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Abstract

Based on circular economy readiness assessments of six value chain layers, 18 design strategies and five
collaboration strategies for circular economy were identified. The design strategies have many applications,
from the design of materials, products, and processes to business models, and while some are specific to
determined layers, others can be addressed by companies in multiple layers. Furthermore, collaboration across
the value chain was found to affect positively the employment of circular economy design strategies,
contributing to the fulfilment of solutions’ circularity potential.
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1. Introduction

Transitioning to a Circular Economy (CE) is a process with several economic, societal, and
environmental benefits. CE could unlock $4.5 trillion of economic output (Lacy and Rutqvist, 2015),
save material-related costs (up to $700 billion annually in complex industries) (EMF, n.d.), create
millions of jobs globally (S4YE, 2021), and contribute to tackling the climate challenge by addressing
product manufacturing (EMF, 2019).

Nevertheless, manufacturing companies still struggle to address circularity and to successfully transition
to a CE, due to the high complexity of the transition process (Jackson et al., 2014), which is related to
changes in business model configurations (Pieroni et al., 2019), product design and development
(Bocken et al., 2016), and consumer acceptance (Camacho-Otero et al., 2018), among others.

To address these challenges and enhance the potential success of CE implementation in manufacturing
companies, Pigosso and McAloone (2021) developed a CE readiness self-assessment tool to enable the
evaluation of the CE readiness of product manufacturers. The CE readiness assessment evaluates the
company's ability to take action to transition to CE across several areas, providing a clear identification
of strengths and improvement opportunities for the CE transition (Pigosso and McAloone, 2021).
Nonetheless, despite the importance of CE readiness at the company level, the transition to CE can only
be achieved as a joint value chain effort (Eisenreich et al., 2022), including both upstream and
downstream companies. But despite the high importance of value chain collaboration for CE
implementation (Ritzén and Sandstrom, 2017), the CE readiness of more than 600 companies indicates
that less than 15% of the companies have already established key partnerships and/or set strategic
collaborations for CE implementation.

To address the value chain complexity in the CE transition, a more comprehensive overview of the CE
transition process is needed with a holistic consideration of the readiness of key value chain layers of
product manufacturers (i.e., materials providers, component manufacturers, packaging manufacturers,
logistic providers, product retailers & wholesalers, maintenance & repair services, and value recovery
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companies). Furthermore, the role of each value chain layer in the implementation of circular design
strategies should be further addressed for higher value creation (Sumter et al., 2021).

Taking circular readiness assessments as a starting point, this paper explores the role of design strategies
for the implementation of CE across six value chain layers, demonstrating the key differences and
similarities in circular design strategies across the layers, as well as further exploring how value chain
collaboration affects the implementation of CE design strategies.

The next section presents the research methodology for the development of the CE readiness
assessments for each value chain layer (Section 2, Research Methodology). Section 3 (Results and
Discussion), discloses and discusses the identified design strategies for CE across the six value chain
layers, as well as the key findings on the collaboration opportunities across layers. Finally, the key
outcomes are summarised in Section 4 (Conclusions and Future Work), along with the highlighted
potential for future research.

2. Research methodology

The methodological framework to identify the key aspects and dimensions for evaluating the readiness
of companies transitioning to a CE is comprised of two cycles: (1) theoretical development through
literature review and (2) empirical evaluation by experts, resulting in the consolidated version of the
dimensions and aspects for evaluating CE readiness in each value chain layer (Figure 1).

Theoretical development through literature review
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Figure 1. Methodology for consolidating readiness dimensions and aspects for value chain layers

The first cycle starts with a Systematic Literature Review (SLR), based on Kitchenham's (2004)
guidelines and following Biolchini et al. (2005) research protocol. The goal of the SLR is to identify the
aspects (i.e., critical criteria for the transition to CE) that determine companies' CE readiness for each
value chain layer. The selection of search strings and studies are conditioned to the specific value chain
layers. Table 1 described the six value chain layers investigated in this research.

