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Abstract: In the past decades, industrial design practice and research have focused extensively
on how to optimize production and consumption, as a way to prevent negative environmental
impacts, such as resource depletion, pollution, and excessive waste. Recently, the “circular economy”
concept is increasingly used to achieve environmental benefits and economic growth simultaneously.
Industrial design can contribute to a circular economy by fostering systems changes to achieve
durability, optimal reuse, refurbishment, remanufacturing, and recycling of products and materials.
Indeed, researchers have examined both the theoretical and practical aspects of how design knowledge
can support the transition to a circular economy. However, this body of knowledge has not
been systematically analyzed yet. To address this critical gap, this paper poses the following
question: How has industrial design research so far contributed to advancing the circular economy knowledge?
Accordingly, we survey relevant design literature focusing on the circular economy, through a review
of contributions published in 42 scientific journals. Based on our results, we discuss how industrial
design practices can potentially contribute to a circular economy across four thematic areas: (1) design
for circular production processes, (2) design for circular consumption, (3) design to support policy
towards the circular economy, and (4) design education for the circular economy.

Keywords: circular economy; circular design; sustainable design; design research; literature review;
design education; policy support; industrial design

1. Introduction

Planet Earth cannot sustain the current ways of human development. The negative side-effects of
human activity include climate change, destruction of natural ecosystems, and depletion of critical
resources on a global scale, jeopardizing the survival of our species [1]. The concept of sustainable
development is inextricably intertwined with the idea of staying within limits. In turn, this entails
slowing down our growth rate, which seems to be in striking contrast with the dominant economic
logic [2,3]. In this regard, the concept of the circular economy has recently emerged as a new paradigm
for creating the basis for a sustainable society.

The origins of the circular economy ideas are rooted in earlier engineering views about resource
efficiency and product life extension [4], as well as other strategies, including bioeconomy and its
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focus on deriving industrial inputs (e.g., materials, chemicals, and energy) from renewable biological
sources [5,6]. The circular economy paradigm was nonetheless catalyzed by the Ellen MacArthur
Foundation and the European Commission within business and policymaking [7–9]. From a theoretical
standpoint, the circular economy is defined as “ . . . a regenerative system in which resource input
and waste, emission, and energy leakage are minimized by slowing, closing, and narrowing material
and energy loops. This can be achieved through long-lasting design, maintenance, repair, reuse,
remanufacturing, refurbishing, and recycling” [10]. The circular economy promises to couple economic
growth and environmental benefits by increasing the efficiency of industrial activities [11]. Therefore,
the circular economy is perceived by businesses as a positive opportunity, instead of a limitation,
for transitioning towards a different development model [12,13]. As a result, its principles are becoming
some of the prominent guidelines for the design of industrial products and processes, but also for the
creation of new business models [14] and innovation ecosystems based on the collaboration of multiple
stakeholders [15,16]. However, it is also important to keep a critical perspective, since the ambition
of achieving economic growth and limiting environmental impact simultaneously may be based on
unrealistic techno-optimism [17]. Relatedly, the circular economy might help to lay the foundation
for renewed growth-driven economic strategies [18], but it might also sustain the current dominant
neoliberal political and economic ideas that represent one of the root causes of negative societal and
environmental impacts [2,19].

Design is fundamental to support the transition to a circular economy [20]. In the context
of this paper, with the word “design” we do not refer to the aesthetic and functional qualities
associated to a product, but rather to a creative, rational, and iterative innovation process to create
solutions to complex problems [21] and ultimately turn “existing situations into preferred ones” [22].
Over five decades of literature in the field of design clarify that this process can be applied at
different levels, ranging from the creation of graphics and symbols to the creation of material artifacts,
intangible services, and, more broadly, even complex systems such as entire cities [23,24]. Within the
wider field of design, industrial design is broadly understood as a discipline focusing on product and
service development [25]. As such, industrial design is indeed a process to solve complex problems [26],
and sustainable development can only be achieved by solving a multitude of interrelated complex
problems [27]. Thus, the connection between these two concepts is straightforward [28,29]. Accordingly,
academic research has produced an extensive body of knowledge on the subject, which may be labelled
with the term “design for sustainability” [19]. Seminal ideas on design for sustainability may be
traced back to decades ago and found in the work of Buckminster Fuller and Victor Papanek [30,31].
As explained in recent literature reviews, these ideas consolidated and evolved over time into several
streams [19,32] including ecodesign [33,34], product service system design [35,36], sustainable business
model design [37,38], and transition design [39]. Recent reviews have mapped these streams and
the evolution of design for sustainability [19]. More recently, “circular design” has been emerging
as a new frontier of sustainable design research [32,40]. There have been several recent studies that
explored various topics at the intersection between design and the circular economy. For example,
Tukker et al. [20] investigated the ways in which the concept of product service system design evolved
in relation to the circular economy. Lofthouse and Prendeville [41] analyzed the positioning of
human-centered design within the circular economy by bringing together insights from various fields
including economics, sociology, management, and ecology. Baldassarre and colleagues [42] discussed
how design can be applied on a strategic level for the creation of eco-industrial clusters, which represent
a physical manifestation of the circular economy.

