
How circular is current design practice? Investigating perspectives across
industrial design and architecture in the transition towards a circular

Downloaded from: https://research.chalmers.se, 2023-05-26 10:14 UTC

Citation for the original published paper (version of record):
Dokter, G., Thuvander, L., Rahe, U. (2021). How circular is current design practice? Investigating
perspectives across industrial design
and architecture in the transition towards a circular economy. Sustainable Production and
Consumption, 26: 692-708. http://dx.doi.org/10.1016/j.spc.2020.12.032

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology.
It covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004.
research.chalmers.se is administrated and maintained by Chalmers Library

(article starts on next page)



Sustainable Production and Consumption 26 (2021) 692–708 

Contents lists available at ScienceDirect 

Sustainable Production and Consumption 

journal homepage: www.elsevier.com/locate/spc 

Research article 

How circular is current design practice? Investigating perspectives 

across industrial design and architecture in the transition towards a 

circular economy 

Giliam Dokter ∗, Liane Thuvander , Ulrike Rahe 

Department of Architecture and Civil Engineering, Chalmers University of Technology, Göteborg, Sweden 

a r t i c l e i n f o 

Article history: 

Received 1 October 2020 

Revised 15 December 2020 

Accepted 18 December 2020 

Available online 28 December 2020 

Keywords: 

circular economy 

circular design 

circular business models 

industrial design 

architecture 

sustainability 

a b s t r a c t 

The transition to a circular economy (CE) produces a range of new challenges for designers and requires 

specific knowledge, strategies, and methods. To date, most studies regarding design for a CE have been 

theoretical and conceptual, hence, limited research has been conducted on the practical implications of 

designing for a CE. Therefore, the aim of this study is to provide a better understanding of how design 

practitioners interpret and implement the CE concept in practice. To capture the complexity of real-world 

cases, semi-structured interviews were carried out with design practitioners ( N = 12) within the disci- 

plines of architecture and industrial design who have actively worked with circularity in a design agency 

setting. The results show that the practitioners have diverse perspectives on designing for a CE, relating 

to (1) the circular design process, (2) the effects of the CE on design agencies, (3) the changing role of the 

designer, and (4) the external factors affecting circular design in practice. Some differences were identi- 

fied between the architects and industrial designers, with the industrial designers more strongly focused 

on circular business models and the architects on the reuse of materials on a building level. In addition, 

circular strategies and associated (similar) terminologies were understood and applied in fundamentally 

different ways. As the CE blurs boundaries of scale and disciplines, there is a need for universal design 

frameworks and language. The CE concept is expanding the scope of the design process and driving the 

integration of new knowledge fields and skills in the design process. The successful implementation of 

the CE in practice is based on extensive collaboration with stakeholders and experts throughout all stages 

of the design process. Design agencies have addressed the CE by establishing dedicated CE research and 

design teams, facilitating knowledge exchange, developing their own circular strategies and methods, and 

striving for long-term client relationships that foster the engagement of designers with the lifecycles of 

designed artefacts rather than perceiving design projects as temporary endeavors. Ultimately, a holistic 

and integral approach towards design in a CE is needed to ensure that the underlying CE goals of con- 

tributing to sustainable development and establishing a systemic shift are ongoingly considered. 

© 2020 The Authors. Published by Elsevier B.V. on behalf of Institution of Chemical Engineers. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Moving away from the current linear economy, which follows a 

ake-make-use-dispose principle, towards a circular economy (CE) 

s considered to be a solution that will minimize pressure on the 

nvironment to an increasing extent. In a CE, economic growth 

s decoupled from resource consumption and the notion of waste 

s eliminated by maintaining products, components, and materi- 

ls at their highest utilities and values ( Ellen MacArthur Foun- 

ation, 2013 ). In recent years, the concept of a CE has gained 
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idespread attention in academic institutions and significant trac- 

ion within policy and business perspectives. Major companies 

uch as IKEA, Philips and H&M have adopted ambitious CE agen- 

as to strengthen their commitment to sustainable development. 

n an EU level, the Circular Economy Action Plan proposed by the 

uropean Commission (European Commission, 2020a ) aims to fur- 

her the realization of the CE, and many EU member states have 

dopted a variety of implementation strategies. Recent plans pre- 

ented in light of the COVID-19 crisis consider investing in the CE 

s a way to create 70 0,0 0 0 new jobs by 2030 and strengthen Euro-

ean supply chains ( European Commission, 2020b ). Despite these 

ro-active measures, thus far the realization of a CE in practice 

as been rather limited and still appears to be in its early stages 

 Ghisellini et al., 2016 ; McDowall et al., 2017 ). Some researchers 
mical Engineers. This is an open access article under the CC BY license 
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ave explained the limited progress in the CE transition by point- 

ng to technical barriers such as the incorrect design of products 

 Pheifer, 2017 ), while other scholars have suggested that the ma- 

or barriers to a CE in the EU are not of a technical nature but

re attributable to hesitant company cultures, a lack of consumer 

nterest and awareness, and a limited willingness to collaborate 

ithin the value chain ( Kirchherr et al., 2018 ). Furthermore, the CE 

s still subject to conceptual and terminological unclarity and de- 

ate, which are unlikely to aid its implementation. The CE has been 

eferred to as a “catch-all” philosophy ( Whalen et al., 2018 ), which 

onsists of a multitude of different definitions ( Kirchherr et al., 

017 ; Korhonen et al., 2018b ) and is interpreted in different ways 

y different actors ( Blomsma and Brennan, 2017 ). However, many 

cholars agree that the CE necessitates a systemic view on re- 

ources and their lifecycles ( Ghisellini et al., 2016 ; Iacovidou et al., 

017 ; Reike et al., 2018 ) and a fundamental systemic change rather 

han “a bit of twisting of the status quo” ( Kirchherr et al., 2017 ). 

In both academic institutions and politics, there is consensus 

bout the importance of design to the CE. It is considered to play a 

rucial role in the CE transition ( De los Rios et al., 2017 ) and it has

een claimed, for example, that 80% of the environmental impact 

f products is determined within the design phase ( European Com- 

ission, 2014 ). As a consequence, the potential of the CE to tackle 

nvironmental challenges particularly in the design of consumer 

roducts and the built environment is considered to be signifi- 

ant (European Commission, 2020a ). However, to fulfill the poten- 

ial that the CE offers, a systemic change is also needed in the 

ay products, services, systems, and infrastructures are designed 

 Moreno et al., 2016 ). 

For designers such as industrial designers and architects, this 

hange imposes a range of new challenges and requires novel ap- 

roaches. To develop products, buildings, and services that function 

ithin closed-loop resource flows, the entire lifecycle including the 

esign, production, use, and waste phases needs to be addressed 

n a simultaneous and coherent way. This requires designers to as- 

ume a holistic and systematic approach to problem solving, focus- 

ng to a much greater extent on temporal aspects ( Sumter et al., 

018 ) and anticipating how a building or product might function 

nd change over time, for example. 

Different methods, tools, and frameworks have been developed 

o support circular design, and the changing roles, competencies, 

nd skills required of designers in a CE have also been investi- 

ated ( Andrews, 2020 ; Bocken et al., 2016 ; De los Rios et al., 2017 ;

en Hollander et al., 2017 ; Mestre and Cooper, 2017 ; Moreno et al.,

016 ; Sumter et al., 2018 ; Wastling et al., 2018 ). However, most of

he studies have been theoretical and conceptual, and little empir- 

cal investigation into circular design has been conducted. There is 

 lack of knowledge on how the concept of circularity is imple- 

ented in practice by design practitioners, especially case-based 

vidence in which both the design and business contexts are con- 

idered. It is apparent that the CE requires a systemic shift, but it is 

ot clear to what extent this is understood within design practice. 

Therefore, the primary aim of this paper is to provide a better 

nderstanding of how design practitioners interpret and implement 

he concept of a CE in practice. Additionally, we aim to gather in- 

ights into how the role of the designer might be changing and 

ow the design industry as such is adapting to accommodate CE 

rinciples. To gather insights that capture the complexity of real- 

orld cases, we conducted a range of interviews with selected 

esign practitioners who have been involved in CE-related design 

rojects. The study investigates two types of design practitioners: 

amely, industrial designers and architects and explores how the 

E is addressed in these individual disciplines along with a dis- 

ussion of the potential similarities and differences between the 

isciplines. Different design disciplines, such as architecture and 

ndustrial design, may demonstrate significant differences in re- 
693 
ation to skills, scale, materiality, lifecycle perspectives, business 

ontexts, and regulatory constraints. Nevertheless, the aim of clos- 

ng resource loops and decoupling economic growth from resource 

onsumption is shared between disciplines. Investigating advance- 

ents and foci across design disciplines may provide insights into 

he overall development of design practices in relation to the CE 

nd opportunities to compare and share knowledge and strategies. 

Accordingly, the paper is structured as follows. After providing 

 literature review that contextualizes this research (Section 2), the 

tilized method is explained (Section 3). The results of this study 

re then presented (Section 4), and we discuss our findings and 

ontributions in further detail (Section 5). Finally, we summarize 

ur work in the conclusions (Section 6). 

. Literature review 

.1 Introduction to the circular economy concept 

The CE is an umbrella concept ( Blomsma and Brennan, 2017 ; 

omrich et al., 2018 ) that encapsulates a set of resource value re- 

ention options ( Reike et al., 2018 ) and synthesizes principles for 

losing material and energy loops originating from ( Benyus, 1997 ; 

oulding, 1966 ; Braungart and McDonough, 2002 ; Lyle, 1994 ; 

auli, 2010 ; Stahel, 1982 ). The CE as a concept can be challenging

o grasp as it has its roots in various scientific fields and is sub- 

ect to different interpretations and definitions that co-exist within 

ndustry and academia ( Blomsma and Brennan, 2017 ). Some schol- 

rs have argued that it is nearly impossible to capture the con- 

ept in a single universal definition ( Korhonen et al., 2018a ), while 

thers have adopted a broader definition of the concept that in- 

ludes its relationship with the three dimensions of sustainable 

evelopment ( Kirchherr et al., 2017 ). The CE has the potential to 

acilitate the achievement of various sustainable development tar- 

ets ( Schroeder et al., 2019 ), albeit the conceptual relationship be- 

ween a CE and sustainability is not always clear ( D’Amato et al., 

017 ; Moreau et al., 2017 ). The unique property of the CE is that

t combines the interconnected ideas of a closed-loop economy 

ith a “restorative” design approach ( Murray et al., 2017 ). This ap- 

roach aims to “design out waste” by keeping products, compo- 

ents, and materials at their highest utility and value at all times 

 Webster, 2015 ), which can be achieved through long-lasting de- 

ign, maintenance, repair, reuse, remanufacturing, and recycling 

 Geissdoerfer et al., 2017 ). A core principle of the CE is that the

ncapsulated resource value retention options are ordered within 

 hierarchy based on the extent to which they retain the value of 

he resources, which are conceptualized in various R hierarchies 

rom the 3Rs (reduce, reuse, recycling) up to the 10Rs ( Reike et al.,

018 ). 

.2 From design for sustainability to design for circularity 

Sustainability in the field of design is a widely studied sub- 

ect and well-established domain. Since the middle of the twen- 

ieth century, seminal design thinkers such as Buckminster Fuller 

nd Viktor Papanek have raised awareness of aspects of sustain- 

bility in the design professions ( Fuller, 1969 ; Papanek, 1972 ). In 

016, Ceschin and Gaziulusoy presented a comprehensive review 

f the historical development of the Design for Sustainability (DfS) 

eld and richly illustrated how the scope of design has expanded, 

ntailing “a shift from insular to system design innovation” (p.145) 

 Ceschin and Gaziulusoy, 2016 ). Design approaches have progres- 

ively expanded their focus from initially addressing sustainability 

n isolation (a single actor striving to e.g., improve recyclability and 

roduct efficiency) to systemic approaches such as product-service 

ystems (PSS) for sustainability, which involve a large degree of 

omplexity and require a variety of actors. The expanding scope 
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f design represents a larger shift in the role of designers, moving 

rom object-centric thinking to a more system-based design ap- 

roach ( Gaziulusoy and Brezet, 2015 ; Manzini and Vezzoli, 2003 ), 

hich challenges designers to perform strategic roles to an increas- 

ng extent ( Bakker, 1995 ; Joore and Brezet, 2015 ; Sumter et al.,

018 ). For example, activities such as establishing future visions 

 Banerjee, 2008 ) and facilitating strategic dialogs between actors 

nd co-design processes ( Meroni, 2008 ) have been attributed to 

he enhanced roles of the design professions. Accordingly, the role 

f the designer has become progressively more entangled with the 

oles of other actors ( Joore and Brezet, 2015 ). 

In the context of the CE, it is apparent that various DfS ap- 

roaches (e.g., cradle-to-cradle, bio-mimicry, ecodesign) are instru- 

ental for design practice ( Ceschin and Gaziulusoy, 2016 ). Some 

fS approaches have been criticized for their failure to consider 

ocial dimensions, and the same critique has been made of the CE. 

n a conceptual level, the CE has been criticized for assuming a 

olely “technological fix” approach and neglecting relevant social 

actors such as challenging consumption behavior and sufficiency- 

riented lifestyles ( Schulz et al., 2019 ). However, within design re- 

earch, the recent literature shows that considerable effort s are be- 

ng made to address the social implications and human-centered 

actors of a CE ( Lofthouse and Prendeville, 2018 ; Mugge, 2018 ; 

oppelaars et al., 2018 ; Selvefors et al., 2019 ; Van Weelden et al.,

016 ; Wastling et al., 2018 ). 

An important distinction has to be made between sustainable 

evelopment from the perspective of the current linear economy 

nd of the CE. Sustainable development from a linear perspective 

ay emphasize waste reduction, recycling, and the reduction of 

ollution ( Sauvé et al., 2016 ). The CE, conversely, does not strive 

o optimize what is already there but rather to rethink the system 

tarting from the notion of a “closed loop” of resources that avoids 

he generation of waste. This assumption of an ideal state can be 

onsidered utopian ( Cullen, 2017 ; Schröder et al., 2019 ), but in the

ontext of design, it focuses attention on the following question: 

how can designers generate truly sustainable or circular innova- 

ions if the current methods only lead them to optimize what is 

lready there?” (p.518) ( den Hollander et al., 2017 ). 

