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Designing the Sustainable Circular
Economy: From Products to Politics

Gavin Brett Melles and Christian Wolfel

1 Circular Economy in Context

Climate change demands global shifts away from fossil fuels and respect for devel-
opment within safe ecological limits (Meadows et al. 2004; Rockstrom and Steffen
2009). As the most recent expression Our Common Future (World Commission
on Environment and Development (WCED) 1987), the 17 Sustainable Develop-
ment Goals (SDG) goals, targets and actions attempt to formulate processes by
which growth might be sustainably achieved. In particular, business and industry
are invited to focus on the goal SDG12 of sustainable consumption and produc-
tion including through decoupling resource use and emissions from growth (Fisher
2020). The circular economy discourse has become in many jurisdictions, includ-
ing the European Union (EU), the answer to achieving SDG12 and in many cases
supplanting sustainable development as the goal itself (Harris et al. 2021). In so
doing, the broader scope of systems change required by sustainable development
has been unjustly forgotten or actively displaced (Blum et al. 2020).

Mainstream sustainable development is based on a mixture of market environ-
mentalism (Fox et al. 2006), ecological modernisation (Pepper 1999), and populist
discourses about human-nature connections (cf. Ives et al. 2017). Sustainability
as a process is largely driven by technological innovation, green growth, volun-
tary regulation, and markets (Adams 2009). In contrast to this optimistic technical
narrative, strong sustainable development is an agenda of socio-economic reform
respecting ecological limits (Neumayer 2003), which envisages stronger regulation
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and policy, ecological economics, and an inclusive sustainability transition (Baker
2013).! The circular economy approach is at home in the mainstream sustainable
development legacy, while scepticism about the capacity of technical and busi-
ness innovation to promote growth finds expression in contrasting circular society
narratives (e.g. Millar et al. 2019).

Given the dramatic nature of climate change emissions, a mainstream approach
to sustainability is no longer a viable discourse for sustainability transitions.
Hence, reconciling continued growth with reduced resource use and ecological
thresholds appears to lead to contradictions in emissions (Hickel 2019). Far more
ambitious approaches to change are required to achieve an ecologically sustain-
able transition for the planet (Soergel et al. 2021). Unless a multi-solving logic
which identifies the interactions among social, environmental, and economic goals
is adopted—the SDG project is likely to be fragmented and unsuccessful (Nilsson
et al. 2016). This is where the idea of a sustainable circular economy and circular
society can show what requirements are needed for real change.

2 Circular Economy as Engine of Change?

The circular economy model has been strongly promoted in Europe, China and
other regions as the answer to green growth and transformation to a new socio-
technical regime (Domenech and Bahn-Walkowiak 2019; Leipold 2021; Mathews
and Tan 2016; Rudolph 2018). The EU sees the Circular Economy as a key mech-
anism in all sectors for the EU Green Deal and climate neutrality by 2050 (Rofifah
2020).

It is a familiar narrative of ecological modernisation (Christoff 1996). In its
popular form, as adopted by governments and other actors, it offers an appeal-
ing rationale for business opportunity and industrial production and consumption
decoupled from resource use and waste (Ellen MacArthur Foundation 2013). It is
a model which builds on a history of discussion about minimising resource use,
decoupling resource use from growth, and creating a more sustainable production
and consumption system or performance economy? (Stahel 2020). However, latest
independent reports suggest, the approach, has had a sustained global uptake of
less than 9% (Morat6 et al. 2019; Platform for Accelerating the Circular Economy
(PACE) 2020; de Wit 2019).

Criticisms of the concept as an umbrella term (Homrich et al. 2018) point to
its origins in a variety of scientific, e.g. industrial ecology, and semi-scientific
concepts and as a depoliticization of key socio-economic factors of sustainable

! Baker’s Ladder of Sustainable Development spells out the multi-dimensional implications of the
continuum of discourses or paradigms, including strong and weak sustainability.

2 Stahel (2010) links this notion with a dematerialized economy with no waste streams—recycling
being excluded—and focused on meeting human needs in an economically feasible way, including
through carbon taxation and other resource redistribution tactics. In this way, a factor 10 reduction
in consumption and GHG emissions will be achieved.
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growth (Corvellec et al. 2021). Basic assumptions concerning the values, societal
structures, cultures, underlying worldviews, and the paradigmatic potential of CE
also remain largely unexplored (Korhonen et al. 2018). Critics have also identified
theoretical and practical weaknesses in the mainstream proposals, including the
rebound effect of increased consumption (e.g. Makov and Vivanco 2018), and a
disconnect from sustainable development (Garcia-Muifia et al. 2019).

Although protagonists see the spread and popularisation of the model as the
goal—circularity for circularity’s sake (Harris et al. 2021), any assessment of its
value must be measured by its contribution to sustainable development (Blum
et al. 2020). Indeed, a circular economy (and society) can only be considered
sustainable, when it leads to respecting planetary boundaries (Desing et al. 2020).
With reference to the SDGs, the aim of sustainable consumption and production
is of relevance to the approach. Several other goals, e.g. SDG 7 Affordable and
Clean Energy, identify elements which also can play a role, especially in the
socio-technical realm of the economy (Ghosh 2020).> However, if the circular
economy is to contribute to these goals several theoretical, semantic and practical
weaknesses in the current formulation need repairing (Millar et al. 2019).

Given its limited global uptake and the relatively conservative nature of the
changes, e.g. increased recycling rates, product longevity, etc., the mainstream cir-
cular economy could be seen as an ‘adjustment’ rather than a disruptive change.
Circular economy assumes a mainstream neo-liberal economy and does not
address how markets, society, government, and the environment interact (Stege-
man 2015). Thus it ‘lacks an economic theory that can pragmatically guide
the transition from the prevailing neoclassical model towards one that would
drive the transition towards a sustainable circular economy and be palatable for
governments’ (Velenturf and Purnell 2021, p. 1453).

3 Multi-level Sustainability Transition(s)

One striking weakness of discussions of circular economy is that its implemen-
tation is seen as the goal itself rather than a means to an end—sustainable
development. Multi-level perspective on sustainability transitions theory is a
‘middle-range framework’ (Geels 2011) for a new configuration of production
and consumption processes in contexts of broader socio-economic and political
change. Transitions theory has strong support from the EU as a guide to the promo-
tion of sustainability through government policy and other mechanisms (European
Environmental Agency (EEA) 2019). Multi-level perspective on sustainability tran-
sitions offers a vision of the ecological, institutional, and technical drivers which

3 A fact which is discussed by Sutherland & Koulumpi in IISD Blog.
https://sdg.iisd.org/commentary/guest-articles/more-than-just-sdg-12-how-circular-economy-
can-bring-holistic-wellbeing/
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can promote change (Loorbach et al. 2017).* As a middle-range theory (cf. Merton
1968) it is centrally concerned with socio-technical regime change—a key dimen-
sion of overall sustainability transition—and hence it has been linked to circular
economy (Jackson et al. 2014; Oliveira et al. 2021).

As Geels (2011) has shown, socio-technical regime changes depend on bottom-
up, e.g. niche innovations in protected spaces, and top-down initiatives in policy,
science and socio-cultural changes in the context of changing ‘landscape’ con-
ditions and pressures. A new socio-technical regime emerges because landscape
changes and disruptions destabilise the status quo and allow new policy and
economic configurations to emerge, which themselves bring (existing) niche inno-
vations into the foreground, e.g. renewables and new zero energy sources, such
as green hydrogen. At the micro-level niche, innovations visualise new business—
society—environment constellations, e.g. the sharing economy, and possibilities,
hitherto marginal, align and scale with these changes to become part of a new
regime (Augenstein et al. 2020; Hargreaves et al. 2013; Smith 2004).

While transitions theory tends to represent socio-technical change as a change
from a current to the new regime, as Paredis (2011) notes there are multiple pos-
sible sustainability transitions, underpinned by different scenarios of what this
can look like (see Olson 1995). Transition visions depend on the details of the
new economy in contrast to business-as-usual neo-liberal growth (Longhurst et al.
2016). For example, a transition landscape of social solidarity, appropriate tech-
nology and ecological limits will look very different as a socio-technical regime
changes to one where markets for green growth under technical optimism take
centre stage. So, it is important that socio-technical regime change is not viewed
as singular (Genus 2014). This becomes important when assessing the principles
and goals of competing circular narratives, policies, and politics (Leipold et al.
2021).

Typical government-industry reactions are new policies, standards, and norms
for the socio-technical realm. We show in what follows that the mainstream cir-
cular economy narrative is only one of several narratives including a role for
socio-technical regime change. We also note that it is a modest incremental change
to the status quo, has been hitherto relatively unsuccessful in implementation, and
requires a significantly expanded agenda to achieve inclusive development for the
future (Fig. 1).

4 Circular Economy Discourses

The articulation of a sustainable circular economy is to specify the elements of
this theory of transition in recognition of the fact that there are competing circu-
lar discourses in many countries (e.g. Melles 2021). Thus, Friant and Vermeulen

4 While Loorbach et al. (Loorbach et al. 2017) suggest that socio-technical, socio-ecological and
socio-institutional perspectives differentiate the field, these appear to us to be all elements of the
multi-level perspective, which can be fore- or backgrounded.
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(2020a) develop a typology of four broad circularity visions relevant to sustainable
development. In their framework, circular economy is described as a relatively
conservative techno-centric circular discourse (Calisto Friant et al. 2020b), and
compared to other more reformist and transformational circular society proposals,
e.g. Doughnut Economics (Raworth 2019). The nature of the niche innovations
and higher-level regime changes in business, industry, policy etc., are consistent
with this non-disruptive socio-technical ‘imaginary’ (Kovacic et al. 2019).

Most relevant to this discussion is the contrast of the mainstream ‘technicist’
with the reformist circular economy, including with reference to design. Both
narratives see a role for capitalism, markets and growth albeit under degrees of
revision consistent with the widely circulated contrast of weak and strong sus-
tainability around growth limits and conservation of natural capital (Melles et al.
2015; Williams and Millington 2004).> In comparison to the mainstream circular

3 They cite Doughnut Economics (Raworth 2017) as an example of a reformist agenda although a
close reading of Raworth suggests this model has elements of an even more sceptical approach to
capitalism. Thus, their claim that reformist models fail to address questions of economic growth,
entropy and decoupling (Calisto Friant et al. 2020a, p. 11) is incorrect.
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economy model, the circular society model adds considerations of participation
and equitable resource distribution (Jaeger-Erben et al. 2021).

The combination of a circular economy and circular society model is consis-
tent with what elsewhere is described as a sustainable circular economy (Velenturf
et al. 2019). The society model places emphasis on participatory and co-design
approaches to the social innovation required to promote system change (see Brit-
ton 2017). It is a narrative that continues to see a role for growth and markets
but not without social and political reform of an economy operating within eco-
logical boundaries. Hence, circular economy and society suggest that material and
political changes are needed and hence embrace both expert and diffuse design
approaches for social innovation (Manzini 2015).

5 Design for Circular Economy and Society

The role of design has been increasingly highlighted as ‘catalyst’ (Moreno et al.
2016) for the circular economy. The importance of design for sustainability is a
discussion with a long history that predates recent circular economy and design
discussions. An early critique of the unsustainability of expert industrial design
was the work of Viktor Papanek—Design for the Real World (Papanek 1971),
which gave rise to the development of social design (Melles et al. 2011). The
expansion of industrial design and other design fields into co-design and co-
creation services and other spaces, e.g. policy, outside of expert design per se
(Sanders and Stappers 2008), has meant that the question of design’s contribution
to sustainable development has become more complex (Ceschin and Gaziulusoy
2016).

Sustainable development requires design to integrate systems thinking in mul-
tiple ways. In order to promote more radical changes on industrial and societal
scope, e. g. by implementing sufficiency strategies and changing consumption
patterns accordingly, product-service systems design has been identified as a com-
pelling approach (e. g. 2021; Velenturf and Purnell 2021). However, complex
changes in product and service offerings yield the risk to fail if these are not
aligned with policy on one hand or the consumer perspective on the other hand.

Participatory approaches have been suggested to address such discrepancies and
success barriers (Lofthouse and Prendeville 2018; Velenturf and Purnell 2021).
Co-designing and other forms of participatory development serve not only as an
approach to meet expectations and hence gain acceptability among consumers
and citizens. If implemented accordingly, co-design can help to promote inclusive
development, hence fostering social justice in sustainability transition (cf. Melles
2019). This is consistent with the Sustainable Development Goals and notions of a
sustainable circular economy and is hence advocated by corresponding strategies
and roadmaps (Melles et al. 2022). Still, there are methodical challenges seen on
how to integrate the multitude of stakeholders in co-creation (Buhl et al. 2019;
Kagan et al. 2019). Despite extensive efforts on integrating user and citizen per-
spectives in designing for sustainable circular economy, “most of [...] circular
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economy seems to focus on the production side”, while less attention is being paid
to consumers (Camacho-Otero et al. 2018). While contemporary human-centred
design offers the approaches and means to empathize with users, to take their per-
spective and to pay regard to their needs, this is often not applied here. Among
the major factors that promote or prevent the acceptance and hence the success of
circular design solutions among customers are psychological factors such as per-
sonal characteristics, expected risks and uncertainty or attitudes and habits (ibid.).
Participatory approaches can address some of these factors, and specific design
principles are available that address some of these factors (e. g. Wallner et al.
2022). However, in order to systematically address these psychological success
factors, respective human-centred expert design approaches need to be included.

The traditional product-related design focus still largely defines the practice of
industrial design. A helpful distinction between this and the broader non-design
focused applications of design into policy (e.g. Howlett 2020) and other spaces
is that of Manzini (2015), who in the context of social innovation distinguishes
expert and diffuse design—hybrids of expert design in diffuse design contexts
are also possible. Thus, Andrews (2015) and others are correct in saying design
has an influential role in circular economy and sustainable development but with-
out a clear articulation of which circularity—technicist or society-oriented—and
whether in expert and diffuse domains, current images of designs contribution are
inadequate.

6 Principles for a Sustainable Circular Design

“To design is to devise courses of action aimed at changing existing situations into
preferred ones.” (Herbert Simon 1996).

