

substituting V, A, X, and O with 1 and 0 as per

the case. The rules for the substitution of 1s and

Os are the following:

= if the (i, j) entry in the SSIM is V, then the (i, j)
entry in the reachability matrix becomes 1, and
the (j, i) entry becomes 0.

= if the (i, j) entry in the SSIM is A, then the (i, j)
entry in the reachability matrix becomes 0, and
the (j, i) entry becomes 1.

= if the (i, j) entry in the SSIM is X, then the (i, j)
entry in the reachability matrix becomes 1, and
the (j, i) entry also becomes 1.

= if the (i, j) entry in the SSIM is O, then the (i, j)
entry in the reachability matrix becomes 0 and
the (j, i) entry also becomes 0.

Driving power and dependence scores are the

sums in rows and columns (Table 3).

C1|C2|C3|C4|C5 | C6 | Driving
power
C1 1 1 1 0 0 1 4
C2 1 1 1 0 1 1 5
C3 1 1 1 1 1 1 6
C4 1 1 1 1 1 1 6
C5 1 1 0 1 1 1 5
(of3) 1 1 1 1 1 1 6
Dependence | 6 6 5 4 5 6 32/32

Table 3. RM matrix for global challenges.

Based on the RM matrix, MICMAC analysis

classified global challenges as seen in Figure 1.

The major findings of this classification are as

follows:

= The diagram indicates that no challenge
comes under an autonomous cluster.
Autonomous challenges generally appear
as weak drivers, weakly dependent and
relatively disconnected from the system.
These challenges have little influence on
other challenges of the system.

= There are also no dependent challenges.
The dependent challenges mean other
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challenges need to be addressed and
removed before their removal.

= There were also no challenges within the
driver cluster. Driver challenges will have
strong driving power but weak dependence
power. Driver challenges need to be
addressed first and they can influence all
other challenges.

= All challenges are within the linkage cluster.
Linkage challenges have a strong driving
power as well as strong dependence.
These challenges are unstable because
any action on them will affect others and
have a feedback effect on themselves.

Figure 1. MICMAC analysis for global challenges.

Table 4 shows the partitioning of the RM into
different levels (iterations 1 to 3).

Challe Reachab | Anteced | Intersect | Lev
nge ility set ent set ion set el
intersec
t
Iteration 1
C1 C1,2,34,
C1,2,3,6 5,6 C1,2,3,6 st
C2 C2,1,34, C2,1,3,5,
C2,1,3,56 5,6 6 st
C3 C3,1,24,5 | C3,1,2/4, C3,1,2/4,
6 6 6
C4 C4,1,2,3,5
6 C4,35,6 C4,35,6
C5h5 C5,2,34,
C51,24,6 6 C5,2,4,6
C6 C6,1,2,34 | C6,1,2,3, C6,1,2,3,
5 4,5 4.5 st
Iteration 2
c3 C345 c34 c34
c4 c4,1,5 C4,3,5 c4,5
Cs C5.4 C5,3.4 C5.4 2nd
Iteration 3
c3 c34 c34 c34 31
c4 c4,1 c4,3 c4

Table 4. RM into levels for global challenges.
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From the analyses including the Ilevels
determined, the ISM model was developed for
global challenges (Figure 2). The model shows
that all the challenges are interlinked — arrow
directions denoted the relationship. The model
was structured on four levels. At the base of the
structure, ‘consumers’ low awareness of
upcycling’ will need to be addressed before
moving up to level 3 (C3: ‘time-consuming
processes’) and level 2 (C5: ‘consumers’
negative perception of upcycled products’).
Three challenges at the top of the structure (C1:
‘limitations from the materials’, C2: ‘lack of
facilities/equipment’, and Cé6: ‘limited
legislation, standards, and warranty’) can be
addressed at the end.

Figure 2. ISM model for global challenges.

Key global opportunities

SSIM for global opportunities was developed
using the same approach for global challenges
(Table 5). See Table 1 for O1 to O6
descriptions. Then, the RM was obtained using
the same approach for global challenges (Table
6).

o1
o1 \ X
02 X
03
04
05
06

Table 5. SSIM for global opportunities.

x|x|%|Q

x| >[%|x<|2

x|x|>[>%|9

Driving
power

05 | 06

1
0
0
1
1
1

Aalalalalala
Aalalalalala
Aalalalalala
(o) [ >] [ )] F-N F N o))

06

Depen

dence 6 6 6

o

S
Ol|la|alalalol—
13,1 PN PN BN o) RN N

4 | 3232

Table 6. RM matrix for global opportunities.
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MICMAC analysis based on the RM matrix
classified global opportunities (Figure 3). There
are no autonomous, dependent or driver
opportunities; all the opportunities are within the
linkage cluster (just like challenges), showing

strong driving power as well as strong
dependence.
Figure 3. MICMAC analysis for global

opportunities.

Table 7 shows the partitioning of the RM into
different levels (iterations 1 and 2), from this,
the ISM model was developed for global
opportunities (Figure 4).

Challenge Reach- Antecedent Inter- Level
ability set set intersect section set
Iteration 1
o1 01,2,3/4, 01,3,4,5,
5,6 01,3456 6
02 02,345 | 02,1,3,4,5,6 02,34,5 1t
03 03,124 | 0312456 | 03124 | 1%
04 04,1,2,3, 04,1,2,3,
5,6 04,1,2,3,5,6 5,6 1t
05 05,1,2,3,
4,6 05,2,4,6 05,2,4
06 06,1,2,3,
4,5 06,1,4,5 06,1,4,5
Iteration 2
o1 0156 0156 0156 | 2m
05 05,16 05,6 05,6 31
06 06,1,5 06,1,5 06,1,5 2

Table 7. RM into levels for global opportunities.

The model (Figure 4) shows that all the
opportunities are interlinked (relationships
indicated with the arrow directions). The model
was structured on three levels. At the base of
the structure, O5: finvolving citizens for
upcycling initiatives/events’ will need to be
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prioritised at the start before moving up to level
2 (O1: ‘improved material provision’ and O6:
‘awareness-raising activities’) and then level 1
(O2: ‘targeting high-opportunity  product
categories’, O3: ‘suitable technologies,
techniques, and innovation in production’, O4:
‘varied stakeholder involvement’).

Figure 4. ISM model for global opportunities.

Discussion and conclusions

The results showed that all key global
challenges and opportunities are interlinked
(within the category) and that key opportunities
reflect key challenges. For example, the most
important opportunity was ‘involving citizens in
upcycling initiatives/events’ (Level 3 in Figure 4)
when the most important challenge appeared to
be ‘consumers’ low awareness of upcycling’
(Level 4 in Figure 2). Although, this is still a
preliminary analysis result based on the
contributions by the nine international experts
within  the = AHRC-funded International
Upcycling Research Network. We are
organising the third ISM workshop in person
during the PLATE (Product Lifetimes And The
Environment) Conference 2023. The third
workshop involving other global experts in
sustainable production and consumption
(outside the network project) will validate these
findings. As a limitation of this study, we are
aware that the approach we used (bundling all
data) does not necessarily reflect different
contexts. Our approach also does not allow
comparative  analysis between different
countries or continents. But the main point of
this study is to identify the key global challenges
and opportunities regardless of contextual
differences.

Assuming that these results are more or less
correct, the following practical implications
could be derived. As both ISM models showed
(Figures 2 and 4), the first priority action as an
intervention for scaling up global upcycling
businesses should be ‘involving citizens in
upcycling initiatives and events for awareness
raising including campaign, communication,
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training and education’ (Levels 2 and 3 in ISM
model for global opportunities) in order to
address ‘consumers’ low awareness of
upcycling’ and ‘consumers’ negative perception
of upcycled products’ (Levels 2 and 4 in ISM
model for global challenges). The second
priority interventions could be ‘improving
material provision’ (Level 2 in Figure 4) and
addressing ‘time-consuming processes’ (Level
3 in Figure 2) by ‘suitable technologies,
techniques, and innovation in production’ (Level
1in Figure 4).
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Abstract: Product care describes all activities conducted by consumers that extend product lifetimes
and includes maintenance and repair practices as well as preventive measures. By now, instruments
for policymakers to foster product care often do not consider the consumer perspective and are based
on theoretical considerations. We explore product care among young consumers to get a deeper insight
into consumers’ current care behavior and to propose consumer-oriented interventions for policymakers
based on these insights. An online survey with 771 participants was conducted in Austria. Our data
reveals two distinct clusters of young consumers: Expressive Caregivers and Reserved Caresavers.
Both groups do not only differ on their product care behavior but also on different values and behaviors
related to the environment. In addition, we show that family members framing product care as
something that should be plays an important role for young consumers. We propose interventions for
policymakers that consider the two consumer clusters as well as further insights on the determinants of
product care. By doing so, we expand the body of knowledge on policy interventions for product care
by considering the consumer perspective on this issue.

Introduction product care and are based on theoretical
Product care describes all consumer activities considerations (see also Maitre-Ekern &
extending  product lifetimes,  including Dalhammer, 2019). We argue that a deeper
maintenance and repair practices as well as understanding of the mechanisms underlying
preventive measures (Ackermann et al., 2018). current consumer behavior is necessary to
Product care keeps the product in a usable and develop appropriate policy instruments that do
appealing state for a longer time, thereby not only address manufacturers and suppliers
postponing its rep|acement by new products but also consumers. TherEfore, this Study
(van den Berge et al., 2021). Thus, product care aimed to explore factors influencing product
supports the concept of the Circular Economy care among consumers to get a deeper insight
(Hobson et al., 2021). into consumers’ current care behavior and to
propose consumer-oriented interventions for
Previous studies have investigated how policymakers based on these insights.
consumers’ willingness and ability to take care
of products can be fostered. These approaches Prior research has shown that opinion
often addressed the design of products (e.g., leadership plays is important for sustainable
Bocken et al., 2016; van Nes & Cramer, 2005), consumption (Jansson et al., 2017). Opinion
thereby focusing main|y on manufacturers’ leadership describes influencing “the opinions,
responsibi”ty to offer products that consumers attitudeS, beliefS, mOtivationS, and behaviors of
can easily take care of. Instruments for others.” (Valente & Pumpuang, 2007). An
policymakers to extend the lifetimes of opinion leader is someone who is particularly
consumer durables include for examp|e interested in a SpeCifiC field and frequently
extended ||ab|||ty periods and consumer EXChangeS information about it with others
protection laws (See7 e.g., Svensson_Hog|und (Lazar3f9|d et al., 1944) Opinion leaders can
et al., 2021). However, these approaches often act as role models for behavior change and
do not consider the consumer perspective on should ~ be  addressed by  specific
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communication measures (Petruch & Walcher,
2021). We also

explored additional social aspects, such as the
influence of family members and education, as
well as other measures of sustainable
consumption to derive a meaningful data base
for our interventions.

Study

An online survey with panel members of an
international market research company was
conducted and analyzed. The items from the
original scales presented in the following
section were translated into German for our
survey. The sample consisted of 771 18- to 35-
year-old people (U = 26.8 years; 0 = 5.1 years)
living in Austria and was representative for
Austria regarding gender (50% female, 49%
male, 1% X), federal state, and educational
background.

Method

We selected coffee machines and bicycles as
products of investigation because product
care (e.g., decalcifying the coffee
machine, lubricating the bike chain) does
not require specific skills or knowledge and
should thus be doable for everyone. To get
a more general picture on product care,
we combined the evaluations of both
products. Since not all  surveyed
participants possess a coffee machine
(73% possession), respectively a bicycle
(83% possession), the number of usable
answers decreased from 771 to 477.

Product care for coffee machine (Cronbach's a
=0.939) and product care for bicycle ( a=
0.935) were thus combined into one common
factor product care. If not stated otherwise, all
rating scales ranged from 1 =very low to
7 = very high or 1 =1 totally disagree to 7 =
| totally agree.

Product care was assessed based on
the product care tendency scale (Ackermann
et al., 2021; [product] was replaced by
«coffee machine» or «bicycle», respectively):

e ltis important for me to take care of my

[product].

o | look after my [product].

e | try to prevent my [product] from
damage.

e | clean my [product].

-35-

| have the necessary equipment for

care activities on my [product].

e | am experienced in looking after my
[product].

e | can look after my [product] well.

e In general, looking after my [product] is
a positive experience.

e Taking care of my [product] gives me a
good feeling.

e |t makes me proud that | am able to

take care of my [product].