The CE, thus, presents specific challenges for designers 

uch as, for example, thinking in terms of multiple lifecycles 

 Franconi, 2020 ; Mestre and Cooper, 2017 ), anticipating the real- 

ty of an alternative economy ( Andrews, 2015 ), adopting a deeper 

nderstanding of materials ( De los Rios et al., 2017 ), the con- 

urrent development of the product design and business model 

 Sumter et al., 2018 ), and assuming a systemic view on resources 

nd their lifecycles. The shift to a CE challenges designers, espe- 

ially with regard to the cultural barriers that hinder the adoption 

f circular practices ( Kirchherr et al., 2018 ), to take on the roles

f solution providers rather than object creators ( Moreno et al., 

016 ) and to develop trans-disciplinary skills and understanding 

 Charnley et al., 2011 ). Various scholars have highlighted the need 

or systems thinking in design practice and education in the con- 

ext of design for a CE ( De los Rios et al., 2017 ; Moreno et al.,

016 ; Whalen et al., 2018 ). Systems thinking has long been dis- 

ussed in the business ( Murray et al., 2017 ) and design literature 

e.g.( Charnley et al., 2011 )); yet, little is known about how such ap-

roaches are actually adopted within design practice. Accordingly, 

harnley et al. note that “designers have been provided with lit- 

le guidance as to how these techniques should be implemented 

fficiently within an operational and substantially complex design 

rocess” (p.157). 

.3 Circular design of products and the built environment 

The implementation of the CE and, thus, the design of arte- 

acts, occurs on different scales of implementation. One guiding 
694 
axonomy for these scales can be defined as micro level (prod- 

cts, components), meso level (buildings and eco-industrial parks) 

nd macro level (cities, built environment) ( Ghisellini et al., 2016 ; 

irchherr et al., 2017 ; Pomponi and Moncaster, 2017 ). Although 

his taxonomy is still subject to inconsistencies and ambiguities re- 

arding its definitions ( Moraga et al., 2019 ), it can be considered 

 structured and helpful classification in the discussion of design 

n the context of the CE. Adopting a holistic design approach to- 

ards the system and lifecycles of artefacts invites designers to 

onsider multiple levels, such as the interaction between products 

nd the built environment (e.g., considering the facilities as well as 

he services that enable the maintenance and repair of products). 

ne of the frameworks that accommodates such a multi-level de- 

ign approach is the one proposed by Joore and Brezet ( Joore and 

rezet, 2015 ), although it does not specifically consider the con- 

ext of a CE. Since this research investigates the perspective of in- 

ustrial designers and architects, we more specifically focus on the 

icro- and meso-level scales. 

To support circular product design, a range of methods, 

ools, and frameworks have been developed by academics (e.g., 

 Bocken et al., 2016 ; den Hollander, 2018 ; Franconi, 2020 ; 

estre and Cooper, 2017 ; Moreno et al., 2016 ; Nußholz, 2018 ; 

an Dam et al., 2017 )), and some tools have been introduced in 

ractice ( Ellen MacArthur Foundation, 2017 ) or in the gray lit- 

rature ( Bakker et al., 2015 ). Moreno et al. proposed a concep- 

ual design framework including various Design for Excellence 

DfX) strategies that are able to contribute to designing for a CE 

 Moreno et al., 2016 ). Bocken et al. proposed a design frame- 

ork by defining the terminologies of slowing, closing, and nar- 

owing resource loops and providing an overview of design and 

usiness model strategies that can be utilized to enable circularity 

 Bocken et al., 2016 ). Den Hollander presented a design methodol- 

gy for managing obsolescence, including different methods that 

nable industrial designers to tailor product designs to circular 

usiness models, preserve product integrity, and maximize circu- 

arity ( den Hollander, 2018 ). 

At this point, it is also relevant to discuss the advancements 

hat have occurred regarding the CE in the built environment and 

onstruction sector, especially from the perspective of design. Thus 

ar, CE practices in the built environment have been prominently 

entered around waste management and the minimization and 

euse of construction and demolition waste ( Joensuu et al., 2020 ; 

unaro et al., 2020 ). A variety of design approaches such as adap- 

ive reuse, design-for-disassembly (DfD), and design for repair and 

emanufacturing are discussed as viable options to increase the 

ervice life of buildings and promote CE practices in the built en- 

ironment ( Benachio et al., 2020 ; European Commission, 2020c ; 

opkinson et al., 2020 ; Joensuu et al., 2020 ; Minunno et al., 2020 ;

ess and Xing, 2017 ; Pomponi et al., 2018 ). In addition, the adop-

ion of structural components from renewable materials such as 

ass timber products has been discussed ( Campbell, 2018 ). Joen- 

uu et al. have highlighted that PSS practices could extend the ser- 

ice life and promote the efficient use of buildings, which would 

void resource consumption by limiting the growth of building 

tock ( Joensuu et al., 2020 ). 

To support the design of a circular built environment, several 

rameworks have been developed, for example, for the design of 

uilding components ( van Stijn and Gruis, 2019 ) and buildings 

 Cambier et al., 2020 ; Geldermans, 2016 ). Other studies have also 

dentified specific barriers to and enablers of the CE in the con- 

truction industry. Some of the main barriers discussed are the 

ack of a collaborative and holistic approach in the supply chain 

nd the financial feasibility of circular models ( Adams et al., 2017 ; 

art et al., 2019 ). Adams et al. emphasized the “silo” approach that 

xists in different stages of development and across a building’s 

ifecycle and pointed out the need for collaboration and systems 
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hinking. Pomponi and Moncaster described a research framework 

or a CE in the built environment spanning six dimensions (gov- 

rnmental, economic, environmental, behavioral, societal and tech- 

ological), which encourages an interdisciplinary approach towards 

esearch, and emphasizes that the greatest challenge for the CE 

s related to social and behavioral factors ( Pomponi and Mon- 

aster, 2017 ). Nonetheless, based upon the reviewed literature, it 

ppears that there have been few empirical investigations into the 

ractices and perspectives of architects and industrial designers, 

articularly in the context of the transition to a CE. 

.4 The role of designers and architects in a circular economy 

The implications of the CE for design practice and the role 

f designers in the context of product design and the built en- 

ironment have been investigated to some extent. On a product- 

esign level, Rios et al. have emphasized the need for designers 

o develop deep material knowledge, proficiency in service design, 

nd a richer understanding of social behavior. The same authors 

mphasized that depending upon the business-market-technology 

ontext, different designers or “design personas” might be needed 

 De los Rios et al., 2017 ). Sumter et al. investigated the changing

ole of designers and highlighted specific skills and competencies 

uch as anticipating future use cycles of products, assessing envi- 

onmental impacts, collaborating more extensively with stakehold- 

rs, and CE storytelling, that is, being able to engage and convince 

nternal and external stakeholders of the meaning and value of the 

E ( Sumter et al., 2020 ). Kanters discussed the limited examples of 

ircular design on a building scale and emphasized the increased 

evel of complexity involved in buildings compared to products, es- 

ecially regarding ownership and the number of actors involved in 

he design of buildings. In this regard, architects can play a pivotal 

ole in the transition to a CE by linking different actors, but they 

equire deeper material knowledge and leadership skills to fulfill 

his role ( Kanters, 2020 ). Kozminska et al. investigated the circular 

esign process in architecture through a set of case studies and ar- 

ued that the circular design process differs significantly from the 

tandard design approach. Interdisciplinary collaboration with ex- 

erts is needed within the process, and the design process should 

ncompass the lifecycle of the materials in order to consider and 

efine future methods of maintenance, disassembly, and the reuse 

f building materials ( Kozminska, 2019 ). To our knowledge, there 

ave been no studies that address the roles of both architects and 

ndustrial designers in the CE. 

.5 The importance of collaboration in a circular economy 

Lastly, the CE requires entire systems to be designed, 

hich are dependent upon numerous stakeholders ( Pedersen and 

lausen, 2019 ). This requires active collaboration between all the 

takeholders in the supply chain ( Leising et al., 2018 ). Previous 

tudies have indicated that a limited willingness within the value 

hain to collaborate is one of the barriers to a CE ( Kirchherr et al.,

018 ). 

Several scholars have discussed the importance of collaboration 

n the design process and the changing role of designers in the 

ontext of the CE. Pedersen and Clausen indicated how traditional 

esign thinking tends to fall short within complex systems involv- 

ng different stakeholders and emphasized the role of designers as 

orchestrators” who use co-creation strategies and prototypes as 

nowledge objects to stage negotiations between stakeholders and 

re) align their values ( Pedersen and Clausen, 2019 ). In this case, 

he designer acts as the connector and facilitator ( Manzini, 2009 ) 

ho stages connections between the actors and creates a space for 

ircular innovation. Ordonez and Rahe investigated the collabora- 

ion between designers and waste management in the effort to 
695 
lose material loops ( Ordoñez and Rahe, 2013 ). Leising et al. in- 

estigated collaboration in the built environment and developed a 

ollaboration tool to promote supply chain collaboration from the 

esign stage to the end-of-life of buildings ( Leising et al., 2018 ). 

Accordingly, the transition to a CE will not succeed if compa- 

ies attempt to overcome barriers individually; rather, they will 

eed to establish new ways of working, new business partners, 

ew roles for existing partners, and new kinds of collaborations 

etween stakeholders ( Aminoff et al., 2016 ). Therefore, the success 

f design projects that focus on circularity relies to a great ex- 

ent on establishing constructive collaborative networks within the 

alue chain that facilitate the closing of resource loops. This also 

aises the question of the role of designers in facilitating connec- 

ions and collaboration between stakeholders, and how this is ap- 

roached within the design process. In addition, it raises the cru- 

ial issue of how collaborations can be maintained and enhanced 

uring and after the lifecycle of products, buildings, components, 

nd materials. As to close the loop, design and optimization that 

ddress the end of use cycles and end-of-life scenarios become 

ver more important. To date, there is little knowledge concerning 

ow collaboration in support of a CE is approached in the design 

rocess and to what extent designers can influence collaboration. 

. Methods 

.1 Research approach 

We focused on gathering in-depth insights from design prac- 

itioners who have experience of participating in design projects 

hat have had circularity as a particular focus or theme. This en- 

bled us to gather case-based evidence of the current status of 

esign practice for a CE. Through inquiring into the complexity of 

eal-world cases, a rich understanding can be gained about the im- 

ortant factors that play a role in CE-related design projects. Con- 

idering the aforementioned needs and that the underlying aim 

as to investigate how certain phenomena occur, a qualitative ap- 

roach was considered suitable. Qualitative data can provide rich 

nsights into human behavior, which cannot be understood with- 

ut reference to the meanings and purposes attached by human 

ctors to their activities ( Guba and Lincoln, 1994 ). 

The empirical data were collected primarily in the form of in- 

erviews, to learn the participants’ terminology and judgements 

nd capture the complexities of their individual perceptions and 

xperiences ( Patton, 2002 ). The data were complemented with in- 

ormation about the design projects discussed during the inter- 

iews, which had been retrieved from the companies’ websites. 

he use of semi-structured interviews allowed us to explore cer- 

ain topics in depth and remain open to more detailed responses, 

hich was considered to be beneficial given the explorative nature 

f this study and the fact that limited investigation into state-of- 

he-art practices surrounding circular design has been undertaken 

o date. 

.2 Participant selection 

The interview participants were selected based upon the fol- 

owing prerequisites: a) the participant has been part of design 

rojects with an explicit focus on circularity, and/or b) the partic- 

pant operates or is engaged in an organization with an explicit 

ocus on design for a CE, c) a balance of architects and indus- 

rial designers is represented and d) differently sized companies 

re included. We concentrated on recruiting participants from de- 

ign and architecture consultancies, as these typically execute a va- 

iety of design projects from beginning to end for different clients, 

hich enabled the participants to refer to their diverse experiences 
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Table 1 

Overview of interview participants. Company size (employees): Micro (1-9), Small (10-49), Medium (50-249) and Large (250 + ). Role description: A (Architects) and ID 

(Industrial Designers). 

# Role Organization type Company 

size 

Location Experience 

(years) 

Rationale for involvement 

1 A Architectural firm Large Sweden 10 Development manager circularity in firm’s research lab 

2 A Architectural firm Large Sweden 14 Interior architect responsible for public building with circular interior. 

Case nominated for international design award 

A 34 Developed methods for circular interior projects in research project 

focusing on circular furniture flows 

3 A Architectural firm Medium Denmark 11 Head of research consultancy specializing in circular design 

4 A Architectural firm Medium Denmark 8 Part of project group in large-scale architectural project researching 

circular construction featuring 60 + value chain actors 

5 A Architectural firm Micro The 

Netherlands 

12 Founder of firm with core focus on circular architecture 

6 A Design studio Micro Sweden 17 Founder of design studio with core focus on circular interiors 

7 A Circular start-up Micro The 

Netherlands 

9 Founder of a start-up specializing in designing circular furniture and 

prefabricated products for construction 

8 ID Design company Large United States 26 Executive design director involved in the development of a circular 

design tool. Public speaker on circular design 

9 ID Design consultancy Medium Sweden 5 Involved in project developing a circular product and business model. 

Consultancy with sustainability/circularity as core service 

10 ID Design consultancy Small The 

Netherlands 

33 Partner in consultancy with sustainable design/circularity as focus area 

11 ID Design studio Micro Sweden 33 Founder of studio with core focus on sustainability and upcycling. 

Nominated for several awards for upcycled design. Public speaker on 

upcycling 

12 ID Design studio Micro Sweden 16 Designed furniture with focus on circularity for international furniture 

brand. Won several internationally recognized design awards 
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n multiple cases. We sought differently sized companies to estab- 

ish a broad perspective, and we found that some of the organiza- 

ions that specialize in design for a CE tend to be relatively new 

nd, therefore, of small size or in the start-up phase. Nevertheless, 

tart-ups in particular can be interesting subjects of study as CE in- 

ovation is often first seen in new entrants rather than incumbent 

rms ( Henry et al., 2019 ). Furthermore, to gather insights on cir- 

ular design, it is helpful if the participants are aware and actively 

ngaged with the topic of the CE. Certainly, there are many design 

onsultancies producing work that addresses certain aspects of cir- 

ularity without highlighting this as a particular focal point of their 

rms. In this study, however, we focused on organizations that ex- 

licitly state that they work with circularity or displayed cases in 

hich circularity has been a specific focus. 

For the selection of the participants, the geographical focus was 

pon the EU, which was considered relevant due to the ambitious 

E policies that emphasize the role of design in such an economy 

e.g., (European Commission, 2020a )). The scope was further nar- 

owed to the Netherlands, Denmark, and Sweden because the au- 

hors have an established professional network in these countries, 
Table 2 

An overview of interview sample questions 

General Can you describe how you work with the CE in your company?