Despite this growing interest, the majority of these studies have approached circular design
from a variety of perspectives and published in multidisciplinary outlets such as Journal of Cleaner
Production (e.g., [10,43]), Sustainability, (e.g., [44]), and Journal of Industrial Ecology (e.g., [12]). In journals
that are more specifically centered on industrial design research [25], the circular economy has not
been studied extensively and in connection to other disciplines. As such, the full potential of how
design can contribute to and advance the circular economy is far from released. While some scholars
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have provided an analysis of different streams of research within the broader rubric of design for
sustainability [19], specific streams—such as the role of industrial design for the circular economy—have
not been subjected to close scrutiny. As already explained, the concept of circular economy is based on
earlier engineering-related ideas [45], and design literature has already discussed some of these ideas
(e.g., [46]). However, the areas in which industrial design can advance the current body of literature
explicitly labeled as circular economy knowledge remain still underdefined. The aim of this paper is to
address these issues—and the gap they represent within circular design research—by investigating
the design field and identifying design practices that can be adopted by practitioners and further
studied by design scholars, and consequently that can foster circular economy projects and processes.
According to our aim, we pose the following research question:

How has industrial design research so far contributed to advancing the circular economy knowledge?

To address this question, we carried out a systematic literature review of articles published in
key industrial design journals identified by Gemser et al. [25] as the most influential outlets in the
field. The review identified a number of design practices in four thematic areas, which can potentially
contribute to the circular economy from different angles: (1) design for circular production processes,
(2) design for circular consumption, (3) design to support policy towards the circular economy, and (4)
design education for the circular economy. Addressing the research question above specified also gave
us the opportunity to shed light on where future industrial design research for the circular economy
might and should move forward.

The remainder of the article is organized as follows. Section 2 presents the methodology we
adopted for reviewing and synthesizing prior studies. We then present the results of the review in
Section 3. In Section 4, we discuss our results as potential avenues for future research.

2. Methods

Our review examined articles published in 42 key industrial design journals. The selection of
journals stemmed from a study that identified 40 journals as particularly relevant for industrial design
research; the study was based on an online survey for design scholars that assessed journals in terms
of two quality metrics: popularity and indexed average rank position [25]. To this list, we added
two recent journals (She Ji and Design Science), which were launched after Gemser et al.’s article was
published, are indexed in Scopus, publish in English language, and have design as their core focus.
The final list of journals included in our review (Figure 1) is also consistent with other previous reports
based on surveys among design scholars [47].
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The journals included in this review were searched for the term “circular economy” (in all the
text of the articles) using both Scopus and Google Scholar. We considered articles published in each
journal until January 2020. Figure 2 presents our process of searching and locating relevant articles
included in this review. To ensure methodological rigor and quality, we followed the guidelines of the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) protocol, which was
developed by an international network of collaborators within the healthcare field. It proposed an
evidence-based set of items to report in systematic reviews and meta-analyses [48,49]. In our case,
the PRISMA protocol was articulated into three steps: (1) identification and screening of all relevant
articles, (2) eligibility assessment, and (3) decision for inclusion/exclusion.
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Figure 2. PRISMA flow diagram, which reports the number of articles examined through the chosen
systematic review protocol.

We initially identified 97 articles, which were screened to check whether the term “circular
economy” was included (identification and screening phase). The initial search returned also articles
that were marginally connected to the circular economy (i.e., the term only appeared in the reference
list or was used in a sentence for which the circular economy was not a central theme). To filter out
these articles, two of the authors scanned the full text of all the articles retrieved (eligibility assessment
phase) and decided to exclude 34 of them, resulting in a final sample of 63 articles. These articles were
independently examined by two of the authors of this review, who produced a table in which the
bibliographic data and the core content of each article were reported and summarized. We enclose as
an appendix a file containing bibliographic information of the articles reviewed.