Specific reasons for taking care and for not
taking care of products were assessed by
asking "How important are the following
reasons for you to (not) take care of your
products (e.g., bicycle, coffee machine etc.)?",
answers ranging from 1 = very important to 7 =
not important at all. Possible answers for taking
care were "because it is fun", "extending the
lifetime of my products”, "saving money for new
products”, "positive effect on the environment",
"because | was educated that way". Given
reasons for not taking care were "costs of
spare parts and care products”, "lack of time",
"lack of motivation", "no relevance", "missing
trust in myself to manage and complete this
task", and "no equipment". We explored green
consumption values (a = 0.911) using the six
items of the GREEN scale (Haws et al., 2014),
such as "It is important to me that the products
| use do not harm the environment.". We used
four items such as "I know how to behave
sustainably." to assess perceived
environmental knowledge (Rausch & Kopplin,
2021, a = 0.908). For environmental concern
(Meyerding et al., 2019, a = 0.878), we used
such items: "It bothers me that some people
are so little interested in the environment.”.
Direct environmental behaviors was assessed
with four items (Kilbourne & Pickett, 2008; a =

0.837; e.g., "l reduce household waste
whenever possible."). We added four items
about indirect environmental  behaviors

(Kilbourne & Pickett, 2008; a = 0.882). One
item of this scale is "I| am a member of an
environmental organization.".

Several other drivers of product care were
assessed with single-item questions. While
multi-item measurements are often
recommended (Churchill, 1979), single-item
questions are a valid approach for concrete
objects of interest (Bergkvist & Rossiter, 2007).
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We thus assessed perceived own competence
with the item "How would you rate your
competence to maintain and repair your
products (e.g., bicycle, coffee machine)
yourself?", and family behavior by "My parents
and family members maintain and repair their
products (e.g., bicycle, coffee machine)
themselves". Likewise, the self-image of Austria
was assessed as a possible driver of

product care using "People in Austria basically
maintain and repair their products (e.g., bicycle,
coffee machine etc.) themselves.". Finally,

opinion leadership (a = 0.852) was captured

with three items based on Childers (1986): "I
often talk to friends and acquaintances about
the topics of repair, maintenance, and care of
products.", "When it comes to the topics of
repair, maintenance, and care of products, | am
often asked by friends and acquaintances for
my opinion and advice." and "In discussions
about repair, maintenance, and care of
products, | can tell others more than they can
tell me."

Findings
First, we analyzed whether the respondents
can be grouped into distinct segments

according to their product care behavior. For
this purpose, a two-step cluster analysis with
product care as the first clustering dimension
was executed. In analogy to Petruch and
Walcher (2021), opinion leadership regarding
product care was chosen as the second factor.
Generally, a two-step cluster analysis aims to
identify homogenous subgroups in the study
population. This analysis is frequently used in
market segmentation, where an inconsistent
total market is subdivided into segments
maximizing the in-group homogeneity and
between-group heterogeneity (Hair et al.,
2016).

Our two-step cluster analysis incorporating
product care and opinion leadership as
continuous variables using Log-Likelihood
distance measurement and Schwarz’s
Bayesian Criterion revealed a two-cluster
solution (see Fig. 1) showing the best model fit
and cluster quality concerning silhouette
measure for cohesion and separation (Georgii,
2009). A value of nearly 0.5 was obtained,
representing good cluster quality (Kaufman &
Rousseeuw, 2005). All 477 cases could be
assigned to one of the two clusters. Based on
the expression of their characteristics, these
clusters were named Expressive Caregivers (n
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= 224; 46.9%) and Reserved Caresavers (n =
253; 53.1%). Expressive Caregivers show
significantly increased product care behavior
and communication about repair, maintenance
and care compared to Reserved Caresavers.

Figure 1. Identified clusters.

The Expressive Caregiver segment is
significantly determined by male participants
(62 %), whereas the proportion of women is
higher in the Reserved Caresaver segment
(55 %). There is no significant difference
related to age. Moreover, Expressive
Caregivers have significantly higher values for
all possible drivers of product care than
Reserved Caresavers, including self-image and
family behavior (Table 1).

Expressive Reserved Mean
Caregivers Caresavers Comparison
plo plo (t-test)
n 224 253
age 27.2/4.8 269/5.3 ns.
62 % 55 %
gender male female p'<.001***
product care 5.7/0.6 4.0/0.8 p <0.001***
opinion
leadership 4.7/141 3.1/13 p <0.001**
green
consumption
values 51/1.2 46/13 p <0.001**
perceived
environmental
knowledge 54/11 49/1.2 p <0.001***
environmental
concern 51/1.2 47/14 p <0.01**
direct
environmental
behaviors 53/12 4713 p <0.001***
indirect
environmental
behaviors 3.6/18 27/15 p <0.001***
competence 55/14 43/1.7 p <0.001**
family behavior 48/16 45/15 p <0.05*
self-image 41/1.6 3.7/13 p <0.01**

Table 1. Mean differences of demographic data
and different variables ('Chi-Square-Test).
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Caretaking reasons of Expressive Caregivers
are significantly stronger than those of
Reserved Caresavers (Table 2). In contrast,
Reserved Caresavers lead the ratings of non-
caretaking reasons on a significant (p < 0.05%)
or a highly significant (p < 0.001***) level.

Expressive Reserved Mean
Caregivers Caresavers Difference
plo plo (t-test)
n 224 253
Caretaking reasons
fun 43/16 3.9/14 p <0.01**
extending life 4.7/2.0 42/1.8 p <0.01**
saving money 46/19 43/1.7 n.s.
environment 44/1.8 4.0/15 p <0.01**
education 43/1.8 4.0/14 n.s.
Non-Caretaking reasons
costs 3.1/16 34/14 p <0.05*
no time 3.2/1.6 3.6/14 p <0.01**
no motivation 3.2/1.6 41/1.4 p <0.001***
| don’t care 24/15 28/13 p <0.01**
missing trust 28/15 3.2/14 p <0.05*
no equipment 3.1/14 3.5/16 p <0.01*

Table 2. Mean differences of reasons to (not) take
care of products.

An ordinary least square regression with a
stepwise procedure was conducted to identify
drivers of product care. Product care served as

the dependent variable. As independent
variables, green  consumption  values,
perceived environmental knowledge,

environmental concern, direct environmental
behaviors and indirect  environmental
behaviors, as well as the three single-items
perceived own competence, family behavior
and self-image were used, complemented by
the five caretaking reasons (+) fun, extending
lifetime, saving money, environment and
education as well as the six non-caretaking
reasons (-) costs, no time, no motivation, no
relevance, missing trust in myself and no
equipment — altogether 19 independent
variables.

The final model contains eight calculation
steps, whereby the corrected explained
variance (corr. R?) continuously improved from
0.165 to 0.381 (Durbin Watson = 1.4; F(476) =
37.7; p < 0.001***). Ten variables were
excluded, resulting in the identification of eight
relevant drivers of product care behavior (Table
3).

Independent variables Stand. B Significance
perceived own competence 0.306 0.000
indirect environmental behaviors 0.250 0.000
no motivation (-) -0.209 0.000
no relevance (-) -0.183 0.000
extending lifetime (+) 0.106 0.005
fun (+) 0.100 0,008
green consumption values 0.088 0.025
education (+) 0.079 0.033
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Table 3. Relevant drivers of product care
behavior.

In summary, we identified two clusters of young
consumers who differ not only on product care
but on all determinants such as green
consumption values, environmental concern
and family behavior (see Table 1). In addition,
most reasons for (not) taking care of products
also differed between these two groups (see
Table

2). We found eight drivers of product care
across both groups (see Table 3). These
findings allow us to suggest implications for
policymakers.

Implications

We used the Behaviour Change Wheel by
Michie et al. (2011) to derive reasonable policy
interventions from our findings. Its underlying
COM-B model defines capability, motivation,
and opportunity as relevant determinants of
behavior. These factors have been shown to be
crucial for product care in previous research
(e.g., Ackermann et al., 2018). Also, in this
study, we identified low capability and lack of
motivation as barriers to product care.
Consequently, we suggest the following
interventions and policies:

Providing information about product care
should not only be done by manufacturers but
also via mass media campaigns to increase

knowledge and understanding. Although
Expressive Caregivers already feel more
competent than Reserved Caresavers,
education can increase capability and

motivation for both groups and should ideally be
part of curricula at schools. As fun has already
been shown to be a relevant driver of product
care, stimulating positive feelings through
communication or marketing might be a valid
approach related to persuasion.
Incentivization, for example, by organizing
prize draws or other challenges for good
product care behavior, can also be used. This
approach might be especially relevant for
Expressive Caregivers who already enjoy
telling others about taking care, but also for
Reserved Caresavers who are given an easy
way to demonstrate their care activities.
Coercion and restrictions through legislation
could be a too harsh approach for consumers
and should better be applied for manufacturers,
as it is done by the Right to Repair (European
Parliament, 2022). More relevant interventions
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addressing consumers include enablement,
which could be realized by organizing and
supporting local repair communities and repair
cafés, thereby enhancing consumers’ product
care skills. Further support could be given
through training at these local initiatives or on
a website provided by policymakers. Modelling
seems to be one of the most relevant possible
interventions: As our data shows that product
care behavior of family members plays an
important role, we encourage policymakers to
proactively widen this factor: Role models
cannot only be found within the family, but could
also be other opinion leaders such as public
figures.

Communication campaigns that promote
product care as an activity that saves money
and protects the environment — some of the
primary reasons for taking care — as well as a
behavior that corresponds with social norms
might be the most promising approach to foster
product care among young consumers.

Conclusions

This study aimed to explore factors influencing
product care among young consumers to get a
deeper insight into their current care behavior
and to propose consumer-oriented
interventions for policymakers based on these
insights. We identified two distinct clusters of
young consumers, and we developed
interventions for policymakers that consider
these clusters as well as further insights into the
determinants of product care. While our
suggestions are based on empirical data, we
highly encourage the practical implementation
of such interventions and a scientific evaluation
to ensure their efficiency.
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Abstract: Repurposing electric vehicle lithium-ion batteries (EV LiBs) for second use can potentially
prolong the life of the batteries, partially close the value chain loop and contribute towards circularity.
Rapid adoption of EVs has paved way for new business models incorporating sustainability for the EV
LiB second use industry. This study is conducted through a literature review to provide a better
understanding of current sustainable business models (SBMs) for second use EV LiBs and their position
in the related ecosystem. The initial insights suggest that SBMs can play an important role in adaption
for the EV LiB second use. However, the EV LiB ecosystem is complex consisting of multiple
stakeholders and interconnected activities. These stakeholders include but are not limited to automotive
original manufacturers, batteries collectors, system integrators, users, and repurposers etc. Their BMs
can be interdependent, affecting one another positively, negatively, or symbiotically and influencing the
overall value of LiB second use. This paper synthesizes three research fields: SBM, Ecosystems, and
Second use EV LiBs and provides insights that support the need for considering SBMs in an ecosystem
context for second use. It also presents SBM types for various stakeholders in existing second use
ecosystems. Furthermore, it provides the basis for further research into SBM interactions and SBM
innovations in the EV LiB ecosystem.

Introduction (Chen et al.,, 2019; Montes et al.,, 2022).
The continuous increase in the sale of electric However, there are numerous barriers that
vehicles (EV) has increased the number of need to be addressed to make repurposing
lithium ion batteries( LiBs) being produced (IEA, economically, environmentally, and socially
2022; Winslow et al., 2018; Wralsen et al., viable. A potential way to achieve this is by
2021). Itis not ideal to use these batteries in the innovating business models and integrating
EVs once their capacity drops below 80% and sustainability initiatives into the core business
hence should be either recyc|ed or repurposed activities of the stakeholders. This can be a
for second use. The materials present in LiBs challenge as the EV LiB value chain is complex
are hazardous and if treated irresponsibly, can and consists of multiple stakeholders across
result in adverse environmental impacts at their different industries. Understanding the value
end of life (EOL) ((Jiao & Evans, 2018a; Kim et chain in a circular context and mapping the
al., 2021). According to estimates, by 2030 ecosystem can contribute to understanding
more than 200,000 metric tons of LiBs will have how these stakeholders and their business
to be recycled in EU alone, which is expected models interact and innovate (N. Bocken et al.,
to double by 2035 (Building a Circular Battery 2016; Cheng et al., 2022; Wralsen et al., 2021;
Economy in Norway, 2021). Moreover, the Zulkarnain et al., 2014).
recycling processes are not yet efficient enough
(Heelan et al., 2016) and it is therefore The business models having sustainability at
pertinent to prolong the use phase of these their core, considering economic,
batteries. environmental, and social aspects, are known
as sustainable business models (SBM) while
Repurposing EV LiBs in less demanding energy circular business models (CBM) are a type of
storage systems (ESS) can potentially prolong SBMs that can close, slow, narrow, intensify,
the use phase and partially close the value and dematerialize loops to promote
chain loop while reducing the environmental sustainability (Geissdoerfer et al., 2018).
impacts and increasing the economic benefits Although CBMs do not address the social
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dimension (Murray et al., 2017) the literature of
SBMs and CBMs is partially overlapping, and
hence both are considered in this paper.