The CE readiness aspects resulting from the SLR are then clustered into dimensions (i.e., related themes
connected to specific business processes, such as product & service innovation, or life cycle stages, such
as repair & maintenance). Furthermore, the aspects are translated into questions to be answered by
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companies using a CE readiness scale (Pigosso and McAloone, 2021). The search strings and key data
insights related to Cycle 1 for each value chain layer are detailed in Figure 2.

Table 1. Overview of the investigated value chain layers

Value Chain Short Description
Layer
Materials Companies which mostly focus on sourcing and processing materials, which are provided
Providers for the manufacture of components, parts and/or products.
Component Companies which mostly focus on creating components and sub-assemblies out of

Manufacturers materials and smaller components, primarily for sale to and use by manufacturing
companies in the manufacture of products.

Product Companies which mostly focus on creating finished products out of combinations of
Manufacturers components, sub-assemblies, and materials to use by final users (incl. other companies,
state organisations, or end consumers).

Packaging Companies which mostly focus on creating and manufacturing primary, secondary and/or
Manufacturers tertiary packaging solutions to contain, store, protect and/or promote goods. Packaging
Manufacturers may be present across the entire value chain.

Product Retailers | Companies which mostly focus on sourcing, stocking, and providing finished products
& Wholesalers | and consumer goods to customers (incl. to other companies, governments, or end

consumers). Product Retailers and Wholesalers may set the CE requirements in the value

chain and promote circular solutions to customers.

Value Recovery | Companies which mostly focus on (1) processing end-of-use products and/or components

Companies through remanufacturing, refurbishment, or repurposing; and/or (2) recovering materials
from end-of-life products through cascading, recycling, or energy recovery.
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Figure 2. Cycle 1: detailed figures for the theoretical development of the aspects & dimensions

The second cycle comprises the evaluation of the aspects, questions, and dimensions through two
workshops. Both workshops have the same structure, starting with an overview of the project and a
presentation of important definitions (e.g., CE and readiness). Next, the dimensions are presented along
with case examples that illustrate how the identified aspects are implemented by the investigated value
chain layer. The participants assess the clarity, relevance, and completeness of the aspects and examples
through online forms that record all answers. During the Internal Evaluation Workshop, the results are
assessed by academic experts (i.e., research assistants, PhD and postdoc researchers, and professors) in
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the Design for Sustainability field. The collected feedback is analysed, aspect by aspect, and changes
are implemented. Afterward, the External Evaluation Workshop is carried out with industry experts
(professionals working with sustainability and CE, such as designers, quality coordinators, sales
managers, heads of sustainability, and C-level executives), representing different companies in the
investigated layer. Once again, the feedback is collected, and changes are implemented to guarantee the
assessment is clear, relevant, and complete. As a result of the Cycle 2, the CE readiness aspects are
defined, including the strategies concerning product and service design, as well as value chain
collaboration. Detailed information about Cycle 2 for each value chain layer is presented in Figure 3.

CYCLE 2

Expert testing

Workshop 1 Workshop 2
(1*" iteration) (2" iteration)
, ) # of # of consolidated # of consolidated
Layer # of participants . .
- participants aspects dimensions
Material
11 8 32 6
Providers
Component 16 5 31 7
~ h | h
manufacturers
Product 25 50 25 <
manufacturers
Packaging 6 5 31 7
manufacturers
Product retailers
9 9 34 7
& wholesalers
Value recovery 15 14 26 7

companics
Figure 3. Cycle 2: detailed figures for the empirical testing of the aspects & dimensions

Subsequently, a qualitative comparison of the aspects gathered from the CE readiness assessment of the
six value chain layers is carried out for the identification of the CE design strategies (i.e., strategies
aiming to slow and/or close resource loops (Bocken et al., 2016)) across the value chain layers. Lastly,
the aspects related to the collaboration across value chain layers are further identified and evaluated to
assess how the establishment of partnerships and collaborations is perceived across layers, as well as
their potential implications on the success of CE design strategies and the transition to CE.

3. Results and discussion

3.1. Design strategies for CE

The design strategies that drive companies towards the CE transition across the six investigated value
chain layers are described in Table 2. It is important to notice that the CE design strategies are not
restricted to products and services, but also considered relevant for materials, technologies, processes,
and business models.