Velenturf and Parnell (2021) define the challenge of reconnecting circular
economy with sustainable development,

Circular economy must be fully integrated with sustainable development. This necessitates
a profound reconsideration of circular economy, broadening its scope from closed-loop
recycling and short-term economic gains, towards a transformed economy that organises
access to resources to maintain or enhance social welbeing and environmental quality.
Superficial changes, i.e. to accommodate recycling, to prevailing economic models will not
suffice (p. 1453).

They identify ten principles which describe how to mobilise society, business and
industry, and government to develop sustainable circular economy. This expanded
model to include multiple government, industry and other stakeholders is not
included in standard narratives.

1. Beneficial reciprocal flows of resources between nature and society
2. Reduce and decouple resource use

3. Design for circularity

4. Circular business models to integrate multi-dimensional value



8 G. B. Melles and C. Wolfel

Transform consumption

Citizen participation in sustainable transitions

Coordinated participatory and multi-level change

Mobilise diversity to develop a plurality of circular economy solutions
Political economy for multi-dimensional prosperity

Whole system assessment
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This proposal, which is referenced by several of the authors of this book, and
which is taken up and developed in chapter 7 below by Melles and Velenturf,
constitutes the network of principles that define for this book sustainable circular
design. In so doing, we propose a unique definition of design and see our proposal
as the engine of change for sustainability transitions. We see similarities between
our proposal and other positions such as those of Doughnut Economics, Circu-
lar Society and related frameworks. We differ in proposing that design in both a
material and political sense is required for the wholesale systems change required.

7 Conclusion

In this introductory chapter, we have examined the argument for circular economy
as the engine of sustainability transition and observed that such a position under-
represents the circular discourses and possibilities for change. Secondly, we agree
with scholars who see the need for a re-imagining of the contribution of design to
this project (De los Rios and Charnley 2017) but our response is distinct in seeing
an expert and diffuse design at work in creating a sustainable circular economy.

The mainstream circular economy discourse assumes that green growth can be
achieved through the ‘debatable’ process of decoupling production and consump-
tion from growth (Fletcher and Rammelt 2017). We also noted that the mainstream
story fails to critique the premise of continuous growth as consistent with sus-
tainable development (e.g. Corvellec et al. 2021). Without clear articulation of
principles for a sustainable circular economy, key aspects of change are absent.

Circular Design we have suggested must not be limited to a set of industrial
design techniques, e.g. design for remanufacture or modularity, but must include
policy design. We concur with Kovacs et al. who concludes that ‘Circular econ-
omy policies would be a success even though the economy cannot be circular,
if they could inspire and stimulate creativity and entrepreneurship in civil soci-
ety to develop and prepare steppingstones and building blocks towards a type of
civilisation that destroys less of the biosphere’ (Kovacic et al. 2019, p. 169).

The editors, our co-authors and a growing number of scholars share a concern
with the narrow depiction of circular economy as an adequate engine for sus-
tainability transition. We also share together a belief that circular design as both a
diffuse and expert discipline has a key role to play in influencing the establishment
of a sustainable circular economy. To be successful in this urgent enterprise we
need to heed the findings and insights described in these chapters and beyond, and
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engage with the challenge through a broad circular design of products, industry,
society and politics.

8 Author Contributions

With a view to developing a clearer understanding of the implications of an appro-
priately broad account of circular design (integrating both expert and diffuse design
perspectives) as the guiding framework for a sustainable circular economy and
transition to a circular society, we (the editors) identified leading scholars who
shared a scepticism towards the technicist narrative of circular economy and had
recently research and published on these issues. This process of identifying co-
authors took place while one of the editors (Melles) was undertaking a senior
international fellowship in Sustainability at the Chair of Industrial Design Engi-
neering at TU Dresden, Germany through 2021—2022. The fellowship has been
funded by the German Federal Ministry of Education and Research and the Free
State of Saxony through the Excellence Strategy of the German federal and state
governments. The editors together are grateful for the support in helping make this
collaboration possible.

All the authors share some commitment albeit with nuances towards a sustain-
able circular economy and society transition and have beliefs about the signal role
of design—both expert and diffuse—in achieving such a transition. As illustrated
in their chapters later in this book, it also becomes clear that this particular network
of fellow travellers subscribes to one or more of the ten principles above (Velen-
turf and Purnell 2021). Chapter 7 by Melles and Velenturf takes up the original
proposition and expands on its implications for industry and society.

In addition to this broad shared basis, all the included authors then bring to
the debate about a circular sustainability transition, specific new perspectives, and
arguments to this more rigorous and critical challenge to the mainstream narrative
of circular economy. Scholars and practitioners seeking guidance on the challenges
to the mainstream belief in technical solutions to green growth will find valuable
material here. In what follows we outline briefly what these different contributions
are and provide a brief profile of the authors from Europe and Australia who have
brought a wealth of background, experience and focus to the topic of this book.
Below we provide a short summary of the key facets of the chapters to come.

Chapter 1: Designing a Sustainable Circular Economy, Gavin B. Melles and
Christian Wolfel

In this introduction, we introduce the frameworks, principles and theories which
inform our approach to a sustainable circular economy. We identify the ten prin-
ciples of a sustainable circular economy and suggest how they might link to a
hitherto new model of circular design. This model of circular design includes
both expert industrial design considerations and diffuse social and policy design
considerations.
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Chapter 2: Beyond Eco-Design to Circular Design, Ursula Tischner

Societies in industrialised countries and economies in transition have developed
lifestyles based on resource consumption levels that cannot be maintained by most
of the world’s population without ruining our natural environment. Therefore, con-
sumers and producers need to re-imagine new ways of sustainably producing
and consuming. Increasing resource efficiency and introducing a more circular
economy are important elements of this shift. This chapter explores how this
change might be supported by design combining findings from environmental
and behavioural science, happiness and design research. Starting with a dis-
cussion of the limits to resource consumption and a critical view on current
lifestyles, the quest for happiness and wellbeing as well as the circular econ-
omy and the roles of designers some new approaches are presented that shift
the focus from circular design towards the design of sustainable circular systems.
Finally, a model is presented of how designers can help to make more sustainable
production-consumption systems desirable based on findings from behavioural

psychology.

Chapter 3: Connecting Global Sustainability with Circular product Design,
Harald Desing

The circular economy has become popular among private and public actors as a
solution to these multiple environmental crises. However, this promise may only
lead to environmental sustainability, if the biophysical limits of our planet are
respected. This chapter introduces the’resource pressure ‘ method, which aims at
guiding design decisions by connecting global sustainability criteria with resource
effectiveness on a product level. First, Earth system boundaries are translated into
resource budgets, i.e. the maximum annual production of materials and energy,
which are environmentally sustainable. These resource budgets are then used as
a reference for the resource consumption induced by the product or service, i.e.
the’pressure © induced on limited resources. Circular strategies, such as optimising
lifetime, remanufacturing, recycling and cascading, can be evaluated case-by-case
on their effect on resource consumption and the reduction in resource pressure. Tar-
gets for reduction of resource consumption can be derived and their achievement
measured.

Chapter 4: Mapping Circular economy and the Role of Design in Portugal,
Nicola Morelli, Nina Costa and Luca Simeone

Although the circular economy has become a “hot” topic for discussion in the
last decade, it represents the maturation of different streams of research on envi-
ronmental strategies and sustainability in the last 30 years. The national context
analyzed in this paper is Portugal. The authors map the current state of circularity
in Portugal and identify the scope of application. In their conclusion, they note the
need for deeper engagement. The call to action in this chapter should be read in
relation to the other chapters outlining the nature of a sustainable CE and society,
as well as compared to the circular state of play in other European countries.
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Chapter 5: Circular Packaging in the Cosmetics Industry—A Systematic
Review on Challenges and the Current State of Sustainable Strategies and
Solutions, Christoph Scope, Nikolas Neumann, Christian Wolfel, Linda Kdstner

The largest share of plastics is used for packaging of goods (almost 40% in the
EU), resulting in a correlating impact on resource use, carbon emissions and land-
fill. The application of sustainable strategies to packaging should help to reduce
negative impacts and promote the development of sustainable consumption. The
authors of this chapter set out the need for a fundamental change in cosmet-
ics packaging with its exacerbated requirements, which is already mirrored by
relevant regulations that will take effect soon. Established cosmetics packaging
design strategies do not meet these requirements. A shift to sustainable circular
packaging is needed in the sector. A systematic literature review is conducted
that analyses the body of research on circular packaging design in the cosmet-
ics industry. The authors identify current challenges for sustainable packaging
that are specifically exacting in the cosmetics sector e. g. due to functional and
hygienic requirements. In addition to the functions and current standards of pack-
aging, packaging alternatives are presented, which are categorised according to
the R-strategies Refuse, Reduce, Reuse and Recycle. Subsequently, the aspects
of customer acceptance and decision-making are discussed as relevant factors for
the success of circular packaging solutions in the cosmetics industry. It is found
that there is a gap between known sufficiency strategies of sustainable circular
economy and its implementation in cosmetics packaging, as it is in packaging in
general.

Chapter 6: Systems Perspectives on Circular Economy for the Design in
Manufacturing, Anastasia Konash

Circular economy is often seen as a way to deal with waste and overconsumption
and achieve sustainable living. When discussing the implementation of circular
economy, manufacturers tend to be perceived as gatekeepers to more sustainable
and more circular products as well as the main polluters. They also are identified
as the main beneficiaries of new circular business models. However, in reality, cir-
cular economy and manufacturing are only part of what is needed to achieve the
sustainability transition we need, and both managers and policy makers tend to
overlook the broader system in which they function. Addressing this overlook, in
this chapter the authors review the opportunities and limitations of circular econ-
omy as they are perceived by manufacturers. Coming on the back of decades of
efficiency measures and sustainable manufacturing campaigns, they look at the
drivers and challenges which manufacturers face while implementing sustainabil-
ity measures. The authors discuss the necessity of modifying business models and
briefly review the power of manufacturers in changing the design and longevity of
the products. They draw the conclusion that wider societal changes in consumption
are required to achieve the sustainable circular economy goals.
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Chapter 7: Circular Design for a Transition to a Sustainable Circular Society:
Defining a New Profession, Gavin B. Melles and Anne Velenturf

Mainstream circular economy emphasizes the closing of material loops as the way
to ensure green growth, and there is a key role for design to achieve such change.
According to reports, however, global appetite for circular economy remains lim-
ited and critics of mainstream circularity have pointed to several contradictions
between the rhetoric and reality of circular change. Circular economy is one of
several discourses about socio-technical regime range required for a sustainabil-
ity transition. The circular society narrative for example sees reform of current
economic thinking towards more inclusive models and agnosticism about the
imperative of economic growth. In both models, product design and design of
policy are important for promoting sustainable change. However, current formu-
lations of circular economy misrepresent the plurality of circular discourses and
hence the role of expert and diffuse design. In this chapter, the authors compare
the circular economy and circular society arguments for sustainability transition
and employ the ten principles of a sustainable circular economy to articulate a
broader circular design agenda than typically proposed.

Chapter 8: Practice Perspective Implications for Sustainable Circular Economy
transitions, Olamide Shittu and Christian Nygaard

The discourse on sustainable CE transitions stems from the need to provide sus-
tainable solutions to global environmental and resource use challenges. However,
the understanding of sustainable CE practices remains emergent as we cannot
easily identify the materials, meanings and competences that constitute a coher-
ent sustainable CE practice. Practice theory calls for a move beyond the extant
focus on structures or individual actions in sustainability transitions by centralis-
ing the bundle of activities that order and give meaning to social living. Focusing
on household plastic consumption, the doctoral research discussed in this chapter
explored how to enable the transition of cities to sustainable CEs by transforming
day-to-day practices. Hence, the authors provide an alternative analytical frame-
work of sustainable CE practices existing on three different variations and stages
of materialisation. These are input assemblage, input combinations, and outputs
and outcomes. Lastly, we contend that transitioning to a sustainable CE entails
going beyond business-as-usual to re-imagine new, radical, and disruptive practice
configurations in socio-technical systems.

Chapter 9: Addressing Psychological Needs in Designing for a Sustainable
Circular Economy, Christian Wolfel and Michael Burmeister

Approaches and methods on designing for a sustainable circular economy are
developing solutions for sustainable development. For such solutions to succeed,
market and social acceptance of circular products and services must improve. Cur-
rently, there is a mixed reception among consumers and hence a stagnating market
share of circular solutions. In this chapter, the authors discuss these limitations
and relate them to psychological aspects of consumer and user experience and
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behaviour. Research on user experience and experience design has delivered theo-
ries, approaches and methods on how to design for people as they experience and
behave in the world. One core finding is that psychological needs play an important
role in human-product interaction. The fulfilment of such needs results in positive
experiences and can raise acceptance of products and services. The authors illus-
trate how psychological needs can be addressed in a sustainable circular design.
They present a fictitious case to illustrate how specific non-instrumental qualities
of offerings can address psychological needs and hence fundamentally influence
overall judgements and behaviour in interaction with sustainable circular solu-
tions. Finally, the authors discuss how such needs-based experience design can be
implemented in design processes.