Initial investigation reveals an emerging field in
the literature on SBM perspectives (Evans et
al.,, 2017; Geissdoerfer et al., 2017; Ludeke-
Freund, 2020; Wralsen et al., 2021). However,
to date there is scarcity in the literature about
the interrelation between SBM perspectives in
an ecosystem context for the EV LiB second
use market. Addressing this gap, this paper
investigates the state of the art on SBMs for the
second use of LiBs focusing on repurposing in
an ecosystem context.

Methodology

The study applied a literature review covering
three main themes: Sustainable business
models, ecosystems, and second use EV
lithium-ion batteries. The literature search
consisted of journal articles, conference
papers, research reports and to some extent
grey literature like news, press releases and
company websites. A database search through
Scopus and Google Scholar was conducted
followed by snowballing, while Google search
was used to search for grey literature. A
combination of keywords such as sustainable
business models, circular business models, EV
lithium-ion batteries, second life or second use
of EV lithium ion batteries, Value chain EV
lithium-ion batteries, EV Lithium ion batteries
ecosystems, circular ecosystems, reusing and
repurposing was used for the search. Purely
techno-economic  studies analyzing the
technical efficiency of recycling or the life cycle
cost effectiveness of the batteries while
neglecting the value proposition, stakeholder
perspectives, and environmental and social
aspects of the business models were not
considered. After screening, a total of 28 core

articles were selected for review while
additional articles were selected through
snowballing.
Results

A funnel approach is used to present the
interrelationship between the three selected
research themes. At first, general concepts
related to SBMs and second use EV LiBs are
presented, and then these concepts are
analyzed in the context of ecosystems.
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Sustainable Business Models (SBMs)
The main purpose of a business model is to
identify how value is created, delivered, and
captured by a business (Johnson et al., 2008;
Osterwalder et al., 2010). Until recent times,
businesses mostly focused on the economic
value, but now sustainability has become an
important factor on how they deliver their
services (Miller, 2020; Osterwalder & Pigneur,
2010). A BM where sustainability is integrated
in the core business activities, and includes pro-
active stakeholder engagement is called a
sustainable business model (SBM)
(Geissdoerfer et al.,, 2018). SBMs can be
viewed from both systems and firm-level
perspective while also considering environment
and society as stakeholders (N. Bocken, 2021;
Boons & Lideke-Freund, 2013; Stubbs &
Cocklin, 2008). They offer tools that can deliver
social and environmental sustainability
(Lideke-Freund, 2010), and provide
sustainable value to stakeholders that are
affected by the business (Nosratabadi et al.,
2019).

Some of the emerging topics within this field are
related to tools and methods such as BM
experimentation and SBM archetype strategies
that businesses can use to transform their BMs.
Other fields include assessment of the impacts
of such BMs on the firms, their rebound effects,
and extending product lives through BM
innovations (N. Bocken et al., 2013; N. Bocken,
2023). For businesses, it is considered
essential that new sources of sustainable value
are created to attain competitive advantage
(Jiao & Evans, 2016a).

Second use of the EV LiBs

An EV LiB consists of multiple modules
comprising of battery cells. These modules
consist of a specific chemistry, battery
management system (BMS), and thermal
management system catered to the kind of
application they are used for (Saw et al., 2016).
When the LiBs reach 70%-80% of their
capacity, they are no longer used in EVs.
However, multiple studies suggest that these
batteries can still be repurposed in less
demanding applications for second use
(Reinhardt et al., 2019). Ideally, repurposing the
batteries to be used in energy storage systems
(ESS) is the most sustainable way to prolong
the battery life and mitigate environmental
negative effects (Bobba et al., 2018; Chirumalla
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et al., 2022; Islam & lyer-Raniga, 2022; Jiao &
Evans, 2016b; Schulz-M6nninghoff & Evans,
2023). This also delays the recycling phase
which is  considered inefficient and
unsustainable (Golmohammadzadeh et al.,
2022). These batteries are mostly used in grid
stabilization, residential backup power, load
levelling and backup storage systems for the
electricity generation grids (Wralsen &
Faessler, 2022).

The spent EV LiBs have to go through
disassembly, testing, necessary reparations,
battery management system adjustments,
reassembly of module and pack, and
repackaging for second use application
(Reinhardt et al., 2019). The kind of second use
application they are used for depends on
factors such as state of health (SOH), market
conditions, chemistry etc, which are assessed
by the battery handler (Ahmadi et al., 2017;
Shahjalal et al., 2022; Wralsen et al., 2021).
Monitoring the battery condition and effective
data traceability can potentially help in better
control of the second use market (Antdénio
Rufino Junior et al., 2022).

SBMs in the second use of EV LiBs
Extending product life can contribute towards
circularity, and SBMs can play a fundamental
role as an enabler (Boons & Lideke-Freund,
2013). With an ever increasing market for EVs,
the second use LiB market is naturally growing
and new business models are emerging (Jiao &
Evans, 2016b). Several SBM archetypes have
been proposed in the literature based on the
environmental, social, and economic aspects
(N. Bocken et al., 2014). These archetypes are
further used in the context of second use of LiBs
that provides an overview of how SBMs are
developed in the second use industry
(Reinhardt et al., 2020). Three fundamental
actors for the EV LiB second use market are
proposed in the literature: Automotive original
equipment manufacturers (OEMS),
intermediaries, and customers, where an
intermediary collects, repurposes and sells the
second use batteries (Klor et al., 2015), while
Brauer et al (2020) have explored how
transactions take place in a second use
complex system, as an EV LiB can be traded as
it is, or disassembled into components,
repurposed and integrated into another system,
or its BMS can be reconfigured to be used in
another application.
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Relatedly, Jiao and Evans (2018b) and Rufino
Junior et al (2023) have proposed three types
of SBMs related to EV LiBs: standard,
collaborative, and integrated business models.
The business model of selling used batteries by
the OEMs directly to the battery repurposers is
considered as a standard business model,
while in a collaborative business model, the
OEMs and the battery repurposers collaborate
to reach a final solution. This collaboration
could be 1) assistive collaboration where OEMs
assist battery repurposers, 2) OEMs codevelop
the final solution with repurposers, and 3)
Repurposers provide solution to the OEMs.
While in an integrated business model the
ownership is retained by the OEM. Other
studies have proposed two types of second use
BMs: refurbishing, where the second use
batteries are again used in an EV but in another
market where short range and low capacity are
not a concern and repackaging, where the
spent batteries are used in another application
(Albertsen et al., 2021; Wralsen et al., 2021)

The current research points out to several
barriers that exist for the EV LiB SBMs. These
include but are not Ilimited to financial,
technological, market, social, and legislative
barriers (Wralsen et al., 2021). These barriers
are further categorized in the table 1:

Category Barriers Source
Technological | 1. Variable battery design,| (Balasingam et al.,
chemistry, and| 2020; Borner et al.,
management system 2022; Montes et al.,
2. High optimization for first| 2022; Reinhardtet al.,
life leads to mismatch for| 2019)
second life.
3. Limited data sharing
between OEMs and
Repurposers
4. Unclear state of health
Market 1. Raw materials supply| (Albertsen et al.,
considerations 2021; Hu et al., 2021;
2. Price reduction of the new | Kumar et al., 2021;
batteries Malinauskaite et al.,
3. Battery availability | 2021; Rajaeifar et al.,
(economies of scale) 2022)
4. Disassembly and
repackaging costs.
5. Unclear value proposition
6. Transportation costs
Social 1. Safety and reliability | (Bomer et al., 2022;
uncertainty Sopha et al., 2022,
2. Lack of awareness and| Wralsen et al., 2021)
information
3. Unclear user incentives
Legislative 1. Policy incentives unclear (Lee et al., 2021;
2. Lack of legislation Wralsen et al., 2021;
Yang et al., 2021)

Table 1. SBM barriers for second use EV Libs.



5 PLATE Conference Espoo, Finland, 31 May - 2 June 2023

Saad Ahmed, Elli Verhulst, Casper Boks
Sustainable Business Models for the Second Use of Electric Vehicles

Lithium-i

EV LiB SBMs in the context of eco-
systems

Most of the BM literature is focused on a single
firm view around the notion of value generation
from a value chain perspective (Kanda et al.,
2021). However, this perspective can be
limiting as it only considers stakeholders that
directly contribute to the production, use, reuse
and recycling of the EV LiBs without necessarily
taking into account other stakeholders that can
directly or indirectly affect this value chain. An
ecosystem perspective, on the other hand,
provides a much broader systemic perspective
considering actors beyond the value chain
(Barquete et al., 2022; N. Bocken et al., 2013;
Hellstrom & Wralsen, 2020; Kapoor, 2018). It is
defined as a diverse set of stakeholders
interconnected in a complex structure in which
both competition and cooperation may exist

on Batteries in an Ecosystem Context

An ecosystem can provide a systemic view of
different stakeholders and their interlinked
business models interacting with each other to
create common value (Fobbe & Hilletofth, 2021;
Schiavone et al., 2021; Tsujimoto et al., 2018;
Zulkarnain et al., 2014). Mapping the
ecosystem can illustrate these interactions and
dependencies between the existing
stakeholders and their BMs leading to
development of new BM designs (N. Bocken et
al., 2018; Weiller & Neely, 2013).

Similarly, in the EV LiB ecosystem, several
other stakeholders are also considered which
are otherwise neglected in a value chain
perspective. Hellstrom and Wralsen (2020)
provide a list of actors in a typical EV LiB

energy batteries

Source of used batteries. Safe

(Peltoniemi & Vuori, 2008), collectively repurposing ecosystem. These are shown in
generating a common output or value the figure 1:
proposition (Adner, 2017).
3 SYSTEM
ACTOR DEPENDENCE
| GRID OWNERS & OPERATO — BATTERY COMPONENT AND PACK PRODUCERS
Resources Grid RESOURCES Resources High-capacity factories
Activities Grid operation Activities Battery design and production
Value added Load levelling, frequency regulation ACTIVITIES Value added Supply of new batteries
Value Effect balancing @ Value capture  n/a (prefer new sales)
capture VALUE , -
/ Grid owners & ADDITION Battery component
SYSTEM INTEGRATORS opérators R @ and pack producers
Resources Used battery source, engineering, ~ CAPTURE
system optimizing ~ R //
EvP o
Activities Project development, sourcing, °\\ N
system design . -
Value added 1) P lity & reliabil i/ (Sustainable) o Resources High-capacity factories
it -
o 2; D::aea'nzu:h:rlse :T:U o SVStem second use of ' Agtomative Activities Car (and battery) design and
i OEMs manufacturing
Value ESS sales to grid owners/operators integrators EV LIBs* .
capture P Value added Increasing the supply of new
\ ~ = \ batteries; collecting batterles.
Resources Handling facilities and system, X /
o ' | carosmanmiers |
- CAR DISMANTLERS
Activities Battery Ix?glstics, handling & Battery repurposers 1: Car dismantlers == = P T
repurposing \ F Ei“» - lection networ “ :
Value added Efficient & safe repurposing of high- Car and dsmantling
Y Value added

N

*Profitable, and socially and environmentally friendly

Value capture  Margin on the resales or leasing of

used batteries Value capture

Figure 1. BATMAN IFE Report 2020 Hellstrom and Wralsen (2020).
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handling of high-energy batteries.

Value arbitrage on the second life
market
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Examples of SBMs in the second use EV
LiB ecosystem

A review of grey literature provides an overview
of actors and their SBMs currently organized in
existing ecosystems, with an emphasis on the
European context. This is shown in table 2, and
by no means represents all the actors within an
ecosystem but only provides examples. These
SBM types have been categorized based on
the business activities, partnerships, and value

being delivered by the actors and are based on
the study conducted by Jiao and Evans

(2018b).

These

types

can be further

categorized into different sub-types of SBMs
but it is beyond the scope of this study.
Furthermore, in an ecosystem, these SBMs can
be interdependent on each other.