Table 2. Circular Economy design strategies across value chain layers

Layer Code Design Strategies Key Reference
Materials MP1 | New Materials: To develop new materials that can support a Stephanopoulos,
Providers higher circularity of products (e.g., less complex materials, et al. (2022)

materials with improved recyclability and degradability,
materials without harmful chemicals)

MP2 | Smart Materials: To develop smarter materials that can Stephanopoulos,
support higher circularity (e.g., self-healing materials, etal. (2022)
materials with repairability properties, materials that increase
the ease of disassembly and reassembly)
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capture circular value)

Materials MP3 | Updating Existing Materials: To update the portfolio of Gaustad et al.
Providers existing materials in alignment with CE (e.g., integrating (2018)
recycled content into your materials)
Component CM1 | Lifetime Extension: To design components for a long life Brissaud and
Manufacturers (e.g., design for reuse, design for modularity, design for Zwolinski (2017)
repair)
CM2 | End-of-Life Strategies: To design components considering den Hollander et
End-of-Life (e.g., design for recycling, design for al. (2017)
disassembly, design for remanufacturing)
CM3 | Resource Usage: To design components with minimised Gaustad et al.
resource consumption (e.g., design for sharing, design for (2018)
minimal material usage, design for multifunction)
CM4 | Standard Design: To design standardised components (e.g., Kerwin et al.
design for multiple Original Equipment Manufacturers, design | (2022)
for standard interface)
Product PM1 | Product/Service-Systems: To develop Product/Service- Pieroni et al.
Manufacturers Systems (e.g., services supporting the product use, (2018)
subscription systems, sharing solutions)
PM2 | Design for Life Extension: To develop products and services | den Hollander et
considering extended lifetime (e.g., design for maintenance, al. (2017)
design for modularity, design for change of spare parts)
PM3 | Design for End-of-Life: To develop products and services Sundin (2018)
considering End-of-Life (e.g., design for disassembly, design
for remanufacturing, design for recycling)
PM4 | Design for Sharing: To develop products and services that den Hollander et
can be shared with other users (e.g., design for resource al. (2017)
management, design for durability)
Packaging PK1 | Multiple Uses: To design packaging for multiple uses (e.g., Foschi and
Manufacturers design for reuse, design for refill, design for sharing, design Bonoli (2019)
for multifunction)
PK2 | End-of-life Strategies: To design packaging considering their | Foschi and
end-of-life (e.g., design for recycling, design for disassembly, | Bonoli (2019)
design for single-material use)
PK3 | Logistic Efficiency: To design packaging to improve logistics | Gaustad et al.
efficiency (e.g., design for weight reduction, design for (2018)
flexibility, design for modularity)
PK4 | Contextual Feasibility: To design circular packaging Nemat et al.
considering its feasibility in the local context (e.g., designing (2019)
packaging that can be collected and recycled using the
existing reverse logistics programmes and recycling facilities,
designing packaging using materials that can be processed by
the separation technology in place)

Product R&W | Communication Strategy: To develop CE communication Fuchs and
Retailers & strategies using insights from consumer behaviour (e.g., Hovemann
Wholesalers design CE communication strategies according to customer (2022)

segments, design in-store signs to inform customers about CE
initiatives, design communication strategies to enhance
customer engagement towards CE)
Value VRC | Technology and process innovation: To develop Karakutuk, et al.
Recovery processes/technologies for value recovery (e.g., design (2021)
Companies processes/technologies for disassembling, design processes/
technologies for sorting and processing)
Cross-layer CL | New Value Proposition: To offer value proposition aligned Pieroni et al.,
with CE (design Business Model(s) to create, deliver, and 2019

From the six analysed layers, the CE design strategies were clustered according to their similarities, in
four design main areas: business model, materials, products & services, and process & technology.
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3.1.1. Design of circular business models