Chapter 10: Blending Design and Behavioural Science in Three Linked Pub-
lic Policy Experiments towards a Circular Economy, Stefan Kaufman, Jennifer
Macklin and Sebastian Jarvol

People’s behaviour, choices and desires are increasingly foregrounded in the chal-
lenge of decoupling the material and energy footprint of everyday life from
wellbeing and happiness. Two leading perspectives on people and behaviour
in public policy and administration are human-centred design and Behavioural
Insights. A common dichotomy contrasts Behavioural Insights as at best incre-
mental and human-centred design as participatory emancipation. However, a more
nuanced, balanced, and integrated body of theory and practice is possible blend-
ing both design and behavioural science experimentation which the authors label
Behavioural Public Policy and Administration. This chapter reflects on three linked
corresponding interventions on household recycling contamination, consumer eco-
labelling, and business innovation for circularity. The authors argue for the value
of a focus on behaviour as opening the potential for integration and comple-
mentarity between jurisdictions, stakeholders and disciplinary perspectives, while
also exploring the implications of findings from our projects for the transition
to a CE.People’s behaviour, choices and desires are increasingly foregrounded in
the challenge of decoupling the material and energy footprint of everyday life
from wellbeing and happiness. Two leading perspectives on people and behaviour
in public policy and administration are human-centred design and Behavioural
Insights. A common dichotomy contrasts Behavioural Insights as at best incre-
mental and human-centred design as participatory emancipation. However, a more
nuanced, balanced, and integrated body of theory and practice is possible blend-
ing both design and behavioural science experimentation which the authors label
Behavioural Public Policy and Administration. This chapter reflects on three linked
corresponding interventions on household recycling contamination, consumer eco-
labelling, and business innovation for circularity. The authors argue for the value
of a focus on behaviour as opening the potential for integration and complemen-
tarity between jurisdictions, stakeholders and disciplinary perspectives, while also
exploring the implications of findings from our projects for the transition to a CE.
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Chapter 11: Co-designing a Circular Society, Nadja Hempel, Ralph Boch and
Melanie Jiger-Erben

The majority of political, scientific and economic measures for a transition towards
Circular Economy focuses on technological and business model innovations. They
largely exclude societal transformation efforts and socially innovative change
attempts. Issues of improving quality of life, promoting sufficiency, changing
social inequalities and unequal power relations in production and consumption
systems are mainly addressed in contributions that provide a critical perspective
on circular economy. However, the Circular Economy concept has the potential to
become a comprehensive social-ecological transformation program if these issues
are consistently included. The term Circular Society has been introduced by a
diverse range of actors from science, economy and civil society to provide a com-
plementary or alternative framing to circular strategies. Yet the field of research
and practice developing under this term is still in its infancy, different strands
of discussion have not been explored and synthesised yet. This chapter presents
the process and its results so far and reflects upon methodological learnings and
insights on key circular society principles, actors, and possible conflict issues.
Furthermore, by working and experimenting with a combination of transforma-
tive and design-oriented research approaches, methodological and epistemological
contributions to scientific practices for sustainability are made.
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Beyond Eco-Design Towards
Designing Sustainable Circular
Production-Consumption Systems

Ursula Tischner

1 Resource Efficiency, Circularity, and Consumption

What are the challenges humanity is facing today regarding raw material consump-
tion and ecosystem services? Several different research groups and approaches
come to similar conclusions.

1.1 Resource Efficiency Research

In the early 1990s, Friedrich Schmidt-Bleek and his research group at the Wup-
pertal Institute for Climate, Environment and Energy proposed that Western
industrialized countries have to dematerialize their production-consumption sys-
tems by a factor of 10 (Schmidt-Bleek and Kliiting 1994). This group also came
up with a definition of eco-intelligent consumption as consumption that is not
based on material possessions but the resource-efficient use of goods (i.e. products,
infrastructure, services). Eco-efficient consumption would then mean, selecting in
each consumption decision the offer that provides the functions needed to ful-
fill the consumer’s needs with the lowest possible use of materials and energy
(Schmidt-Bleek et al. 1997).

Another member of the materials flow group at the Wuppertal Institute, Joachim
Spangenberg, developed the Environmental Space concept, first presented in
a report for Friends of the Earth Europe in 1995 (Spangenberg 1995). The
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environmental space concept is based on Opschoor’s initial definition of envi-
ronmental space and identifies thresholds for resource consumption to secure
non-deteriorating ecosystem services for future generations. Resource consump-
tion should be reduced to a level at which the annual reduction of resources and
their service potential can be compensated by newly discovered resources and
efficiency gains in using them. In addition, Opschoor assumed equitable per capita
consumption entitlements and concluded that a reduction of per capita consump-
tion in industrialized countries by a factor of 8—10 was necessary (Opschoor 1987).
Consequently, according to Spangenberg, the environmental space that every cit-
izen of planet Earth can occupy is a space below the line of overconsumption
(the ‘ceiling’ of the environmental space) but above a so-called poverty line or
the line of dignity (the ‘floor’ of the environmental space). Thus, the lower line
represents the minimum condition for social sustainability, while the upper line
indicates environmental unsustainability. The environmental space between the
two lines is a zone for free choice of consumption patterns. Comparable to mone-
tary income, consumers have a budget for ecosystem services that they can spend
on those goods and activities that are most important to them (Spangenberg 2014)
(see Fig. 1).

Many years later, a similar model was developed by Raworth (2017) in her
Doughnut Economics concept based on the planetary boundaries method devel-
oped by Johan Rockstrom and his team at Stockholm Resilience Centre (see
below). Raworth (2017) in her concept also describes—Ilike Spangenberg—that
there is an upper limit for consumption (ecological ceiling) which is defined by
the limits of our planet and that there is a minimum level of consumption (social
foundation), i.e., everybody on this planet should be able to fulfill their basic needs
like access to water, food or housing. In between these two circles is the safe and
just space for humanity to live, according to Raworth (2017).

Overconsumption:
environmentally unsustainable

celing: Maximum per-

available mitted use of
val .
ES per flt;:tair;:ble oloo ES per capita
capita el L1

oor. Minimum socially
necessary use of

Poverty and Need ES per capita

socially unsustainable

Fig.1 The environmental space model developed at the Wuppertal Institute for Climate Environ-
ment and Energy, acc. to Spangenberg (1995)
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1.2  The Circular Economy Concept

The idea of a Circular Economy is not new. In 1976, the US Congress passed the
Resource Conservation and Recovery Act (US Congress 1976) to promote waste
prevention, recycling, and resource conservation. Thus, the 3 Rs (Reduce, Reuse,
and Recycle) were created as a slogan to communicate the idea to the population.
Germany passed a circular economy and waste law in 1996, which was revised
and updated in 2012 (KrW-/AbfG 2012). Both laws were developed within the
framework of waste prevention approaches, i.e., they approach the issue from the
waste perspective.

Re-think approaches that integrate circular economy strategies into the creation
of products and business models were developed by Walter Stahel of the Insti-
tute for Product Life Cycle Research in Switzerland as early as the 1980s (Stahel
1991). He coined the term “performance economy” (Stahel 2010). At the end
of the 1990s, the cradle-to-cradle design principle was formulated by the Ger-
man chemist Michael Braungart and the American architect William McDonough.
They suggested designing products in such a way that materials can be reused and
recycled in natural or technical cycles, thus turning residual materials into nutri-
ents (McDonough and Braungart 2002). Later on, the Circular Economy approach
was widely publicized and promoted by Stahel and MacArthur (2019), the Ellen
MacArthur Foundation.

Like the Resource Efficiency approach, the Circular Economy aims to decrease
the consumption of virgin raw materials and to increase the intensive use of
resources once they have been introduced to the technosphere, which also results
in a reduction of waste. The means suggested by the Circular Economy are clos-
ing loops in the technosphere or the biosphere, especially by extending the useful
lifespan of products through longevity and repairability, and by re-using as much
as possible products, components, and materials on the highest value level in the
technical systems. Alternatively, non-toxic bio-based materials can be cycled back
to nature as food to natural systems. All of this should be based on using energy
from renewable sources and supported by new circular business models. Digitaliza-
tion can act as an enabler for these circular systems (Circular Economy Initiative
Deutschland 2020).

1.3  The Ecological Footprint Concept

Another framework that pays regard to the need to cut global resource use is the
Ecological Footprint concept by Mathis Wackernagel and the Global Footprint
Network team (Rockstrom et al. 2009). They seek to capture the ecosystem ser-
vices planet Earth provides and compare them with what people on this planet
consume per country and overall. Some of the results of this type of calculation
are that
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e [f everyone wanted to live like the average North American, this would require
six planets,

e [f everyone wanted to live like an average German, we would need four planets,

e FEarth Overshoot Day, when humanity has consumed all the ecosystem services
that the planet can renew within one year, takes place earlier each year. In 2022,
it was already the 28th of July. To use an economic analogy: from that day on,
humanity does not live from the interest but consumes the assets (the substance)
of planet Earth (https://www.overshootday.org).

1.4  The Planetary Boundaries Research

Johan Rockstrom and his team at Stockholm Resilience Centre defined a frame-
work of boundaries of ecosystem services that our planet offers. They described
nine so-called Planetary Boundaries (Rockstrom et al. 2009). According to their
research, humankind has already pushed climate change, biodiversity loss, shifts
in nutrient cycles (nitrogen and phosphorus, very important for agriculture, i.e.,
food production), and land use beyond the boundaries into unprecedented terri-
tory. In addition, human societies have exceeded a planetary boundary related to
environmental pollutants and other ‘novel entities’ including plastics (http:/www.
stockholmresilience.org) (see Fig. 2).

1.5  Overall Raw Material Reduction Targets

These different concepts all aim for the absolute reduction of global resource con-
sumption. Industrialized countries (ICs) like Germany will have to decrease their
resource consumption disproportionately in relation to the resource consumption of
developing and emerging countries. Currently, reduction targets of a factor of 4 to a
factor of 20 by 2030 or by 2050 are being discussed for ICs (e.g., Ressourcenkom-
mission am Umweltbundesamt (KRU) 2014). The challenge is to secure prosperity,
quality of life, and happiness for those who have access to them today, and to
increase quality of life, prosperity, and happiness for those who lack it respec-
tively, while at the same time reducing resource consumption overall. This level of
reduction requires changes both in production and consumption and in the polit-
ical framework conditions. It requires resource-efficient circular lifestyles as well
as new economic models and radical technological and social innovations for more
resource efficiency and circularity.

1.6  Role of Designers

This is a challenge for consumers and producers, politicians and academic
researchers alike. But also designers have to ask themselves how they can design
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Fig.2 Planetary Boundaries acc. to Stockholm Resilience Centre. Source Azote for Stockholm
Resilience Centre

products, services, infrastructure, systems, communication, education, and social
innovation that work towards this kind of ‘absolute dematerialization’ without los-
ing or even gaining quality of life for as many people as possible. Altogether the
quest is to encourage more sustainable, circular, resource-efficient lifestyles mak-
ing them attractive to as many people as possible. Meanwhile, there is almost no
product or service on the market that has not been touched by the hand or pen or
computer of a designer, and it is the core competence of designers to make ‘stuff’
attractive. So why not put the skills of designers and other creatives on duty for
the transformation towards sustainability instead of creating ever more problems
in a throw-away consumer culture?
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2 More Sustainable, Circular, Resource-Efficient Lifestyles

What are unsustainable lifestyles? These are lifestyles that cannot be sustained
because they go against two fundamental limits: (a) the planet with its boundaries
in terms of availability of land, fertile soil, resources, freshwater, i.e., everything
that are so-called ecosystem services as described in the previous paragraph and (b)
what is socially acceptable. If humankind is serious about equal human rights, then
it is not fair that some citizens of this planet consume most resources and others
live below the poverty line. Therefore, a sustainability evaluation of lifestyles has
to take as a benchmark the more or less fair distribution of ecosystem services
among all citizens of planet Earth. This distribution can be calculated on the basis
of individuals or whole countries.

It might still be acceptable that some people in a country consume more when
others voluntarily consume less. There might even be a trading scheme possible,
where people who consume less can ‘sell” parts of their share to people who like
to consume more, very similar to Carbon Trading Schemes. It also makes sense to
take into account the geography and climate of where people live, e.g., very cold
or very hot climates need more heating or air conditioning, and food is easier to
grow in temperate climates. These calculations of how much environmental space
is available for each person in a specific location on planet Earth still are refined
and values are negotiated. In an ideal world, however, every person living on this
planet would have the equal right to access ecosystem services and each person
would not consume more of its share than is available while keeping the planet in
a healthy state.

2.1 Healthy Limits to Personal Consumption
The findings of the research groups described above are summarized as follows:

e In the logic of the ecological footprint, a sustainable lifestyle would mean, not
consuming more than one planet.

e In the logic of the environmental space concept, this would mean staying above
the line of social dignity but below the overconsumption line.

e In terms of resource efficiency, that would mean that people living in indus-
trialized countries would need to reduce their resource consumption (including
energy) on average at least by a factor of 4-10.

A closer look at consumption domains shows that the most impactful consumption
activities with the highest potential for improvements in Europe have already been
identified (European Environment Agency 2007). About 80% of all environmental
impacts of European citizens are caused by three consumption domains:

e Housing and especially energy consumption in homes,
e Mobility and transportation,
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e Food and agriculture.

Very likely this is similar for most industrialized countries.

2.2 How to Calculate One’s Own Footprint

Some simple online tools exist to calculate one’s personal environmental impact,
such as:

e For resource footprints (or ecological rucksack) the resource calculator of
Wuppertal Institute (https://www.ressourcen-rechner.de/?lang=en);

e For ecological footprints the ecological footprint calculator of Global Footprint
Network (https://www.footprintcalculator.org/home/en);

e And for carbon footprints the carbon footprint calculator from Carbon Footprint
Ltd. (https://www.carbonfootprint.com/calculator.aspx).

The following table shows the individual footprints calculated with the tools above
for a person living in Germany. This person eats hardly any meat and buys mainly
seasonal, regional, and organic products. She has no car and travels mainly by
public transport, bike, and foot but has to fly for quite a few trips. She lives alone
in an apartment of 56 m? that is heated by district heating and has a green power
contract. The person uses limited amounts of products consciously, often buys
second-hand, and exchanges products only when they are broken (see Table 1).

While these results are not comparable, they lead to similar conclusions: Indi-
vidual consumer behavior is only partly responsible for a person’s environmental
impact. The services provided in the country where a person lives are also deci-
sive, which means consumers alone cannot be made responsible for the resource
efficiency of a country. The infrastructure and public services among others have
to be taken into account and improved as well.

In the case of the person above, one major environmental impact emerges in the
mobility domain from flying per year. In the ecological footprint calculation, 70%
of the person’s impact is made up of her carbon footprint, and four of the seven
global hectares the person consumes come from flying. That is her ‘big issue’.

Table 1 Results of individual environmental impact calculators for the same person, compared
(own calculation)

Measuring system Results

Resource footprint 19.1 tons are consumed by this person
Target state would be 17 tons | Compared to an average of 27 tons for all users of the calculator

Ecological footprint 4.2 earths would be needed, if everybody lived like this person
Target state would be 1 planet | Earth overshoot day of this person is 29th of March

Carbon footprint CO; emissions of this person are 5.03 tons
Target state would be 2 tons | The average of people living in Germany is 8.89 tons
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Without taking into account the flights she would only be ‘responsible’ for three
global hectares or around two planets.