To cluster articles exploring similar topics, we proceeded according to two intertwined processes:
(1) the authors categorized the articles identifying key topics for each article and grouping the articles
in relation to similarities in topics (following processes described in [50,51]); and (2) the authors
continuously readjusted the categorization in relation to broad and core ideas elaborated in key
literature and reports on circular economy [10,43,52]. We used these ideas to support an inductive



Sustainability 2020, 12, 10279 5 of 19

approach for the analysis of qualitative data [53], commonly used in literature reviews to interpret
concepts and identify emergent themes [54]. Since there are no previous systematic reviews on how
industrial design research treats the concept of circular economy, we found an inductive approach
particularly suited to make sense of a still fragmented knowledge [55]. The categorization process
followed these steps [56,57]: (a) open coding phase: two of the authors read the full text of each article
in parallel and assigned some preliminary freely generated labels to each article; (b) grouping: the two
authors grouped the labels under higher-order headings; (c) categorization: all the authors readjusted
the headings and elaborated the final categories also taking into consideration other integrative
scholarly work [10,43] and other reports [7–9,52] on circular economy. Based on this process, our review
identified four major thematic areas: (1) design for circular production processes, (2) design for circular
consumption, (3) design to support policy towards the circular economy, and (4) design education for
the circular economy. In the following sections, we discuss these practices and the role of design for
each theme.

The review also showed a substantial increase over time in the number of articles exploring circular
economy in industrial design journals (see Figure 3). The journals that published the highest number
of articles are The Design Journal (34 articles), Materials and Design (7 articles), and She Ji (3 articles).
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3. Results of the Thematic Analysis

3.1. Design for Circular Production Processes

Scholarly contributions pointed out that the development of products, institutions, and systems to
recycle, remanufacture, and reuse is one of the key themes for design innovation [58] and design-driven
manufacturing processes [59]. In our sample, we have identified a good number of articles (37) that
refer to the role of design for innovating and optimizing the production and manufacturing processes
with a focus on the circular economy. These articles revolve around three main design practices:
distributed manufacturing, open design, and design for value recovery.

As for distributed manufacturing, there is an increasing scholarly interest, especially in
relation to the makers movement, fab labs, additive manufacturing, and digital fabrication.
Distributed manufacturing can be conceptualized as a network of small-scale manufacturing units
that facilitates localized production in community-based workshops [60]. It is seen as a promising
production model that supports the circular economy by shortening supply chains and reducing
transportation impacts through localized manufacturing, thus achieving an environmental impact
reduction throughout the product’s lifecycle—which is also a key tenet of eco-design [61]. In our sample,
Mullagh et al. [62] studied small and micro maker enterprises in Cumbria (UK), which use wool as their
main material. Their findings suggest that holistic design approaches appear to enable enterprises to
source sustainable and ethical materials, to design sensitive to place, and to consider waste and longevity
of products. Markou et al. [61] examined the environmental implications of additive manufacturing
in early design phases. Their findings suggest that there are a number of meta-requirements
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that should be taken into account to support environmental decisions within multidisciplinary
design teams during creativity sessions. These include (1) enabling environmental experts to share
their knowledge, (2) identifying the inputs and outputs of activities (e.g., additive manufacturing),
(3) integrating environmental considerations through process tasks, timelines, and information
exchanges, and (4) integrating additive manufacturing and lifecycle considerations into the early
design activities. A few authors provided a more critical and in-depth overview of the possible
limitations of the maker-based distributed production models and their environmental value and
impact [63]. In particular, even though such approaches might play an important role in involving a
range of stakeholders in circular design practices, they do not necessarily lead to the creation of products
with longer lifespans or diminish production and consumption by replacing mass production [63].
Although the makerspaces and fab labs with strong ecology-oriented visions and programs can provide
important role models, the consequences of personal fabrication approaches “often seem to be invisible
in Fab Labs in the global North: the reality of the supply chains outside the Labs, the reality of
electronic component manufacturing and the toxic reality of e-waste” [63]. Fab Labs and similar
spaces must adhere to guidelines and replicable processes that facilitate a more sustainable approach
to co-creation [64]. Others noted how “there is a visible risk that the innovative momentum of ‘making’
gets lost in response to market pressures, lacking awareness of customers and makers not yet able to
capitalize on their collective powers, missing the chance of innovating their own ways of collaborating
in interdisciplinary teams” [65]. This, in turn, might limit the impact of the maker movement on
circular design practices.