What type of activities and projects do you undertake that are 

What do you think is needed to support the wider implementa

Project-specific Can you recall a project that you consider has been successful 

that were important to its success. 

What was your approach to developing the circular solution? 

Did the project require new roles for the stakeholders and new

What role(s) did the designer/architect play in this project? 

What role did collaboration with the stakeholders play before, 

To what extent are you as a designer/architect/company involve

Can you recall design projects regarding circularity that have b

What in your experience so far do you see as the most signific

Design-specific To what extent did your/the company’s design process change 

materials, and end-of-life scenarios? 

Have you/the company acquired specific new knowledge or ski

how did you acquire this knowledge? 

What types of new knowledge and tools do you think are need

What do you see as the role of designers in supporting the tran

696 
hich have all adopted ambitious national strategies for a CE with 

 strong focus on design. An initial list of design practitioners was 

stablished using internet search engines to identify design compa- 

ies that stated they either had circularity as a focus area or show- 

ased design projects related to the CE. Twenty-nine design prac- 

itioners were contacted by email, which resulted in a total of 12 

nterviews. Table 1 provides an overview of the interview partici- 

ants, including the size, type, and location of their organizations; 

he years of experience they have in the field of design; and the 

ationale for selecting the participant. The participants were sit- 

ated in the Netherlands, Denmark, and Sweden. One participant 

as stationed in the United States but is active in the European 

ontext and is originally from Germany. 

.3 Data collection 

A total of 12 interviews were conducted between January 2020 

nd July 2020, which lasted between 60 and 96 minutes. The in- 

erviews were conducted face-to-face ( n = 2) and digitally through 

he communication tools Zoom ( n = 9) and Skype ( n = 1). All the
 

related to the CE? 

tion of the CE? 

in terms of circularity? Please elaborate on the key factors in the project 

 types of collaboration? 

during, and after the design process? 

d during the life and use cycles of the products that you design? 

een less successful? What were the factors that made them more difficult? 

ant barriers to designing solutions for a CE? 

to be able to work with and implement circularity? For example, lifecycles, 

lls that enable you to better design for a CE? Please elaborate further, and 

ed for designers to successfully design circular solutions? 

sition to a CE? 
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nterviews were conducted in English and the audio was digitally 

ecorded with permission from the participants and subsequently 

ranscribed. Interview 2 was conducted with two participants who 

re colleagues and had collaborated on the discussed projects. An 

nterview guide was developed for the interviews covering general, 

roject- and design-specific topics; see Table 2 for an overview of 

ample questions. Data from the interviews were complemented 

ith written notes, and additional information regarding the dis- 

ussed cases was gathered from the companies’ websites. 

.4 Data analysis 

As limited investigations have been conducted on how CE prin- 

iples are translated into the practices of designers, the analysis 

rocedure followed an inductive approach to support the uncov- 

ring of new concepts. Approaching fieldwork without being con- 

trained by predetermined categories of analysis contributes to the 

epth, openness and details of qualitative inquiry ( Patton, 2002 ). 

To enhance the qualitative rigor, the analytical process was 

ased upon the methodology developed by Gioia et al. ( Gioia et al., 

013 ). The interview data were analyzed using NVivo software 

Release 1.2 and 1.3). A first-order analysis was performed us- 

ng informant-centric terms and codes and searching for emergent 

hemes with little focus on establishing categories. This resulted in 

 total of 300 + first-order codes. Next, we searched for relation- 

hips between the first-order codes and assembled the emergent 

hemes into a list of 21 second-order themes. During this process, 

everal iterations took place with discussions between the authors 

egarding the definition and clustering of the themes. Finally, we 

urther categorized the second-order themes into four aggregate 

imensions. An overview of the final coding scheme is presented 

n Fig. 1 . 

. Results 

This section presents the results from the interviews, and it 

s structured according to the aggregated dimensions defined in 

ig. 1 . In addition to following the themes, we distinguish general 

ndings regarding designing for a CE but also highlight the differ- 

nces that we found existed between the fields of architecture and 

ndustrial design. 

.1 The circular design process 

.1.1 Increased complexity in the design process 

Both the interviewed architects and industrial designers dis- 

ussed past and ongoing design projects in which the CE was a 

ocal point and highlighted how the design process has adapted 

o address the specific challenges that arise when designing for 

 CE. Although some of the participants considered that the de- 

ign process was not necessarily different from their established 

rocess or past projects that were not focused upon circularity, 

ost of the participants agreed that the design process does be- 

ome more complex and that the focus on circularity extends the 

ength, costs, and overall scope of design projects. The participants 

xplained that CE-related design projects require a more exten- 

ive knowledge of materials, biology, ecology, environmental im- 

act assessments, stakeholder management and the structure of 

usiness models, and supply and value chains. The practitioners 

ddressed this by engaging themselves with different disciplines, 

s well as consulting and including different experts early on in 

he design process. Designing a circular solution that strives for a 

losed loop of resources typically requires more stakeholders than 

sual to be involved in the design process, and their individual 

emands also need to be managed. Environmental impacts need 

o be calculated over the entire (or multiple) lifecycle(s), and a 
697 
ore extensive research phase is required to understand the sys- 

em of which a product or building is a part, including the supply 

nd value chains. All these factors typically lead to a design pro- 

ess with more iterations and feedback loops, which is generally 

longer.”

.1.2 The use of data in the design process 

The interviews indicated that the design process becomes more 

ata-oriented in a CE context to be able to assess the environmen- 

al impacts and enable the tracking of materials and the lifecycle(s) 

f artefacts. Tracking the materials and the performance of the 

rtefacts was considered by both the architects and industrial de- 

igners as a way to better understand the lifecycles of products and 

uildings and enable interventions that might further support the 

lowing and closing of resource loops. Participant 4 explained how 

ata solutions such as material passports and digital twins can be 

tilized to supply information in the future about the structural 

ntegrity and materials of a building, which will further enable the 

easibility of DfD strategies as information can be embedded in re- 

ation to, for example, materials, components, and intended dis- 

ssembly steps. Participant 8 explained that their company has in- 

ested heavily in data analytics as a design tool and described how 

hey can be used to analyze what value a product provides to the 

ser over different stages of its lifespan and how such insights can 

e utilized to improve the design of products. 

.1.3 Design process of architects 

Based on the discussed cases and design strategies utilized for 

 CE, the focus of the architects to date seems to be on the reuse

f existing (waste) materials for the design of new buildings and 

tructures, thus, limiting the use of new resources and reducing 

he overall environmental footprint of the construction. This de- 

ign process takes materials as a starting point and typically begins 

ith an “inventory” process in which building waste, secondary 

aw materials, and leftover building components that can be used 

n the design are identified, mapped, and collected. Doing so re- 

uires a level of flexibility and equivocality to be adopted within 

he design process, as it is not clear what components and ma- 

erials will be found. This was illustrated by one of the architects 

Participant 3), who stated, “You have to design somehow more 

onceptually. Because you don ́t know if you’ll get a window that 

s 60 or 70 or whatever width.” The participants discussed to a 

esser extent the design strategies that extend the lifecycles of new 

uildings and enable the future reuse of components and materi- 

ls. For example, how a building and its components can be de- 

igned to support maintenance and repair practices and facilitate a 

uture disassembly that allows materials to be reused in the lifecy- 

le of another building. One of the architects (Participant 5) de- 

cribed a project, the design of a bike shed, that was supposed 

o be constructed from waste materials. Ultimately, however, the 

lient did not want to take the risk of incorporating these mate- 

ials into the design due to potential issues with guarantees. This 

ed to a redesign in which the shed was instead made from re- 

ewable materials and could be disassembled. However, the de- 

ign was no longer described as “circular.” The architect noted, “In 

 way you can take it all apart so it’s still circular, but we don’t

all it that.” Another example was provided by Participant 6, who 

as involved in the interior design of a public building in which 

here was a focus on circularity through the strategies of reused 

urniture and building materials. The project was regarded as suc- 

essful in achieving circularity, with a high percentage of the in- 

orporated furniture being reused furniture, yet the architect still 

onsiders that this was a linear process. To make this process cir- 

ular and “to connect the dots,” as the architect explained, it would 

equire the architect or another party to remain involved with the 

uilding, perform a “follow-up,” and facilitate maintenance when 
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Fig. 1. Overview of the coding scheme. 
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eeded to ensure, for example, the long-lasting lifespan of the in- 

erior. Participant 3 described how in the current CE discourse re- 

arding the built environment it feels as though there are two sep- 

rate approaches, with the “linear” architects upcycling materials, 

hile the other approach focuses on DfD. However, the participant 

tressed that both approaches are required and mentioned that “in 

y mind, circular construction will lead to a lot of recycling, so 

omehow it cannot be two different paths.” Some architects men- 

ioned remanufacturing and repurposing practices, for instance, us- 

ng discarded building elements such as windows in a new build- 

ng or using building elements for a new purpose, for example, old 

piral ducts as façade cladding. The participants highlighted sev- 

ral reasons for the focus on reused materials; it is considered to 

e the easiest way to engage with circularity, it is always better for 

he environment to reuse old materials than to use new materials, 

nd it can reduce costs. 

However, the process of choosing a suitable design strategy is 

lways contextual and fluid according to Participant 5, which was 

llustrated through an example: “For instance, this year insulation 

ith sheep skin is really sustainable because it is leftover mate- 

ial. Next year, everybody knows that, and it is very popular, and 

ll the sheep skin is sold out. And then they have to kill sheep to

et the insulation material from their skin, and then it is not sus- 

ainable anymore.” Participant 4 described how they usually define 

ome focus areas related to the CE, for example, “minimizing op- 

rational waste” or “design for maximum adaptability” and make 

heir decision based upon what will provide the most value for 

he project. This participant gave an example of a recent design 

roject for a fish market in a major global city: “It is a lot of kiosks,

mall and large kiosks selling various types of fish and seafood, 

nd restaurants. Huge market. There, we said that we should de- 

ign it to be very flexible, modular, and designed for disassembly, 

imply because the tenancies will change, some will want to grow, 

ome will shrink, some will go out…and that made sense to the 

lient.” Lastly, the architects highlighted the challenges related to 

assessing circularity” in the design process, for example, estimat- 

ng which design strategies or concepts will lead to the highest 

egree of circularity or estimating environmental impacts during 

he conceptual stages of the design process when there are often 

any different design concepts on the table. 

.1.4 Design process of industrial designers 

The industrial designers who were interviewed indicated a 

ransition from a previously object-centered design approach to a 

ore system- and service-centered design approach, with a greater 

ocus on how to meet the underlying demands of users and cus- 

omers. The industrial designers talked more specifically about sys- 

ems thinking and systems design, which were highlighted as im- 

ortant challenges in being able to consider the increasingly wide 

ange of parameters in CE-related design projects. As one of the 

esigners (Participant 8) explained, “you not only have to design 

he product; you have to design the system. The system entails 

roduction, branding, sales, delivery of the product, use of the 

roduct, and the after use of the product.” One of the industrial de- 

igners (Participant 9) described an ongoing project in which each 

art of the solution is designed simultaneously and incrementally 

in this case, the physical design, the business model, and a leas- 

ng platform). This is performed in multiple loops of gradual re- 

nement rather than through a “waterfall” approach in which one 

art of the solution is developed at a time. Furthermore, the indus- 

rial designers mentioned that developing solutions for a CE relies 

n the coherent design of a product and a business model that en- 

bles companies to profit from closing material loops and also cre- 

tes incentives for the return of products and material after use. 

The projects described by the designers demonstrated a strong 

ocus on the lifecycle of a product, how products are likely to 
699 
erform and change over time, how lifecycles can be extended 

hrough various strategies, and what happens at the end-of-life 

tage. Some of the applied strategies that were discussed were 

aking products modular and parts exchangeable to (1) facili- 

ate recycle, refurbish, and repair practices; (2) enable take-back 

chemes; and (3) adapt to the demands and preferences of dif- 

erent users. Participant 11 mentioned the upcycling of materials 

o create new products, which is considered to be an inverse way 

f designing, as the functionality and specification of the design 

s based upon the size and quality of found materials, not vice 

ersa. Participant 12 described how circularity can be achieved by 

reating long-lasting or “timeless” products of high aesthetic and 

tructural quality that require limited refurbishing. However, the 

esigner admitted that “it is a bit naive to think that’s the case” as 

t is not for the designer to decide what is timeless. 

.2 Effects of the circular economy on design agencies 

.2.1 Dedicated circular teams 

Both the interviewed architects and industrial designers iden- 

ified the increasing importance of working inter- and cross- 

isciplinarily in design teams to be able to design solutions for 

 CE. Three of the participants (1, 4, 8), who are all part of the

arger organizations included in this study, highlighted that their 

rganizations have assembled dedicated teams or research labora- 

ories to focus upon circular design. According to one of the in- 

ustrial designers (Participant 8), the CE requires different types of 

esigners to work together, for example, designers who specialize 

n data, digital environments, and research. One architect (Partici- 

ant 4) explained how some of the required knowledge is acquired 

nternally, and sometimes external experts are involved in the de- 

ign process. A dedicated research laboratory has been established 

t the architectural agency to deal with circularity and the increas- 

ng complexity of the building sector. This participant provided the 

xample that architects do not have to be “biologists”; however, to 

nhance biodiversity in the design of a building, a biologist might 

e involved in the design process at a certain point. Other knowl- 

dge is deliberately internalized, as the participant explained: “In 

erms of the lifecycle assessment, the reason that we want to have 

hat in-house is that we see that it has very big effects on the 

aterial solutions that we choose, then we need to generate that 

nowledge fast, not wait one or two weeks for someone to get 

ack to us and say something.” Another architect (Participant 1) 

xplained that when they sense a knowledge gap in a project, an 

nternal research team enables them to perform their own research 

nd explore the ideas for which the client is not prepared to pay. 

Some of the interviewed architects highlighted the importance 

f exchanging knowledge about the CE internally within their indi- 

idual organizations as well as externally with the industry. Partic- 

pant 3 described how a “recycling group” was set up at the com- 

any to exchange knowledge and facilitate discussions about re- 

ycled materials, environmental challenges, and convincing clients. 

ome examples of external knowledge exchange provided by the 

articipants were publications and lectures about past projects that 

escribed the knowledge gained and the circular strategies applied. 