The design business models (CL) according to CE principles (eliminate waste and pollution; circulate
products and materials; regenerate nature - EMF, 2021b) was found to be relevant across all value chain
layers analysed. Companies transitioning to a CE, regardless of their value chain position, should be
able to create, deliver and capture circular value; that is, share with all the business ecosystem
stakeholders the generated gains and benefits decoupled from resource consumption (Bertassini et al.,
2021; Pieroni et al., 2019). Nonetheless, organisations might choose different circular business models
(CBM). Materials Providers, for example, might choose to offer exclusively renewable materials.
Arkema (2023) argues that the design of new materials (e.g., bio-based resins) (MP1) can enable a CBM
based upon renewable feedstock. Manufacturers (Component, Product, Packaging) can opt to offer their
products as a service, by implementing strategies to extend product lifetime (PM2) and to share products
(PM4) (Signify, 2023). Furthermore, Product Retailers & Wholesalers can adopt digital CBM (e.g.,
Levi's Second Hand (n.d.) digital platform that raise consumer awareness (R&W) on circular denim);
Additionally, Value Recovery Companies might offer sorting services (e.g., Trebo (2022) has developed
a technology (VRC) to sort material fractions from complex waste streams). Regardless of the CBM
approach, organisational competence to design circular business models is crucial to implement the CE
on a micro-level (Lewandowski, 2016).

3.1.2. Design of materials

The design of materials that support a higher circularity across the value chain is a key focus for
Materials Providers. The choice of materials can affect how easy or difficult it is to remanufacture,
Therefore, Materials Providers can design new materials that are less complex (e.g., using a single
substance) and have improved degradability (MP1), or smart materials that can improve the ease of
disassembly (MP2). Moreover, Materials Providers can improve the circularity of materials, for
instance, by integrating recycled content into materials and by using alloys that can be recycled together
(MP3). Natural Cotton Color (2021), for example, phases out toxic elements from cotton fabrics, making
the reuse, shredding, and value recovery easier and less cost-intensive.

3.1.3. Design of products & services

The design of products & services within Component, Product and Packaging Manufacturers involves
a number of CE design strategies, such as enhancing the durability of components, products, and
packaging. For components and products, it might be beneficial to design for maintenance and repair
(CM1, PM2) for instance. As for the packaging, manufacturers can choose to design for multiple uses,
such as design for reuse and design for sharing (PK1). These manufacturers can also improve the
circularity at the End-of-Life through CE design strategies, such as design components for disassembly
(CM2), design products for remanufacturing (PM3), and design packaging for recycling (PK2).
However, circular design strategies, apart from these cases, presented themselves differently from layer
to layer, as following described:

o Component Manufacturers can design components that enhance the circularity of products
during the use phase, for example, designing for minimal energy and water usage (CM3).
Moreover, standard design (CM4) can play an important role in the circularity of an entire value
chain or product portfolio. Components such as cables, ports and interfaces can have standard
designs, increasing their use by several Original Equipment Manufacturers, and making it easier
for maintenance providers and end-consumers to find and replace, when needed, only the
components, instead of the whole product. In the EU, for example, a new directive establishes
that portable electronic devices should have a single charging port (EC, 2021), enforcing
standard design on Component Manufacturers in the electronics sector.

e Product Manufacturers can design entire products and services to be shared among a variety of
users (PM4), as well as design Product/Service-Systems (PSS) (PM1). These design strategies
can enhance the use rate of products, reducing resource inefficiency. If aligned with service-
based business models, the product ownership relies on the manufacturers, who can combine

1264 DESIGN FOR SUSTAINABILITY

https://doi.org/10.1017/pds.2024.128 Published online by Cambridge University Press


https://doi.org/10.1017/pds.2024.128

other CE design strategies (PM2 and PM3) to improve the products' overall durability and value
recovery potential at the end-of-life. Kaer, for instance, offers cooling as a service by designing
air conditioning products with extended lifetime and optimised repairability (EMF, 2021a).

e Packaging Manufactures also have opportunities to address CE design strategies in the
development processes. Designing modular, flexible and lightweight packaging (PM3), for
instance, could have a great impact on forward and reverse logistics operations. The Euro Pool
System (n.d.) offers reusable, light, and foldable trays to the European fresh supply chain,
reducing 86% of the volume in return trips. Furthermore, designing packaging in accordance
with the contextual feasibility (PM4) of processes and technologies is essential to guarantee the
circularity of resources. For example, a company can design packaging made with materials that
can be processed by country's A existing collection and sorting infrastructure, but not by country
B. Instead of delivering to country's B market this same packaging, the packaging manufacturer
should analyse the existing infrastructure and technology to develop a feasible solution to that
context.