The second core area of focus is open design, which is a topic partly related to and often discussed
in the context of distributed manufacturing. Open design is a practice in which publicly shared design
information enables collaboration and local production, such as in the case of the makerspaces [63].
Several papers have provided a critical review of the steps towards the implementation of open design
practices for the circular economy. Some of these studies have been conducted within the textile
industry and pointed to the need to more openly share knowledge, skills, resources, and experiences
so as to fully re-evaluate the ethical aspects of textile production [66–69] and support circular design
approaches [61,70]. To this end, Smith [71] explored the barriers and opportunities associated with
localized manufacturing in the context of rural maker centers in Scotland. The author suggests
that local manufacturing can shorten supply chains for certain products and respond to the local
needs quickly in remote regions. This can be achieved by a dispersed but connected network of
different types of maker centers at domestic, industry, community, and regional levels, which can
address the needs of citizens, businesses, and industry and scale up innovations from the local level.
Moorhouse and Moorhouse [72] explored a number of initiatives by large multinational companies,
smaller niche brands, or more experimental educational projects to implement open design practices
aimed at zero waste fashion. An example for such practices is Re.Verso, a business collaboration among
three Italian textile mills, which enables manufacturers to process their surplus waste through an
innovative supply chain system. Fashion brands and retailers can use the “open door” platform
to transform their textile waste into high-quality fibers and eventually knitted and woven fabrics
for fashion. Another case study in the fashion industry looks at the diversity of roles, values, skills,
and methods that fashion activists can adopt and at some of the challenges and opportunities for
designers and researchers interested in transforming the fashion system towards sustainability [73].
Scholarly works that look at other industry sectors are sparser. Gallagher et al. assessed a conservation
charity and their management approach, which combines open and design-driven approaches to
support renewable energy projects [74]. They suggest that a design-driven approach can enable
firms to understand, anticipate, propose, and influence new product meanings and languages,
and enact its stakeholder network to contribute to a low-carbon community. Similarly, Morel et al. [75]
presented the case of an automotive company and how it leverages its eco-innovation community
via the creation of a common culture, original structures, and collaborative practices. Two processes
play a prominent role in this approach: (1) a collaborative lifecycle framework, which enables
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community to explore, engage, elucidate, and evaluate the innovation in development, and (2) a landing
process that guarantees its successful implementation. Watson and colleagues mainly focused on the
capabilities needed to foster multistakeholder collaboration in environmental innovation, including
circular models: specific operational capabilities (e.g., scientific expertise, design, manufacturing,
technological, and marketing capabilities); first-order dynamic capabilities to manage the engagement;
and second-order dynamic capabilities “to make use of contrasting ways of seeing the world to reframe
problems, combine competencies in new ways, and co-create innovative solutions (value framing),
and to learn from stakeholder engagement activities (systematized learning)” [76]. Others use inspiration
from “systemic design” to foster strategies and approaches for the circular economy [77], develop tools
and methods for sustainability-oriented decision-making [78], and facilitate collaboration in challenges
related to the circular economy, which are of a connected nature by default [79].

Lastly, design scholars studied the concept of design for value recovery, which looks at ways in
which design can work with materials to retain and make better use of their value. Several papers
looked at design methods to facilitate value recovery [80]. Mont [81] focused on product durability
and researched various design methods to lengthen the product lifespan (e.g., design that can be
upgraded or reused, easily maintained, replaced; design for remanufacturing; design for upgrading;
mass-customization; timeless design) and strategies that can maximize the utilization rate of consumer
durables (e.g., shift from consumer ownership to producer ownership; shift from supply chain to
value chain actor-networks). Haug [82] described “resilient design” with a fine-grained classification
of both causes of product replacement and organizing means to extend the longevity of products.
Cong et al. [80] suggested a method to improve end-of-use product recyclability through a sequence of
steps that evaluate various end-of-use scenarios and then analytically define which components of a
product are more suitable to be disassembled, recycled, and reused. Goldsworthy [83] proposed to take
into account the multiple rhythms and speeds (e.g., slow and fast fashion speed) within a product’s
entire lifecycle in order to design effective circular fashion products. For example, extending the
lifetime of a “fast product” might not necessarily be more sustainable if it comes at the cost of
recyclability, or if durability is achieved through material features that require care and laundry
with higher environmental impacts. By visualizing the speed of a product in different stages of its
lifecycle, designers can become aware of the notions of “speed”. This can allow them to consider
and engineer multiple and proportionate speeds on the basis of products’ environmental impacts in
different stages of their lifecycle and, in turn, support them in more effectively retaining the value of
materials. Lastly, some scholars examined the characteristics of construction materials in light of circular
production models or the use of waste as a core development material [22,68,69,84–92]. For instance,
Turrini explored the tradition of creating objects and furniture out of cardboard as a manner in which
short and circular production chains can be activated [93]. To activate such circular production
processes, designers will have to learn how to manage complex, large-scale, and cross-disciplinary
processes and an increasing high number of virtual work platforms and extensive human–machine
and human–system interactions, and consequently, a significant input from the fields of ergonomics
and human factors is expected [94].