For other people that ‘big issue’ might be eating meat, driving a car every day,
or buying and disposing of a lot of products and clothing, etc.

That means, as diverse as the consumption patterns are, as multifold are the
options for improvement. There is no such thing as ‘the one sustainable lifestyle’,
but there are many different ways in the various consumption domains to live more
sustainably. This relation is especially true across different cultures and consumer
groups. Diversity and freedom of choice are key—also for the acceptance of such
more sustainable lifestyles. That is why the environmental space concept gives an
upper and lower limit for the consumption of resources, energy, and land, but does
not prescribe how citizens have to live. Every person still has many individual
choices on how to’spend’ their share of the ecosystem services.

23 How to Reduce One’s Footprint

Nevertheless, one can formulate a few generic measures as priorities that enable
more sustainable living for a relatively homogenous consumer culture, such as the
one in industrialized countries, as follows (see Table 2).

If these are some of the most important measures to reduce consumer’s indi-
vidual environmental impact and resource consumption in industrialized countries,
then the next question is, how can consumers be attracted to implementing these
and similar measures? This will likely be most successful if the behavior changes
will contribute to their well-being and happiness.

3 Happiness and Wellbeing

The happiness and well-being quest has become an industry—from the first books
about ‘simplifying your life’ to Marie Kondo (https://konmari.com) helping us
declutter our wardrobes and our lives, from uncountable magazines, websites, and
coaching services to educational programs on how to live happily. Indeed, our lives
in the modern digital world have become stuffed and filled with digital gadgets and
information overload all around. Work and consumption pile up in our waking
hours and haunt us in our nocturnal dreams. Today, time has become a scarce
resource, and it is almost a social obligation to search for one’s own happiness.

3.1 Unhappy Consumers

The multi-optional consumerist society is deeply unhappy and unhealthy. Stress
and burnout rates are at a high level and still increasing. According to the
AOK, a German public health insurance fund insuring around 1/3 of the Ger-
man population, an average of one burnout case per 1,000 AOK members was
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Table 2 Consumption domains and most important sustainability measures. Own compilation
based on findings from the European SusProNet (cf. Tukker and Tischner 2006) and SCORE (cf.
Tischner et al. 2010) research projects

Consumption domain Measure

Housing/energy consumption in homes | Reduce the space you occupy for housing or increase
the number of people sharing the space

Take care of good insulation and construction of your
home so that heating/cooling needs are reduced

Select a green energy provider or produce your own
green energy

Reduce the number of products that consume power
in your home, use them efficiently, and prefer
energy-efficient devices

Mobility/transport Reduce the need for mobility/transport, e.g., by living
close to where you work, buying local, going on
holidays close to where you live

Prefer efficient mobility means: Walking/biking
before bus, train, and car

Prefer efficient transportation means: Bicycle courier
before ship, train, and truck

Avoid flying and transportation by air

Food/agriculture Eat no or less meat

Consume no or less dairy products

Prefer regional, seasonal, organic, unpacked,
unprocessed produce

Eliminate/reduce food waste

diagnosed in Germany in 2005; in 2017, there were already 5.5 cases of inca-
pacity for work per 1,000 members. According to the AOK, the number of
diseases due to burnout diagnoses has more than quadrupled in the last ten
years (https://de.statista.com/statistik/daten/studie/239672/umfrage/berufsgruppen-
mit-den-meisten-fehltagen-durch-burn-out-erkrankungen/). Burn-out is associated
with a high burden in work and private life. Similar increases can be detected in
other countries (Abramson 2022).

3.2 Aspects of a ‘Good’ Life

When asking what makes us happy, again, it is easier to understand what makes
us unhappy. Interesting anecdotal findings in this context, come from the Aus-
tralian palliative nurse Bronnie Ware talking to her patients, who knew that their
lives would soon end, about what they wished they had done differently. Common
themes surfaced again and again. The most common five were (Ware 2012):
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. I wish I had the courage to live a life true to myself,

. not the life others expected of me.

I wish I hadn’t worked so hard (especially male patients).
. I wish I had the courage to express my feelings.

. I wish I had stayed in touch with my friends.

. I wish that I had let myself be happier.

It seems that none of the dying persons Ware nursed wanted more money, a better
job, a faster car, or more beautiful clothing, etc. All of the regrets of the dying are
about immaterial issues such as self-actualization, developing one’s own talents,
social connection to others, and living a life true to oneself. In Maslow’s hierarchy
of needs, these are the needs of self-actualization and transcendence, self-esteem,
and the social needs of love and belonging, not the physiological or safety needs
(Maslow 1943).

Beyond the anecdotal, research about happiness and well-being was carried out
early on by economist Richard Layard. He detected that the happiness of people
in industrialized countries, e.g., the US, is not automatically correlated to higher
income. Between 1956 and 1996, the percentage of very happy people in the US
declined despite a constant increase in GDP per capita (Layard 2005).

Layard is also co-editor of the World Happiness Reports of the UN. These
reports collect and discuss findings about the state of happiness in the world. In
the 2019 issue, for instance, the connection between the use of digital media and
well-being has been analyzed and the authors concluded that longer screen time is
correlated to lower well-being of adolescents. Vice versa reducing the use of digital
devices and media increases happiness. These might be rather indirect effects:
screen time takes away time for other activities that contribute to well-being. The
report refers to many scientific studies (Hartgerink et al. 2015; Lieberman 2014;
Zhai et al. 2015) concluding that deprivation of social interaction and lack of sleep
are clear risk factors for unhappiness and low well-being in adults (Helliwell et al.
2019).

Similar conclusions come from the Greater Good Science Center, based at the
University of California Berkeley, which started in 2001 to collect academic stud-
ies from psychology, sociology, and neuroscience around the well-being of people
with the aim to offer the gathered knowledge and education on how to build a
thriving, resilient, and compassionate society to the public. The center promotes
the concept that individual happiness is connected to strong social bonds, altruistic
and cooperative behavior, mindfulness and compassion, and overall a meaningful
life (https://ggsc.berkeley.edu/what_we_do/event/the_science_of_happiness).

To conclude, earning more money, above an income that allows us to fulfill
our basic physical and safety needs, and spending it on more adorable products,
entertaining us in front of computers and mobile phones, having a lot of friends on
social media, and other seemingly satisfying activities might not deliver to us the
happiness and well-being that marketing and advertising agencies and the com-
panies work for to make us believe. It might rather be true what Annie Leonard
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says in the ‘Story of Stuff’ video clips: “We are trashing the planet, we are trash-
ing the people and we are not even having fun.” (https://storyofstuff.org/movies/).
Important first steps towards more sustainable lifestyles would be to educate con-
sumers about these findings early on, e.g., in schools, and to promote more ethical
advertisements.

As the core competence of designers is to make goods attractive for consumers/
users with the promise that buying and using the goods will make them happy
or will be good for them, the next paragraph discusses the role of design and
designers in this context.

4 System Design for Sustainability and Circularity

The traditional position of designers and design is in the middle between pro-
duction and consumption. Designers work for companies that like to sell ‘stuff’
and design that ‘stuff’ (product-, industrial, user experience design, also software
design) and the communication (communication-, graphics-, media design) and
other services (service design) around it so that the targeted consumer or user
groups like and buy the offer. Thus, designers normally have two types of clients:
the producers and users/consumers. But because they are paid by the producers,
their interest is a little more important to the designers. Environment had no agency
in the design process until the 1970s when it became clear that the throw-away
society creates considerable damage to the natural environment.

4.1 From Eco-Design to System Design for Sustainability

Industrial designers like Victor Papanek described early on that the design as
taught and practiced was creating more problems than solutions (Papanek 1985).
Then Green or Eco-Design (Tischner et al. 2000) was defined as a differ-
ent design discipline taking into account environmental issues alongside other
common aspects like function, aesthetics (Papanek 1985, 1995), and price, and
covering the whole life cycle and product system of a product. The circularity of
products, components, and materials was already part of the Eco-Design method
and strategies (Tischner and Moser 2015).

Because of constantly increasing global consumption and the rebound effects
that counteracted the improved eco-efficiency of the products (more products are
used, or the efficient products are used in very in-efficient ways), it became clear
that the whole system of production and use of products would have to be re-
designed; not just the products alone. Thus, the approach of Product-Service
System design (PSS) for Sustainability was developed (Tukker and Tischner 2006).
Here the focus is on fulfilling the needs with the most efficient combination of
products and services moving as much as possible towards immaterial services
rather than selling a lot of material products, e.g., as is the aim of the sharing or
servicizing economy. The PSS concept was the transition to an even more systemic
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approach to designing or influencing overall production and consumption systems
such as mobility, food and agriculture or energy production and consumption, that
was also supported by the United Nations under the term Sustainable Consump-
tion Production (SCP) system design or System Innovation for Sustainability
(Tischner 2008a, b).

4.2  More Radical System Design Approaches

Although these more complex systemic design approaches are still far away from
being regular design practice, there are more and more designers suggesting similar
radically different approaches to design, because these are needed to tackle the
big and complex challenges for humanity as described in the previous paragraphs.
Upcoming terms are eco-centric or humanity-centered design instead of human-
centered design. Other examples are:

e Transformation Design, first suggested by the Design Council in London
around 2003 and applied in the RED projects, is a human-centered interdis-
ciplinary process that aims at creating desirable and sustainable changes in
behavior and form of individuals, systems, and organizations. The process is
multi-staged, iterative, and applied to big, complex issues—often social issues.
The challenges are holistically examined, and then new small-scale systems
including objects, services, interactions, and experiences are prototyped that
support people and organizations in achieving the desired change. Successful
prototypes can then be scaled. The RED projects have resulted in the creation
of new roles, new organizations, new systems, and new policies (Burns et al.
2006).

e Speculative Design, a term suggested by Anthony Dunne and Fiona Raby is
a discursive, research-oriented, experimental design approach based on criti-
cal thinking and dialog that aims at including the public in the rethinking and
envisioning of and dialog on new technological realities and new social rela-
tions. Dunne and Raby had explored the potential of new technologies for the
future issues of our time under the label ‘Critical Design’ and then moved to
Speculative Design as a method to initiate discussions—not to offer concrete
solutions that can be implemented directly. However, a successful Speculative
Design project is necessarily connected to the research of a social context and is
fundamentally directed towards individual needs and desires (Dunne and Raby
2013). Its results are often imaginations of desired futures and visions of possi-
ble scenarios. Speculative Design is transdisciplinary or even post-disciplinary
in nature which means it relies on interactions between various disciplines.

e Transition Design, as promoted by Terry Irwin and her colleagues at the
Carnegie Mellon University acknowledges that societal transitions are hap-
pening and needed to reach more sustainable futures, and argues that design
has a key role to play in these transitions. The interconnected fields of social,
economic, political, and natural systems are taken into account to suggest a



2 Beyond Eco-Design Towards Designing Sustainable Circular ... 33

rethinking of entire lifestyles with the aim of harmonizing them with the natural
environment and making them more place-based, convivial, and participatory,
yet global in their awareness and exchange of information and technology. Basic
human needs shall be satisfied locally, within economies that exist to meet
those needs, as an opposite to the mainstream dominating economic growth
and profit-maximizing paradigm. Transition designers draw on knowledge and
wisdom from the past to conceive solutions in the present with future genera-
tions in mind. The tools to do so come from complex systems theory, transition,
and change management, as well as philosophy, psychology, social science, and
anthropology among others (Irwin et al. 2015).

4.3 Common Elements of System Design for Sustainability

All these new and radically different approaches to design have common elements
that are also intrinsic to System Design for Sustainability. These are mainly the
following characteristics:

e System perspective, beyond a product, or a service, or communication, or a
user experience design. System design analyses complex systems, and identifies
problems—even wicked problems (Rittel and Webber 1973) and opportunity
spaces for many different actors (users, producers, service providers, etc.) to
act more sustainably.

e Multidisciplinary, Cross-disciplinary or Transdisciplinary, across the design
disciplines, of designers with many other disciplines, and between other
disciplines.

e Multi-stakeholder approaches and Co-Creation: Diverse groups of stakeholders
are involved. The approach is often participatory from the research phase over
the design to the implementation of the results. This approach requires empathy
and collaboration/co-creation skills on the side of designers, as well as high-
level facilitation and organizational skills.

e They aim at radical new solutions and disruptive changes in existing systems to
create a more sustainable society focusing on all three pillars of sustainability
as defined by the UN—environment, social, and economic (World Commission
on Environment and Development 1987).

e They acknowledge that this change is not only about technological innovation,
but also social and organizational innovation might be equally or even more
important, ultimately aiming at encouraging more sustainable ways of living.

e Often new start-ups, services, business ideas, and business models emerge in the
context of system design projects. Here, the business model canvas (Osterwalder
et al. 2010) and work done by Oliver Gassmann and the team at the University
of St. Gallen on business model innovation patterns is helpful (Gassmann et al.
no date). Even circular business model innovation guides are available (e.g.
https://bmilab.com/topics/circular-economy).
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5 From Circular Design to Design of Sustainable Circular
Systems

So far, Circular Design is often understood as focusing on the circular design
of products by using circular design strategies like ‘the Rs’ of circular design:
Reduce, Repair, Reuse, Remanufacture, and Recycle. This is a good first step. In
addition, ‘the Ds’ of Circular Design should be considered as well; we should
design so that it is possible to De-polymerize polymers, De-alloy metals, De-
laminate composites, De-vulcanize rubber, De-coat materials, and De-construct
high-rise buildings and major infrastructure (Stahel and MacArthur 2019).

However, this is still not enough to guarantee sustainability. Every circular
process still needs energy, transportation, collection, sorting, remanufacturing,
recycling technologies, etc. Many of these technologies are still lacking. In addi-
tion, according to the 2nd law of thermodynamics, simply put, these transformation
processes increase the entropy in the system. As long as the share of renewable
energies is too low—according to Eurostat, it was around 22% on average in the
European Union in the year 2020 (https://ec.europa.eu/eurostat/cache/infographs/
energy/bloc-4c.html), the energy needed for recovery and recycling processes still
increases climate change. Thus, all energy sources used in a circular economy
should be renewable.