This result confirms the importance of looking into how distinct value chain actors pursue the CE
transition within their own context so to allow for the development of interventions and
recommendations that are both tangible and relatable.

3.1.4. Processes and technology

Products and services designed using CE strategies must be accepted by customers, who should also
play a role in the end-of-life strategies (e.g., maintaining, repairing, sorting for waste collection), to
continue to fulfil their circularity potential (Chamberlin and Boks, 2018). Product Retailers &
Wholesalers play an important role in engaging customers in circular behaviours, by designing
communication strategies (R&W) that raise customers' awareness concerning the circularity of
products, inform customers on how to maintain and extend the durability of products, favour the
acceptance of circular products, among others. Nudie Jeans (2023), for example, designs the majority
of its communication strategies (displayed in physical stores, labels, website, social media, etc.)
promoting and guiding circular behaviour. Furthermore, when products reach end-of-life, Value
Recovery Companies should be prepared to keep the resources' value at the highest level possible. For
that, these organisations should be able to design processes and/or technologies (VRC) to handle
different materials, components, products, and packaging, including those that were not designed for
CE. Value Recovery Companies' efforts might include designing processes for recycling "new"
materials (e.g., ReMatch Turf Recycling), designing technology to separate mixed materials (e.g.,
Trebo), and others.

3.2. The role of collaboration across value chain layers

The employment of CE design strategies is relevant for all value chain layers analysed; however, how
do they influence the overall value chain circularity? The CE readiness aspects that address collaboration
between value chain actors are described in Table 3.

Looking into the aspects that address the collaboration across the value chain, it can be noted that design
activities in the upstream and downstream value chain affect each other, and should be approached as a
joint effort, to the largest extent possible. Establishing partnerships across the value chain (VC2) has
been indicated as important to enable a circular business across all layers. Partners can boost the market
readiness for products and services, share insights and knowledge, and define how design strategies can
be pursued collaboratively.

Moreover, by engaging its value chain (VC1), an organisation can set circular procurement
requirements, push for circular design strategies among materials providers and packaging
manufacturers, or even design together communication strategies to address customers' barriers
concerning circular products and services. Fairphone (2023) has engaged its value chain in the CE
transition, by establishing material requirements, collaborating with the component manufacturers,
encouraging customers to repair products, and supporting the recovery of materials at the end-of-life.
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Table 3. Aspects for enhancing collaboration across value chain layers

Layers Code Collaboration strategies
Materials Providers VC1 | Value chain engagement
Component Manufacturers To develop upstream and downstream collaboration to allow
Product Manufacturers closed loops (e.g., setting circular procurement requirements,
Packaging Manufacturers establishing processes to recover post-consumption resources,
Product Retailers & Wholesalers addressing consumers barriers towards the CE transition)
Value Recovery Companies VC2 | Partnerships

To establish partnerships across the value chain to enable a
circular business

Materials Providers VC3 | Co-development of solutions

Component Manufacturers To establish partnerships to develop circular solutions (e.g.,
Product Manufacturers designing materials in collaboration with materials providers and
Packaging Manufacturers manufacturers, developing takeback systems as a collaboration
Value Recovery Companies between manufacturers and waste collectors)

Materials Providers VC4 | Transparency

Component Manufacturers To share technical data and information across the value chain
Packaging Manufacturers (e.g., employing supply chain traceability, adopting digital
Product Retailers & Wholesalers product passports, disclosing clear information to customers
Materials Providers VC5 | Industrial symbiosis

Component Manufacturers To participate in industrial symbiosis (e.g., using 3rd parties’
Product Manufacturers waste streams as raw material, providing waste as raw materials
Packaging Manufacturers to other systems)

With a transparent flow of data and information across the value chain (VC4), organisations can design
and develop products together, from material selection, and component and packaging traceability, to
product design, retail engagement and value recovery take-back systems. In a collaborative circular
value chain, the upstream and downstream stakeholders work towards the same goals, intertwining CE
design strategies to fulfil the circular potential of resources (VC3). Moreover, the application design
strategies can consider the participation in industrial symbiosis schemes (VC5), by using or providing
waste streams from/to other industries as a resource.