.2.2 Business models in design agencies 

One factor that was repeatedly mentioned in a majority of the 

nterviews was that the current business model of design and ar- 

hitectural agencies is founded in a linear logic that does not en- 

ourage the engagement of designers in the lifecycles of the arte- 

acts. This, in turn, hinders the potential for circularity. Designing 

roducts and buildings most often involves a short-term effort and 

ngagement between the designer and the client, after which the 

design is handed over.” Agencies are paid in the form of an hourly 
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ee or “a lump sum based on the building cost,” as one of the in-

erviewed architects explained (Participant 4). In either case, it is 

ssumed that the work and the design at some point are consid- 

red complete and handed over to the client, at which point the 

nvolvement and collaboration ends or becomes minimal. 

Both the architects and industrial designers identified a need 

or extended partnerships with clients and different revenue mod- 

ls that enable designers to follow and evaluate the lifecycle of 

heir designed products and buildings, thereby, stimulating engage- 

ent with the artefacts even after the design is finished. One of 

he architects (Participant 4) noted that it would be beneficial to 

bserve how a building changes over time and provided an exam- 

le of an alternative model in which architects would be rewarded 

ased on the performance of a building. The architect explained 

ow “that would help us push for circularity, to see things as less 

tatic and less finished. Try to do contracts that can reflect that or 

ay for schemes that reflect that it is not finished. It is kind of a

rocess.”

One of the industrial designers (Participant 12), who works 

ostly with the furniture industry, explained how it would be ben- 

ficial for designers to be able to evaluate the products at several 

oints during their lifecycles to observe how they wear and tear. 

owever, given that the payment consists of royalties according to 

he number of pieces sold, the designer admitted that it “doesn’t 

eally help that I would want to push people into reusing my prod- 

ct” and mentioned that “I also have to make a living.” Another 

ndustrial designer (Participant 10) described how there is value 

eft at the end and all along the lifecycle of the product in cir- 

ular business models and explained that the business model of 

heir design consultancy should adapt to capture the value along 

he lifecycles of products and shift to a model where they are 

aid, for example, in shares or royalties or by different stakehold- 

rs in the process. However, this was also considered challenging, 

because instead of just doing your design trick and getting paid, 

ore and more you become an entrepreneur and you have to be 

nvolved in the circular business yourself and allow for that.” Ac- 

ording to Participant 8, who works for a large design consultancy, 

he business models within the design industry are changing. This 

ompany works with long-term partnerships spanning many years 

nd aims to “make the design team a part of the network you are

orking with”. 

.2.3 Developing strategies and methods to address circularity 

The participants belonging to both the smaller and larger orga- 

izations described how they actively develop tools, methods, and 

ocumentation to support the design process and help to tackle 

he challenges related to a CE in design projects. Because the CE 

s a relatively new concept, the required knowledge is not always 

vailable and sometimes companies have to “reinvent the wheel”

hemselves. For example, during the early stages of the design 

rocess, feedback on the estimated impact of material and design 

hoices is required to support the generation and optimization of 

esign concepts. Existing methods to calculate impacts and eval- 

ate lifecycles such as life cycle assessment (LCA) methods and 

radle-to-cradle (C2C) certifications are considered too slow or not 

upportive during the design process. 

Participant 7 described how they customize these methods to 

uit their own needs and explained how they develop their own 

ethods. An example of this is a customized and summarized ver- 

ion of the business model canvas ( Osterwalder and Pigneur, 2010 ) 

o support business model thinking, especially in the early stages 

f the conceptual design process and to summarize, present, and 

ptimize the processes around a product. Participant 8 explained 

ow their organization found there were limited concepts of ways 

o apply the CE theory in the industry, which led to their develop- 

ent of a design guide containing a range of different tools and 
700 
ethods that can be used across different stages in the design 

rocess. The guide has been made publicly available and supports 

he industry in applying the CE concept. Participant 2 described 

ow their studio developed a circular design brief and project brief 

emplate to help practitioners include requirements related to cir- 

ularity in the design brief and ask relevant questions when work- 

ng on projects related to the CE. However, it seems to be primarily 

he larger organizations that have engaged in the development and 

istribution of methods and documentation to support the adop- 

ion of circular principles in design practice. 

.3 The changing role of the designer 

.3.1 Establishing collaborations for a circular economy 

Both the interviewed industrial designers and architects men- 

ioned the increased importance of collaboration in a CE and that 

takeholders across the whole supply chain should be involved 

uring multiple stages of the design process. The participants em- 

hasized the importance of transparency and openness in projects 

hat focus on circularity due to the uncertainty of the outcomes 

nd because designing solutions for a CE require more extensive 

ollaborations with, for example, material suppliers, waste man- 

gement, environmental specialists, and biologists. Some of the ar- 

hitects mentioned that collaboration has always been essential 

or any design process, especially in the context of architecture 

n which building processes usually depend upon a large number 

f people and stakeholders. However, the scale and complexity in- 

rease in circular projects as (ideally) all the relevant stakeholders 

re included early on in the design process, which requires more 

xtensive stakeholder management. One of the industrial design- 

rs (Participant 10) explained, “I think that’s where the complex- 

ty lies in these kinds of projects. That there are so many differ- 

nt stakeholders that you have to manage and that you have to 

omehow balance in the appropriate way. I think that is the real 

hallenge, so the focus is a little bit removed from just a physi- 

al thing, the physical product. It’s more about how do I deal with 

his complexity?” One of the architects (Participant 4) highlighted 

hat waste management companies may be material providers in 

he future and, therefore, emphasized the importance of establish- 

ng collaborations with them. Participant 10 mentioned that they 

re increasingly collaborating with environmental specialists to ac- 

urately calculate the footprints of different designs. 

According to Participant 8, many clients find it difficult to col- 

aborate outside their own organizational structures and as such 

re “hindering the collaborative nature that needs to be happening 

hen you want to enter the CE.” To address this, some participants 

ave been part of or helped to develop collaborative platforms and 

etworks in the public and private sectors, with the aim of facil- 

tating collaborations between different parties and disciplines in 

he context of the CE. Participant 8 has been part of the devel- 

pment of a collaborative platform launched under the name of 

he design studio that aims to connect organizations, which are 

nvited to participate in a co-design process that starts with “big”

uestions such as how to tackle the environmental impact within 

 certain industry. During a high-paced intensive design process or 

design sprint” questions are made tangible, translated, and moved 

o a place where the companies involved can continue to examine 

hem internally, or the collaboration with the involved partners or 

he design studios continues afterwards. The participant explained 

ow such a platform invites unlikely partners or competitors and 

stablishes a certain willingness for an open and transparent col- 

aboration. According to this participant, the key aspect is chang- 

ng traditional vendor-client relationships. For example, for product 

anufacturers to change their current mindset from seeing sup- 

liers as companies that provide materials to thinking of them 

s innovation partners. Such developments are also occurring in 
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he public sector. Participant 2 described a case in which different 

ities were brought together to tackle certain questions regarding 

he CE. In this particular case, specialists in the environment, eco- 

omics, and furniture gathered to exchange knowledge and pro- 

ote circular practices in interior design amongst the different 

ities involved. Two participants pointed out that there is intensi- 

ed collaboration with material suppliers. Participant 12 described 

eing more inquiring towards suppliers regarding different mate- 

ials and their composition, and challenging suppliers to develop 

ircular alternatives. Regarding the selection of fabrics in furniture 

esign projects, the participant explained that “if you look at it and 

t is 25% wool, 70% polyester and then 5% elastane or something, 

hen it is difficult to say that it is a circular fabric. In that sense,

 have been discussing this more with different material suppli- 

rs than I would normally do in another project.” Participant 7 ex- 

lained that their company receives requests from material suppli- 

rs to find applications for new “circular” materials that are not yet 

n the market. 

.3.2 Designers as connectors 

Several participants, in particular the architects, described how 

onnections are established between clients, suppliers, manufac- 

urers, and other players in the value chain to find opportunities 

or circularity and transform relationships that enable collabora- 

ion and dialog. One of the architects (Participant 4) explained that 

connecting the dots” is nothing new for architects; however, the 

E expands the scope within which this needs to be performed, 

nd the challenge of inducing the value chain to work is also ex- 

anding the role of the designer. Another architect (Participant 5) 

escribed how their architectural firm was briefed for the redesign 

f an office and was involved more as a circularity consultant than 

hey were as architects. They selected circular strategies, analyzed 

he materials the client was initially planning on using, and recom- 

ended suitable materials for different elements according to their 

xpected lifespans. They acted as “connectors” by finding suppli- 

rs and producers for the interior who met the demands imposed 

y circularity. This role as described by the interviewee was “ac- 

ually quite new.” For example, the architects set up a collabo- 

ation with a producer who made lamps from folded paper. The 

amps had previously been made from new paper, but the collabo- 

ation between the architect and manufacturer led to a redesign in 

hich recycled paper was used for this project, thereby, lowering 

he carbon footprint of the lamps. The participant felt that many 

rchitects are communicating their circular ambitions but do not 

eceive any responsibility with regard to materials and “just fol- 

ow the list and the demands of the clients.” However, the partic- 

pant considers a higher degree of circularity in architecture could 

e achieved if architects took the initiative in claiming this role. 

ne of the industrial designers (Participant 8) explained how, in a 

esign project, they discovered that their client had manufactur- 

ng capabilities in another part of the organization that could be 

sed to realize the design of the product. The designer explained, 

They were not set up to work with that part of the organization; 

hey had no idea how to do it because they had never worked to- 

ether. We had to help make that connection. You need to under- 

tand how a big organization like that works.”

.3.3 Business thinking 

Based upon the interviews, it is apparent that for both indus- 

rial designers and architects designing solutions for a CE requires 

 more extensive knowledge of business and economics. Clients 

eed to be convinced of circular value propositions, the financial 

enefits of which are usually only apparent when considering mul- 

iple lifecycles of products and buildings and over longer periods of 

ime. One of the industrial designers (Participant 8) explained how 

usiness thinking or “business design” is an important service they 
701 
rovide as a design consultancy and pointed out that “A CE is an 

conomic model. We need to understand the economy in order to 

hange it. I think designers have to learn about business and the 

eeds and the issues that the clients are dealing with.” For prod- 

cts, a circular design relies upon the combination of the physi- 

al design and the business model; therefore, both aspects should 

e simultaneously discussed and developed early on in the design 

rocess. Another industrial designer (Participant 10) explained that 

n projects related to circularity, “we don’t start with a piece of pa- 

er and a pencil anymore.” Instead, the process begins with num- 

ers and spreadsheets to model the business and obtain a grasp 

f the impacts related to the business, environment, and society. 

ne of the architects (Participant 4) highlighted the need for better 

usiness knowledge amongst architects and explained that because 

any people think sustainability or circularity is “just more ex- 

ensive,” architects should be able to convince clients of a circular 

alue proposition and the financial benefits that are provided over 

ime. Another architect (Participant 7) designs and develops furni- 

ure and building components (such as kitchens and interior walls) 

hat are modular and designed to be disassembled. This participant 

xplained that if there is no financial incentive for clients to return 

hese products, it can never be a circular business. The same par- 

icipant described a project involving the renovation of an office 

pace where they proposed the solution of constructing meeting 

ooms from modular building blocks. When it became clear that 

he limited budget of the client made this impossible, the archi- 

ects instead suggested a proposal for a 5-year partnership within 

hich they would gradually expand the office with the modular 

olution to lower the initial investment and adapt the space to 

uctuating demands and occupation. 

.3.4 Designer as circular change agent 

In relation to the CE, the industrial designers and architects 

oresee how their roles are changing, that is, gradually becoming 

ess about the actual designing of objects and more about efforts to 

reate internal alignment within companies, changing the “linear”

indset to make clients think in new ways, and framing questions 

n a way that makes the challenges of the CE both tangible and ac- 

ionable. Ultimately, the designer acts more as a change agent who 

esigns the conditions within which circularity can be manifested. 

ne of the designers (Participant 8) explained how clients have 

mbitions regarding circularity, such as retrieving components and 

aterials; however, while they can see the intended outcomes, 

hey struggle with knowing how to attain them. It is here that de- 

igners have the opportunity and, according to this participant, the 

responsibility” to help clients think in new ways and make these 

hallenges tangible, “otherwise nothing will change.” The partici- 

ants mentioned the importance of helping clients to look ahead, 

ngage with the CE, and anticipate and envision future perspec- 

ives. The reason for this, as one of the industrial designers (Par- 

icipant 10) explained, is because “the future perspective of most 

ntrepreneurs, most clients, is one to two years ahead.”

One of the interviewed designers (Participant 11) described 

ow one design project can inspire larger changes in a company. 

n a design project for a manufacturer of wooden furniture, the 

esigner had an idea for an upcycled stool made from the off-cuts 

reated in the production of wooden chairs. A pivotal point in this 

as visiting the factory, where the designer noticed the triangles 

hat were being cut off and burned in the production of the chair 

eat. The designer explained, “they were putting the seat into the 

NC machine and would cut off two triangles, and they produce 

5,0 0 0 [name of chair] a year so 30,0 0 0 of these hardwood tri-

ngles were burned. They couldn’t burn them as they were; they 

ad to grind them down to small pieces.” The project led to a 

trong internal awareness of the high-quality off-cuts that were 

eing wasted and has since led to the discontinuation of burn- 



G. Dokter, L. Thuvander and U. Rahe Sustainable Production and Consumption 26 (2021) 692–708 

i

r

d

s

f

b

i

v

m

c

c

F

r

a

i

n

t

4

4

t

s

u

p

l

e

t

r

t

t

a

c  

r

c

c

c

t

d

T

v

t

p

r

s

e

4

i

s

r

c

r

t

l

t

m

p

t

h

m

g

s

r

H

t

m

t  

w

r

d

e

u

q

e

w  

t

t

c

4

m

o

m

r

w

i

n

a

w

s

t

l

h

i

o

o

t

w

p

s

f

s

4

o

d

s

t

l

u

b

h

i

a

f

c

t

a

p

m

a

s

r

s

ng these pieces for energy. Instead, these off-cuts are now being 

eused in the production of children’s furniture. 

The participants generally found it important to create an un- 

erstanding of the CE and convince clients of its potential and fea- 

ibility through various strategies, such as showing them success- 

ul examples, showcasing projects and exhibitions, providing num- 

ers and infographics upon (potential) climate and financial sav- 

ngs, and using pitches and storyboards to render the CE concept 

isible. Such strategies can help create understanding and align- 

ent between the designer and client, and also internally at the 

lient’s organization, thus, elevating the CE from a theoretical and 

onceptual discussion to something that is tangible and actionable. 

or example, Participant 5 described how their company started 

eimagining famous iconic buildings from a circular perspective 

nd shared these as case studies. For instance, how a particular 

conic building would appear if it were made from reused or re- 

ewable materials and showing people what this would mean in 

erms of potential climate savings. 