Furthermore, some processes can simply not be reversed, e.g., dissipative losses
of materials such as tire abrasion, aerosols or microplastics. Thus, all of these
dissipative materials should be non-toxic and digestible for nature. Generally, with
more and more circulation of materials, toxic and hazardous substances contained
in the materials will accumulate in the system. Thus, the use of toxic and hazardous
substances should be eliminated or reduced to a minimum.

In addition, social aspects of the circular economy, such as what kind of jobs are
lost and created by circular systems and who will do the work, are often neglected.

And finally, recycling of materials cannot meet the increasing demand, if
resource consumption continues to rise globally as it has been the case in the
past (International Resource Panel 2019). For instance, in the year 2019, over 14
million tons of plastics have been processed in Germany. The share of recyclates
was almost 2 million tons, but only 430,000 tons post-consumer recyclates substi-
tuted virgin plastics (Conversio Study 2020). Therefore, carefree overconsumption
has to be stopped, especially in industrialized countries, and the upper and mid-
dle classes in developing and emerging countries need to change their behavior
towards more sufficiency.

All of these arguments point towards the conclusion that the circular economy
and circular design alone will not make our production-consumption systems more
sustainable, if we continue or even increase current consumption levels. What is
needed is a more holistic design of sustainable production-consumption systems
that includes circularity but goes beyond that; starting with the question of what
is really needed by consumers and society to lead a good life and how we can
deliver that in the most sustainable way. It continues with considerations about


https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-4c.html
https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-4c.html

2 Beyond Eco-Design Towards Designing Sustainable Circular ... 35

new (circular) business models and social as well as technical innovations needed,
ultimately also questioning the underlying economic system.

5.1 Activities in a System Design for Sustainability
Methodology

A design methodology to design production-consumption systems for increased
sustainability should consist of the steps and activities described below. In all of
these activities, users/consumers and stakeholders including political actors should
be involved as much as possible (participatory/Co-Design). Circularity in the sys-
tems is an important element, but even more important are the radical approaches
of Re-thinking systems and Reducing consumption:

Step 1: Thoroughly analyze the existing situation to
Holistic system analysis identify major problems/sustainability issues,
such as where is the largest resource
consumption, what are social issues, and where
is the biggest improvement potential, using, for
instance, the sustainability SWOT analysis,
identify windows of opportunities for

improvement
Step 2: Scenario building and backcasting: for those
Scenarios, backcasting, and roadmap areas you have identified, imagine desirable

futures and how well-being can increase while
resource consumption and environmental
impacts can decrease for as many stakeholders
involved in the system as possible, start where
the system is now and develop potential road
maps (steps over a defined period of time) to
reach the most desirable and sustainable futures

Step 3: Focus on the most promising areas and ideate
Selection of focus and ideation design interventions (products, services, social
innovations, education, communication,
bottom-up initiatives, and other activities) that
can help to move from one step to the next step
in the roadmap towards the desired sustainable

future
Step 4: Evaluate ideas according to sustainability
Selection of solutions and detailing business/ | improvements, e.g., using simplified
operational models, networks, etc. sustainability screening tools or even Screening

LCAs, and identify the most promising
sequence of steps. Formulate business models
and financing models for the design
interventions (including innovative ones such
as crowdfunding), identify the partners needed
to implement, and prepare implementation

(continued)
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(continued)

Step 5: Implementation Implement the steps starting with the first.
Evaluate progress and learn, and adapt
accordingly. If some measures fail, redesign
the steps as needed. Start with small-scale
application/test in niches, if sensible, and then
scale up or multiply

6 How to Make More Sustainable Production-Consumption
Desirable

There will only be a social change towards sustainability, if we change personally,
if people change in their private lives and at work. One can call for institutions,
politicians, and companies, but who is the politician, and who is the entrepreneur?
They are all people. In other words, what is needed is a change in the mindsets
and behavior of people. If people change their behavior, then organizations change
too. However, change is difficult, change creates fear, people may be a bit lazy and
uncomfortable in their situation, afraid of the unknown, and hesitant to break new
ground. Many studies have shown that people feel secure in their routines. Accord-
ing to behavioral economics, humans like to stick to known routines, because that
needs the lowest investment in terms of time and effort for decision-making. Thus,
about 80% of everyday behavior is ‘routine’ (Tischner et al. 2010). People always
drive the same way to work, buy the same things in the supermarket, go to well-
known restaurants, and so on. To change the learned and routinised behavior is
associated with effort and the outcome is uncertain. For example, we don’t know
exactly whether the food in a new restaurant is as good as in the usual one. The
same applies to new products that are unfamiliar, require us to behave differently
or might be somewhat unusual. There are adventurous people that always search
for new exciting experiences, the trendsetters, but in Germany, they make up only
around 10% of the population (acc. to the SINUS Milieus Typology: https://www.
sinus-institut.de/sinus-loesungen/sinus-milieus-deutschland/).

One tool to overcome procrastination is the so-called ‘nudging’, an often sub-
tle, interesting, fun, and humorous way to encourage better consumer behavior,
e.g., by design interventions (Thaler and Sunstein 2009). Edutainment, gamifica-
tion, starting of communities where like-minded people encourage each other are
other approaches, as well as the involvement of users/consumers in the design
and production of the desired outcomes. The more consumers are also involved
emotionally and actively and the more the new behavior feels good and generates
positive results, the more likely they stay with it. Ultimately it needs a new narra-
tive away from a consumer culture towards a well-being culture in society, where
identity is not mainly connected to the stuff we own and the number of social
media contacts we have.
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According to behavioral psychotherapy learning new behaviors includes four
elements (Kanfer and Schmelzer 2005):

(1) Awareness: one becomes aware that a problem exists,

(2) Motivation: one has (intrinsic or extrinsic) motivation to change one’s habitual
behavior,

(3) Opportunities: one then has the opportunity to try out a new behavior in a safe
space, and finally

(4) Positive Reinforcement or Reward: When trying the new behavior, there
should be positive reinforcement or reward, e.g., saving money, a satisfying
experience, or admiration by peers, and so on. Thus, the new behavior proves
successful and pleasant and can very likely be integrated into daily routines as
a positive behavior pattern.

Designers can support this learning cycle towards sustainable lifestyles:

(1) They can communicate better and more appropriately to the target group (sto-
rytelling, edutainment, etc.) to create more awareness of sustainability issues
and the connection to personal behavior—one of the core competencies of
communication designers.

(2) They can try to strengthen extrinsic or intrinsic motivation, e.g., by showing
role models and positive examples, or by making the abstract sustainability
issues more emotional, explaining how things work in other cultures, how
sustainability can look and feel nice, and how it can be fun, among others.

(3) Designers can create opportunities and possibilities for more sustainable
behavior by designing new products, services, and systems (core competencies
of product designers). They are involved in designing more sustainable infras-
tructure, products, services, and social innovations, and these are precisely the
opportunities that can enable people to act more sustainably.

(4) And finally, to ensure that the new behavior becomes a positive experience,
designers can help to organize positive feedback, e.g., through communities
and peer groups, by saving money, just feeling better, and having a better
conscience, among others.

An excellent collection of many different design interventions to encourage better
consumer behavior, from very authoritarian ones to fun and gaming, can be found
in the Design with Intent Cards by Dan Lockton (http://designwithintent.co.uk).
When trying to influence consumer/user behavior there are fine lines between
manipulation, seduction, and offering alternative opportunities as choices. Con-
sumer choices are often not purely rational but involve quite a bit of emotion.
Transparent, trustworthy, and truthful storytelling, offering honest education and
information should be the first choice, but sometimes a bit of seduction is needed
to change routinized behavior.
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Fig.3 Awareness, Despair, Design, Change, Celebrate: A2D2C Model. Source Stebbing and Tis-
chner (2015)

Figure 3 shows the ‘A2D2C Model’ (Awareness, Despair, Design, Change, Cel-
ebrate), which has been developed by the author as a tool for designers illustrating
the interrelations described above.

7 How to Implement System Design for Sustainability

System design for sustainability is an exciting and emerging field for designers
and other creatives. For its implementation, an important question remains: Who
commissions and pays the designers if they might not be the producer of a product
anymore? Fortunately, there are also new financing and funding schemes emerging
that can help to fund these kinds of activities. Crowdfunding, crowd donating, and
crowd investing for instance (e.g., www.kickstarter.com, https://www.ecocrowd.de,
https://www.leetchi.com, https://www.betterplace.org/de), where a larger group of
people, especially those that are affected or sympathized with the issues at hand,
are invited mainly via online platforms to collectively finance the project—with
or without (donation) rewards for them (Tischner and Beste 2016). There might
be institutions, other than companies, funding these kinds of projects from pub-
lic organizations to foundations and NGOs. It is possible to apply for research
funding, if the projects have some kind of research question to answer, as most
of them have. And finally, there are indeed also companies and start-ups out there
that drive and finance these kinds of more radical and more sustainable design and
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innovation projects, because they are more interested in long-term positive impact
than in short-term profits.

Like everybody else in these systemic design projects for sustainability, design-
ers and other creatives are challenged to move out of their comfort zones. They
need to learn and apply new methods and ask and answer more fundamental and
more complex questions. Hopefully, these methods and tools will be taught in
schools and universities in the future—at the moment there are only very few
design programs available where this is offered(according to the research and
academic experience of the author and her work in the university accreditation
organizations). Once involved in projects like this, designers can also radically
increase their positive impact, and this might lead to more happiness—not just for
stakeholders, but also for the creatives themselves.
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Connecting Global Sustainability
with Circular Product Design

Harald Desing

1 Introduction

Creating a sustainable society requires a fundamental transformation, which will
affect all sectors and activities. Decarbonizing the economy and closing material
cycles requires rethinking production and consumption in a systemic way, in order
that individual actions actually contribute to a more sustainable future (Desing
et al. 2020a, b, c). Products and service design has a pivotal role in creating a
sustainable society, as it greatly influences the environmental and social impacts
caused throughout multiple life cycles (Desing, 2021). In order to align design
with sustainability, criteria for a sustainable society need to be defined.

Planet Earth is a finite entity, exchanging almost exclusively energy with space:
incoming solar irradiation provides a large and steady low-entropy energy flux,
which is balanced by outgoing long wavelength and high entropy radiation back to
space (Szargut, 2003). Besides this “renewable” flux of energy, Earth is a closed
system with a limited amount of resources. The majority of the incoming solar
energy is utilized in Earth system processes, such as the water cycle, wind or the
biosphere. Society is a part of this Earth system and is supported by it. However,
humanity has become a driving force in the Earth system, where we massively
intervene—mostly unintentionally—in Earth system processes through our tech-
nological abilities. For example, CO, emissions are not the desired output, but
rather a side effect of providing energy from fossil resources. Yet, fossil energy
use has increased atmospheric CO; concentration from 280 ppm before the indus-
trial revolution to over 415 ppm today (Dlugokencky and Tans, 2022). We can
design the system differently, in order to get what we need (e.g. energy) while
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minimizing the negative effects on the Earth system (e.g. CO;, land use, nutrient
fluxes). However, no technical intervention is free of environmental impacts: all
need materials and energy, which are missing elsewhere in the Earth system (e.g.
harvesting renewable energy diverts energy fluxes from formerly powered Earth
system processes) and their mobilization is causing environmental impacts (e.g.
from mining or land transformation). Consequently, scale matters! In a sustainable
society, any physical activity is limited by Earth system boundaries—the aim and
purpose of sustainable design is therefore to maximize services to society within
this biophysical frame for human action. As our future prosperity is dependent
on ecosystem services, it is in our own interest to maintain or even improve the
integrity and functioning of the Earth system.

Primary extraction and final disposal of materials are responsible for major
shares of environmental impacts (Desing et al. 2020a; IRP, 2019) and resource
depletion (Henckens et al. 2014). Circulating materials, components and products
in society can reduce impacts and preserve resources by increasing the utility of
materials for society. This can be achieved by various circular strategies: extending
the lifetime of entire products or parts thereof (e.g. reuse, remanufacturing, repair
and repurpose), recycling the contained materials for the same or similar function
by maintaining their quality and cascading materials to lower quality applications
(e.g. crushed concrete as filling material). It is generally assumed that there is a
“waste hierarchy” (European Commission, 2015), preferring, e.g. lifetime exten-
sion over recycling. However, each circular strategy requires energy and materials
as well as causes environmental impacts depending on the system’s design and
performance. Consequently, there is no universal waste hierarchy, but the circular
strategy with the best environmental performance has to be chosen in each indi-
vidual case (Haupt and Hellweg, 2019; Hummen and Desing, 2021; Lama et al.
2022). This makes matters more complicated for designers because simple rules
(such as “design durable products”) cannot be applied. In contrast, it requires esti-
mating or evaluating the environmental performance of circular strategies during
the design process in order to make informed decisions and consistently minimize
impacts (Desing et al. 2021a).

This chapter will outline how Earth system boundaries can be considered in
sustainable circular design of products and services, connecting the global sustain-
ability conditions with individual products and services and presenting a tool for
estimating the environmental performance during the design process. This is based
on a two-step procedure: first, environmental boundary conditions are translated
into ecological resource budgets (Desing et al., 2020a, 2020b); and second, the
consumption of limited resources is minimized within a product and service sys-
tem using the resource pressure method (Desing et al., 2021a). The method can be
used for both a relative comparison of circular design options as well as determin-
ing the contribution to absolute sustainability (Desing, et al., 2021b). Furthermore,
a tool is introduced to help designers find the ecologically optimal replacement
time and strategy for their product (Hummen and Desing, 2021).
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2 Translating Earth System Boundaries into Resource
Budgets

The planetary boundaries framework (Rockstrom et al., 2009; Steffen et al., 2015)
proposes nine boundary categories for essential and critical Earth systems: cli-
mate, biodiversity, ozone depletion, ocean acidification, biogeochemical flows,
land, freshwater use, aerosol loading and novel entities. Except for aerosol load-
ing, global boundary values have been proposed (Persson et al., 2022). If none of
these boundaries is violated, the Earth system is expected to remain in a Holocene-
like state, similar to the very stable period of the last 10,000 years during which
human civilizations emerged. A sustainable society will need to operate within
these planetary limits, i.e. no boundary shall be violated.