4. Conclusion and final remarks

To enable the enhanced readiness of product manufacturers and related value chain layers, this research
consolidated 18 design strategies that contribute to enhancing the circularity readiness of companies
across six value chain layers. The design strategies are employed across a varied range of application
areas, from the design of materials, products and services, processes and technologies, to the
development of business models. While some CE design strategies are specific to determined layers
(e.g., standard design and logistic efficiency), others might be addressed by companies in multiple layers
(e.g., design for lifetime extension and design for end-of-life).

Furthermore, the importance of value chain collaboration to the success of circular initiatives was
discussed. A material designed to be circular might not have been recovered at end-of-life due to poor
product design, for instance. At each value chain stage, the circularity potential can be hindered or
boosted, depending on the lack or presence, respectively, of the ideal CE design strategy. The CE
transition of entire value chains requires that stakeholders across layers address the challenges and
opportunities of the CE in collaboration. A comprehensive and holistic approach for addressing CE
design strategies in the value chain can drive the readiness towards the CE transition.

By tackling the CE readiness and mapping out design strategies for CE across a number of value chain
layers, this research contributes to enhancing the theoretical understanding of how CE design should be
approached by companies with distinct positions in the value chain. In addition, this research provides
practitioners an inspirational path towards circular value chain transition. By identifying and
understanding CE design strategies across the value chain, companies can establish collaboration with
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key partners (e.g., sharing learnings and co-developing solutions) and diversifying their circular solution
portfolio, by pursuing opportunities to address layer-specific CE strategies (e.g., tackling circularity in
the material, component, product and packaging development and retail and value recovery operations),
engaging more and more stakeholders in the CE transition.

Although the focus of the research was the CE design strategies and collaboration across value chain
layers, the complete assessments present several aspects that are equally important to develop a CE
transition path, including, but not limited to, organisational leadership commitment, CE business
strategy, new cost structures and revenue streams, and market readiness. Future research will focus on
the development of two additional layers: Logistic Providers and Maintenance & Repair Services.
Moreover, the evaluation of CE readiness at a value chain level will be further explored, to provide
collaboration guidance for establishing a network of organisations ready to make the circular transition.

Acknowledgement
This work was supported through funding provided by Industriens Fond (Danish Industry Foundation).

References

Arkema. (2023), Rilsan® Polyamide 11 (PA11). [online] Available at: https://hpp.arkema.com/en/product-
families/rilsan-polyamide-11-resins/ (accessed 14.11.2023)

Bertassini, A. C., Zanon, L. G., Azarias, J. G., Gerolamo, M. C., Ometto, A. R. (2021), "Circular Business
Ecosystem Innovation: A guide for mapping stakeholders, capturing values, and finding new opportunities",
Sustainable Production and Consumption, Vol.27, pp. 436-448. https://doi.org/10.1016/j.spc.2020.12.004

Biolchini, J., Mian, P. G., Natali, A. C. C., Travassos, G. H. (2005), Systematic Review in Software Engineering,
Technical Report (RT — ES 679/05). Systems Engineering and Computer Science Department, Federal
University of Rio de Janeiro.