Name Actor Collaboration SBM Type Region Second Source
Examples Use
Nissan Automotive | Ecostor + Agder Collaborative | Norway | Energy (Ecostor, 2021)
OEM energi + Morrow Business storage
Batteries + Model system
NorskGjenvenning
BMW Automotive | Offgrid Energy Collaborative | UK Mobile (BMW Group UK
OEM Business Power units / | Second-Life
Model Fast Battery Solution in
charging Partnership with
Off Grid Energy.,
2020)
Volkswagen | Automotive | Mostly internal but | Integrated Germany | Energy (Second life for
OEM also some Business /Global Storage used batteries,
cooperative Model System 2019)
projects
Renault Automotive | Connected Collaborative | UK Energy (A Second Life for
OEM Energy Business Storage Batteries, 2020)
Model system
Mercedes Automotive | Batteryloop Collaborative | Sweden | Energy (Randall, 2022)
OEM Business Storage
Model System
4R Energy Automotive | Joint venture by Integrated Japan Energy (Nissan Gives EV
Corp OEM Nissan and Business Storage / Batteries a Second
Sumitomo corp Model Fast Life, 2021)
Charging
Grenvold's Car Partnership with Standard Norway | Sell to (“Gbd.No," n.d.)
Bil Dismantler insurance Business Repurposers
Demontering companies Model
AS
Betteries Repurposer | Example: Collaborative | Germany | Modular (Hoenig, 2021)
Partnership with /standard solutions for
Mobilize Business energy
Model storage
Statnett Grid Owner/ | Norwegian State | Standard Norway - (statnett, 2023)
Operator owned Business
Model

Table 2. SBM types in 2"9 use EV LiB ecosystem.
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Discussion and Conclusions
Extending the lifetime of products is one of the
fundamental requirements to build circularity
(N. M. P. Bocken et al., 2016; The Circularity
Gap Report, 2022). This is also considered an
important step towards a more sustainable
electrification of the transport sector. Extending
life span of the LiBs after their life in the EVs
has thus become an emerging research topic.
Several studies suggest that repurposing EV
LiBs into second use in less demanding energy
storage applications can extract the residual
value of the spent batteries and provide
economic, environmental, and social benefits
(Reinhardt et al., 2019; Wrélsen et al., 2021).
SBMs and business model innovations are
considered to play a pivotal role in making
repurposing of EV LiBs viable. However, until
now, the prospects of adaption of second use
batteries have not been optimistic because of
the various SBM barriers mentioned in the
literature including technical, market,
legislative, and social barriers.

SBM perspective in the second use of EV LiBs
has only recently started to gain attention from
the researchers and industry (Jiao & Evans,
2018b). Several authors have proposed
different business model typologies and
archetypes which can be used in the second
use of EV LiBs (Jiao & Evans, 2016a) but the
experimentation of these BMs in real life has
been limited. An interesting point for discussion
is whether the existing knowledge of SBMs and
the associated use cases in the research can
be applied to the second use EV LiB industry or
if the second use EV LiB is fundamentally
different from other cases.

Several circular economy studies indicate that
companies cannot be seen as isolated entities,
and there is a need to understand the value
networks which they are a part of in larger
ecosystems (Barquete et al., 2022). There has
also been a growing interest in the BM literature
to have a more systemic view (N. Bocken et al.,
2013). However, the research so far has mostly
focused on the value chain perspectives of the
LiB second use, neglecting the broader
ecosystem of which the EV LiB value chain is a
part of. Mainly, the discussion about policy
makers, competitors, users and indirect
stakeholders (non-governmental organizations
etc), and their influence on the stakeholders’
BMs in an ecosystem context has been
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missing. These stakeholders can positively,
negatively, or symbiotically affect business
models in the value chain of the EV LiB. For
example, the business model of a second-life
batteries storage facility can be affected if the
business model of an OEM changes. Moreover,
both businesses may have to innovate their
business models if there is a shift in the policy
of the local government where they operate.

However, how can multiple stakeholders within
this ecosystem innovate their BMs to become
more sustainable is yet to be explored.
Therefore, this study aims to contribute to an
established field of circular economy research
by synergizing SBM, Ecosystems, and Second
use EV LiB literature. Further research in this
area and a comprehensive analysis of the
second use EV LiB ecosystem can contribute to
understanding the BM innovations taking place
because of the BM interactions between the
stakeholders and pave way for adaption of
second use EV LiBs.
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Abstract: Fashion rentals of casual to office wears present a particularly interesting business model for
sustainability through mitigating personal clothing consumption. While environmental impact mitigation
is theoretically possible, past studies have shown that several consumer behavior conditions exist to
capture the environmental benefit. Among the conditions, changes in consumer behavior and
perception using fashion rental services are found to be the critical factors. To examine the changes in
consumer behavior brought by the fashion rental services and deduce their environmental implication,
we performed a consumer behavior experiment where 22 participants used a fashion rental subscription
service for three months in Japan. The experiment data were analyzed qualitatively and quantitatively
for the changes in absolute volume of consumptions (i.e., clothing purchases) and garment wear
intensity (i.e., weartime per garment). The results suggested that absolute reduction of garment
consumption was limited quantitatively, but we found garments may be purchased more selectively
through interviews. The intensifying use was observed for skirts and dresses, implying rentals may be
effective for a specific category of garments.

Introduction casual wears provides an extended opportunity
Today, fashion has become an infamous to wear the rented clothing, which could
example of a global environmental problem, increase the lifetime wear and reduce clothing
where mass production, mass consumption, purchases. As a result, fashion rental services
and mass disposal continue to persist. One of casual wears could reduce the environmental
estimates that clothing production volume has impact through mitigating personal clothing
doubled in the past twenty years while the consumptions.
lifetime wears have halved (Ellen MacArthur
Foundation, 2017). While the environmental impact mitigation is
theoretically possible, past studies have shown
To reduce the environmental impact led by the that several consumer behavior conditions exist
current Consumption patterns of garments’ to Capture the environmental benefit. For
fashion rental services have been attracting example, Piontek et al. (2020) stated that
attention. Rental services offer a consumption clothing rentals need to avoid consumption of
pattern alternative to purchasing of goods, new infrequently worn garments through their
which could reduce the material demand in the life cycle assessment study on fashion rental
society while meeting consumer needs. Among services in Germany and Japan. Johnson and
them, fashion rentals of casual to office wears Plepys (2021) also showed a resembling
present a particu|ar|y interesting business conclusion that rentals need to increase the
model for sustainability (Amasawa et al., 2023; wear time and consumers need to use rentals
Piontek et al., 2020; Zamani et al., 2017). Unlike to substitute their purchasing. In other words,
occasion wear rentals that are rented for a the environmental implication of fashion rental
short-term, most casual wear fashion rentals services is decisively influenced by the
adopt a subscription model, where customers consumer  behavior in fashion rentals.
access a Speciﬁc number of garments in a Consumers of fashion rental services have
month. Additionally, while the garment rented in been investigated for their motivations for the
occasion wear rentals are generally worn only service use (Camacho-Otero et al., 2019) but
once during its rental period, the nature of the changes in consumer behavior and
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perception using fashion rental services are yet
to be understood.

To examine the changes in consumer behavior
brought by the fashion rental services and
deduce their environmental implication, we
conducted a consumer behavior experiment.
The experiment asked participants to use a
fashion rental subscription service for three
months in Japan. This paper presents the
overview of the experiment and the results
obtained up to today.

Method

This research collected qualitative and
quantitative data on clothing consumptions
through an experimental use of clothing rentals.
The collected data were analyzed for consumer
behavior conditions that directly relate to the
environmental impact.

Social experiment overview

The consumer behavior experiment recruited
22 female participants in Japan by word-of-
mouth method. The participants were asked to
use a fashion rental subscription service that
rents casual to office attires for three months.
The fashion rental service allows subscribers to
borrow three garment pieces selected by
stylists each month. The garments were always
rented out as a set of three types: tops, bottoms
(skirts or pants), and dresses. The subscribers
must return the set of three pieces to exchange
for the new garments. We used a subscription
membership with unlimited exchanges, which
allows participants to freely exchange
garments. The experiment took place in
October 2022 to mid-January 2023.

The experimental design applied One Group
Pre-Test-Post-Test from Pre-Experimental
method (Malhotra, 2007). The data collection
process contains in-depth interviews performed
before and after the experiment, and a monthly
survey. The in-depth interviews aimed to
understand the consumer attitudes and
perceptions on their clothing consumption. The
monthly survey asks for the number of
garments they rented, the number of wears for
each garment, the level of satisfaction on the
rented garment, and garment purchases during
the experiment period.

-50 -

Analysis method

The environmental impact from clothing
consumptions were implicitly analyzed by
examining the following two aspects:

a) Absolute reduction of consumption:
whether the clothing rental replaced
purchasing to reduce the overall
clothing purchases.

b) Intensifying use: whether the clothing
rental increased the lifetime wear of the
garment relative to when owning the

garment
The survey data was first analyzed
quantitatively for the two aspects. The

qualitative data was then used to understand
the consumer motivations and factors
influencing the quantitative results.

Results and Discussions

Participants’ basic information

The participants’ age ranged between 20s to
50s, where 60% of them were 20s and 30s. All
participants except one were all employed.
Among them, 30% have considered using a
fashion rental service, and half of them were
unaware of their existence. Table 1 shows the
consumer characteristics of the participants
based on a categorization from a literature
(Johnson & Plepys, 2021). From the study by
Johnson and Plepys (2021), consumers
categorized in Stand-out and Eco-friendly were
likely to replace dress rentals with a purchase,
which would satisfy the aspect a) absolute
reduction. Our participants largely fell into
Influencer or Avoid category, which suggested
that environmental benefit from using clothing
rentals may be limited.

Consumer | Characteristics Number  of
type participants
(Johnson &
Plepys, 2021)
Stand-out Buys unique 2
clothing
Bargain Buys cheaper 4
alternatives
Influencer Buys latest styles | 7
Avoid Buys only when | 9
needed
Eco- Buys sustainable | 0
friendly alternatives
Fitting-in Buys similar 0
styles to friends

Table 1 Consumer type of the participants.
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Clothing consumption trends

We found that 80% of the rentals were returned
within 14 days, and 25% of the rentals were
returned within less than 4 days, which
indicates that some rentals had a short rental
cycle with a limited opportunity to be worn.
When we analyzed the number of garment
pieces rented by each participant, the average
was 6 pieces per month, which equates to 2
rentals. We also found that only 60% of the
rented garments were actually worn; thus,
whether the rented garments match the user’s
style preference decisively influence the
environmental impact on personal clothing
consumption.

When the garment purchase behavior was
analyzed, participating in the rental service
appeared to have limited influence. The total
number of garment purchases by the
participants ranged between 20 to 33 pieces
whereas the monthly average prior to the
experiment was around 37 pieces. One reason
for the consistent garment purchasing behavior
is the seasonality. January has new year sales,
which stimulates purchase motivation. Another
interesting find was some participants
purchased the rented garments. Several
participants also noted that they wanted to buy
the rented garment, but the price was
considered expensive, so they purchased an
alternative with a similar style. Thus, clothing
rentals have encouraged users to purchase
garments to certain extent.

Additionally, when the weartime of the
rented garments was analyzed and compared
against the average weartime for purchased
garments from our past study (Amasawa et al.,
2022), the weartime increase from purchased
to rentals was only observed with skirts and
dresses. In other words, skirts and dresses
were able to intensify its use through rentals,
but pants and tops were not. Because skirts and
dresses are garment category which of its
design is likely to be more influenced by trends,
which may have led to increase in weartime
when rented.

Consumer voices

Table 2 shows excerpts of the Post-experiment
interview results categorized by the factors
influencing the two aspects for environmental
impact reduction. Based on the results, clothing
rentals may be effective in reducing clothing
purchases through satisfying the consumer
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wants for “a new piece.” Another interesting
consequence of clothing rentals was gaining a
deeper understanding in the personal styles.
Through the opportunity to try out diverse
garment styles, many participants noted that
they were able to define their personal styles
better than before. As a result, the participants
became more selective when purchasing
garments, which consequentially would help to
prolong the garment lifetime and increase
weartime of the garments.

Positive Negative
influence influence
a) Absolute |- Less - Encouraged
reduction impulsive shopping
shopping because rented
- Better garments were
understanding | unsatisfactory
in my
personal style
b) Intensi- |- Learned the |- Short rental
fying use importance of | periods to try

trying out out many styles

before the - Returned the

purchase rentals quickly
- Began because the

wearing rental garments

clothes that were

were not worn | unsatisfactory

frequently
Table 2 Consumer voices related to clothing
consumption.