3.2. Design for Circular Consumption

Besides circular production, a handful of authors studied what we refer to as circular consumption,
and explored how consumer behavior and perception, with a focus on the different phases of
consumption from purchasing to use and maintenance, can support the implementation of the circular
economy. Bhamra et al. [95] highlighted the role of routines and rituals in using, maintaining, repairing,
disposing, and recycling products. They suggest that a lack of awareness, information, and concern, as
well as being locked in certain lifestyles are barriers that need to be overcome and taken into account
when designing interventions and products to change consumer behavior. Ackermann [96] explored
the motivational aspects of repair and maintenance behavior. The author argued that a focus only
on design of products for ease of repair and maintenance is not enough; consumers should also feel
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motivated to care for their products. Two factors that play an essential role in influencing consumer
behavior are consumers’ motivation and their ability to repair and maintain. Besides these two factors,
triggers related to, for example, appearance, time, or previous care experiences are needed to enact
consumers to care for their products. Similarly, numerous authors examined how a closer understanding
of the attitudes and perspectives of end-users as it pertains to ownership, disposal, and reuse of
objects, and the key mechanisms behind caring for one’s possessions (e.g., affection, responsibility,
and commitment) can greatly help extend the lifespan of products [66,67,69,97]. While assessing six
German hospitals and their recycling performances, Vogt and Nunes [98] analyzed some motivational
factors for environmental behavior. Their study pointed out how methods to make efficient waste
handling at work easier (e.g., communication design oriented towards providing information and
feedback to staff, clear labelling design, and re-organizing the physical layout of spaces so as to
host several waste bins) are viewed as probable success factors that can lead to more sustainable
staff behavior.

Other authors focused on educational and communicational aspects. Fassio [99] developed an
online intervention, in the form of a website, which aimed at providing fine-grained information on
food supply chains and stimulating sustainable behavior. The website provides gaming opportunities
where end-users can play the role of an entrepreneur and make choices regarding the supply chain
(e.g., what kind of irrigation system to implement for their farm or what kind of ingredients to use
when producing jam). Every single choice can potentially affect the sustainability and circularity
of the final product distributed to the market. The idea is to educate the players and make them
aware of the importance of purchasing food that has been produced through processes grounded
into the circular economy. Mugge et al. [100] studied consumers’ acceptance of refurbished products
as an alternative to purchasing new ones. Their findings suggest that especially visual information
(i.e., signs of wear and tear) about prior use negatively impacts consumers’ evaluations of refurbished
electronics. This has implications for designers in choosing different refurbishment options and
increasing the likelihood of customers’ acceptance of refurbished products. Vanhamäki et al. [101]
sought opportunities to use “information design” to promote environmental awareness, produce more
understandable information about renewable energy possibilities, and stimulate consumers to make
investments in renewable energy solutions. Visualizing complex data in the form of story-based
visualizations, such as animations, appears to better accommodate the information needs of rural
actors in comparison with posters or other graphical visualizations.

3.3. Design to Support Policy towards the Circular Economy

Another group of authors researched the support that design can offer to public administrations
when creating policy actions, legislation, and other measures that implement the circular economy.

Some authors looked at how, in such contexts of intervention, design processes
can significantly support participation and inclusion of citizens and other stakeholders.
Munthe-Kaas and Hoffmann [102], for example, looked at “compositionist design” as a way to create
“things” (i.e., collectives of humans and non-humans, which can be sustained and nurtured by design
action), and at how it can support public participation and inclusion of citizens when planning the
future of our cities. Their findings support the idea that a design approach can foster more inclusive
governance processes. Reitsma et al. [103] studied how climate fiction stories can be used as a prompt
to engage different societal stakeholders and experts in debates around moral, ethical, and societal
issues in the transition towards a low-emission society. The authors suggest how these stories can
potentially “be extended as a tool to back-cast societal change and policy making” [103].

A lack of theoretical accuracy around the concept of the circular economy could not only prevent
designers from coming up with effective solutions but also prevent policymakers from developing
concrete actions and policies to support and promote the uptake of the circular economy. Indeed, the lack
of clear definitions of the concept of the circular economy prevents the root problems of economics on
growth being solved [104]. The need to provide such theoretical accuracy prompted several authors
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in presenting theoretical considerations to position the concept of the circular economy in relation
to other design for sustainability approaches [19,41]. Ceschin and Gaziulusoy [19] highlighted how
various design for sustainability approaches (e.g., cradle-to-cradle design, biomimicry, eco-design,
systemic design, product-service system design, and design for transitions) are critical in implementing
circular economy solutions; the article also reviews a number of articles and projects that point toward
potential policy and innovation pathways. Lofthouse and Prendeville [41] analyzed the positioning
of design within current circular economy studies, noting how they tend to reflect a “dominant
positivist paradigm that leads to the treatment of users as passive subjects of innovation” [41],
rather than considering how design can foster more participatory innovation processes. These papers
complement previous detailed and historiographical assessment on design and its environment in all
its definitions [105]. The intention of these studies is to offer a more accurate view of concepts and
theories connected to the circular economy, thus providing fine-grained analytical and interpretive
instruments to those institutions and policymakers that need to support the development and uptake
of the circular economy in society.