Bocken, N.M.P., Pauw, 1., Bakker, C., van der Grinten, B. (2016), "Product design and business model strategies
for a circular economy™, Journal of Industrial and Production Engineering, Vol.33 No. 5, pp. 308-320.
https://doi.org/10.1080/21681015.2016.1172124

Brissaud D., Zwolinski P. (2017), " The Scientific Challenges for a Sustainable Consumption and Production
Scenario: The Circular Reuse of Materials for the Upgrading and Repurposing of Components", Procedia
CIRP, Vol. 61. https://doi.org/10.1016/j.procir.2016.11.148

Camacho-Otero, J., Boks, C., Pettersen, N. (2018), "Consumption in the Circular Economy: A Literature Review",
Sustainability, VVol. 10 No. 8. https://doi.org/10.3390/su10082758

den Hollander M.C., Bakker C.A., Hultink E.J. (2017), " Product Design in a Circular Economy: Development of
a Typology of Key Concepts and Terms", Journal of Industrial Ecology, Vol. 21 No.3, pp. 517-525.
https://doi.org/10.1111/jiec.12610

EC - European Commission. (2021). COM(2021)0547 — C9-0366/2021 — 2021/0291(COD)

Eisenreich, A., Filler, J., Stuchtey, M., Gimenez-Jimenez, D. (2022), "Toward a circular value chain: Impact of
the circular economy on a company's value chain processes"”, Journal of Cleaner Production, Vol. 378,
134375. https://doi.org/10.1016/j.jclepro.2022.134375

EMF - Ellen MacArthur Foundation. (2019), Completing the picture: How the circular economy tackles climate
change. Ellen MacArthur Foundation.

EMF - Ellen MacArthur Foundation. n.d. The circular economy in detail. [online] Awvailable at:
https://www.ellenmacarthurfoundation.org/the-circular-economy-in-detail-deep-dive (accessed 12.11.2023)

EMF - Ellen MacArthur Foundation. (2021a). Cooling as a service: Kaer [online] Available at:
https://www.ellenmacarthurfoundation.org/circular-examples/cooling-as-a-service-kaer (accessed 14.11.2023)

EMF - Ellen MacArthur Foundation. (2021b). What is a circular economy? [online] Available at:
https://www.ellenmacarthurfoundation.org/topics/circular-economy-introduction/overview (accessed
09.11.2023)

Euro Pool System. (n.d.), Unfold the world of circular packaging [online] Available at:
https://www.europoolsystem.com (accessed 14.11.2023)

Fairphone. (2023), How do you make a fairer phone? [online] Available at: https://www.fairphone.com/en/impact
(accessed 14.11.2023)

Foschi E., Bonoli A. (2019), " The commitment of packaging industry in the framework of the European strategy
for plastics in a circular economy", Administrative Sciences, Vol. 9 No.1, 18. https://doi.org/10.3390/
admsci9010018

DESIGN FOR SUSTAINABILITY 1267

https://doi.org/10.1017/pds.2024.128 Published online by Cambridge University Press


https://doi.org/10.1017/pds.2024.128

Fuchs M., Hovemann G. (2022), " The Circular Economy Concept in the Outdoor Sporting Goods Industry:
Challenges and Enablers of Current Practices among Brands and Retailers", Sustainability, VVol. 14 No. 13,
7771. https://doi.org/10.3390/su14137771

Gaustad G., Krystofik M., Bustamante M., Badami K. (2018), "Circular economy strategies for mitigating critical
material supply issues”, Resources, Conservation & Recycling, Vol. 135, pp. 24-33.
https://doi.org/10.1016/j.resconrec.2017.08.002

Jackson, M., Lederwasch, A., Giurco, D. (2014), “Transitions in Theory and Practice: Managing Metals in the
Circular Economy”, Resources, Vol. 3, pp. 516-543. 10.3390/resources3030516

Kerwin K., Andrews D., Whitehead B., Adibi N., Lavandeira S. (2022), " The significance of product design in
the circular economy: A sustainable approach to the design of data centre equipment as demonstrated via the
CEDaCl design case study", Materials Today Proceedings, Vol. 64 No.3, pp. 1283-1289.
https://doi.org/10.1016/j.matpr.2022.04.105

Kitchenham, B. A. (2004), Procedures for Undertaking Systematic Reviews, Joint Technical Report (TR/SE-
0401). Computer Science Department, Keele University and National ICT Australia Ltd.

Lacy, P., Rutqvist, J. (2015), Waste to Wealth: The Circular Economy Advantage, S Palgrave Macmillan, London.