.4 External factors affecting circular design in practice 

.4.1 Regulations and policies 

Many participants highlighted the need for better regulations 

hat promote circular practices. The industrial designers empha- 

ized that standards and certifications are needed for circular prod- 

cts and materials. One of the participants highlighted existing 

roduct certifications such as the Nordic Swan label and EU Eco- 

abel but noted that these only support CE practices to a limited 

xtent. The architects mentioned how the current regulations in 

he building industry and the challenges regarding guarantees for 

eused components hinder the reuse of building components and, 

herefore, the potential for circularity. One of the architects (Par- 

icipant 5) explained that it is easier to deconstruct components 

nd recycle the source material than to reuse components. The ar- 

hitect added that “if you could take a whole part of a façade and

euse that whole thing in another building, that’s a lot better than 

rushing it to make a new brick out of it.” However, another ar- 

hitect (Participant 2) explained that there are fewer regulations 

oncerning what is put inside of a building, and that, partly for 

his reason, there are more advanced circular practices in interior 

esign, such as the reuse of furniture and other interior elements. 

wo participants from the Netherlands also indicated positive de- 

elopments regarding policies and regulations on a national level 

hat promote circular design practices, such as governmental sup- 

ort for circular initiatives and products, and stricter regulations 

egarding the calculation of the environmental impact of design 

olutions, thereby, creating equal responsibilities amongst design- 

rs for following such practices. 

.4.2 Materials in the circular economy 

The interviewed industrial designers emphasized that there 

s confusion and some misconceptions amongst clients and con- 

umers about renewable and circular materials. Sometimes non- 

enewable materials such as plastics and metals can be a better 

hoice from a circularity perspective when considering the envi- 

onmental impact over an entire lifespan; however, clients’ nega- 

ive perceptions of these materials can result in friction and chal- 

enges in design projects. Participant 10 described a project for 

he design of a bus stop that required them to prove that alu- 

inum was a better choice than wood, considering it has an ex- 

ected lifespan of 15 years. The designer stressed, “The percep- 

ion is so strong that, for example, wood, even though you would 

ave to paint it, would be better than aluminum that it actually 

esses up the whole discussion in such a project about what is 

ood and what is not good.” Another designer (Participant 12) de- 

cribed the positive perceptions people have of renewable mate- 
702 
ials, such as leather and wood, compared to synthetic materials. 

owever, according to the participant, in some cases synthetic ma- 

erials may be better when considering closed material loops: “You 

ight choose to use polyester instead of leather because it is bet- 

er when it comes to circularity. But if you write that in an ad, it

on’t sound as good.”

One of the interviewed architects (Participant 3) described how 

eusing materials for another purpose can be challenging when it 

efies people’s preconceptions of how certain materials or design 

lements traditionally appear. In a large renovation project of sub- 

rban houses, the architects suggested reusing high-quality par- 

uet flooring, which was abundant, as interior wall cladding. How- 

ver, when the tenants were given the choice between a wooden 

all and a white gypsum wall, not one of the 1,0 0 0 tenants chose

he wooden option. The architect emphasized that this was related 

o aesthetical preferences and stressed the importance of aestheti- 

al factors when reusing materials. 

.4.3 (reverse) Logistics 

The interviewed architects highlighted (reverse) logistics as a 

ajor challenge for the recirculation of materials, both in terms 

f practicalities (e.g., material storage) and the associated environ- 

ental and economic impacts. In the context of the built envi- 

onment, where the reuse of building elements and construction 

aste recycling practices are scaling up, a challenge exists regard- 

ng the storage and transportation of these materials and compo- 

ents and which player could take this role. One of the interviewed 

rchitects (Participant 4) gave an example of a carpet manufacturer 

ith take-back arrangements who remanufactures carpets but also 

tressed that this is “just one little piece of a building.” This par- 

icipant also described how the reuse of building components and 

ogistics could be approached on a more systematic level by waste 

andling companies, who could take the role of material suppliers 

n the building design process. This would increase the viability 

f reuse strategies and reduce risks in the logistical process. An- 

ther architect (Participant 2) described an interior design project 

hat involved carpenters who took a key role as logistical partners, 

hich was a new way of working for the architectural agency. The 

roject included a high level of reused furniture and components, 

uch as chairs and old tabletops, and in addition to building the 

urniture, the carpenters also took care of sourcing materials and 

toring them during the development process. 

.4.4 Understandings of and attitudes towards the circular economy 

Several of the design practitioners considered that clients were 

ften hesitant to engage with and commit to the CE and circular 

esign directions due to the financial risks, the higher costs as- 

ociated with circular solutions, and the perceived constraints of 

he current linear system (e.g., changing supply chains and estab- 

ished ways of operating). Designing circular buildings and prod- 

cts that allow multiple life cycles usually requires more value to 

e allocated at the beginning as a result of the costs of durable 

igh-quality materials, new technical solutions, or changes to ex- 

sting manufacturing capabilities, for example. Clients need to be 

ble to see the business value and there is a reliance on external 

unding for many of the projects. Product manufacturers and the 

onstruction industry are considered reluctant to implement solu- 

ions that would imply changes to their current ways of working 

nd existing capabilities. One of the industrial designers (Partici- 

ant 12) described the design of a modular storage system for a 

ajor European furniture brand that can be easily disassembled 

nd rebuilt in different configurations. The modularity in the de- 

ign was a direction introduced by the designer based upon the 

eflection that modern offices require considerable flexibility. De- 

pite the successful launch of the product and the fact that it has 
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een sold to many offices in need of rebuild possibilities, the de- 

igner stated that the client was initially skeptical of the higher 

osts of the technical solution: “I think that is often the case with 

ircularity as well, they [products] tend to be more expensive be- 

ause you must build something that can be used not just once. 

he cheapest way to put two pieces together would be a wooden 

owel and some glue or a screw or something that is very simple. 

ut if you think about circularity, you need to have a different way 

o put them together and that often makes them more expensive. 

hey [the client] were a bit hesitant about that in the beginning.”

lthough the participants mentioned the use of various methods 

o convince clients to commit to a circular design objective such as 

mphasizing climate impact reductions, long-term economic ben- 

fits, and the publicity value, it was considered challenging to do 

o if the client did not have a fundamental understanding of and 

ommitment to circularity and if they were steered by short-term 

ains. 

The results of the interviews also indicate that the CE concept 

s often understood and interpreted in different ways by compa- 

ies and designers as it is such a broad term. One of the par-

icipants explained that it is good as a collective term but that 

being circular is not the solution for the problem” and stressed 

hat it is important to keep the overall CE goals of reducing waste 

ssues and climate impacts in mind. Some participants also de- 

cribed projects with clients in which, prior to the project, the 

lient already had the right “mindset” and an understanding of 

nd commitment to sustainability. This was considered a key fac- 

or for successful projects, whereby, clients take the risk to in- 

est extra time and money in finding better circular solutions. One 

f the architects (Participant 4) noted that the demand for circu- 

arity as a focal point in projects has increased in recent years. 

he participant explained that previously they had to convince 

lients but “now we have clients that are asking for it which is 

 big change and a positive one.” The same participant described 

 project that involved designing a LED lamp fitting from upcycled 

cean plastic, in which the aim of making the material further re- 

yclable implied research into the right material mix, reconfigura- 

ions in the value chain, and investments in new machines. The 

articipant explained that the client’s demand for circularity ulti- 

ately led to a successful implementation but, without the client 

riving the project, the manufacturer of the fitting would have 

aid “don’t spend time on it, just use regular plastic; it is much 

asier.”

. Discussion 

The aim of this study was to provide a better understand- 

ng of how the CE concept is interpreted and implemented by 

esign practitioners. In addition, we explored how the CE is af- 

ecting the process and practice of designers. The study gathered 

ata from interviews with 12 design practitioners, consisting of 

rchitects and industrial designers, who have been actively work- 

ng with CE-related design projects. To date, there have been lim- 

ted studies investigating the perspectives of designers in the con- 

ext of the CE, and to our knowledge there have been no stud- 

es addressing both the perspectives of industrial designers and 

rchitects. In the following section, we discuss the overall contri- 

utions made by the results of this study in terms of how de- 

ign practitioners currently interpret and implement the CE con- 

ept in practice, how their role is changing and how the design 

ndustry as such is adapting to accommodate CE principles. Fol- 

owing this, we discuss the study’s limitations and finally sum- 

arize the conclusions and provide some directions for further 

esearch. 
703 
.1 Implementation of the circular economy concept across the 

isciplines of architecture and industrial design 

It is apparent from the literature that the scope within which 

esigners operate has vastly expanded over the second half of 

he twentieth century, and sustainability efforts in the design pro- 

essions have become increasingly more complex, shifting from 

bject-centric thinking to a more system-based design approach 

 Ceschin and Gaziulusoy, 2016 ; Gaziulusoy and Brezet, 2015 ; 

anzini and Vezzoli, 2003 ). The results of this study indicate that 

he design practitioners who were interviewed consider the CE 

o be a multi-faceted challenge that further expands the scope 

f design processes and projects. Striving for the closing of re- 

ource loops not only requires increased cross-disciplinary knowl- 

dge (e.g., of materials, business models, value/supply chain struc- 

ures) but typically requires the involvement and management of 

ore stakeholders in the value chain from early on in the design 

rocess. Data technologies such as material passports and digital 

wins are discussed in the literature as enablers of a circular built 

nvironment ( Debacker et al., 2017 ) and were mentioned in this 

tudy as supportive tools for engaging with and optimizing the 

ifecycles of designed artefacts. 

This study found some differences between the interviewed in- 

ustrial designers and architects in terms of how the CE concept 

s approached and implemented in practice. From the cases dis- 

ussed by the architects, it appears that the implementation of the 

E concept in practice thus far has primarily focused on the reuse 

f existing (waste) materials for the design of new buildings and 

tructures. This requires architects to adopt more flexibility in the 

onceptual stages of the design process, as it is typically unknown 

hat components and materials might result from the “inventory”

rocess. The implications of this for the architectural design pro- 

ess have previously been discussed, for example, by Kozminska 

 Kozminska, 2019 ). In our study, the architects reflected to a lesser 

xtent on designing buildings and components that can be disas- 

embled so that parts and materials can be reused in the future. 

Previous research has primarily focused on waste management 

nd the reuse of secondary raw materials in the built environment 

nd emphasized a lack of incentives aimed at designing buildings 

hat can be dismantled at the end of their lives ( Munaro et al., 

020 ). It has been suggested that more effort s on investigating DfD 

trategies and PSS practices to expand the service life of buildings 

re needed ( Joensuu et al., 2020 ). It appears that in some cases 

here is a strong perception on the market side that circular ar- 

hitecture relates to the reuse of waste materials, as illustrated by 

he example case of the bike shed that was no longer described 

s “circular” after deviating from the initial plan of reusing waste 

aterials. 

The interviewed industrial designers seem to have a greater 

ocus on establishing business models that promote circularity 

hrough designing long-lasting products and modular products, 

nd products that can be disassembled to promote repair and 

aintenance practices and product-service-systems. It appears that 

ircular business models and PSS practices thus far are more fo- 

used on the micro level (products) than the meso level (build- 

ngs). Kanters have pointed out the increased complexity of the 

uilding scale, especially in regard to ownership, as a possible ex- 

lanation for this ( Kanters, 2020 ). 

According to Pomponi and Moncaster, the solutions suitable for 

anufactured products are unlikely to be applicable to buildings 

s manufacturing and the useful lifespan of buildings extend over 

 significant timespan. Additionally, buildings are constructed of 

anufactured products but become unique, complex, long-lived, 

nd ever-transforming entities once assembled ( Pomponi and Mon- 

aster, 2017 ). Each step towards circularity in products and the 

uilt environment can be considered beneficial, but it also appears 
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o be essential to take a holistic and integral approach towards cir- 

ular design. As illustrated by one of the participants in this study, 

he dismantling of products to facilitate repair, reuse, and recycle 

ractices can be made easier, but if there is no system or (finan- 

ial) incentive in place to motivate such practices to occur, the de- 

ign as such cannot be considered circular. This emphasizes the 

eed for the CE to be understood holistically and as a fundamen- 

al systemic change ( Kirchherr et al., 2017 ) and for the provision 

f clear indicators on how to measure circularity ( Moraga et al., 

019 ). Further fragmentation of the concept may be unavoidable 

f only parts of the concept are considered and implemented in 

he design process, while disregarding the “bigger picture” and 

he overarching goal of establishing a systemic shift that decou- 

les economic growth from resource consumption, closes mate- 

ial loops, and reduces climate impact. This is likely to lead to in- 

remental improvements at best rather than fundamental change, 

ith the CE ending up as just another buzzword of sustainable de- 

elopment ( Kirchherr et al., 2017 ). 

Various R frameworks such as the 9R model ( Potting et al., 

017 ) are prominently used in the CE discourse, as they provide 

 coherent taxonomy of different resource-life extending strate- 

ies ( Blomsma and Brennan, 2017 ) or, defined in a more inclusive 

orm as, resource value retention options ( Reike et al., 2018 ). These 

rameworks can be a useful guide for designers by covering differ- 

nt circular strategies from a holistic and hierarchical perspective 

uch as repairing, reusing, and recycling. However, these frame- 

orks focus on the micro level (products, components) and are 

ess useful for the meso (buildings) and the macro levels (cities, 

uilt environment). During this study, it was observed that terms 

uch as “reuse,” for example, were used by both architects and in- 

ustrial designers in fundamentally different ways, whereby reuse 

or architects means the reuse of building waste, spare materials, 

nd components for new construction, while reuse for industrial 

esigners refers to how products can be designed in order to be 

eused by another consumer in the future. In this regard, Reike 

t al. have highlighted the conceptual ambiguity that exists within 

he various R frameworks and stressed that for the successful im- 

lementation of a CE, it is critical to establish a shared understand- 

ng of key notions, especially where “different languages and pro- 

essional jargon are used by stakeholders possessing different un- 

erlying paradigms” (p.254) ( Reike et al., 2018 ). 

As a CE blurs the boundaries of scale, it could be helpful to 

ave universal guidelines and frameworks and a common language 

hat support designers in considering these multiple levels in the 

ontext of a CE. It would not be surprising if the transition to 

 CE implies closer collaborations between different types of de- 

igners, be they industrial designers, service designers, strategic 

esigners, or architects. Such initiatives appear to have been set 

nto motion on a political level in the EU, as the European Com- 

ission recently announced the formation of “a new European 

auhaus,” “a co-creation space where architects, artists, students, 

ngineers, designers work together” to help Europe move toward a 

E ( European Commission, 2020d ). 