Some other authors examined specific government and policy measures that could support
the circular economy. Cooper [106] studied how some key components of broad economic
infrastructures—such as the potential of fiscal reform to alter the costs of manufacturing and after-sales
services, the environmental objections to industrial concentration and free trade, and the manner in
which economic progress is measured—can foster sustainable product design and maximize products
designed with minimal environmental impact. Thackara [107] focused on the (re)connection between
urban and rural systems using “bio-regions” and proposed a “circular bioregional framework” and
new shared metrics for measuring value: “If health of place is to replace money as a shared value
metric, we will have to describe and measure ‘health’ with greater precision than we do now” [107].
Lastly, he put forward ideas on enabling conditions for system change, such as the reconnection of
urban and rural and place-specific social infrastructures. Barbero and Bicocca [108] described an Italian
circular economy project oriented toward cultivating design-driven and collaborative engagement of
universities and political commitment of local authorities, government offices, associations, and public
bodies to join forces and create a more systemic view and a broader approach in territorial development.
Battistoni and Barbero [109] argued that there is an opportunity for systemic design to support the
development of eco-entrepreneurship incubators, which can boost local circular economies by training
and offering advice to local companies and other organizations and by helping them operate in a more
sustainable way. The authors provide some indications for policymakers to support such incubators:
(a) offering economic support and tax breaks to help companies transition to more sustainable
manufacturing technologies and biofuels, (b) involving such actors in more collaborative policy design
processes, and (c) enhancing the creation of a sharing economy through fewer legislative barriers.

3.4. Design Education for the Circular Economy

A variety of scholars shared ideas on how the circular economy is taught in design schools.
Many authors converge on the need to modify and broaden the current curricula of design schools

to include key circular economy approaches and related processes for product design, co-creation,
management, and marketing [110]. To this end, design education should more closely embrace
experimental approaches in open design and distributed production paradigms, which can support
the uptake of circular economy practices [111]. By focusing on open design and distributed production
experiments and inviting others to participate in those experiments as a form of co-creation, a new
cohort of future designers will be educated so as to be better prepared to contribute to a future circular
economy. Virtanen et al. [112] assessed a Circular Material Library (i.e., a library containing a selection of
available recycled materials) to understand how it can impact circular re-thinking and re-designing of
products. They found that such tools can help to develop circular economy competencies in designers
and companies, particularly with regards to using recycled materials to replace virgin ones and creating
collaborative networks through symbiosis products that are made of recycled and other materials.
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Past and current experiences of education programs that clearly oriented their activities toward taking
into consideration the circular economy can provide insights on how to reshape curricula of design
schools. Earley [113] chronicled the last two decades of the Textiles Environment Design research
group at the University of the Arts London and revealed the effect circular design had on different
projects at the intersection of educational, research, and practice-oriented activities.

Several other papers discuss in detail the particular skill sets that designers need in order to
address complex challenges behind the circular economy, in particular collaboration, facilitation,
and negotiation skills [114,115]. These skill sets can support lifecycle thinking, which has now
become “a fundamental principle for developing new designs and managing their life scenarios
appropriately in contributing to a circular economy” [114]. Haemmerle et al. [116] argued that current
design education does not teach the practical expert knowledge needed to operate in the field of
sustainability. In order to address this gap, Mestre and Cooper introduced a conceptual framework in
which technical cycles—that is, “technical and/or technological use and transformation of material and
energy resources, and their design optimization to the highest possible levels of efficiency” [117]—and
biological cycles—that is, “the biological design solutions occurring in (or inspired) by the natural
ecosystems, in which materials are cycled in nature over time” [117]—are leveraged to frame circular
economy design interventions. Such a framework could be used “to initiate a discussion about the role
of design in higher education” [117]. By analyzing a research project aimed at studying how textile
waste can be recycled through more sustainable chemical processes, Earley showed that it was vital
for the designers and the design researchers in the project to develop communication skills to build
bridges between the different partners involved [118].

4. Discussion and Conclusions

4.1. Contribution of Industrial Design Research to Circular Economy: Thematic Areas

This paper, by means of a systematic literature review, uncovers how industrial design research
has played a role in advancing the circular economy. In particular, we identified four thematic areas,
which are relevant to show where the focus of industrial design research has been placed so far, and to
foster a debate on what design research may focus on in the future. Figure 4 presents a visual summary
of the main categories that emerged from our study, which are well aligned with the key themes
that are stressed in seminal reports related to circular economy [7–9,52]. We summarize our findings
in Section 4.1. Then, in Section 4.2, we discuss how design research can inform future design and
interdisciplinary research on the circular economy.