Conclusions

Our social experiment on clothing rentals
suggested that absolute reduction of garment
consumption was limited quantitatively, but we
found that participants may have become a
more selective shopper through interviews. The
intensifying use was observed for skirts and
dresses, implying rentals may be effective for a
specific category of garments. Further analysis,
especially on qualitative data, is needed to
understand the motivation of consumer
behavior.
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Abstract: Knowledge about obsolescence and its possible causes is instrumental to extend product
lifespans. Product obsolescence may be caused by both subjective perceptions as well as objective
and measurable deterioration of functionality. In order to extend lifetimes by avoiding and reversing
obsolescence, this study addresses the current knowledge gap on how functionality of products
develops over time, using a case study on shell jackets for outdoor recreational activities. Functionality
over time is compared in terms of user perceptions, ocular assessments, laboratory measurements
and, in addition, price. Data were collected at beginning of use, secondhand resale and end-of-life. In
addition to ocular assessments and laboratory measurements, a survey was used to collect data from
users on e.g. perceived functionality, price and duration of use span. Linear representations of
perceived functionality and price decline more rapidly (5-6% per year) than assessed and measured
functionality (both around 3% per year). This could be explained by properties such as appearance,
which are included and seemingly important to user perceptions and price, but which are not assessed
nor measured. The perception of such properties as low seems to be a more relevant cause of
obsolescence than inadequate performance. This points to, for instance, timeless design to avoid
obsolescence. The finding that measured functionality remains relatively high over time is important
since concern about performance is a key barrier to secondhand sales. Information policy, such as
performance-labelling, could thus contribute to reversing obsolescence. Future research could test the
robustness of these findings as well as their generalizability to other products.

Introduction and aim understood as a mismatch between user
The circular economy is largely a vision of how requirements and states of product properties
environmental impacts of consumption can be (André and Bjorklund, forthcoming; Van Nes,
reduced by avoiding or reversing obsolescence 2016). For instance, functional obsolescence
to extend product lifespans. The term arises when the state of the performance of a
obsolescence is used here to describe a state product does not fulfil the user’s performance
at which one use span of a product ends requirements. This can happen either because
(Proske & Finkbeiner, 2019), after which it the user's requirements have increased or
either: because the state of the product’s performance
has declined since the user obtained the
e getsdiscarded (reaching its end-of-life) product. In the literature, this is often described
» hasits obsolescence reversed through as a distinction between objective and
circular economy measures such as subjective obsolescence (Cooper 2004; Proske

reuse or repair to be used for an and Finkbeiner, 2019).

additional use span.
In addition to subjective and objective reasons,

There are a variety of reasons why products obsolescence can occur because of
become obsolete to a user: e.g. emotional, mismatches with respect to any given product
psychological, functional and economic property. As a result, for any given product
(Cooper, 2004). These reasons can be there are numerous reasons for obsolescence.
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Knowledge about the reasons for
obsolescence, both with respect to product
states and user requirements in terms of the
relevant product properties, is instrumental to
reversing obsolescence through circular
economy measures (Van Nes, 2016). Such
knowledge can be used, on one hand, to inform
design in order to avoid obsolescence in the
first place (Van Nes, 2016) and, on the other, to
match-make between states of obsolete
products and requirements of potential
secondhand users. As yet, such knowledge is
very limited (Cooper and Claxton, 2022).

In the EU Circular Economy Action Plan, textile
is identified as one of the prioritized sectors due
to its high environmental impact and potential
for increased circularity (European
Commission, 2020). Shell jackets for outdoor
recreation are interesting textile products in the
context of obsolescence and circularity since
both subjective and objective reasons for
obsolescence are highly relevant. They are
technical garments on which users typically
have high requirements on measurable
performance-related product properties such as
water penetration resistance and repellency,
breathability and air permeability. At the same
time, many users have high requirements on
less objectively measurable properties such as
appearance (André and Bjorklund, 2022).

In previous research, it has been found that
reluctance to buying shell jackets secondhand
is often rooted in lack of knowledge about the
states of performance and quality since these
properties may have declined during the first
use span (André and Bjorklund, forthcoming).
The same concerns are relevant for other, non-
technical, clothing (Laitala and Klepp, 2018;
Gullstrand Edbring et al, 2016). For such
reasons, it has been discussed that increasing
circularity of clothing could benefit from making
information about functionality and expected
longevity available to potential users (Cooper
and Claxton, 2022) through e.g. digital product
passports. Users typically expect price to be
indicative of such properties but the strength of
this relationship has been questioned (Rao,
2005; Cooper and Claxton, 2022) and, to our
knowledge, not been investigated in the context
of secondhand products.
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Motivated by the interest in extending lifespans
of textile products, this research aims to provide
knowledge that can help inform strategy and
policy to avoid and reverse obsolescence. To
do so, the study investigates and compares the
functionality of shell jackets over time in terms
of user perceptions, ocular assessments
performed by researchers, laboratory
measurements and, in addition, price.

Material, methods and assumptions
In this section the material, methods and
assumptions for perceived, assessed and
measured functionality are described.

Perceived functionality and price

The data for perceived functionality were
obtained through surveys targeting users from
three secondhand and five conventional
outdoor stores for clothing and equipment. The
users who either sold or bought jackets at the
secondhand stores rated the condition of the
jackets according to the scale “New-Excellent-
Good-Decent-Poor" at the time of secondhand
resale. They also reported on original and
secondhand sales price. Buyers reported on
expected use span and expected condition at
end-of-life. In the conventional stores, users
reported on price, expected lifespan and
expected condition at end-of-life. (André and
Bjorklund, forthcoming)

The surveys were distributed both in the
physical secondhand and conventional stores
via QR-codes and through the communication
channels of the secondhand stores. In total, the
surveys had 71 respondents, 51 from the
secondhand stores and 20 from the
conventional stores. (André and Bjorklund,
forthcoming)

Assessed and measured functionality

To gather data for assessed and measured
functionality, 16 secondhand shell jackets and
10 end-of-life shell jackets were bought from
the same three outdoor secondhand stores as
the surveys were distributed in. The end-of-life
jackets were received from friends and
colleagues who no longer used them due to
their poor condition. The end-of-life jackets
were perceived to have no monetary value.
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An ocular inspection protocol was established
to enable a structured assessment of the
secondhand and end-of-life jackets. The
protocol focussed on 14 main shell jacket
components: zippers (front, ventilation, outer
and inner pockets), arm end hook and loop
tapes, bottom and hood cords, hood cap,
hanger loop, fabrics (outside, inside, arm end,
bottom), and sealed seams. By using the
inspection protocol, a researcher rated all
components according to the same scale that
was used in the user survey: “New-Excellent-
Good-Decent-Poor".

Measured functionality = comprises  four
performance-related properties related to the
fabric: water penetration resistance and
repellency, breathability and air permeability.
To evaluate the measured functionality of the
secondhand and end-of-life shell jackets, six
samples in total were cut from each jacket: from
the hood, shoulders and back. Water repellency
and air permeability were tested on all six
samples while water penetration resistance and
breathability were tested on two samples each.

All test methods used were based on ISO
(International Organization for Standardization)
standards, except for air permeability which
was tested with an Akustron air permeability
tester (Rycobel, 2023). The water repellency
and breathability test methods were based on
ISO 4920:2012 (1ISO, 2012) and 1ISO
15496:2018 (ISO, 2018). The test methods
were not fully compliant with the 1ISO standards
since the temperature (20.0£2.0°C) and relative
humidity (65.0+4.0%) requirements of ISO 139
(ISO, 2005) were not met. Nevertheless, during
the tests the used lab had a constant
temperature of 23°C and relative humidity of
28%. The water penetration test method based
on ISO 811:2018 (ISO, 2018) was performed in
a conditioned textile lab. However, the test
method was not fully compliant since the test
endpoint of the method included not only three
drops but also full surface perspiration and

leakage due to broken fabric. (Swenne,
forthcoming)

Assumptions and calculations

To plot functionality over time, data on
perceived, assessed and measured

functionality, expressed on a scale 0-1, were
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combined with data on use span and lifespan
(or age as a proxy). To calculate measured
functionality, the average values of the tested
samples were used together with the following
assumptions regarding the original
performance of the jackets. New jackets resist
20000mmH:20, breathe 17857g/m?24h and are
fully windproof (Omm/s) and water repellent
(ISO 5). The breathability results of three
jackets were removed due to unreasonably
high results e.g. broken fabric. Similarly, the
water penetration resistance result of one
jacket was removed due to test failure. To plot

perceived and assessed functionality, the
following rating was used: New=f1;
Excellent=0.8; Good=0.6; Decent=0.4;

Poor=0.2. In addition, since price may be
perceived as an indicator of functionality (Rao,
2005; Cooper and Claxton, 2022), price over
time was compared to the (other) functionality
indicators. In order to do so, price data were
normalized to the average original sales price
(3942SEK). The components and properties of
measured and assessed functionality were
weighted equally.

In the few cases of missing age data for
secondhand and end-of-life jackets, they were
replaced by average values of each jacket
group. In the case of price data, data was
missing for too many of the jackets in the user
survey to be replaced by an average value.
These jackets were instead excluded from the
analysis of price over time.

Results

In this section, linear representations and data
points of perceived, assessed and measured
functionality as well as price over time are
presented. First, the focus is on the three main
indicators of functionality, then on the
properties comprising measured functionality
(water penetration resistance, water repellency,
breathability and air permeability), and lastly,
the comparison is broadened to also include
price.

Figure 1 presents perceived, assessed and
measured functionality over time. Perceived
functionality decreases most rapidly over time
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Figure 1. Perceived, assessed and measured functionality over time.

Figure 2. Measured functionality and the four fabric properties it comprises over time.
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Figure 3. Perceived, assessed and measured functionality as well as price over time.

(6% per year) compared to assessed and
measured functionality, which correlate and
decrease less rapidly over time (around 3% per
year).

Figure 2 presents total measured functionality
over time, together with the four fabric
properties it comprises: water penetration
resistance, water repellency, breathability and
air permeability. Air permeability does not
decrease significantly over time while water
repellency decreases around 2.5% per year.
Breathability and water penetration resistance
decrease most rapidly over time (around 5%
per year).

In figure 3, perceived, assessed and measured
functionality over time is presented together
with price. Price decreases more rapidly over
time (around 5% per year) compared to
assessed and measured functionality but less
rapidly compared to perceived functionality.

Discussion
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Due to the limited sample size of jackets and
survey respondents, in turn limited by the total
number of shell jackets in the studied
secondhand stores, the results of this study are
only indicative. The overall pattern of the
results, that perceived functionality and price
decrease more rapidly than assessed and
measured functionality, is however deemed
reliable. A larger sample size is expected to
increase the robustness of this overall pattern.
The choice to use linear representations was
made to facilitate comparison between the
functionality indicators and thus demonstrate
the overall pattern, not to describe data points
with high accuracy. Thus, they are not

necessarily  accurate  but  nonetheless
purposive.
Perceived, assessed and measured

functionality of shell jackets are compared in
this study even if these functionality indicators
do not include the same components and

properties of the jackets. Perceived
functionality includes all shell jacket
components and properties including
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appearance while assessed functionality
includes 14 shell jacket components and
measured functionality only includes the fabric.
Even if the fabric’s original performance is
normally stated in the product specification,
information could not be found for all jackets.
Assumptions were therefore used for original
water penetration resistance and breathability.
The original breathability assumption of
17857g/m?/24h was based on the average of
the available data. The assumption for original
water penetration resistance was limited by the
test equipment capacity of 20000mmH20 and
the average (25000mmH:20) could therefore
not be used. However, the use of 25000mmH20
as original water penetration resistance would
only change measured functionality slightly,
decreasing 3.1% instead of 3.2% per year
(assuming all test samples that reached the test
equipment limit of 20000mmH20 would reach
25000mmH:0).

The shell jacket components and fabric
properties included in assessed and measured
functionality were weighted equally. For
assessed functionality, it could be argued that
the functionality of the front zipper and fabric
are more important than e.g. the inner pocket
zipper. Since the components related to the
fabric were assessed and rated low compared
to the other shell jacket components, such a
weighting would imply a more rapid
deterioration of assessed functionality.
Similarly, for measured functionality, it could be
argued that water penetration resistance is
more important to the overall functionality than
breathability. Since  water  penetration
resistance decreases most rapidly over time of
the four fabric properties, such a weighting
would imply a more rapid deterioration of
measured  functionality.  For  perceived
functionality, this kind of weighting may be done
unconsciously by the user.

The overall pattern of the results, that perceived
functionality and price decrease more rapidly
than assessed and measured functionality,
could partly be explained by the discussed
difference in terms of what properties are
included in the respective indicators. It is
reasonable to conclude that properties included

in perceived functionality and price, but
excluded in assessed and measured
functionality, such as appearance, are

influential to this pattern. By extension, user
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perceptions of such properties as relatively low
is probably a relevant motivation for deciding to
sell their shell jackets, i.e. a relevant reason for
obsolescence. Data collected in the user
surveys about the users’ motivations to sell
their shell jackets reinforce this interpretation
(André and Bjorklund, forthcoming). This points
to the potential of producers to adopt design
strategies such as timeless design and design
for attachment (Van Nes, 2016) to increase the
willingness of users to use shell jackets for
longer periods of time and thus avoid
obsolescence.