In terms of research, investigating the potential of cross- 

ollinating circular design knowledge amongst different design dis- 

iplines may lead to fruitful insights and a more unified under- 

tanding along with the further development of the methods and 

ools needed to translate circular principles into design practice. 

.2 The effects of the circular economy transition on the practice of 

esign 

The results of this study indicate that in the context of the CE, 

esign practitioners are questioning the linear logic of the business 

odels on which many design consultancies are founded. Design 

rojects are still often temporary effort s after which designed arte- 
704 
acts are “handed over” to the client. Such models are considered 

o inhibit the potential for circularity as they do not encourage the 

ngagement of the designer (and other stakeholders) with the life- 

ycles of designed artefacts, especially as many design challenges 

elated to the CE are likely to appear once products are in use 

 Sumter et al., 2018 ). Some design practitioners (aspire to) trans- 

orm the business model used in agencies to facilitate long-lasting 

artnerships, and some of the interviewed participants from larger 

ompanies are already pursuing such a model. Such a model en- 

ourages designers to become more thoughtful of and involved in 

he lifecycle of designed artefacts and better understand how they 

wear and tear”( Lilley et al., 2019 ). Furthermore, assuming that 

uildings and products are not static but transform over time en- 

bles designers to focus upon ways to capture value throughout 

he lifecycles of these artefacts. 

Previous studies have identified barriers to the transition to a 

E such as a hesitant company culture and limited willingness to 

hange, limited willingness to collaborate in the value chain, the 

xisting linear system, lack of governmental support, and attitudes 

o and knowledge of the CE ( Kanters, 2020 ; Kirchherr et al., 2018 ;

itzén and Sandström, 2017 ; Rizos et al., 2016 ). Some of the chal- 

enges experienced by the design practitioners in this study are 

imilar to the general barriers to the CE previously identified by 

cholars, such as clients who are wary of the costs and risks asso- 

iated with circularity, linear constraints, and attitudes to the CE. 

The participants in this study demonstrated how some chal- 

enges are addressed in practice, for example, through engaging 

lients with the CE and establishing connections and collaborative 

etworks among actors. Some of the participants seem to effec- 

ively use what Sumter et al. described as “circular economy sto- 

ytelling”( Sumter et al., 2020 ), that is, being able to engage inter- 

al and external stakeholders with the CE concept in the design 

rocess. The participants achieved this by utilizing various meth- 

ds such as showing stakeholders successful examples, infograph- 

cs, storyboards, and demonstrative case studies. 

Previous research has highlighted the importance of collab- 

ration across whole supply chains in the context of the CE 

 Aminoff et al., 2016 ; Leising et al., 2018 ), and the role designers

an play as connectors ( Manzini, 2009 ) who facilitate strategic di- 

logs between actors ( Meroni, 2008 ), establish future visions, and 

ct as agents of change ( Banerjee, 2008 ). The results of this study 

how that design practitioners are performing and claiming such 

oles and that facilitating connections and collaborative spaces be- 

ween actors can play a vital role in developing solutions and in- 

ovations for a CE. This is in line with earlier findings by Sumter 

t al., who highlight the importance of the interpersonal compe- 

ency of industrial designers in facilitating collaboration between 

nternal and external stakeholders ( Sumter et al., 2020 , 2018 ). In 

he CE context in particular, closing resource loops on a larger scale 

ight imply the need to facilitate dialogs and collaboration be- 

ween actors who are normally competitors with conflicting inter- 

sts. The example given by one of the participants, whose company 

acilitates a “neutral” collaborative platform and co-design process 

s a design service, illustrates the role design can play in establish- 

ng (willingness for) collaboration between various actors. 

Still, the success of design projects is often measured by their 

hysical and tangible outputs. Pedersen and Clausen described 

ow in a CE context the key to success is not solely the design 

f physical objects but rather the design of the network or re- 

ationships ( Pedersen and Clausen, 2019 ). A question that arises 

s whether the available design training, methods, and strategies 

ufficiently support design practitioners and students in tackling 

he complicated challenges encountered in practice, which often 

equire cross-disciplinary collaboration and co-creation. The role 

f the designer as facilitator has been discussed in design re- 

earch ( Manzini, 2009 ) and in the contexts of participatory design 
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 Luck, 2007 ) and whole-systems design ( Charnley et al., 2011 ) but

as not yet been widely investigated in the context of the CE. 

An additional challenge of a CE, aside from establishing and fa- 

ilitating collaboration between the actors in the design phase of 

rtefacts, will be to facilitate such collaborations throughout the 

ifecycles of artefacts and beyond so that artefacts can be improved 

or circularity and the slowing and closing of resource loops can be 

urther optimized. It is certain that the transition to a CE will re- 

uire more extensive collaboration between the actors in design 

rocesses, but it remains uncertain how and by whom this can 

e best facilitated and coordinated. Kanters argued that architects 

ould play a central role in linking actors, but additional knowl- 

dge is required (e.g., in leadership)( Kanters, 2020 ). Here, tools that 

elp to enhance collaborations in support of a CE would be help- 

ul, such as the one proposed by Leising et al. ( Leising et al., 2018 ).

hrough acknowledging and further investigating collaboration and 

he design of networks as an important parameter of circular de- 

ign projects, they will become a more integrated part of the de- 

ign process for designers. 

Although some of the participants mentioned a lack of regula- 

ions and policies that support circularity, significant positive de- 

elopments are also taking place in this regard, such as stricter 

egulations regarding the calculation of the environmental impact 

f design solutions, which creates equal responsibilities amongst 

esigners aiming at a CE. Previous research discussed the regu- 

atory barriers to the CE ( Pheifer, 2017 ; Rizos et al., 2016 ), but

hese do not appear to be one of the core barriers within the 

U ( Kirchherr et al., 2018 ). Certainly, policy and regulations play 

n important role in enabling circular business models and design 

trategies ( Moreno et al., 2016 ). The architects in this study indi- 

ated that, especially in the context of the built environment, there 

re regulatory barriers that hinder the reuse of building compo- 

ents (e.g., relating to quality assurance), which appear to be less 

f an issue in the context of interior design and the reuse of furni- 

ure. 

In addition, user perspectives and the acceptance of circu- 

ar value propositions are discussed in the literature as im- 

ortant challenges for the CE transition ( Selvefors et al., 2019 ; 

astling et al., 2018 ). It is important to emphasize the impor- 

ance of the inclusion of the user in the circular design process 

 Lofthouse and Prendeville, 2018 ; Selvefors et al., 2019 ), as they 

lay a crucial role in the success of resource recovery and are ul- 

imately a deciding factor in the adoption and acceptance of cir- 

ular value propositions. These aspects were only mentioned to a 

imited extent by the participants in this study. Some of the par- 

icipants highlighted some potentially paradoxical challenges for 

ircular design regarding consumer acceptance of certain materi- 

ls. For example, negative associations towards plastics might pre- 

ent designers from using such materials; but in some cases, plas- 

ics may be better from the perspective of establishing a closed- 

oop system. Additionally, aesthetical considerations and accep- 

ance of materials that are “reused” seems important to investi- 

ate, illustrated by the example in this study of the flooring that 

as reused as wall cladding but was not the first choice of the ten- 

nts. In this regard, consumer acceptance towards circular offerings 

as been discussed ( Gullstrand Edbring et al., 2016 ; Tunn et al., 

019 ; Van Weelden et al., 2016 ) and researched to some extent 

n the context of repurposed materials in the built environment 

 Sieffert et al., 2014 ). 

.3 Limitations 

Due to the explorative nature of this study and the fact that it 

tilized a qualitative approach, the findings cannot be generalized. 

evertheless, the study provides in-depth insights into current de- 

ign practices regarding the implementation of the CE and is the 
705 
rst to investigate the perspective of both industrial designers and 

rchitects in the context of the CE. 

The main limitation of this study is the small number of inter- 

iews included in the sample. Therefore, the results of this study 

hould be regarded as tentative and as a basis for further re- 

earch. The participant recruitment process was confronted with 

hallenges as it took place at the beginning of the COVID-19 pan- 

emic. In addition, the number of design agencies that have com- 

leted CE design projects or explicitly state that they work with 

ircularity are still rather limited, as it still is an emerging field. 

Lastly, the geographical distribution amongst the participants is 

imited. Consequently, different national policies and regional con- 

exts may have influenced how and to what extent circular design 

ractices have been adopted. 

. Conclusion 

The role of design is considered to be crucial in the transition to 

 CE. For designers, the CE produces a range of new challenges and 

equires specific knowledge, strategies, and methods. To date, most 

tudies regarding designing for a CE have been theoretical and con- 

eptual. Limited empirical investigations have been conducted into 

he practical implications of designing for a CE, and there is little 

nowledge on how the concept of circularity is implemented by 

esign practitioners. Therefore, the aim of this study was to pro- 

ide a better understanding of how design practitioners interpret 

nd implement the concept of a CE in practice. Based upon semi- 

tructured interviews with design practitioners ( N = 12) within the 

isciplines of architecture and industrial design who have actively 

orked with the CE in a design agency setting, this study provides 

n-depth insights into current design practices regarding the im- 

lementation of the CE. To our knowledge, this is the first study to 

nvestigate the perspectives of both industrial designers and archi- 

ects in the context of the CE. 

Overall, the findings indicate how the complex and multi- 

aceted nature of the CE concept is expanding the scope of the de- 

ign process and, thus, driving the integration of new knowledge 

elds and skills within that process. The findings also emphasize 

he need for extensive collaboration with stakeholders and experts 

hroughout all the stages of the design process. Although collab- 

ration can be considered an essential aspect in any design pro- 

ess, the cases discussed illustrate the role designers can play in 

acilitating connections and collaborative spaces between the ac- 

ors, which may play a vital role in developing solutions in support 

f a CE. The cases demonstrate that the “design” of networks and 

elationships is an important part of CE-focused design projects for 

oth industrial designers and architects and can be regarded as an 

ntegral part of the circular design process. Accordingly, it seems 

ital to raise awareness and support design practitioners and stu- 

ents with appropriate training and strategies to support effective 

nd long-lasting collaborations throughout the whole design pro- 

ess and lifecycle of designed artefacts. 

Furthermore, the findings indicate how the design process in 

he context of the CE is further shifting its focus from a sin- 

ular object/artefact/building to the creation of systems, business 

odels, collaborative networks, and future visions; thus, ultimately 

elping clients to look ahead and render the pathways towards cir- 

ularity tangible. To tackle the challenges, design agencies are re- 

ponding by creating internal circularity-focused research and de- 

ign teams, facilitating CE knowledge exchanges, and developing 

heir own circular strategies and methods. 

There were differences between the architects and industrial 

esigners with regard to the challenges encountered and how the 

E concept has been interpreted and implemented into practice. 

or example, a stronger focus on circular business models/PSS in 

he context of industrial design, and a focus on the reuse of con- 
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truction waste in the context of architecture. Additionally, circu- 

ar strategies and associated (similar) terminologies were under- 

tood and applied in fundamentally different ways. As the CE blurs 

oundaries of scale and discipline, there is a need for a universal 

esign language and frameworks. 

Within design agencies, there is also a strong need to adapt 

he traditional business model to enable longer client relationships. 

esign projects tend to remain short-term efforts, thereby, hinder- 

ng the engagement of designers with the lifecycles of designed 

rtefacts and the possibility of achieving circularity in the long 

erm. External factors such as regulations and policies, logistics, 

nd understandings of and attitudes towards the CE and materi- 

ls seem to affect the extent to which circularity is considered and 

ncorporated into design projects. 

Accordingly, further research should focus upon the develop- 

ent of a common language and upon universal methods and 

uidelines to aid the circular design processes of different kinds 

f designers in practice; for example, with regard to the available 

ircular design strategies, assessing the circular impacts within the 

esign process and ways to facilitate effective collaborations in 

takeholder networks, which would be valuable for both practi- 

ioners and design education. Investigating the practice of circular 

esign through larger samples or longitudinal case studies would 

lso provide deeper insights into how the design process is coor- 

inated and adapted across different stages, how circularity is im- 

lemented across different design disciplines, and allow multiple 

erspectives on key factors in circular design projects to be gath- 

red over time. 

eclaration of Competing Interest 

The authors declare that there are no conflicts of interest. 

cknowledgments 

The authors would like to thank the interview participants for 

heir valuable input. 

unding 

This research has been supported by EIT Climate-KIC through 

he Urban Transitions theme as part of the research project 

he Circular Kitchen (CIK). EIT reference KAVA number Circular 

itchen 2.2.21. 

eferences 

dams, K.T., Osmani, M., Thorpe, T., Thornback, J., 2017. Circular economy in con- 

struction: Current awareness, challenges and enablers. Proceedings of Institu- 
tion of Civil Engineers: Waste and Resource Management 170, 15–24. doi: 10. 

1680/jwarm.16.0 0 011 . 

minoff, A., Valkokari, K., Kettunen, O., 2016. Mapping multidimensional value(s) 
for co-creation networks in a circular economy. IFIP Advances in Information 

and Communication Technology doi: 10.1007/978- 3- 319- 45390- 3 _ 54 . 
ndrews, D. , 2020. The role of Design as a barrier to and enabler of the Circular

Economy. Handbook of the Circular Economy . 
ndrews, D., 2015. The circular economy, design thinking and education for sustain- 

ability. Local Economy 30, 305–315. doi: 10.1177/0269094215578226 . 

akker, C.A. , 1995. Environmental Information for Industrial Designers. Environmen- 
tal Information for Industrial Designers. Delft University of Technology, Delft, 

The Netherlands . 
akker, C.A. , den Hollander, M.C. , van Hinte, E. , Zijlstra, Y. , 2015. Products That Last:

Product Design for Circular Business Models. BIS Publishers . 
anerjee, B. , 2008. Designer as agent of change: a vision for catalyzing rapid change.