Levi's Second Hand. (n.d.), About. [online] Available at: https://www.secondhand.levi.com/about (accessed
14.11.2023)

Lewandowski, M. (2016), "Designing the Business Models for Circular Economy—Towards the Conceptual
Framework", Sustainability, Vol. 8 No. 1, 43. https://doi.org/10.3390/su8010043

Markeviéitte, Z., Varzinskas, V. (2022), "Smart Material Choice: The Importance of Circular Design Strategy
Applications for Bio-Based Food Packaging Preproduction and End-of-Life Life Cycle Stages”,
Sustainability, Vol. 14 No. 10, 6366. https://doi.org/10.3390/su14106366

McAloone T.C., Pigosso D.C.A. (2018), "Designing Product Service Systems for a Circular Economy”, In:
Charter, M. (Eds.), Designing for the Circular Economy, Routledge, pp. 102-112.

Natural Cotton Color. (2021) Sobre noés [online] Available at: https://projetoalgodaoparaiba.com.br/sobre/
(accessed 14.11.2023)

Nemat, B.; Razzaghi, M., Bolton, K., Rousta, K. (2019) "The Role of Food Packaging Design in Consumer
Recycling Behavior—A Literature Review", Sustainability, Vol. 11 No. 16, 4350. https://doi.org/10.3390/
su11164350

Nudie Jeans. (2023), Your lifestyle is sustainable. [online] Available at: https://www.nudiejeans.com/
sustainability/sustainable-lifestyle (accessed 14.11.2023)

Pieroni, M. P. P., Blomsma, F., McAloone, T. C., Pigosso, D. C. A. (2018), "Enabling circular strategies with
different types of product/service-systems", Procedia CIRP, Vol. 73, pp. 179-184. https://doi.org/10.1016/
j.procir.2018.03.327

Pieroni, M. P. P., McAloone, T. C., Pigosso, D. C. A. (2019), "Business model innovation for circular economy
and sustainability: A review of approaches”, Journal of Cleaner Production, Vol. 215, pp. 198-216.
https://doi.org/10.1016/j.jclepro.2019.01.036

Pigosso, D. C. A., McAloone, T. C. (2021), "Making the transition to a Circular Economy within manufacturing
companies: the development and implementation of a self-assessment readiness tool", Sustainable Production
and Consumption, Vol. 28, pp. 346 — 358. https://doi.org/10.1016/j.spc.2021.05.011

Ritzén, S., Sandstrom, G. O. (2017), "Barriers to the Circular Economy — integration of perspectives and domains",
The 9th CIRP IPSS Conference: Circular Perspectives on Product/Service-Systems, Procedia CIRP,
Copenhagen, pp. 7-12. https://doi.org/10.1016/j.procir.2017.03.005

Signify. (2023) Circular Economy [online] Available at: https://www.signify.com/global/sustainability/circular-
economy (accessed 14.11.2023)

Stephanopoulos G., Bakshi B.R., Basile G. (2022), "Reinventing the Chemicals/Materials Company: Transitioning
to a Sustainable Circular Enterprise”, Computer Aided Chemical Engineering, Vol. 49, pp. 67-72.
https://doi.org/10.1016/B978-0-323-85159-6.50011-7

Sumter, D., de Koning, J., Bakker, C., Balkenende, R. (2021), "Key Competencies for Design in a Circular
Economy: Exploring Gaps in Design Knowledge and Skills for a Circular Economy", Sustainability, Vol. 13
No. 2, 776. https://doi.org/10.3390/su13020776

Sundin E. (2018), "Circular Economy and design for remanufacturing", In: Charter, M. (Eds.), Designing for the
Circular Economy, Routledge, pp. 186-199.

S4YE - Solutions for Youth Employment. (2021), The Circular Economy: Could it provide opportunities for
greener and better jobs? World Bank Group.

Trebo. (2022), Cases [online] Available at: https://www.trebo.dk/cases (accessed 14.11.2023)

Webster, K. (2015), The Circular Economy: A Wealth of Flows. Ellen MacArthur Foundation, Isle of Wight.

1268 DESIGN FOR SUSTAINABILITY

https://doi.org/10.1017/pds.2024.128 Published online by Cambridge University Press


https://doi.org/10.1017/pds.2024.128