Regarding the potential user expectation of
price being an indicator of functionality (Rao,
2005; Cooper and Claxton, 2022) the study
indicates a closer relationship to perceived,
than to assessed and measured functionality.
Further, the finding that measured functionality
of performance-related properties decreases
rather slowly, combined with previous research
(Gullstrand Edbring et al., 2016) and survey
responses (André and Bjorklund, forthcoming)
indicating that users’ concerns about
performance are a key barrier to secondhand
sales, suggest that providing better information
about shell jackets’ performance could be
effective as a means to increase secondhand
sales and thus reverse obsolescence of shell
jackets. Future research could investigate the
feasibility and effectiveness of implementing a
performance-label based on measured or
assessed functionality to overcome this barrier
and increase secondhand sales.

In addition, in future research it is also relevant
to investigate the generalizability of these
results. It is likely that concerns about
performance is a relevant barrier to
secondhand sales of other technical outdoor
products such as tents and backpacks. If so, the
discussed performance-label could be a
relevant measure to reverse obsolescence of
such products. However, perceived
functionality of such products is hypothesized to
be less influenced by subjective properties such
as appearance compared to technical clothing
products, such as shell jackets. Hence, design
strategies to avoid obsolescence such as
timeless design could be less relevant for such
products.
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Conclusion

To our knowledge, this study is the first
investigation of how functionality, as indicated
by perceptions, assessments, measurements
and price, changes over the course of product
lifespans. Perceived functionality and price
decline more rapidly than assessed and
measured functionality. In other words,
secondhand shell jackets seem to be in better
condition than users think. This points to the
potential of product design and information
policy to, respectively, avoid and reverse
obsolescence to extend product lifespans of
shell jackets and other products with similar
characteristics.
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Abstract: The transition to a circular economy (CE) is challenged by the presence of hazardous
substances, also known as substances of concern (SoC), in products. SoC are used in various
applications such as electronics, textiles, and toys, and can cause harmful effects on human health and
the environment. The topic of SoC in products has been predominantly studied in the fields of chemical
engineering and material sciences to develop alternative chemicals and materials. However, methods
to safely deal with SoC from the product design perspective are currently limited. This paper aims to
address this issue and presents a first version of a Safe and Circular by Design Method. This method
supports designers when (re)developing products containing SoC by mitigating or managing the
associated risks, resulting in products that last and are safe for the circular economy. The method is
based on the results obtained in a previous study on five historical cases of product-substance
combinations (lenW, 2022), which identified and classified design strategies to deal with SoC in
products. The method involves guiding designers through a comprehensive analysis of the product-
SoC combination and its context, considering all stages of the lifecycle(s). The results of the analysis
help designers identify action points, informing their decision when selecting and developing mitigation
strategies. The method also recommends a list of possible strategies to deal with the SoC. The selected
strategies can be qualitatively assessed by the designer to identify their benefits, drawbacks, and
tradeoffs.

Introduction and animals causing long-term exposure (Krafft
Any product that potentially harms health or the & Riess, 2015; OECD, 2013). Some of their
environment throughout its lifecycle, including known health effects include liver damage,
multiple use cycles and end-of-life treatments, reproductive damage, and thyroid disease
does not meet the circular economy (CE) (Dickman & Aga, 2022; OECD, 2013).
principles. To increase the useful life of Nevertheless, PFAS continue to be in use in
products, it is imperative that they can be used many applications, where safer alternatives do
and reused safely (Alaranta & Turunen, 2021; not yet meet similar repellency requirements
Bodar et al., 2018). (Cousins et al., 2019; Hil et al., 2017;

Schellenberger et al., 2019). Another example
SoC are present in a variety of consumer is the use of fluorinated gases as refrigerants
products, often without designers and users and foam blowing agents in cooling equipment
being aware. Although some SoC are currently (Koronaki et al., 2012; Vuppaladadiyam et al.,
regulated to avoid or reduce their presence in 2022). Although no significant human health
specific applications, many others remain in risks are expected from exposure to these
use due to the characteristics or functionality gases (except for accidental overexposure),
they provide to products. A common example of some types of fluorinated gases have ozone
SoC in products is the use of PFAS (per- and depleting properties or may have a high global
polyfluoroalkyl substances) in food packaging warming potential (Graziosi et al., 2017; Tsai,
and textiles for their water and oil repellency 2005; Velders et al., 2015; Vuppaladadiyam et
properties (Holmquist et al., 2016; Schaider et al., 2022). These gases may be released into
al., 2017). PFAS are ubiquitous and persistent the environment throughout the lifecycle of
contaminants with a variety of exposure paths, refrigerators, generating concerning emissions
which accumulate in body tissues of humans during the use or during inappropriate treatment

-60 -



5 PLATE Conference Espoo, Finland, 31 May - 2 June 2023
Julieta Bolafios Arriola, Vrishali Subramanian, Conny Bakker, Ruud

Balkenende

Safe and Circular Design — A design method for dealing with substances of
concern in products

and disposal (Ardente et al., 2015; Keri, 2019;
McCulloch, 2009).

An informed and better management of SoC in
the early stages of the product development
process can reduce the hazards and risks
posed by SoC. However, awareness,
information, and methods for designers to
safely deal with SoC in products are currently
limited. Our research found that scientific
publications concerning safety in a circular
economy and the use of SoC in products,
predominantly focus on risk management and
the development of non-toxic chemicals and
material alternatives (E.g., Bodar et al., 2018;
Dumée, 2022; Keijer et al., 2019); from the
chemical engineering and nanomaterials
perspective in particular (E.g., Mech et al.,
2022; Sanchez Jiménez et al., 2022) . Other
scientific  publications center on risk
assessment and other methods to measure and
analyze the effects of exposure and emissions
of SoC (E.g., Harder et al., 2015; Subramanian
et al., 2023; Undas et al., 2023). Furthermore,
alarge number of studies describe cases where
SoC represent risks to health and the
environment or limitations to the CE, such as:
contaminants and plastic recycling (E.g.,
Brandsma et al., 2022; Leslie et al., 2016) or
food packaging materials (E.g., Geueke et al.,
2018), amongst others. To the best of our
knowledge, no scientific studies address the
presence of SoC in products from the product
design perspective or provide guidelines for
product designers. This paper aims to address
this issue, describing the development of a
method for designers to deal with SoC in

products to mitigate or manage health and
environmental risks and make them fit the CE.
For this paper, we will be using the classification
for SoC shown in Table 1.

A) SoC present in the product — intentionally
added to their composition (e.g., additives
such as phthalates in flexible PVC)

B) SoC unintentionally generated by the
product — byproducts generated throughout
the lifecycle (e.g., microplastics released from
synthetic textiles)

C) SoC used or added temporarily to the
material or product for additional functions
but not intended to be present in the end
product (e.g., formaldehyde added to textiles
during manufacturing to reduce creases, which
can remain if not washed before wear)

Table 1. Classification of SoC in products, from
(lenW, 2022).

Method

The Safe and Circular Design method was
developed based on a previous study (lenW,
2022), which identified design relevant
strategies to deal with SoC in products from five
historical cases, as well as approaches to deal
with SoC from the industry and other fields,
such as green chemistry. The five cases were
analyzed through a lifecycle approach, using
literature research, Risk Assessment (RA), and
Life Cycle Assessment (LCA). These steps
were translated into a theoretical first version of
a method. Table 2 shows the approach for each
of the elements that constitute the Safe and
Circular Design Method.

Safe and Circular by Design | Approach
Method elements

1. Analysis of the product-
substance combination and
emission-exposure scenarios.

The SoC were analyzed through a literature review (including grey literature) to identify
their hazards and characteristics and describe where in the lifecycle of the product
emissions and exposure occur.

2. Prioritization of emission-
exposure scenarios

A qualitative assessment based on the findings of the literature review was done to
define emission-exposure scenarios of most concern. Screening RA was used to
prioritize the scenarios whenever data was available.

3. Strategy selection — List of
possible design strategies

the SoC.

Design relevant strategies were investigated for each case using literature review. The
identified strategies were classified into three categories:

Avoid / Eliminate - Any action that avoids the use of the SoC.

Reduce — Any action that results in the reduction of the content of the SoC or a
reduction of its emissions.

Control / Prevent — Any action that prevents or controls exposure and emissions of

4. Assessment of strategies

The identified strategies were qualitatively assessed by listing benefits, drawbacks,
and potential tradeoffs found in literature. Screening RA and LCA were used to assess
the effects of the strategies if data was available.

Table 2. Approach and development of the elements of the method.
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Results: The Safe and Circular

Design Method

The Safe and Circular Design Method supports
designers in dealing with SoC in products; its
scope considers the mitigation of SoC through
design solutions in the product, as well as
related services, or systems. We recommend
adopting an iterative approach, until a useful
level of detail is obtained (e.g., a feasible
strategy to eliminate the substance is identified,
or a strategy to reduce emissions is proved
effective). The results obtained from the
method can be used to steer the development
process and facilitate the communication of
designers with experts and suppliers. The
method is displayed in the form of fillable
templates that guide designers through the
process and facilitate the collection, analysis,

and visualization of information (Figures 2 to 8).
Additionally, the method suggests potential
sources for the requested information on all the
steps of the process. Figure 1 gives an
overview of the steps of the method. First, the
designer identifies and analyzes SoC and their
hazards (Step 1). The designer then identifies
where in lifecycle of the product emissions and
exposure occur, and which of these scenarios
are most concerning (Step 2). The results of this
analysis inform the designer’'s decision when
selecting or generating strategies that mitigate
the effects of the SoC (Step 3). Finally, the
designer assesses alternative strategies,
guided by a set of recommendations to
qualitatively measure their effects and
performance (Step 4).

Figure 1. Overview of steps - Safe and Circular Design Method.

Step 1 - Analysis of the product-substance
combination

a) In cases where the presence of SoC in a
product is unknown, the method provides
guidance to the designer to identify them.
Figure 2 shows the template for this step.
The method considers the classification of
SoC proposed in Table 1.

Once identified, the designer investigates
the nature, characteristics,
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potential hazards, intended function, and
regulatory status of each SoC. The method
provides a set of questions the designer
can follow in the investigation. Figure 3
shows the template for this step with
example answers of a case, DEHP (a
phthalate-based plasticizer) in vinyl flooring
(for illustration purposes).
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Figure 2. Step 1a - Identify SoC. '(European Chemicals Agency, n.d.), 2(ChemSec, n.d.), 3(Chem
Forward, n.d.)

Figure 3. Step 1b - Investigate the SoC. Example answers of the case of DEHP in vinyl flooring.

1(European Chemicals Agency, n.d.), 2(ChemSec, n.d.), 3(Chem Forward, n.d.), (European Chemicals
Agency, 2014)
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Step 2 — Analysis of the context of the
product-substance combination

a)

The designer identifies emission and
exposure scenarios for each stage of the
lifecycle. In this step the choice of lifecycle
stages includes three different end of life

pathways  (recycling, landfill,  and
incineration), circular strategies (reuse,
recycling, repair, refurbishing, etc.),
transportation, collection, and separate
production phases, one for
materials/chemicals and one for the
product manufacturing/assembly. This

allows the illustration of a variety of cases.
Figure 4 shows the template for this step
with example information for the case of
DEHP in vinyl flooring (for illustration
purposes).

The designer qualitatively analyzes the
emission-exposure scenarios to prioritize
those with concerning emission levels and
important environmental and health risks.
This is done based on the results of Step

2a, or on additional data obtained from
further literature research. The severity of
the scenario can be indicated for each of
the stages of the lifecycle. Uncertainty can
be indicated for those stages where
information was unavailable or
inconclusive. This is relevant to mark and
communicate knowledge gaps. Figure 5
shows the template for this step, with the
most concerning  emissions-exposure
scenarios of the case of DEHP in vinyl
flooring.

The designer analyzes the relationship
between the most concerning emission and
exposure scenarios, the architecture of the
product, and the context of the product-
substance combination. This step is meant
to support the designer in identifying design
opportunities to eliminate/mitigate the
effects of the SoC. Figure 6 shows the
template for this step with example
information of a case, DEHP in vinyl
flooring.

Figure 4. Step 2a - Identify emission-exposure scenarios per lifecycle stage. Example answers for the case
of DEHP in vinyl flooring.
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Figure 5. Step 2b, Prioritize emission and exposure scenarios. Example answer of the case of DEHP in
vinyl flooring.

Figure 6. Step 2c, Identify the relation between concerning emission exposure scenarios, the product
architecture, and the context. Example answer of the case of DEHP in vinyl flooring.
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Step 3 - Selection of strategies
The method provides a list of possible design
strategies for the designer to consider. The

method prioritizes strategies to Avoid/Eliminate
the use of the substance over Reduce or
Prevent/Control strategies (Figure 7).