Changing the Change: Design, Visions, Proposals and Tools 192–204 . 
enachio, G.L.F., Freitas, M.do C.D., Tavares, S.F., 2020. Circular economy in the con- 

struction industry: A systematic literature review. Journal of Cleaner Production 

260, 121046. doi: 10.1016/j.jclepro.2020.121046 . 
enyus, J.M. , 1997. Biomimicry: innovation inspired by nature. Morrow, New York . 

lomsma, F., Brennan, G., 2017. The Emergence of Circular Economy: A New Framing 
Around Prolonging Resource Productivity. Journal of Industrial Ecology 21, 603–

614. doi: 10.1111/jiec.12603 . 
706 
ocken, N.M.P., de Pauw, I., Bakker, C., van der Grinten, B., 2016. Product design 
and business model strategies for a circular economy. Journal of Industrial and 

Production Engineering 33, 308–320. doi: 10.1080/21681015.2016.1172124 . 
oulding, K., 1966. The Economics of the Coming Spaceship Earth. Technology and 

Culture 8, 523. doi: 10.2307/3102137 . 
raungart, M. , McDonough, W. , 2002. Cradle to Cradle: Remaking the Way We Make

Things. North Point Press, New York . 
ambier, C., Galle, W., Temmerman, N.De, 2020. Research and Development Direc- 

tions for Design Support Tools for Circular Building. Buildings 10, 142. doi: 10. 

3390/buildings10080142 . 
ampbell, A., 2018. Mass timber in the circular economy: Paradigm in practice? 

Proceedings of the Institution of Civil Engineers: Engineering Sustainability 172, 
141–152. doi: 10.1680/jensu.17.0 0 069 . 

eschin, F., Gaziulusoy, I., 2016. Evolution of design for sustainability: From product 
design to design for system innovations and transitions. Design Studies 47, 118–

163. 10.1016/j.destud.2016.09.002 

harnley, F., Lemon, M., Evans, S., 2011. Exploring the process of whole system de- 
sign. Design Studies 32, 156–179. doi: 10.1016/j.destud.2010.08.002 . 

ullen, J.M., 2017. Circular Economy: Theoretical Benchmark or Perpetual Motion 
Machine. Journal of Industrial Ecology 21, 4 83–4 86. doi: 10.1111/jiec.12599 . 

’Amato, D., Droste, N., Allen, B., Kettunen, M., Lähtinen, K., Korhonen, J., Leski- 
nen, P., Matthies, B.D., Toppinen, A., 2017. Green, circular, bio economy: A com- 

parative analysis of sustainability avenues. Journal of Cleaner Production 168, 

716–734. doi: 10.1016/j.jclepro.2017.09.053 . 
e los Rios, I.C., Charnley, F.J.S., Sundin, E., Lindahl, M., Ijomah, W., 2017. Skills and

capabilities for a sustainable and circular economy: The changing role of de- 
sign. Journal of Cleaner Production 160, 109–122. doi: 10.1016/j.jclepro.2016.10. 

130 . 
ebacker, W. , Manshoven, S. , Peters, M. , Ribeiro, A. , De Weerdt, Y. , 2017. Circular

economy and design for change within the built environment: preparing the 

transition. International HISER Conference on Advances in Recycling and Man- 
agement of Construction and Demolition Waste 114–117 . 

en Hollander, M.C., 2018. Design for Managing Obsolescence; A Design Method- 
ology for Preserving Product Integrity in a Circular Economy. Design for Man- 

aging Obsolescence - A Design Methodology for Preserving Product Integrity 
in a Circular Economy. Delft University of Technology, Delft, The Netherlands 

doi: 10.4233/uuid:3f2b2c52-7774-4384-a2fd-7201688237af . 

en 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 21, 517–525. doi: 10.1111/jiec.12610 . 
llen MacArthur Foundation, 2013. Towards the Circular Economy: 

Economic and Business Rationale for an Accelerated Transi- 
tion. Ellen MacArthur Foundation [WWW Document]. URL https: 

//www.ellenmacarthurfoundation.org/assets/downloads/publications/ 

Ellen- MacArthur- Foundation- Towards- the- Circular- Economy- . 
llen MacArthur Foundation, IDEO, 2017. The Circular Design Guide. https://www. 

circulardesignguide.com/ . (Accessed 24 September 2020). 
uropean Commission, 2020a. Circular Economy Action Plan [WWW Doc- 

ument]. URL https://ec.europa.eu/environment/circular-economy/pdf/ 
new _ circular _ economy _ action _ plan.pdf (accessed 9.24.20). 

uropean Commission, 2020b. Europe’s moment - Repair and Prepare for the Next 
Generation [WWW Document]. URL https://eur- lex.europa.eu/legal- content/ 

EN/TXT/? . 

uropean Commission, 2020c. Circular Economy principles for building design 
[WWW Document]. URL https://ec.europa.eu/docsroom/documents/39984 . 

uropean Commission, 2020d. State of the Union Address by President von der 
Leyen at the European Parliament Plenary [WWW Document]. URL https: 

//ec.europa.eu/commission/presscorner/detail/ov/SPEECH _ 20 _ 1655 . 
ranconi, A. , 2020. Multiple Design Perspectives for the Transition to the Circular 

Economy - Managing Design Strategies Between Systems, Designers and Time.. 

University Iuav of Venice . 
uller, R.B. , 1969. Operating Manual for Spaceship Earth. Southern Illinois University 

Press . 
aziulusoy, A.I., Brezet, H., 2015. Design for system innovations and transitions: A 

conceptual framework integrating insights from sustainablity science and the- 
ories of system innovations and transitions. Journal of Cleaner Production 108, 

558–568. doi: 10.1016/j.jclepro.2015.06.066 . 

eissdoerfer, M., Savaget, P., Bocken, N.M.P., Hultink, E.J., 2017. The Circular Economy 
– A new sustainability paradigm? Journal of Cleaner Production 143, 757–768. 

doi: 10.1016/j.jclepro.2016.12.048 . 
eldermans, R.J., 2016. Design for Change and Circularity - Accommodating Circular 

Material & Product Flows in Construction. Energy Procedia 96, 301–311. doi: 10. 
1016/j.egypro.2016.09.153 . 

hisellini, P., Cialani, C., Ulgiati, S., 2016. A review on circular economy: The ex- 

pected transition to a balanced interplay of environmental and economic sys- 
tems. Journal of Cleaner Production 114, 11–32. doi: 10.1016/j.jclepro.2015.09. 

007 . 
ioia, D.A., Corley, K.G., Hamilton, A.L., 2013. Seeking Qualitative Rigor in Inductive 

Research: Notes on the Gioia Methodology. Organizational Research Methods 16, 
15–31. doi: 10.1177/1094428112452151 . 

uba, E.G. , Lincoln, Y.S. , 1994. Competing paradigms in qualitative research. Hand- 

book of Qualitative Research . 
ullstrand Edbring, E., Lehner, M., Mont, O., 2016. Exploring consumer attitudes to 

alternative models of consumption: Motivations and barriers. Journal of Cleaner 
Production 123, 5–15. doi: 10.1016/j.jclepro.2015.10.107 . 

https://doi.org/10.1680/jwarm.16.00011
https://doi.org/10.1007/978-3-319-45390-3_54
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0003
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0003
https://doi.org/10.1177/0269094215578226
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0005
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0005
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0006
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0006
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0006
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0006
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0006
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0007
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0007
https://doi.org/10.1016/j.jclepro.2020.121046
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0009
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0009
https://doi.org/10.1111/jiec.12603
https://doi.org/10.1080/21681015.2016.1172124
https://doi.org/10.2307/3102137
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0013
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0013
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0013
https://doi.org/10.3390/buildings10080142
https://doi.org/10.1680/jensu.17.00069
https://doi.org/10.1016/j.destud.2010.08.002
https://doi.org/10.1111/jiec.12599
https://doi.org/10.1016/j.jclepro.2017.09.053
https://doi.org/10.1016/j.jclepro.2016.10.penalty -@M 130
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0021
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0021
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0021
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0021
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0021
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0021
https://doi.org/10.4233/uuid:3f2b2c52-7774-4384-a2fd-7201688237af
https://doi.org/10.1111/jiec.12610
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-MacArthur-Foundation-Towards-the-Circular-Economy-
https://www.circulardesignguide.com/
https://ec.europa.eu/environment/circular-economy/pdf/new_circular_economy_action_plan.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?
https://ec.europa.eu/docsroom/documents/39984
https://ec.europa.eu/commission/presscorner/detail/ov/SPEECH_20_1655
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0031
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0031
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0032
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0032
https://doi.org/10.1016/j.jclepro.2015.06.066
https://doi.org/10.1016/j.jclepro.2016.12.048
https://doi.org/10.1016/j.egypro.2016.09.153
https://doi.org/10.1016/j.jclepro.2015.09.007
https://doi.org/10.1177/1094428112452151
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0038
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0038
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0038
https://doi.org/10.1016/j.jclepro.2015.10.107


G. Dokter, L. Thuvander and U. Rahe Sustainable Production and Consumption 26 (2021) 692–708 

H

H

H

E

H

I

J

J

K

K

K

K

K

K

L

L

L

L

L

M

M

M

M

M

M

M

M

M  

M

M

M

N

N

O

O

P

P

P

P

P

P

P

P

P

R

R

R

S

S

S

S

S  

S

S

S

S

art, J., Adams, K., Giesekam, J., Tingley, D.D., Pomponi, F., 2019. Barriers and drivers 
in a circular economy: The case of the built environment. Procedia CIRP 80, 

619–624. doi: 10.1016/j.procir.2018.12.015 . 
enry, M., Bauwens, T., Hekkert, M., Kirchherr, J., 2019. A typology of circular start- 

ups: Analysis of 128 circular business models. Journal of Cleaner Production 
245, 118528. doi: 10.1016/j.jclepro.2019.118528 . 

omrich, A.S., Galvão, G., Abadia, L.G., Carvalho, M.M., Homrich, A.S., Galv, G., 
Galvão, G., Abadia, L.G., Carvalho, M.M., 2018. The circular economy umbrella: 

Trends and gaps on integrating pathways. Journal of Cleaner Production 175, 

525–543. doi: 10.1016/j.jclepro.2017.11.064 . 
uropean Commission, 2014. Ecodesign your future: How ecodesign can help 

the environment by making products smarter. https://op.europa.eu/en/ 
publication- detail/- /publication/4d42d597- 4f92- 4498- 8e1d- 857cc157e6db . 

(Accessed 27 November 2020). 
opkinson, P., De Angelis, R., Zils, M., 2020. Systemic building blocks for creating 

and capturing value from circular economy. Resources, Conservation and Recy- 

cling 155, 104672. 10.1016/j.resconrec.2019.104672 
acovidou, E., Velis, C.A., Purnell, P., Zwirner, O., Brown, A., Hahladakis, J., Millward- 

Hopkins, J., Williams, P.T., 2017. Metrics for optimising the multi-dimensional 
value of resources recovered from waste in a circular economy: A critical re- 

view. Journal of Cleaner Production 166, 910–938. doi: 10.1016/j.jclepro.2017.07. 
100 . 

oensuu, T., Edelman, H., Saari, A., 2020. Circular economy practices in the built 

environment. Journal of Cleaner Production 276, 124215. doi: 10.1016/j.jclepro. 
2020.124215 . 

oore, P., Brezet, H., 2015. A Multilevel Design Model: The mutual relationship be- 
tween product-service system development and societal change processes. Jour- 

nal of Cleaner Production 97, 92–105. doi: 10.1016/j.jclepro.2014.06.043 . 
anters, J., 2020. Circular building design: An analysis of barriers and drivers for a 

circular building sector. Buildings 10, 1–16. doi: 10.3390/BUILDINGS10 040 077 . 

irchherr, J., Piscicelli, L., Bour, R., Kostense-Smit, E., Muller, J., Huibrechtse- 
Truijens, A., Hekkert, M., 2018. Barriers to the Circular Economy: Evidence From 

the European Union (EU). Ecological Economics 150, 264–272. doi: 10.1016/j. 
ecolecon.2018.04.028 . 

irchherr, J., Reike, D., Hekkert, M., 2017. Conceptualizing the circular economy: An 
analysis of 114 definitions. Resources, Conservation and Recycling 127, 221–232. 

10.1016/j.resconrec.2017.09.005 

orhonen, J., Honkasalo, A., Seppälä, J., 2018a. Circular Economy: The Concept and 
its Limitations. Ecological Economics 143, 37–46. doi: 10.1016/j.ecolecon.2017.06. 

041 . 
orhonen, J., Nuur, C., Feldmann, A., Birkie, S.E., 2018b. Circular economy as an es- 

sentially contested concept. Journal of Cleaner Production 175, 544–552. doi: 10. 
1016/j.jclepro.2017.12.111 . 

ozminska, U., 2019. Circular design: Reused materials and the future reuse of 

building elements in architecture. Process, challenges and case studies. IOP Con- 
ference Series: Earth and Environmental Science doi: 10.1088/1755-1315/225/1/ 

012033 . 
eising, E., Quist, J., Bocken, N., 2018. Circular Economy in the building sector: 

Three cases and a collaboration tool. Journal of Cleaner Production 176, 976–
989. doi: 10.1016/j.jclepro.2017.12.010 . 

illey, D., Bridgens, B., Davies, A ., Holstov, A ., 2019. Ageing (dis)gracefully: Enabling 
designers to understand material change. Journal of Cleaner Production 220, 

417–430. doi: 10.1016/j.jclepro.2019.01.304 . 

ofthouse, V., Prendeville, S., 2018. Human-Centred Design of Products And Services 
for the Circular Economy–A Review. Design Journal 21, 451–476. doi: 10.1080/ 

14606925.2018.1468169 . 
uck, R., 2007. Learning to talk to users in participatory design situations. Design 

Studies 28, 217–242. doi: 10.1016/j.destud.20 07.02.0 02 . 
yle, J.T. , 1994. Regenerative Design for Sustainable Development. John Wiley, New 

York . 

anzini, E., 2009. New design knowledge. Design Studies 30, 4–12. 
10.1016/j.destud.2008.10.001 

anzini, E., Vezzoli, C., 2003. A strategic design approach to develop sustainable 
product service systems: Examples taken from the “environmentally friendly in- 

novation” Italian prize. Journal of Cleaner Production 11, 851–857. doi: 10.1016/ 
S0959- 6526(02)00153- 1 . 

cDowall, W., Geng, Y., Huang, B., Barteková, E., Bleischwitz, R., Türkeli, S., Kemp, R., 

Doménech, T., 2017. Circular Economy Policies in China and Europe. Journal of 
Industrial Ecology 21, 651–661. doi: 10.1111/jiec.12597 . 

eroni, A., 2008. Strategic design: where are we now? Reflection around the 
foundations of a recent discipline. Strategic Design Research Journal 1, 31–38. 

doi: 10.4013/sdrj.20081.05 . 
estre, A., Cooper, T., 2017. Circular Product Design. A Multiple Loops Life Cycle 

Design Approach for the Circular Economy. The Design Journal 20, S1620–S1635. 

doi: 10.1080/14606925.2017.1352686 . 
inunno, R., O’Grady, T., Morrison, G.M., Gruner, R.L., 2020. Exploring environ- 

mental benefits of reuse and recycle practices: A circular economy case study 
of a modular building. Resources, Conservation and Recycling 160, 104855. 