Today, five out of the nine boundary categories are exceeded (Persson et al.,
2022), where climate and biodiversity are the most critical (Desing et al., 2020a).
Annual CO; emissions exceed the natural long-term sink of weathering and sed-
imentation by a factor of 50, while returning to a CO, concentration in the
atmosphere of 350 ppm will require negative emissions at a massive scale (Desing
et al., 2022). Reducing the pressure on the climate (i.e. decarbonization) has a
synergetic effect on reducing pressure on biodiversity. This is, however, only if
fossil energy is replaced primarily by solar energy conversion on the already built
environment and not inducing further land transformation (Desing et al. 2019).
Furthermore, increasing material circularity reduces the environmental impacts
caused by primary material extraction and final disposal. In addition to trans-
forming the provisioning system, the pressure on Earth system boundaries can
be decreased by reducing consumption (Reike et al. (2017) term this the circular
strategies “reduce” and “rethink”).

Considering environmental boundaries in design is not straightforward, because
design only indirectly influences impacts. However, designers have direct control
over resource consumption, as the design determines the quality and quantity of
resources required in the product and service. In order to connect environmental
impacts with resource consumption, global boundaries have to be translated into
ecological resource budgets.

There are two approaches to calculating resource budgets: (i) Ecological
Resource Availability (ERA) (Desing et al., 2020a) calculates the maximum sus-
tainable annual production of all resources so that globally none of the considered
boundaries is violated, and (ii) Ecological Resource Potential (ERP) (Desing et al.,
2020b) estimates the theoretical potential of annual production not exceeding any
global boundary for one resource in isolation. ERA allows us to make an absolute
assessment of the sustainability of resource consumption. However, it requires
normative allocation of global boundaries to individual resources, as the global
environmental space has to be shared by all societal activities. ERP, in contrast,
asks the question: “what is the maximum production of a resource if no other
activity would take place?” As such, it is an upper limit (the ecological potential)
in the hypothetical case when all other resources would be substituted by it. It
allows us to compare different resources relative to each other based on the most
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limiting boundary category for each resource. For example, Al production is lim-
ited by CO, emissions, while Cu is limited by biodiversity. Cu has much lower
climate impacts than Al, however, it causes much higher biodiversity loss. ERP is
an objective comparison considering multiple impact categories without the need
for subjective and normative weighting.

Both ERP and ERA provide results for a specific provisioning system, i.e.
impacts generated in a particular supply chain for producing the material. Such
a provisioning system can be modelled as the current (unsustainable) economy
(such as represented by life cycle inventory databases, e.g. ecoinvent (Wernet et al.,
2016) or environmentally extended input—output tables, e.g. exiobase (Stadler
et al., 2018)) or any future scenario during the transformation (Mendoza Beltran
et al., 2018).

For a relative comparison of different product designs and circular strategies,
the ERP method provides a solid reference for considering all impact categories
relevant to Earth system boundaries (Lama et al., 2022). Resources are preferred,
if they have high ERP and thus low impacts on all boundaries. For an absolute
sustainability analysis, ERA budgets need to be calculated for a specified allocation
narrative and provisioning system scenario (Desing et al., 2021b; Ryberg et al.
2020).

The calculation of ERA requires multiple steps (Desing et al. 2020a):

— Define Earth system boundaries (ESB), control variables and the maximum
probability of violation for any boundary (Py).

— Define a single resource or resource segment to investigate; segments are
required to specify the relative share of production (SoP) of resources contained
in the segment.

— Allocate fractions of the global boundaries to the resource or resource segment
(share of safe operating space, SoSOS).

— Calculate the impacts on ESB for one unit of resource production and end-of-
life treatment using a life cycle assessment approach. It is important to include
the impacts from final disposal (e.g. dispersion in the environment, landfilling,
sewage or incineration), as they can be substantial (e.g. CO, emissions from
incinerating plastics are about the same as for primary production) and are
associated with the linear use of materials.

— Determine ERA: Upscale production of resources within a segment until
impacts exceed the most limiting allocated boundary with the chosen proba-
bility of violation.

The calculation of ERP builds on the structure established for ERA (Desing et al.
2020b):

— Define Earth system boundaries (ESB), control variables, and the maximum
probability of violation for any boundary (Py).

— Calculate the impacts on ESB for one unit of resource production and end-of-
life treatment using a life cycle assessment approach.
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— Determine ERP: upscale production of this resource until impacts exceed the
most limiting global boundary with the chosen probability of violation.

Table 1 provides an overview of ERP results obtained with ecoinvent v3.6, which
represent the current and—depending on the datasets—past provisioning system.
The larger the ERP, the lower the impact on ESB. Note that most materials
are limited by CO;, however, some are limited by N emissions and Cu is lim-
ited by biodiversity impacts. When decarbonizing the provisioning system, it can
be expected that other boundaries will become limiting, e.g. land use related
boundaries when shifting towards a bio-economy.

3 Resource Pressure

Products and services require resources (energy and materials) to provide func-
tions to society. Design determines the quantity and quality of resources necessary
throughout the whole life cycle. As most impacts on Earth system boundaries are
generated by the production and disposal of resources, it is pivotal to reduce their
consumption. The resource pressure method (Desing et al., 2021a) provides the
designer (and other decision makers) with an indicator and design guidelines to
consider ecological resource budgets during the design and evaluation of circular
strategies. The method tracks the mass flow of a material through the product/
service system.

In addition to the material contained in the product (mMproduct), @ surplus is nec-
essary to make up for manufacturing 1osses (Vmanufacturing). The mass flow to
provide the continuous function over time is the mass necessary to produce the
product divided by the lifetime ¢z :

M product (1

M product = + Vmunufucturing) .

L

This mass flow can be satisfied by three different sources: primary material,
recycled material from the same product system and cascaded material from
a different product system. The distinction between recycling and cascading is
important, as the former requires maintaining the quality of the material to be able
to use it for the same function again. Cascading, in contrast, allows the utilization
of material further at lower quality. At the end of life, the material can again be
split into three categories: final waste that is “unrecoverable”, i.e. recovery is only
possible at energy demand and efforts higher than for primary material extraction;
cascading to a lower grade purpose and recycling for the material, which can be
recovered at the same quality necessary to provide the same function again. The
recycling flow is characterized by the parameter recyclability n, = mp’r"(); e greatly
influenced by design decisions but also recycling system performance (Reuter and
van Schaik, 2015). A material can be considered recyclable if it can be applied for
its original function. To enable recyclability, materials need to remain homoge-
nous and easy to separate during recycling from other materials. For example, a
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Table 1 ERP for various materials calculated with ecoinvent 3.6

Resource ERP / kg/a Limiting boundary
Concrete, 20MPa 7.18E + 12 CO_2
Concrete, 25MPa 8.46E + 12 CO_2
Concrete, 30-32MPa 6.23E + 12 CO_2
Concrete, 35MPa 6.67E + 12 CO_2
Concrete, S0MPa 4.90E + 12 CO_2

Clay brick 2.77E + 12 CO_2

Light clay brick S5.7TTE + 12 CO_2
Shale brick 3.81E + 12 CO_2
Sanitary ceramics 495E + 11 CO_2
Ceramic tile 1.13E + 12 CO_2

Flat glass, uncoated 8.65E + 11 CO_2
Packaging glass, brown 7.05E + 11 CO_2
Packaging glass, green 7.05E + 11 CO_2
Packaging glass, white 7.06E + 11 CO_2

Glass wool mat 294E + 11 CO_2
Aluminium, primary 4.14E + 10 CO_2
Copper primary 5.60E + 10 Biodiversity
Steel, unalloyed 437E + 11 CO_2

Cast iron 5.72E + 11 CO_2

Zinc 234E + 11 N emissions
Lead 1.53E + 11 N emissions
Tin 9.01E + 10 CO_2
Nickel, 99.5% 6.85E + 10 CO_2

Gold 1.89E + 07 CO.2
Silver 1.82E + 09 CO_2
Platinum 1.33E + 07 CO_2
Titanium, primary 3.06E + 10 CO_2
Chromium 3.51E + 10 CO_2

Steel, chromium steel 18/8, hot rolled 1.96E + 11 CO_2
Polystyrene, general purpose 2.06E + 11 CO_2
Polyethylene terephthalate, granulate, bottle grade 225E+ 11 CO_2
Fibre, polyester 1.70E + 11 CO_2
Polyvinylchloride, bulk polymerised 237E 4+ 11 CO_2
Polyethylene, high density, granulate 2.63E + 11 CO_2
Polyethylene, low density, granulate 252E + 11 CO_2
Polypropylene, granulate 2.68E + 11 CO_2

(continued)
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Table 1 (continued)

Resource ERP / kg/a Limiting boundary
Polypropylene fibre 2.05E + 11 CO_2
Polycarbonate 1.13E + 11 CO_2
Polyurethane 1.53E + 11 CO_2
Nylon 6 1.23E + 11 CO_2
Nylon 6-6 1.07E + 11 CO_2
Polyacryl 1.74E + 11 CO_2
Fibre, viscose 1.90E + 11 CO_2
Fibre, cotton 245E + 11 N emissions
Fibre, cotton, organic 496E + 11 N emissions
Sheep fleece in the grease 1.04E + 11 N emissions
Reeled raw silk hank 9.17E + 09 CO_2
Fibre, jute 1.09E + 12 CO_2
Fibre, flax 7.75E + 11 CO_2
Acrylonitrile-butadiene—styrene copolymer 223E+ 11 CO_2

part made from low-alloyed Al can be remoulded to the same part with minimal
losses, if it is separated from the product, cleaned and directly treated in a dedi-
cated process. However, in most recycling systems, Al parts are not separated from
products and are shredded together with the whole product. Due to incomplete
sorting and mechanical entanglement, the Al fraction is contaminated with other
metals, allowing for high-alloyed cast applications only. In the latter case, recycla-
bility is zero, while in the former case, it is close to one. Materials that cannot be
recycled, may qualify for cascading (as in the example of Al cast alloys above).
This material flow, characterized by cascadability . = mpi’i; —, is not lost for
society, however, has lost quality. Cascading can only be considered, if there is a
(large enough) market for the material; otherwise, material would go to final waste.
Cascaded material as an input is considered a “secondary material” input and can
be chosen by the designer if specifications allow and the secondary material is
available on the market. The primary material input is specified through the pri-

mary material content & = mg - or the modified primary material input, which
produc .
specifies the primary material fraction of inputs excluding recycling: o/ = m+"m .
P s

The two values are related with & = a/(1 — n,).

The resource pressure t is defined as the fraction of primary resource con-
sumption induced by the product (or service) system in relation to the respective
ecological resource budget. Resource pressure is thereby exerted in two ways: (i)
by consuming primary resources directly and (ii) by generating final losses, which
induce primary material production elsewhere in the socio-economic metabolism.
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The resource pressure is defined as the weighted average between (i) and (ii):

_ ln.lp + Mypss _ lmproduct l
"2 ERB 2 ERB 1

(1 + Vmanufacturing)(l +o—n — 776)-

The resource pressure for multiple resources can simply be added up to arrive
at a value for the entire product. It is a dimensionless number, which has no direct
interpretation when using ERP but is the fraction of the maximum sustainable
global resource production ERA necessary to provide the intended product or ser-
vice. In the latter case, the sum of all resource pressures for a specific resource
would need to be ¥t < 1 in order to be absolutely sustainable (Desing et al.,
2021b).

For energy use in the product system (i.e. for manufacturing, use or recovery),
there is only cascading (e.g. use of waste heat) but no recycling possible (every
use of energy reduces the exergy content and increases entropy, second law of
thermodynamics).

From the resource pressure indicator, several design guidelines can be derived,
which help considering the environmental dimension of circularity already during
design conception (Desing et al., 2021a):

— Choose materials with large ERB, i.e. with low environmental impacts.
— Reduce mass in the product.

— Minimize manufacturing losses.

— Increase lifetime.

— Reduce primary material input.

— Increase recyclability.

— Increase cascadability.

While these general guidelines are indicative for a single resource, they are not
necessarily applicable to the entire product system. Consider a product with a
significant impact during the use phase, such as a gas boiler. Here it may be ben-
eficial to replace the product prematurely with a more efficient alternative. In the
case of gas boilers, the environmentally optimal lifetime is zero when consider-
ing a replacement with a heat pump, i.e. it is environmentally beneficial to make
a gas boiler waste and recover its materials (Hummen and Desing, 2021). For
this reason, the environmental lifetime optimizer has been developed (Hummen
and Desing, 2021), providing guidance to product designers regarding the optimal
time and strategy to replace products with significant impacts in the use phase.

Similarly, also recycling and cascading need energy and cause impacts, thus
there are environmental optima for recyclability and cascadability (Schéfer, 2021;
Schmidt, 2021). Up to today, there are no tools available to guide the designer
in the question of which level of recycling and cascading to target, which is a
potential area for future research.

Various case studies show a good agreement between the resource pressure
results and life cycle assessment (LCA) scores across a wide range of impact
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categories (Desing et al., 2021a; Desing et al., 2021b; Lama et al., 2022). At the
same time, the resource pressure method is much easier to apply and does not
require expert knowledge on environmental assessments, as will be showcased in
the next section.

4 lllustrative Case Study

To illustrate the approach described before, let’s consider two different beverage
can designs and multiple circular strategies. One can is made from Al, the sec-
ond from steel. ERP of steel is one order of magnitude larger than for Al. The
aluminium can weights 13 g, while the steel weights 22 g. Manufacturing losses
are considered fully recyclable and excluded for simplicity. Cascadability as well
as secondary material input are set to zero. The lifetime for each can is set for
simplicity as la. Note that the lifetime depends on the shelf life and can be con-
sidered the same for Al and steel, i.e. any other lifetime leads to the same relative
results. Recycling is costly in terms of energy: Al recycling requires 0.71 kWh/kg
(Boin and Bertram, 2005), while steel recycling requires 0.4 kWh/kg (Haupt et al.
2017). Similar to materials, also energy demand exerts resource pressure. The ERP
of energy resources are listed in Table 2.