Figure 7. Step 3, List of possible design strategies to deal with SoC in products.

Step 4 - Evaluate the selected strategies

a)

b)

The designer qualitatively estimates if the
selected strategy(ies) reduces, maintains,
or increases the level of concern of the
identified concerning emission-exposure
scenarios. This way the designer can
observe improvements and further
attention points.

The designer reflects on the potential
negative effects the strategy may have
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across the lifecycle(s) of the product (e.g.,
new or increased environmental impacts,

new or increased risks).

The designer reflects on the potential trade-

offs of the strategy, which can include
reduced performance, and increased
manufacturing costs amongst other.

Figure 8 shows the template for Step 4 with
example information of the evaluation of a
strategy to reduce emissions of DEHP from
vinyl flooring.
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Figure 8. Step 4, Evaluation of selected design strategies. Example answer of the case of DEHP in vinyl
flooring.
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Discussion and Conclusion

This study aimed to develop a method to
address the presence of SoC in products from
the product design perspective. The result is a
first iteration of the Safe and Circular Design
Method, which was developed based on the
analysis of five historical cases of product-
substance combinations where design-relevant
strategies to mitigate the effects of SoC were
identified (lenW, 2022).

Currently, the presence of SoC in products is
mainly addressed from a chemicals and
materials perspective, by both the industry and
regulatory bodies. Due to this, strategies are
often limited to substitution, which may cause
unintended, often unknown consequences,
such as: similar or new risks, new forms of
environmental impact, or tradeoffs, including
performance loss or increased costs.
Furthermore, in some cases, alternatives that
meet equal functional requirements do not yet
exist or are technically impossible, which
causes the hazardous substance to remain in
use. By approaching SoC in this manner,
potential negative effects throughout the
lifecycle(s) of products can be overlooked, and
alternative strategies become limited.

Although possible design strategies were
derived from the investigation of the case
studies, we have no indication that these were
carried out by manufacturers intentionally
through a design perspective. Additionally, we
found a few successful examples where the
importance of following a systemic (holistic)
approach is evident, such as the case of
refrigerants in cooling equipment, where
substitution with less harmful gases has been
combined with hermetic systems in the product,
collection systems, and recycling processes
that prevent emissions. We have therefore
developed a process through which designers
can partake in the mitigation of risks caused by
SoC through a systemic approach which makes
possible tradeoffs and unintended side effects
visible. By using this method, designers can
consider multiple layers (product-substance
combination, its context, users, lifecycle), and a
larger variety of strategies.

Since the current version of the method was
derived theoretically from the investigation of
the five cases, it will need to be tested by design
practitioners to evaluate its usability, workflow,
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and performance. We have identified several
aspects to be considered in next iterations of
the method. First, we observed challenges
when collecting the necessary data for the
analysis of the product-substance combination,
its emission and exposure scenarios, and
effects of potential strategies. Following
iterations of the method will have to provide
further insights on data sourcing and dealing
with uncertainty. Additionally, the method is
currently largely based on qualitative analysis,
which can lead to uncertainty in establishing
priority emission and exposure scenarios and
determining the effects of alternative strategies.
While qualitative analysis provides a first
estimation, the integration of quantitative
methods such as Risk Assessment and Life
Cycle Assessment will deliver more accurate
results. However, these require large amounts
of data and may not be a part of the skills of a
designer, highlighting the importance of
collaboration with environmental scientists.
Furthermore, future developments should
explicitly address how to deal with tradeoffs,
newfound risks, and environmental impacts of
new strategies. Similarly, ethical
considerations, such as balancing performance
losses with safety concerns and environmental
impacts, need to be specifically addressed.
Finally, the method was originally intended to
be applied in early stages of the development
process. However, it now appears to be more
suitable for redesign assignments. Therefore,
the integration of this method as part of the
development process of new products needs to
be further considered.
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Abstract: When studying the meanings of colours, prior consumer research has focused mainly on the
visual perspective, typically ignoring the material side of colour (i.e. colour as a physical and chemical
substance). This has also led to frequent ignorance of health, safety, and environment (HSE) issues
related to the production and use of colours. Our study focuses on consumers’ perceptions of the HSE
aspects of colours in clothes, with an emphasis on both synthetic and bio-based colourants. The data
of the study consists of semi-structured thematic interviews with Finnish consumers (n=27). Using data-
driven qualitative analysis, we examine how consumers view the difference between synthetic and bio-
based colours (i.e. colourants) in relation to ecological sustainability. In addition, we study how they
perceive colour-related health and safety aspects in clothing. Our findings suggest that consumers
picture natural colourants as ecological, whereas synthetic dyes are perceived to be ecologically
unsustainable. Consumers typically encounter the material aspect of colours when the colour behaves
in an unexpected way during use or maintenance. This may also make them aware of potential health
issues related to dyes. Interestingly, this concern was brought out in the context of both naturally and
synthetically coloured products.

Introduction impacts. The textile industry — which includes
Colours shape the everyday experiences and clothing production — is the second most
practices of consumers in various ways. They polluting industrial sector in the world, topped
guide what we eat, what kind of clothes we only by the oil industry (Chen et al., 2021). As
wear, and how we decorate our homes (Yusuf Carvalho and Santos (2015) note, the spinning,
etal., 2017) So far, the meanings of colours in weaving, and industrial production of textiles
the everyday lives of consumers have mainly are associated with the use of non-renewable
been studied from a visual perspective and in energy and production of waste. Furthermore,
relation to specific products and brand images related finishing processes, such as dyeing,
(e.g. Aslam, 2006; Bobrie, 2018). Meanwhile, consume remarkable amounts of water and
the discourses of consumer studies have chemicals. The use of colourants in textile and
mostly ignored the discussion on the material clothing production also harms waterways (Al-
dimension of colours (i.e. colour as physical Tohamy et al., 2022) — in fact, dyeing in textile
and chemical substance). This has resulted in processing is now considered one of the major
the inability of these discourses to recognise aquatic polluters (Mehra et al., 2021). In
and address the issues of health, safety, and addition to the environmental burden, the textile
environment (HSE) in relation to the production and clothing industry is often associated with
and consumption of colours. In this paper, we poor working conditions (Carvalho & Santos,
will make these issues the focus of our 2015) and health problems (e.g. respiratory
discussion, approaching them from the issues) among workers (Manzoor & Sharma,
perspective of consumers and investigating 2020).
their perceptions of the HSE aspects of
colourants in clothing. Previous research has indicated that
consumers are increasingly interested in HSE
The current production of clothes is aspects of consumption (e.g. Sax & Doran 2016;
characterised by the over-consumption of Sajin¢i¢ et al., 2021). The main concerns among
natural resources and complex environmental Europeans (EU-28) are air and water pollution,

waste generation, and the impact of chemicals
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on health (Luca et al.,, 2018). According to
Hartmann and Klaschka (2017), consumers are
concerned about unhealthy chemicals in
consumer products, particularly in relation to
products that make direct contact with the
human body (e.g. textiles). However,
consumers’ perception of colours (i.e.
colourants) as a potential cause of health
problems and ecological harm is still a largely
unmapped area of study (however, see
Geissler, 2009; Yli-Heikkila et al., 2020; Kamboj
& Mahajan, 2017). In this paper, we aim to
bridge this knowledge gap by studying Finnish
consumers’ perceptions of HSE aspects of
colours in the context of the production and
consumption of clothes. The subject is
approached particularly from the point of view
of the perceived differences between synthetic
and bio-based colourants.

Synthetic and natural colourants in
clothing — Towards the perspective

of the consumer

Current colour production within the clothing
industry is built on synthetic colour culture,
mainly using synthetic colourants produced
from non-renewable materials. More eco-
friendly natural dyes, with plant, animal, or
mineral origins (Kumar Gupta, 2020), are still
not commonly in use within the industry, as the
commercial business has offered only small-
scale niches for naturally dyed garments
(Geissler, 2009). This is partly due to certain
limitations, such as the less versatile colour
palette, limited fastness, and less competitive
production costs of bio-based colourants
(Geissler, 2009; Jihad, 2014; Kumar Gupta,
2020). However, as Yusuf et al. (2017) have
noted, natural dyeing is gradually making its
way into the global market, thus helping to
reduce the environmental load caused by
synthetic dyes (see also Haji & Naebe, 2020;
Kumar Gupta, 2020).

Consumers value products made from bio-
based resources (e.g. Morone et al., 2021), and
the term ‘bio-based’ is largely associated with
positive environmental aspects, such as
‘naturalness’ and ‘environmental friendliness’
(Sijtsema et al., 2016). The importance of the
sustainability —perspective also becomes
manifest in consumer interest in, and valuation
of, organic products — for example, textiles
made of organic cotton (Hustvedt & Dickson,
2009). Similar interests have been identified in
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consumer perceptions of the colourants used in
apparel. For example, consumers may wonder
whether the dyes used in textiles are harmful to
the environment and human health (Yli-Heikkila
et al., 2020).

Although the topic is still mostly unstudied,
consumers’ views of bio-based dyes in clothing
have gained some prior scholarly interest.
According to Geissler (2009) and Kamboj and
Mahajan (2017), natural dyes represent
responsible and ecological choices for
consumers. Geissler's (2009) study showed
that consumers view naturally dyed textiles as
something special and exclusive. They also
associate natural dyes with the natural
environment, ecological awareness,
responsibility, and fairness. On the other hand,
consumers are concerned about the fastness of
natural colours. Geissler’s findings indicate that
consumers believe  that  plant-derived
colourants are less stable, making textiles lose
colour during use and washing. The same study
also touched on the health-related aspects of
colourants, indicating that some consumers are
worried about possible allergic reactions
caused by natural dyes.

In a more recent study, Kamboj and Mahajan
(2017) stated that consumers perceive naturally
dyed products as renewable and safe for
human skin. In this sense, their results were
partly in contrast to the health concerns
identified by Geissler (2009). Moreover, the
study of Kamboj and Mahajan revealed a belief
that wearing naturally dyed clothes provides the
wearer with an image of being a green and
conscious consumer. These results were later
supported by the studies of Landim Neves et al.
(2019) and Yli-Heikkila et al. (2020). The former
shows that consumers associate naturally dyed
products with safety and high quality, whereas
the latter indicates that consumers link
synthetic colourants with the chemical industry,
harmfulness, toxicity, and artificiality.

Data and methods

Our study is based on semi-structured thematic
interviews  (Gaskell, 2000) of Finnish
consumers conducted in 2020 and 2021. The
interviewees (n=27) were recruited using the
snowball method — that is, by asking the initial
interviewees to name other potential
interviewees from their own social networks
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(Creswell 2013). The interviewees were
informed about the purpose of the study and the
focal themes of the interviews during the
recruitment process. Written informed consent
was obtained from all participants before the
interviews.

The ages of the interviewees ranged from 24 to
73 years. Seven of them were men, and twenty
were women. Six interviewees had prior
knowledge about and/or experience with textile
colourants and dyeing with natural colourants.
The interviewees were interviewed either
individually or in small groups. The interviews
took from 21 to 61 minutes and were
transcribed later. The main themes of the
interviews included the consumption of clothes,
sustainability aspects related to clothing, and
clothing maintenance. The interviewees’ views
on the origin of colourants, as well as their
thoughts about naturally dyed textiles, were
also discussed. The data was analysed by
using data-driven qualitative content analysis.

Consumers’ perceptions of
colourants in clothing:

environmental aspects

Prior colour research (e.g. Bobrie, 2018; Yusuf
et al., 2017) suggests that consumers’ interest
in garments is guided primarily by the
appearance of the products, whereas the origin
of the colourant is typically a criterion of much
smaller importance — if considered at all. Our
data suggests that this ignorance may be partly
due to the unawareness about the HSE aspects
of colourants, as in here:

| guess the [public] discussion has
focused more on fibres and human
rights. On the aspects that have to do
with the material. | haven’'t really
thought about the colours that much.
But | guess there are many problems
involved with them, too, of which the
consumer should be more aware.
(Female, 31 years)

The discourse represented by the quote implies
that consumers perceive colours primarily from
a visual point of view without necessarily
recognising their material dimension related to
the use of colourants. This may also explain the
general tendency to not consider colours as
something with potential HSE impacts. On the
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other hand, the interviews imply that consumers
are able to critically discuss and reflect on the
origin of colours after becoming aware of the
questions related to the subject. This
competence was supported by prior knowledge
of environmental and ethical issues concerning
clothing production, with this understanding
providing a framework for the discussion of
colour production as well.