Several contributions explored how design can optimize the production processes to support the
circular economy. This focus is by far the biggest thematic area, with a highlight on three main design
practices: distributed manufacturing, open design, and design for value recovery. A majority of studies
show how design can contribute to the circular economy by understanding diverse stakeholders
(i.e., users, experts, businesses, and local actors) (e.g., [63–65]), imagining desired future states of
production (e.g., [60,71]), applying holistic approaches (e.g., [77]), proposing various business processes
(e.g., [74,75]), as well as creating new product meanings and languages (e.g., [68,69]). Most scholars
describe case studies around these practices and propose frameworks, approaches, and tools. This is
natural as design scholars often conduct research that employs methods, practices, and processes
of design practice in generating knowledge [119]. In many cases, these studies present actionable
information and content that can be of interest for practitioners (e.g., detailed descriptions of the
application of design tools, methods, and frameworks in specific contexts related to the circular
economy). As also illustrated in the report Towards the Circular Economy of the Ellen MacArthur
Foundation, effective design approaches are needed to support businesses and circular processes [52].
In this regard, industrial design research can contribute to the circular economy by building on design
knowledge to create design interventions and related methodological approaches and tools that can
address contextual needs.
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Other scholars focused on design for circular consumption, exploring how design could influence
pro-environmental consumption behavior. Contributions mostly circle around two aspects. First, it is
critical to have a clear understanding of consumers’ routines, rituals, and motivational aspects of
using, maintaining, repairing, disposing, and recycling products (e.g., [95]); such understanding can
help in the design of longer-lasting products and support the implementation of the circular economy
(e.g., [67,97]). Second, visual and communication design—for example, applied to flyers, product
labels, and websites that present key characteristics of products and services and the way in which
they leverage circular economy processes—can greatly help to educate consumers (e.g., [99,100]).
The relevance of empowering consumers for sustainable consumption is also underpinned by the
literature review of Camacho-Otero et al. [44], as well as in the new Circular Action Plan of the European
Commission [8]. A new generation of ethical consumers is pushing companies to rethink their purpose
and business models. According to a trend report released by the global design and innovation
consultancy Fjord, “organizations will need to redesign their systems and business models to fit the
“circular economy”, where consumers are active participants, and sustainability is built into their
products and services” [120]. The need to develop new business models and consumption patterns is
also confirmed by academic literature outside design research, for example, by scholars who have been
working on circular business model design [121,122].

Our review also shows that there are some 10 contributions regarding how design can support
circular economy policies. Some of the reviewed papers provide actionable advice that mostly revolves
around two aspects: (1) how design processes and methods can support the engagement of citizens and
other stakeholders in a more collaborative policy making (e.g., [102]), (2) how policymakers can support
the circular economy (e.g., by providing economic support and tax breaks to help companies transition
towards manufacturing pipelines and distribution systems that are more grounded into the circular
economy) (e.g., [108]). Other contributions are more theoretical in nature and only indirectly support
policy making by specifying the distinction between various and adjacent design for sustainability
approaches (e.g., cradle-to-cradle design, biomimicry, eco-design, systemic design, product-service
system design, and design for transitions) [19] or by clarifying the potential of a human-centered
design approach while working on circular economy projects [41]. This granular view of design can
help government agencies and policymakers understand the potential of design and how it can be
supported within broader policies for the circular economy [123].
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Finally, the last category that emerged from our review groups papers that study how design
education relates to the circular economy. Some of these papers analyze current curricula of design
schools and note how these curricula should be modified so as to include key circular economy
approaches (e.g., [110,111]). While at school, design students should be exposed to and possibly
experiment with approaches such as open design or distributed production paradigms and get familiar
with processes that can promote the circular economy. Some other papers look at the skill sets
that designers need to have to effectively support circular economy projects, such as collaboration,
facilitation, and negotiation skills, which allow designers to better work together with experts in circular
business, production, and distribution models and lifecycle thinking (e.g., [114–116]). Building capacity
for the circular economy and design starts by investing in education. According to the report Towards
the Circular Economy from the Ellen MacArthur Foundation, “strengthening the education of future
generations of entrepreneurs, designers, chemical and industrial engineers, of procurement officers,
and product managers, will be critical to completely rethink and overturn today’s linear world” [52].

A few more reflections emerge from a comparative analysis of the 63 papers included in our
research. Over time, design studies concerned with the circular economy have started to adopt a
wider perspective, which conceptualizes design interventions as components of broad socio-technical
systems. This perspective oriented towards systems thinking has emerged more strongly in recent
studies (e.g., [107,108]), where the authors tend to focus on the organizational, structural, systemic,
and economic levels of the design process. In terms of scale, it is as though the more recent studies
reviewed in our paper operate at a different level of zoom and strive to get a broader view of design as
entangled in socio-technical systems. Obviously, for some of the categories we reviewed, for example,
Design to support policy towards the circular economy, having such wider outlook is critical as studies
relating to policy have to take into consideration interplay of multiple societal stakeholders and factors.
In other categories (e.g., Design for circular production processes), a significant number of studies adopt
a closer level of zoom on the material aspects of design by looking at the properties of construction
materials. As such, the way in which the concept of the circular economy is approached is not
homogeneous across all the categories reviewed in our study.