The baseline scenario considers a collection rate of 75% and steady state
recyclability of 80% for Al (Lovik and Miiller, 2014) and 90% for steel, respec-
tively (United Nations Environment Programme, 2011). The resource pressure is

Table 2 ERP for electricity provided with different technologies based on ecoinvent 3.9; biophys-
ical limits are taken from Desing et al. (2019)

Electricity provision ERP kWh/a Limiting boundary
Rooftop PV 281E + 13 CO_2
Wind onshore 1.13E 4 12 Biophysical
Wind offshore 9.84E + 11 Biophysical
‘Wood 1.12E + 12 Biophysical
Concentrated solar power in deserts 2.02E + 13 CO_2
Deep geothermal 2.55E + 12 Biophysical
Coal 7.57E + 11 CO_2
Natural gas 1.42E + 12 CO_2

0il 8.80E + 11 CO_2
Nuclear, boiling water reactor (CH) 7.03E + 12 CO_2
Global electricity average 1.26E + 12 CO_2
Global electricity average for aluminium industry 1.L13E + 12 CO_2
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calculated for Al material contained in the can:

l M product i
2 ERB 1
1 0.013kg 1

T 2414 % 100% 1a

TAl,can = (1 + Vmanufacturing)(l +oar(l —nr) —nr —1nc)

(1+0)(1+1(1—0.6) —0.6—0) =126 x 101

The resource pressure of energy necessary for recycling the recycling mass flow
(primary content in electricity is one) is calculated as follows:

1 E.m, E, m product Nr
= — 1 — B
e = 3 prg U TN = TR,
kWh .
_ 07 0.013kg0.6 _ o s
- 12kWh -

The total resource pressure is in the baseline scenario dominated by the alu-
minium in the can and amounts to 74; = 1.3 x 10713, For the steel can, recycling
energy exerts about the same resource pressure (74 g, = 4.7 X 10~15), but
the resource pressure of the steel can is one order of magnitude lower than
Al can (Tyrcan = 1.6 x 10~14). Recycling contributes about 1/5 of total of
Tyreel = 2.1 x 1071% (see Fig. 1).

In the R 4+ scenario, the recyclability is increased through an improved collec-
tion to 95%. This reduces the resource pressure for both Al and steel by about
40% each, while it doubles the relative contribution of recycling energy.

1

HAl Esteel
0.9
0.8
0.7
0.6
0.5
04
03
0.2
0 . | . | -
baseline R+ R+, PV Rmax Rmax,PV refill

Fig.1 Case study results for resource pressure relative to Al-baseline scenario for beverage cans
made from Al and steel
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When considering solar rooftop PV as the energy resource for recycling in the
R + scenario, the resource pressure of recycling energy is reduced by one order of
magnitude. This decreases the resource pressure for Al by only 7%, while again
by 40% for steel. As the steel can contribute much less to the overall resource
pressure, the effect of powering recycling with PV is much more pronounced,
even though the resource pressure for both Al and steel recycling improves by the
same total value.

Setting the recyclability to a maximum of 90% (Rmax), the resource pressure
can be halved for Al in comparison to R + , however, this only improves by 15%
for steel. This is due to the fact that the resource pressure of Al is dominated
by material. Consequently, improving the recyclability of the material reduces the
resource pressure much more than the effect of the increased energy demand.
For steel, recycling energy is more important, thus increasing recyclability also
increases the resource pressure for recycling energy and compensates most of the
gains in the material’s resource pressure. Powering recycling with PV (Rmax,PV)
improves the situation for steel, yet Al still benefits more from the increased
recyclability.

Finally, testing the effect of increased lifetime, the refill scenario considers
reusing cans 10 times before recycling them in the same way as in the baseline
scenario. The refillable cans need to be more sturdy, thus simply assuming dou-
ble mass contained in each can. This reduces resource pressure fivefold compared
to baseline and is by far the best scenario. Note that for simplicity, energy for
collection and washing is disregarded, however, it can be considered minor com-
pared with the energy for recycling (i.e. melting, refining and fabricating metal
containers).

In conclusion, steel cans perform much better than Al cans despite the fact
that it is heavier because steel has an ERP larger by one order of magnitude.
Additionally, steel is better recyclable and requires less energy for recycling. How-
ever, the ERP of Al may increase significantly, if primary Al is produced with
fossil-free energy in a decarbonized provisioning system. Recycling can reduce the
resource pressure substantially, yet, parts of the potential improvement are reversed
by increased energy demand for recycling. Refilling has an even greater benefit
than recycling: preserving the integrity of the can saves most of the environmental
impacts associated with recycling and repeated production.

This case study shall illustrate the utility of the resource pressure method. Many
aspects, variants and scenarios can be investigated more in detail, e.g. including
energy for transport or washing and sorting, and cascading the use of materials
for and from cans. All these open questions can be addressed by more detailed
analysis following the same principles as showcased here.



54 H. Desing

5 Outlook

The resource pressure approach can be applied in the design and development
practice at companies without the need for special expertise. It may be combined
with ex-post LCA of the finished product to establish checks of the attained envi-
ronmental performance and provide feedbacks to the design teams. Furthermore,
it can be used as a screening tool for promising circular business models, new
markets and technological avenues. As mentioned earlier, absolute sustainability
assessments are possible when using ERA budgets. These depend on the alloca-
tion scenarios chosen for the calculation of ERA. The resource reduction index
(Desing et al., 2021b) provides a framework to assess the contribution of circular
strategies on reaching global sustainability. It measures the achievement of reduc-
tion targets for resource consumption within the product system, where the targets
are set based on global consideration regarding sustainable resource use in a sec-
tor or industry. To further operationalize this approach, allocation principles and
reduction targets have to be defined for reaching environmental sustainability and
satisfying beyond universal basic needs (i.e. for reaching a doughnut economy
(Raworth, 2012)). As design determines to a large extent recycling and cascad-
ing performance (Reuter et al. 2019), lifetime (Den Hollander, 2018) and use
behaviour (Srivastava and Shu, 2013), there is a need to develop practical tools
to guide design decisions towards optimal circularity (Schmidt, 2021).
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Mapping Circular Economy 4
and the Role of Design in Portugal

Nicola Morelli, Nina Costa, and Luca Simeone

After a long period of maturation, the European Commission approved an action
plan for Circular Economy in 2015 (EC, 2015). The plan was received and
approved by the EU countries, who followed up with national plans. Once the
policies have been set, it is also important to recognize the concrete changes
they are triggering in the socio-economic context, and, from the perspective of
a designer, to understand the possible role of design in such change. This sug-
gests two research questions that can be analyzed in relation to CE initiatives in
Portugal. The Portuguese action plan sets the actions for CE at the macro, meso,
and micro levels, thus including actions that concern broad strategic and cultural
changes (at the macro level), and identify key sectors (at the meso level) and local
actions (at the micro level). The authors of this paper analyzed the circular econ-
omy initiatives in Portugal, that have been recorded in a database issued by the
Circular Economy Club. The shift from a linear to a circular economy culture and
practice can be read through a classification of different initiatives (Alaerts et al.,
2019), which helps in recognizing and qualifying the dimension of change. The
analytical framework proposed in this paper also considers a Multi-Level Perspec-
tive (Geels and Schot, 2007), which allows the inclusion of some initiatives that
could not be framed in Alaerts’ classification. The change generated by the new
policy extends designers’ role to new functions: while the potential for circularity
in product design has been largely assimilated into designers’ activity, the new
rules and the panorama of the ongoing initiatives suggest a possible critical role
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for designers to infrastructuring change. The inclusion of design in policy actions
and their role in translating policy actions into concrete initiatives at the local level
is something relatively new, that opens new perspectives and new challenges.

1 Back to the Roots

At the beginning of the last decade, the Ellen McArthur Foundation (MacArthur,
2013) defined the Circular Economy (CE from now on) as a complex systemic
approach to sustainable production and consumption; although the CE has become
a “hot” topic for discussion in the last decade, it represents the maturation of
different streams of research on environmental strategies and sustainability in the
last 30 years. In 1992, Robert Frosh (Frosch, 1992), for example, proposed that
a strategic approach toward a sustainable transformation of industrial ecosystems
could be based on an analogy between natural cycles and industrial cycles.

In nature, the concept of waste does not exist as every material that is discarded
by an organism, or a natural process becomes a nutrient for other organisms or
natural processes. By proposing the concept of Industrial Ecology, Frosh opened
a new perspective on industrial systems. The concept was taken up by Ayres and
Simonis (Ayres and Simonis, 1994) to highlight the circular metabolic processes
that industrial processes could adopt, imitating nature, to reduce the amount of
industrial waste. The concept of metabolism is used to indicate the capability
of natural ecosystems to digest waste from natural processes, transforming them
into resources for new processes. Frosch and Gallopoulos (1989) used this con-
cept for industrial systems and proposed that waste from one process could serve
as raw material from another, thus reducing the overall industrial impact on the
environment.

The concepts of industrial ecology and industrial metabolism were a good theo-
retical foundation in the debate on Extended Producer Responsibility (EPR), which
extends the responsibility of companies over their own products beyond the point
of sale (Gertzakis et al., 2002). Extended Producer Responsibility was introduced
in Germany in 1991 as a waste management measure concerning packaging (Cahill
et al., 2011); soon other countries followed the initiative, and other sectors, from
automotive to photocopiers, seized the need for a deep rethinking not only in the
business strategies, but also in the way products were designed (John Gertsakis
et al., 1998).

The forced need to reuse the material discarded from the use of product opened
a perspective over the whole life cycle and the concept of industrial metabolism
highlighted the systemic nature of the initial idea proposed by Frosh. Material
cycles could not be limited to a specific industrial sector, in which the material had
been produced, but had rather to be extended to the various sectors that could be
included in the production and consumption cycle. The life cycle perspective sug-
gested a shift from a linear approach ( from cradle to grave) to a circular perspective
(from cradle to cradle) (Braungart and McDonough, 2008).
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2 From Industrial Systems to Production and Consumption
Loops

This short summary of the evolution of different streams of thought around the
roots of circular economy reveals that the theoretical ground for rethinking indus-
trial production systems was quite solid at the end of the last century. However,
the implementation of the theoretical formulation shows a level of complexity
that is still being debated in several aspects, such as the possibility of decoupling
economy and growth, and consequently the capability of capitalism to address CE
within its own paradigmatic structure (Melles, 2021), or the implementation of CE
in urban contexts (Campbell-Johnston et al., 2019). The analysis of products’ life
reveals that the conditions for circularity were different from product to product:
some products could be easily reused or repaired, and others could be remanu-
factured (Giarini and Stahel, 1986; Stahel, 1994), thus creating the conditions for
product life extension. Others (like cars and white appliances) could be replaced
by new products, given the higher efficiency of the new models in respect to the
old ones (Heiskanen, 1996; Stahel, 1994).

The Ellen McArthur Foundation’s butterfly diagram (MacArthur, 2013) includes
several strategies to manage the stock of resources, including natural resources and
those resources that have already been embedded in the production and consump-
tion system (Fig. 2). The strategies on the right side of the diagram focus on
products’ material components from the perspective of recirculating resources. In
this scheme, we could read different levels of intervention, based on the quality
of knowledge required to feed the cycle: the larger cycles imply an intervention
on the micro level, i.e. on materials. Sometimes this intervention concerns the
molecular manipulation of material, as for polymeric materials, or mechanical
treatments, as for organic materials or simply the destruction of molecular links,
as for energy recovery. This intervention usually reduces the value and quality of
materials and requires advanced and specialized, technical knowledge, besides the
specific knowledge needed for the activation of material flows and the adaptation
of business models. Progressing toward the narrower cycle, strategies are referring
to larger systemic change, which relies on business or socio-cultural knowledge.
If we consider the technical knowledge embedded in products (from molecular
to mechanical knowledge), the strategies related to the narrower cycles in Fig. 1
are those that recover most of the knowledge embedded in products, whereas the
larger cycles refer to strategies that imply a higher use of resources (to transport,
disassemble and recycle products) and the larger waste of technical knowledge
(downcycling). Indeed material recycling or incineration implies that all the knowl-
edge embedded in a product is destroyed and only the minimal characteristics of
the material or the pure energy is recovered.

While the circular use of resources can be easily monitored in larger circles, the
narrower circles require a strategic approach that cannot be exemplified through the
logic of flows, including strategies to reduce energy use, increase usage intensity,
and possibly consider different functions to address specific needs.
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Alaerts et al. (Alaerts et al., 2019) classify circularity strategies from linear to
circular economy, taking into consideration the complexity of the initiatives, which
require a progression from technological innovation to socio-technical change. By
doing this, they consider strategies for smarter product use and manufacture, which
include strategies for addressing users’ needs through a range of different functions
or to increase the usage intensity or product efficiency.
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The different strategies proposed in this case are focused on product use and
implicitly indicate a logical progression from linear processes, mainly connected
with technological innovation initiatives, to socio-technical change (see Table 1).
This progression excludes the purely linear processes—those in which resources
are extracted from nature, used, and discarded in nature—but starts from the sim-
ple recovery of materials (level C), which corresponds to the larger circles of
the butterfly diagram in Fig. 1, which focus on materials and energy recovery.
The strategies increase their complexity when they imply services, or institutional
infrastructure or socio-cultural changes (level B and A) that involve a larger part
of the socio-technical system.