10.1016/j.resconrec.2020.104855 
oraga, G., Huysveld, S., Mathieux, F., Blengini, G.A., Alaerts, L., Van Acker, K., 

de Meester, S., Dewulf, J., 2019. Circular economy indicators: What do they 

measure? Resources. Conservation and Recycling 146, 452–461. doi: 10.1016/j. 
resconrec.2019.03.045 . 

oreau, V., Sahakian, M., van Griethuysen, P., Vuille, F., 2017. Coming Full Circle: 
Why Social and Institutional Dimensions Matter for the Circular Economy. Jour- 

nal of Industrial Ecology 21, 497–506. doi: 10.1111/jiec.12598 . 
707 
oreno, M., De los Rios, C., Rowe, Z., Charnley, F., 2016. A conceptual framework for
circular design. Sustainability (Switzerland) 8, 937. doi: 10.3390/su8090937 . 

ugge, R., 2018. Product design and consumer behaviour in a circular economy. 
Sustainability (Switzerland) 10. doi: 10.3390/su10103704 . 

unaro, M.R., Tavares, S.F., Bragança, L., 2020. Towards circular and more sustain- 
able buildings: A systematic literature review on the circular economy in the 

built environment. Journal of Cleaner Production 260. doi: 10.1016/j.jclepro.2020. 
121134 . 

urray, A., Skene, K., Haynes, K., 2017. The Circular Economy: An Interdisciplinary 

Exploration of the Concept and Application in a Global Context. Journal of Busi- 
ness Ethics 140, 369–380. doi: 10.1007/s10551-015-2693-2 . 

ess, D.A., Xing, K., 2017. Toward a Resource-Efficient Built Environment: A Litera- 
ture Review and Conceptual Model. Journal of Industrial Ecology 21, 572–592. 

doi: 10.1111/jiec.12586 . 
ußholz, J.L.K., 2018. A circular business model mapping tool for creating value 

from prolonged product lifetime and closed material loops. Journal of Cleaner 

Production 197, 185–194. doi: 10.1016/j.jclepro.2018.06.112 . 
rdoñez, I., Rahe, U., 2013. Collaboration between design and waste management: 

Can it help close the material loop? Resources, Conservation and Recycling 72, 
108–117. 10.1016/j.resconrec.2013.01.002 

sterwalder, A. , Pigneur, Y. , 2010. Business Model Generation: A Handbook for Vi- 
sionaries, Game Changers, and Challengers. Wiley, New Jersey . 

apanek, V.J. , 1972. Design for the Real World by Victor Papanek. Academy Chicago 

Publishers . 
atton, M.Q., 2002. Qualitative research and evaluation methods. Qualitative Inquiry 

doi: 10.2307/330063 . 
auli, G. , 2010. The Blue Economy: 10 Years, 100 Innovations, 100 Million Jobs. 

Paradigm Publications, Taos, New Mexico . 
edersen, S., Clausen, C., 2019. Staging Co-Design for a Circular Economy, in: Pro- 

ceedings of the Design Society: International Conference on Engineering Design. 

Cambridge University Press 3371–3380. doi: 10.1017/dsi.2019.344 . 
heifer, A.G., 2017. Barriers and Enablers to Circular Business Models. https:// 

www.circulairondernemen.nl/uploads/4f4995c266e00bee8fdb8fb34fbc5c15.pdf . 
(Accessed 24 September 2020). 

omponi, F., De Wolf, C., Moncaster, A., 2018. Embodied Carbon in Build- 
ings: Measurement, Management, and Mitigation. Springer Nature doi: 10.1007/ 

978- 3- 319- 72796- 7 . 

omponi, F., Moncaster, A., 2017. Circular economy for the built environment: A 
research framework. Journal of Cleaner Production 143, 710–718. doi: 10.1016/ 

j.jclepro.2016.12.055 . 
oppelaars, F., Bakker, C., van Engelen, J., 2018. Does access trump ownership? Ex- 

ploring consumer acceptance of access-based consumption in the case of smart- 
phones. Sustainability (Switzerland) 10. doi: 10.3390/su10072133 . 

otting, J., Hekkert, M., Worrell, E., Hanemaaijer, A., 2017. Circular Econ- 

omy: Measuring innovation in the product chain. PBL Publishers 
https://www.pbl.nl/sites/default/files/downloads/pbl- 2016- circular- economy- 

measuring- innovation- in- product- chains- 2544.pdf . 
eike, D., Vermeulen, W.J.V., Witjes, S., 2018. The circular economy: New or Re- 

furbished as CE 3.0? — Exploring Controversies in the Conceptualization of 
the Circular Economy through a Focus on History and Resource Value Reten- 

tion Options. Resources, Conservation and Recycling 135, 246–264. doi: 10.1016/ 
j.resconrec.2017.08.027 . 

itzén, S., Sandström, G.Ö., 2017. Barriers to the Circular Economy - Integration of 

Perspectives and Domains. Procedia CIRP 7–12. doi: 10.1016/j.procir.2017.03.005 . 
izos, V., Behrens, A., van der Gaast, W., Hofman, E., Ioannou, A., Kafyeke, T., 

Flamos, A., Rinaldi, R., Papadelis, S., Hirschnitz-garbers, M., Topi, C., 
Gaast, W.Van Der, Hofman, E., Ioannou, A., Hirschnitz-garbers, M., Topi, C., 2016. 

Implementation of circular economy business models by small and medium- 
sized enterprises (SMEs): Barriers and enablers. Sustainability (Switzerland) 8. 

doi: 10.3390/su8111212 . 

auvé, S., Bernard, S., Sloan, P., 2016. Environmental sciences, sustainable develop- 
ment and circular economy: Alternative concepts for trans-disciplinary research. 

Environmental Development 17, 48–56. doi: 10.1016/j.envdev.2015.09.002 . 
chröder, P., Bengtsson, M., Cohen, M., Dewick, P., Hoffstetter, J., Sarkis, J., 2019. De- 

growth within – Aligning circular economy and strong sustainability narratives.. 
Resources, Conservation and Recycling 146, 190–191. doi: 10.1016/j.resconrec. 

2019.03.038 . 

chroeder, P., Anggraeni, K., Weber, U., 2019. The Relevance of Circular Economy 
Practices to the Sustainable Development Goals. Journal of Industrial Ecology 

23, 77–95. doi: 10.1111/jiec.12732 . 
chulz, C., Hjaltadóttir, R.E., Hild, P., 2019. Practising circles: Studying institutional 

change and circular economy practices. Journal of Cleaner Production 237, 1–
10. doi: 10.1016/j.jclepro.2019.117749 . 

elvefors, A., Rexfelt, O., Renström, S., Strömberg, H., 2019. Use to Use – a User Per-

spective on Product Circularity. Journal of Cleaner Production 223, 1014–1028. 
doi: 10.1016/j.jclepro.2019.03.117 . 

ieffert, Y., Huygen, J.M., Daudon, D., 2014. Sustainable construction with repur- 
posed materials in the context of a civil engineering-architecture collaboration. 

Journal of Cleaner Production 67, 125–138. doi: 10.1016/j.jclepro.2013.12.018 . 
tahel, W.R., 1982. The Product-Life Factor. Free Trade Reimagined 110–165. 

10.1515/9781400827855.110 

umter, D., Bakker, C., Balkenende, R., 2018. The role of product design in creating 
circular business models: A case study on the lease and refurbishment of baby 

strollers. Sustainability (Switzerland) 10. doi: 10.3390/su10072415 . 
umter, D., de Koning, J., Bakker, C., Balkenende, R., 2020. Design competencies for 

a circular economy. Sustainability 1–6. doi: 10.3390/su12041561 . 

https://doi.org/10.1016/j.procir.2018.12.015
https://doi.org/10.1016/j.jclepro.2019.118528
https://doi.org/10.1016/j.jclepro.2017.11.064
https://op.europa.eu/en/publication-detail/-/publication/4d42d597-4f92-4498-8e1d-857cc157e6db
https://doi.org/10.1016/j.jclepro.2017.07.100
https://doi.org/10.1016/j.jclepro.2020.124215
https://doi.org/10.1016/j.jclepro.2014.06.043
https://doi.org/10.3390/BUILDINGS10040077
https://doi.org/10.1016/j.ecolecon.2018.04.028
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.1016/j.jclepro.2017.12.111
https://doi.org/10.1088/1755-1315/225/1/012033
https://doi.org/10.1016/j.jclepro.2017.12.010
https://doi.org/10.1016/j.jclepro.2019.01.304
https://doi.org/10.1080/14606925.2018.1468169
https://doi.org/10.1016/j.destud.2007.02.002
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0057
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0057
https://doi.org/10.1016/S0959-6526(02)00153-1
https://doi.org/10.1111/jiec.12597
https://doi.org/10.4013/sdrj.20081.05
https://doi.org/10.1080/14606925.2017.1352686
https://doi.org/10.1016/j.resconrec.2019.03.045
https://doi.org/10.1111/jiec.12598
https://doi.org/10.3390/su8090937
https://doi.org/10.3390/su10103704
https://doi.org/10.1016/j.jclepro.2020.121134
https://doi.org/10.1007/s10551-015-2693-2
https://doi.org/10.1111/jiec.12586
https://doi.org/10.1016/j.jclepro.2018.06.112
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0073
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0073
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0073
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0074
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0074
https://doi.org/10.2307/330063
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0076
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0076
https://doi.org/10.1017/dsi.2019.344
https://www.circulairondernemen.nl/uploads/4f4995c266e00bee8fdb8fb34fbc5c15.pdf
https://doi.org/10.1007/978-3-319-72796-7
https://doi.org/10.1016/j.jclepro.2016.12.055
https://doi.org/10.3390/su10072133
https://www.pbl.nl/sites/default/files/downloads/pbl-2016-circular-economy-measuring-innovation-in-product-chains-2544.pdf
https://doi.org/10.1016/j.resconrec.2017.08.027
https://doi.org/10.1016/j.procir.2017.03.005
https://doi.org/10.3390/su8111212
https://doi.org/10.1016/j.envdev.2015.09.002
https://doi.org/10.1016/j.resconrec.2019.03.038
https://doi.org/10.1111/jiec.12732
https://doi.org/10.1016/j.jclepro.2019.117749
https://doi.org/10.1016/j.jclepro.2019.03.117
https://doi.org/10.1016/j.jclepro.2013.12.018
https://doi.org/10.3390/su10072415
https://doi.org/10.3390/su12041561


G. Dokter, L. Thuvander and U. Rahe Sustainable Production and Consumption 26 (2021) 692–708 

T

V  

v  

V

W

W

W

unn, V.S.C., Bocken, N.M.P., van den Hende, E.A., Schoormans, J.P.L., 2019. Business 
models for sustainable consumption in the circular economy: An expert study. 

Journal of Cleaner Production 212, 324–333. doi: 10.1016/j.jclepro.2018.11.290 . 
an Dam, S.S., Bakker, C.A., De Pauw, I., Van Der Grinten, B., 2017. The circular

pathfinder: development and evaluation of a practice-based tool for selecting 
circular design strategies. PLATE Product Lifetimes And The Environment 2017, 

102–107. doi: 10.3233/978- 1- 61499- 820- 4- 102 . 
an Stijn, A., Gruis, V., 2019. Towards a circular built environment: An integral de-

sign tool for circular building components. Smart and Sustainable Built Environ- 

ment doi: 10.1108/SASBE- 05- 2019- 0063 . 
an Weelden, E., Mugge, R., Bakker, C., 2016. Paving the way towards circular con- 

sumption: Exploring consumer acceptance of refurbished mobile phones in the 
Dutch market. Journal of Cleaner Production 113, 743–754. doi: 10.1016/j.jclepro. 

2015.11.065 . 
708 
astling, T., Charnley, F., Moreno, M., 2018. Design for Circular Behaviour: Con- 
sidering Users in a Circular Economy. Sustainability 10, 1743. doi: 10.3390/ 

su10061743 . 
ebster, K. , 2015. The Circular Economy: A Wealth of Flows. Ellen MacArthur Foun- 

dation, Isle of Wight . 
halen, K.A., Berlin, C., Ekberg, J., Barletta, I., Hammersberg, P., 2018. All they do 

is win’: Lessons learned from use of a serious game for Circular Economy 
education. Resources, Conservation and Recycling 135, 335–345. doi: 10.1016/j. 

resconrec.2017.06.021 . 

https://doi.org/10.1016/j.jclepro.2018.11.290
https://doi.org/10.3233/978-1-61499-820-4-102
https://doi.org/10.1108/SASBE-05-2019-0063
https://doi.org/10.1016/j.jclepro.2015.11.065
https://doi.org/10.3390/su10061743
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0100
http://refhub.elsevier.com/S2352-5509(20)31431-7/sbref0100
https://doi.org/10.1016/j.resconrec.2017.06.021

	How circular is current design practice? Investigating perspectives across industrial design and architecture in the transition towards a circular economy
	1. Introduction
	2. Literature review
	2.1 Introduction to the circular economy concept
	2.2 From design for sustainability to design for circularity
	2.3 Circular design of products and the built environment
	2.4 The role of designers and architects in a circular economy
	2.5 The importance of collaboration in a circular economy

	3. Methods
	3.1 Research approach
	3.2 Participant selection
	3.3 Data collection
	3.4 Data analysis

	4. Results
	4.1 The circular design process
	4.1.1 Increased complexity in the design process
	4.1.2 The use of data in the design process
	4.1.3 Design process of architects
	4.1.4 Design process of industrial designers

	4.2 Effects of the circular economy on design agencies
	4.2.1 Dedicated circular teams
	4.2.2 Business models in design agencies
	4.2.3 Developing strategies and methods to address circularity

	4.3 The changing role of the designer
	4.3.1 Establishing collaborations for a circular economy
	4.3.2 Designers as connectors
	4.3.3 Business thinking
	4.3.4 Designer as circular change agent

	4.4 External factors affecting circular design in practice
	4.4.1 Regulations and policies
	4.4.2 Materials in the circular economy
	4.4.3 (reverse) Logistics
	4.4.4 Understandings of and attitudes towards the circular economy


	5. Discussion
	5.1 Implementation of the circular economy concept across the disciplines of architecture and industrial design
	5.2 The effects of the circular economy transition on the practice of design
	5.3 Limitations

	6. Conclusion
	Declaration of Competing Interest
	Acknowledgments
	Funding
	References