The publication pattern shown in Figure 3 highlights a substantial increase over time in the number
of articles exploring circular economy in industrial design journals. However, not all the categories
have developed over time according to the same pattern. In particular, the category of Design education
for the circular economy has developed quite recently and a bit later than the other categories. This shows
that the concept of the circular economy has gained a centrality within the current debates in industrial
design research and, as such, it is deemed as a critical theme to revitalize current educational curricula
in light of the environmental challenges that our planet is facing. Within these debates, various authors
(1) stress the potential of design methods and approaches to foster the engagement and collaboration of
the diverse stakeholders needed to operate at scale on circular economy interventions, and, therefore,
(2) point to the need of facilitation skills among designers. However, only few authors realize how
such multistakeholder collaboration is rooted into power dynamics and that design is inseparable from
politics (e.g., [102]). As such, industrial design research should try not to overemphasize the potential
of design-driven collaborations and rather try to grasp more accurately the complexity of real-world
problems as strictly entangled with dynamics of power and authority.

4.2. Avenues for Future Research

In spite of this significant potential, there are still critical areas and open issues that industrial
design research needs to address more thoroughly by also drawing on insights from other disciplines.
According to the results of our systematic review, empirical research on how design knowledge and
expertise can advance the circular economy is still limited. In particular, the majority of studies
propose approaches and tools that are generally only piloted in one particular context. However,
there appears to be a need for further understanding, testing, and implementing of these approaches to
learn what works and what does not. This is essential to generalize insights, and therefore to increase
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the impact of design research for the circular economy. Consequently, as a first point, we suggest
that, besides proposing new design tools, methods, and frameworks, design researchers should also
carefully assess possibilities and limitations of existing ones. Such assessment should also take into
account how existing tools, methods, and frameworks can be applied in different contexts that face
similar problems [124,125]. Second, and linked to the first point, we encourage more case studies
and interdisciplinary research on the proposed design practices that can foster circular economy
projects and processes. Case studies can be used precisely to examine how specific design practices
(and, therefore, specific tools, methods, and frameworks) played out in one or (ideally) multiple
contexts of interventions. This knowledge could help not only practitioners and scholars but also those
education programs that want to embed the circular economy in their curricula. Third, the circular
economy requires the involvement of diverse actors (e.g., citizens, businesses, and governments) at
domestic, industry, community, and regional levels; creation of new business models, and scaling
up innovations [71]. This calls for industrial design research that draws on insights from other
disciplines. Fourth, our results highlight that current research tends to focus on some preferred
areas of investigation, such as how design can optimize production processes and can influence
perceptions and behavior on consumption. Fewer contributions look into how design can contribute
to better policies and regulations. Moreover, some industry sectors (e.g., the textile and fashion
industry or consumer electronics) and geographic areas (e.g., the UK) are more studied than others
(e.g., [60,70–72,97]). Consequently, we encourage future research investigating other sectors and
geographic areas, where specific socio-economic, cultural, or industry conditions might affect the way
in which design practices and circular economy processes play out.

As a more general consideration, we also note that multidisciplinary research on the circular
economy is still emerging [126]. As suggested by Kohronen and colleagues, the “basic assumptions
concerning the values, societal structures, cultures, underlying worldviews and the paradigmatic
potential of circular economy remain largely unexplored” [127]. Industrial design research can
contribute to expanding theoretical considerations on the circular economy, especially if design scholars
engage in multi- and trans-disciplinary research that links design to scholarly contributions presented
in other fields. To address this issue, industrial design research on the circular economy should not
be inward oriented but make links to other disciplines. Knowledge coming from natural sciences,
engineering, business studies, and other fields should complement and broaden the perspective of
design research.

The need to make links to different research streams is valid within design research as well. In the
past decades, communities of design researchers and practitioners clustered around terms such as green
design [128], eco-design [129], design for sustainability [130], or transition design [131]. Under each of
these rubrics, different bodies of design practices and theories have been developed [19], which overlap
in many ways with design research on the circular economy. This fragmentation of knowledge is
detrimental because it results in a loss of relevant insights. It is important to link different research
streams to consolidate the design knowledge and advance the design field with regards to circularity
and sustainability.

Finally, we note that the very concept of the circular economy has been criticized due to its
link to the current dominant neoliberal political and economic landscape [19]. With its focus on
closing material loops within the current business paradigm, the circular economy can possibly
lay the foundations for renewed growth-driven economic strategies rather than counteracting the
current pro-growth discourse, which does not acknowledge the social and environmental crises we
are facing [18]. As such, the circular economy could be used as a way to decouple economic growth
from environmental impact, for example, through “the adoption of cleaner production patterns at
company level, an increase of producers and consumers responsibility and awareness, the use of
renewable technologies and materials” [43]. A different typology of circularity discourses exists,
which classifies circularity visions according to their position on fundamental social, technological,
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political, and ecological issues [132]. Industrial design research should more carefully reflect on such
critique, and design researchers should more clearly acknowledge such critique.
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