As argued above, bio-based products are often
associated with positive HSE aspects (see also
Sax & Doran, 2016). This also became evident
in our study: when consumers were
encouraged to discuss the origin of colourants,
or synthetic and natural colours, their
associations were juxtaposed, as consumers
discussed ‘bad’ (synthetic) and ‘good’ (bio-
based) colour properties:

| have a strong feeling that [synthetic
colourants] are somehow intense and
artificial. Harmful. (Female, 25 years)

A plant is a more natural or kind of a
safer product, or however you should
phrase that. (Female, 28 years)

Overall, the interviewees’ thinking was
characterised by divided perceptions of
ecologically sustainable natural colourants and
unsustainable artificial dyes, reflecting
consumer appreciation of ecological materials
and products (see also Geissler, 2009;
Sijtsema et al., 2016).

The skin contact of colours: The
perspectives of safety and personal

health

Products with either external or internal direct
contact with the human body are apt to raise
health concerns in consumers (e.g. Hartmann
& Klaschka, 2017; Sax & Doran, 2016). Such
concerns are also evident in our data,
manifesting in the interviewees’ pondering of
the potential health effects of the colours they
wear. Their concern was primarily connected to
the personal safety of the consumer, whereas
the related health and safety risks within the
production process (e.g. dyers’ exposure to
harmful chemicals) were not discussed, at least
not explicitly.
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In scholarly discourse, it is common to depict
bio-based dyes as non-toxic, non-allergenic,
and non-hazardous alternatives to more
harmful synthetic colourants (e.g. Jihad, 2014;
Kumar Gupta, 2020). However, our data implies
that even though consumers also often view
natural dyes as the safer option, they do not
necessarily consider naturally dyed clothes free
from negative health impacts (see also
Geissler, 2009). A 67-year-old craft enthusiast,
for example, referred to both natural and
synthetic colourants as potential causes of
allergic reactions:

Well, those [natural dyes] are no better;
they can truly be allergenic. Yes, | have
learnt to watch out for both [natural and
synthetic dyes]. (Female, 67 years)

A typical situation in which consumers
encounter the material aspect of colourants in
their everyday lives is when colours do not
behave as expected — for example, during
maintenance. This may also raise questions
about the possible health effects of colourants.
The interviewee found herself in such a
situation after her (synthetically dyed) training
jacket emitted colour during the wash:

It does not bother me that much if the
colour changes or fades. What troubles
me is that colour bleeding occurs even
after many washes. And if it’'s, for
example, raining outside, and you hang
the laundry out to dry, there will soon
be a pink puddle. So, [I'm pondering]
the safety aspect; the jacket releases
colour while jogging, and the colour
gets on the skin. (Female, 24 years)

Overall, the safety of the colours in clothing
appeared in the interviews as a relevant
question for consumers — at least after the
interviewees became aware of the issue. What
made this aspect particularly noteworthy from
the consumer’s point of view was the direct skin
contact with the cloth and the potential risks
related to it:

| think skin contact plays a pretty big
role when it comes to clothes. If it can
be assured that there are no chemicals
that can dissolve into the body, it's a
positive thing. (Male, 40 years)
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References to the cruciality of skin contact were
made in several different contexts during the
interviews. Textile finishing agents, and the risk
of allergic reactions caused by them, was one
such occasion. Moreover, health concerns
were considered particularly relevant regarding
children and their health, as an interviewee
explained: ‘Well, these days, you can’t put any
clothes on small children without washing them
first' (Female, 62 years). In such situations, an
attractive garment may turn, at least partially,
into a health and safety risk.

Conclusions

Consumer research has approached the
meanings and properties of colours mostly from
a visual perspective (e.g. Aslam, 2006; Bobrie,
2018). Less attention has been given to the
material aspects of colour or to consumers’
perceptions of them. This also includes the
health, safety, and environmental (HSE)
impacts of colour production and coloured
products. The current colour palette of clothes
is produced primarily with synthetic dyes, which
harm human health and the environment.
Previous research has shown that consumers
are concerned about the (un)healthiness of
chemicals in consumer products, especially
when the products come into direct contact with
the human body (e.g. Hartmann & Klaschka,
2017). Prior findings also show that consumers
value bio-based and ecological products (e.g.
Sijtsema et al., 2016). However, these attitudes
and valuations have only rarely been discussed
in relation to colours in consumer products.

Our study focused on consumers’ perceptions
of HSE aspects of colours in the context of
clothing. The subject was approached
particularly from the perspective of perceived
differences between synthetically and naturally
dyed clothes. During the interviews, consumers
associated natural dyes with naturalness and
ecological sustainability, whereas synthetic
dyes were connected with artificiality and
environmental burden. On the level of health
and safety, the distinction appeared less clear
and obvious. While the interviewees associated
synthetic dyes more directly with health risks,
concerns about natural dyes as a potential
cause of allergic reactions were also pointed
out.

On the other hand, our study indicates that in
order for consumers to reflect critically on the
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HSE aspects of colours, they first have to be
made aware of the materiality of colours. To
some degree, this awareness may arise as a
result of everyday situations in which colours do
not behave as expected — for example, when a
garment bleeds colour. Such situations force
consumers to confront the physical and
chemical side of colours, potentially raising
concerns about the colourants’ safety.
However, from the point of view of
sustainability, it is important to make HSE
issues a topic of a more comprehensive interest
— an interest that also extends beyond the
sphere of the personal and takes ecological and
ethical issues related to production into
account. This requires an active effort to make
the materiality of colour a subject of public
discussion.
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Abstract: Green hydrogen is likely to play a central role in the European Union’s (EU) energy transition
due to its potential as a low-emission energy source and storage medium. To achieve a meaningful role
for hydrogen in the European economy, a large scale-up of the relevant technology is required. Due to
the technology’s high dependency of critical raw materials, this poses a risk of future supply chain
bottlenecks that EU policymakers seeks to address. The circular economy (CE) aims to promote
sustainable economic growth by reducing resource use and waste. With its focus on the principles of
reuse, reduce and recycle, it is well positioned to help solve for the challenge of critical raw materials.
This research aims to provide clarity on specific CE strategies applicable to fuel cell and hydrogen
(FCH) technology supply chains and what drives or hinders their adoption. Using a mixed methods
approach of literature and practice review and qualitative expert interviews, we define four exemplary
drivers and barriers along de Jesus and Mendonca’s (2018) framework of CE drivers and barriers. In
doing so, this study contributes to the better understanding of circularity strategies and their
determinants in general, as well as provide practical insights for policymakers and businesses on
matters of future relevance for FCH technologies specifically. Our research is ongoing to further refine
and extend our results.

Research Background and objective Different types of electrolysers/fuel cells exist.
To limit global warming, societies must rapidly They are in different stages of maturity and
transition to a carbon-neutral energy System. require diverse material inpUtS. Some of these
Hydrogen is a chemical element that can be materials, such as platinum group metals
used as an alternative energy carrier and (PGM), titanium, and nickel are considered
storage medium, and widely considered a key ‘critical’ by the EU since there have high supply
solution to decarbonise the economy risks due to import dependencies, significant
(European Commission (EC), 2021). ‘Green’ economic importance and a lack of viable
hydrogen is generated from renewable substitutes (EC, 2020a; IEA, 2020). For
electricity through electrolysis. As fuel, it can be example, South Africa and Russia account for
used for on-demand direct electrification in 90% (70% and 20% respectively) of PGM
carbon-intensive sectors, such as energy- production, making this a highly concentrated
heavy industry, residential heating7 or |ong_ market with limited substitution potential (CRM
range transport (Hydrogen Council, 2017). To Alliance, 2023). While considering different
produce and use hydrogen in such a way, two FCH teChnOlOgieS dUring our research, our
key technologies are required: fuel cells and results focus on proton membrane exchange
electrolysers. Electrolysers generate hydrogen (PEM) electrolysers and fuel cells because the
from water using electricity, while fuel cells critical raw material challenge is most
reverse the process and provide electricity from pronounced for this type.

hydrogen. Their production is therefore

essential for the European energy transition. As the EU seeks to reduce its dependencies for

key strategic assets and therefore strengthen
its strategic autonomy 1, it aims to make

' Strategic autonomy describes “the ability to set one’s foreign policy and security, together with the institutional,
own priorities and make one’s own decisions in matters of political and material wherewithal to carry these through”
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hydrogen technology supply chains more
resilient. This paper seeks to explore the
potential contribution circular

economy strategies can have to this end. The
circular economy is “an economic system that
replaces the ‘end-of-life’ concept with reducing,
alternatively reusing, recycling, and recovering
materials in  production/distribution  and
consumption processes” (Kirchherr et al., 2017,
p. 229) and can be applied to supply chains
through reducing material inputs, reusing
components and products, and recycling
materials (EC 2020b). A CE approach therefore
might be well positioned to enhance the EU’s
strategic autonomy while at the same time also
contribute to sustainable practices in the sector.
As both circularity and strategic autonomy are
simultaneous aims of EU industrial policy,
meeting both ends through one strategy would
be highly attractive for policymaking.

The CE literature is increasingly focusing on
studying the implementation of CE strategies,
or the lack thereof (Lieder and Rashid, 2016).
In that context, de Jesus and Mendonca (2018)
developed a framework to categorise relevant
drivers and barriers along economic, technical,
cultural, and regulatory dimensions. Such
studies have been conducted for various supply
chains (e.g. Kumar et al, 2021; Baldassarre et
al, 2022) and for the European economy in
general (Kirchherr et al, 2018), but not yet for
fuel cell and hydrogen (FCH) technologies. A
small body of academic literature and multiple
reports on hydrogen have assessed the
circularity potential for such supply chains (e.g.
Bareil et al., 2019; EC, 2020a; IRENA, 2020;
Lotric et al, 2020; Kiemel et al, 2021; IEA, 2022,
World Bank and Hydrogen Council, 2022).
They reach the conclusion that current research
efforts focus on the reduction of primary
material inputs, especially for platinum group
metals (PGM) as they are expensive and critical
(Bareil et al, 2019; IEA, 2022). Recycling and
reuse strategies are featured less prominently,
through are considered feasible. Different sub-
components of FCH products have different
lifetimes and can therefore be reused or
repaired/recoated to extend product lifetimes
(Lotric et al, 2020; de Nora, 2023). For
recycling, multiple chemical and mechanical

(Lippert et al., 2019, p.5). The concept has been adapted
by the EU as ‘open strategic autonomy’ to also signal its
commitment to free trade (European Parliament, 2022).
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processes can be applied to recover materials
(Valente et al, 2018). Though they are not yet
applied widely, recovery rates of 50-75% for
PGMs and higher for other materials are
possible (Lotric et al, 2020). Studies modelling
the future demand of critical raw materials and
potential supply bottlenecks assume
substantial recycling rates for FCH products but
also highlight their dependencies on other
factors, such as material prices and advances
in material efficiency (Rasmussen et al, 2019;
IRENA, 2020).

While initial work has been conducted on the
circular strategies relevant for the FCH
technology value chain, the knowledge is often
highly technical and fragmented. Furthermore,
its implementation faces numerous challenges,
especially reusing and recycling of products
(Quilez et al, 2017). A holistic consideration of
applicable strategies along the value chain as
well as what drives or hinders their
implementation is currently lacking. Our
research aims to shed light on this matter by
mapping the FCH technology value chain and
applicable CE strategies, and defining drivers
and barriers to their adoption.

In doing so, we contribute to the generation of
theoretical knowledge on CE implementation,
potentially inform business practices, and
provide guidance for policymakers regarding
the required support for the sustainable and
resilient governance of those supply chains.
Our work furthermore contributes to the
literature body on EU industrial policy and
mission-oriented innovation policy.

The remainder of this paper describes the
methodological approach of our research; the
results of the value chain mapping with four
exemplary drivers and barriers; and a
conclusion.

Method

The objective of this paper is to address the
knowledge gap on circularity in the European
hydrogen technology value chain and define
the relevant drivers and barriers to their
adoption. The two central results are a visual
representation of the value chain and identified
circularity potentials, and the description of
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exemplary drivers and barriers to their
adoption. The method to address the research
objective followed several steps along three
phases (figure 1):

(1) data collection using publicly available
materials;

(2) data collection through expert and
stakeholder interviews; and

(3) data analysis and coding of results.

This paper is based on the results of the initial
phase of data sampling and will be further
developed over the next months as our
collected data substantiates.

For the supply chain mapping, we collected the
available information from publicly available
studies, reports, and company websites to
develop an initial visualisation of the FCH
technology value chain in Europe. The reports
were all published in the past five years by
reputable institutions such as the European
Commission, the International Energy Agency,
the World Bank, the Hydrogen Council or EU
funded projects such as HyTechCycling. Based
on these sources, we also curated an initial list
of applicable circularity strategies.

In the second phase we conducted semi-
struc