Some authors highlighted the systemic aspects related to the strategies for prod-
uct life extension. In particular, Stahel (Stahel, 1997) proposed a service (cycle)
economy, in which the closure of material loops was proposed in relation to the
closure of liability loops, i.e. the creation of services to distribute the liabilities/
responsibilities in a society working on closed material and energy loops. The

Table 1 Circularity strategies, adapted from (Alaerts et al., 2019)

Circular economy | Level A smarter | Refuse Make the product | Socio-technical
product use and redundant by change
manufacture shifting function

Rethink Increasing usage
intensity
Reduce Increasing product

efficiency by using
fewer resources

Linear economy Level B extend Re-use Reusing a Technological
the lifespan of discarded product | innovation
products or parts that is still in good
condition

Repair Repair or maintain
defective product

Refurbish Restore and old
product bringing it
up to date

Remanufacture | Re-use part of a
discarded product
in a new product
with the same
function

Repurpose Use a discarded
product or its parts
for a new function

Level C useful Recycle Process materials
application of to obtain new
materials material

Recover Energy recover




62 N. Morelli et al.

service analyzed in Stahel’s exploration included infrastructure for sharing the
utilization of goods or recycling/remanufacturing goods as well as services that
referred to systemic socio-cultural solutions, such as platforms (the term platform
was not used by Stahel, as it was introduced a few years later) to sell results,
utilization of goods, in a perspective of a functional economy (Giarini and Stahel,
1986) or Performance Economy (Stahel, 2010).

The principles of Extended Producer Responsibility and the idea of an extension
of the concept of industrial metabolism to larger human systems (such as cities or
regions) are translated into the concept of circularity and mapped onto various
concrete aspects of existing socio-technical systems, from product-related strate-
gies aimed at facilitating product disassembly and material recycling (Gertzakis
et al., 2002) to product life extension, which often implies the revision of the prin-
ciple of product ownership (Stahel, 1997). This debate was extended to a broader
discussion between those who call for a total redesign of the whole socio-technical
system, based on capitalist principles, and those who believe in the capability of
the same system to address CE with a number of adjustments (Melles, 2021).

3 A Multilevel Perspective on Sustainability Transition

The perspective shift from products to their utilization is part of the debate on the
nature of the change proposed as the basis for the circular economy: the initial
perspective focused on products suggests strategies to extend product life (through
repair or modular configuration) or the life of materials (through product disassem-
bly and recycling). This perspective was mostly geared toward localized changes
in product configurations and design. The idea of extending the producer’s respon-
sibility to the whole product lifecycle, though, implied that no substantial change
was possible without the support of an infrastructural system.

In this sense, the systemic analysis of the change required by a perspective of
circular use of products can be framed through multilevel sustainability transition
theory proposed by Geels and Schot 2007): the perception of a risk connected
to the extension of product responsibilities led companies to generate different
product-related strategies, but such strategies were fated to stay in a niche, they
could only emerge and be extended to their entire industrial sector when regime
conditions (e.g. policy-driven initiatives, that activate specific services, infrastruc-
tures, legal configurations) could be created, which could facilitate the operation
of maintenance, repair, and recirculation of products, components, and materials
(Melles, 2021).

The emergence of such regime conditions, in turn, was only possible once a
socio-cultural change forced a substantial shift in the focus of public debate, leg-
islation, and institutional structures. The definition of such a shift implies cultural
changes at different levels. Some authors, such as Stahel (Stahel, 1997), proposed
a shift from the intrinsic value of a product to the value of its utilization. The
implications of such shift are cultural, before being technical, as they concern
not only single products, but social practices and lifestyles, ways of thinking and
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perceiving reality, i.e. what Geels and Schot define as a landscape change. The
outcome of the shift proposed by Stahel would therefore concern both the socio-
technical regime and the socio-technical landscape in Geels and Shot’s multilevel
perspective (Geels and Schot, 2007).

4 Mapping the CE Landscape

The evolution from the earliest concepts related to sustainability to the concept
of Circular Economy is visible in different dimensions: one dimension concerned
the expansion from the initial focus on critical sectors (packaging and automotive)
to all the areas related to industrial production (Howard et al., 2022; Emf, 2021);
another dimension concerned the expansion from the initial focus on extended
produced responsibility to a redesign approach (Ceschin and Gaziulusoy, 2019;
Simeone et al., 2019), which could facilitate maintenance, repair, remanufacturing,
and material recycling; a third dimension concerned the extension of the focus
from products to their use or functionality (Stahel, 2010), which was focusing
on infrastructures (services) and socio-cultural changes that would make circular
economy possible.

The concept of CE was probably the catalyst that inspired a number of initia-
tives in the last decades, which populated a panorama of niche innovations (from
products to services), infrastructural changes (local, national, and international
legislation), and socio-cultural changes. Among policy innovations, the European
Green Deal proposed a large socio-cultural change that was expressed through a
roadmap and, more specifically, the European Circular Economy Action Plan (EC,
2020) was setting the regime conditions for the CE in different sectors. At the
same time, the Green Deal itself is the sign of a large landscape transition toward
an institutional culture in which the question of sustainability becomes crucial to
any development of society, economy, and technology. The result of the change
that occurred in the last ten years is in the wide range of initiatives undertaken in
every sector, with the aim of exploring the multiple dimensions that the concept
of CE implies.

The various dimensions described so far propose a good basis for mapping
CE initiatives in a specific local, regional, national or international context. The
authors of this paper, however, tried to go one step further and map a specific
landscape, i.e., a specific national context, to address two research questions:

— How can we recognize and qualify the different dimensions of changes toward
CE in a real context? This question implies an observation of how the change
related to CE is actually happening in this context. This observation, in turn, is
particularly relevant to inspire future initiatives and could also address a second
important research question.

— How can a change toward CE economy be designed? This question is par-
ticularly relevant from two perspectives. From a perspective focusing on
socio-technical systems, it is important to see to what extent the systemic
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change related to circular economy can be addressed, i.e., can be designed.
This means taking into account how favorable developments can be included
to enhance the horizontal scalability of relevant niches or the vertical scalabil-
ity (i.e., the institutionalization) of some preferable changes. From a designer’s
perspective, the question should introduce a reflection on the role that design
can have in such a change and on the design competencies that can support it.

5 The Focus on Portugal as the Main Case

The national context analyzed in this paper is Portugal. The choice has been sug-
gested by the location of one of the authors, and therefore, by the possibility to
access relevant empirical material. It is worth noticing that the information in this
context is by no means complete, as cases and initiatives on CE are continuously
developing. However, the choice of a specific set of data related to this context
makes it possible to refine an approach for reading and interpreting change in
light of CE principles and perspectives.

Since 2014, the EU has promoted CE strategies through various projects and
initiatives, the most recent and robust of which is the 2018 EU Circular Economy
Package (Bourguignon, 2018). The EU also promoted an action plan for circu-
lar economy, aimed at ensuring a regulatory framework for the mobilization of
economic operators and society at large in promoting initiatives toward waste treat-
ment strategies oriented toward circularity. The EU action plan focused on actions
not only at the EU level, but also highlighted the need for long-term involvement
at all levels, including states, regions, and cities (EC, 2015).

In 2017, Portugal approved the Action Plan for CE, The Portuguese action plan
(“Leading the transition”, 2017) sets the action at the macro, meso (sectorial), and
micro (regional/local) levels.

The macro level includes measures at the strategic level, which focus on seven
different aspects, such as extended producer responsibility, education, food waste
reduction, resource regeneration, and research and innovation. The implementation
of these initiatives was based on political instruments such as green taxation or
voluntary agreements; at the sectoral and regional levels, other incentives were put
in place, i.e., funding, that could support the development of solutions, e.g., fundo
ambiental, fundo para a inovagdo, tecnologia e economia circular, Portugal 2020
funding program.

The meso level sets the agendas for action, concerning the efficiency of material
productivity and public procurement. At this level, the action plan indicates key
sectors of the Portuguese economy such as tourism, textile, shoe industry, retail,
and resource intensive sectors (construction). Finally, the micro level focuses on
actions at the local level, setting expectations for initiatives from companies, local
administrations or other local stakeholders (ETC/WMGE, 2019); at this level, the
agendas focus on developing circular cities, organizations/companies, and pro-
mote industrial symbiosis. The action plan also triggered reflections and studies



4 Mapping Circular Economy and the Role of Design in Portugal 65

on industrial symbiosis as a strategic approach to make sure that waste from a pro-
duction/consumption chain could be reintroduced into another productive chain
(BCSD, 2018).

In early November 2022, the evaluation of the implementation of the plan and
the public consultancy of research results was undertaken to support the devel-
opment of the second Action Plan for CE in the country (LNEG, 2022). Seven
dimensions for action were proposed, identifying driving forces and barriers to
further infuse CE in culture, investment, technology and infrastructure, policy
and regulation, stakeholders’ network as well as institutional and organizational
dimensions. Despite being identified as a leading country in terms of circularity
initiatives (Winans et al., 2021), major barriers regarding design infusion were
identified, especially regarding the “lack of infrastructures that enable circulari-
ty”’; “lack of investment that still exists in ecodesign”, and “products that are not
prepared for circularity” (LNEG, 2022). As mentioned by the founder of the Cir-
cular Economy Portugal Association, and consultancy advisor for the government,
in conversation with one of the co-authors: “circular design needs to be more
emphasized in this second action plan” (mentioned during a project meeting with
the co-author).

Circular Economy initiatives in Portugal.

To help us identify the initiatives, this paper includes the analysis of a series of
CE initiatives developed in Portugal based on the information collected from a
large database issued by the Circular Economy Club (CEC)—an international non-
profit network, including professionals and organizations with over 280 CEC local
clubs in 140 countries. Portugal has been active since 2020 and has currently 7
active clubs scattered throughout the country namely in Porto, Braga, Felgueiras
(northern region), Lisbon and Almada (center), and Faro (southern region).

The study of the Circular Economy Club refers to a mapping week in February
2018, which engaged 2100 participants from 40 countries through 65 workshops.
The workshops developed a database of 3,000 initiatives related to CE, but the
database was further developed after the mapping week. Operating from this
database, the authors identified 98 initiatives related to Portugal.

The database included different aspects collected by the participants of the
workshops of the Circular Economy Clubs. One of them consisted in the iden-
tification of (1) six CE strategies namely, design, resources, business models
(BM), product life extension (PLE), waste as a resource, and other strategies,
and (2) six main sectors in which innovation appeared such as cities (including
buildings, infrastructure, and mobility), consumer products and electronics, fash-
ion and textiles, food and beverage, manufacturing, and other sectors (including
financial services, healthcare, education, and tourism). Finally (3), the database
identified the type of organization leading the CE initiatives: Multinational Cor-
porate, National Corporate, SME, Startup, Private sector, Education, Non-profit,
Government, Support (investment, consulting, media, etc.), and others.
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5.1 Preliminary Results of Existing Data and Categories

The analysis of preliminary results shows that Portugal appears at the 12" place
in the ranking (3,24%) of the CE initiatives mapped by the CEC around the world,
with 50 participating countries. The country is preceded by the UK (with 13% of
representation), Sweden, Germany, Canada, South Africa (between 5-10% rep-
resentation); and Taiwan, Austria, Denmark, Spain, USA, and Chile (between
3,5-5% representation).

In comparison to the rest of the world, Portugal has identified more initiatives in
specific key sectors of its economy, namely in Fashion and Food/Beverages (with
approximately +5% in each organizational sector) (Fig. 2). Organizational sectors
with less representation are Manufacturing (—6%) and Cities (—4%).

Additionally, when analyzing the type of organizations involved in the CE ini-
tiatives, a major difference in representativeness of the private sector (—19%) and
SMEs (—16%) was identified, when compared to other countries. In contrast, a
higher number of Non-profit (+8%), National Corporate (+9% approximately),
Startups (+11%), CE initiatives in the Food/Beverage (for Non-profit and National
corporate), and Fashion sectors (for the Startups) were identified in the database
(Fig. 3).

Finally, when compared to other countries, the primary CE strategies in Portugal
are more focused on designing new business models (Fig. 4). This type of strategy
is mostly used in the consumer products/electronics sector.

Fig.3 CE initiatives by
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Fig.4 CE initiatives by CE primary strategy

When highlighting the analysis of the CE initiatives collected in Portugal
specifically, the main organizational sectors involved in such initiatives are food/
beverages (22%). A large part (21%) of the initiatives were also concerned
with urban components (Cities—buildings, infrastructure, mobility, logistics, and
resource management) and Consumer Products/Electronics (21%). The Fashion
sector is also included with 17% of initiatives and manufacturing has the lowest
representation (7% of cases).

Second, up to one third of the organizations/entities leading CE activities are
Startups (~23%) and Non-profit organizations (~20%). This data indicates that the
institutionalization of CE may be still at an early stage in the country (Salamzadeh
and Kesim, 2015), as startups are newly born companies that often struggle to
consolidate their business in the mainstream market. The ideas and prototypes are
still at the testing stages, often construed with high uncertainty of success; the high
participation of non-profit organizations in CE initiatives can also indicate that CE
may yet not be profitable and still be limited to small niches, with limited potential
for scaling out (replicating) (Moore and Riddell, 2015) such initiatives in other
contexts. Some initiatives do rely partially on voluntary citizens’ movement and
participation, finding alternative ways of doing/living, which are complementary
(but sometimes not compatible) with market growth (e.g., permaculture).

Third, the most recurrent CE strategy used in Portugal, according to this
database, concerns the reuse of Waste as a Resource (~27% of the initiatives
concern this strategy); another substantial quote (22%) of initiatives concerns
the development of New Business Models. Product Life Extension and Product
Redesign were also recurring with a lower frequency (18% and 15%, respectively).
When crossing the different categories as seen in Fig. 5, Waste as Resource CE
strategy is embedded in initiatives identified throughout the different sectors. Other
strategies, however, seem to be more secluded to specific sectors. For example,
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“Design” is used mostly in the fashion and manufacturing sectors. “PLE” is mostly
used in Consumer Products and food/beverages sectors. The “Business Models”
strategy is identified in four sectors—but is more intensively used in the Consumer
Products sector.

In summary, the report related to the database includes some categorizations
that are useful to read the change CE is defining in societies. The interpretation
of the model, however, does not provide useful insights to understand the transi-
tional value of CE initiatives, i.e., to understand how such initiatives are triggering
change at the micro level (e.g., by promoting a single technical initiative), or at
the meso level (e.g., by generating a system based on a series of services or social
interactions between different stakeholders) or at the macro level (i.e., at the level
of major socio-technical changes).

CITIES =

CONSUMER PRODUCTS -

FASHION -

FOOD & BEVERAGES -

MANUFACTURING -

OTHER -

Fig.5 CE primary strategy and organizational sectors
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6 Some Considerations About the Database

While the database provides a good logical geography to navigate and understand
the development of CE initiatives in Portugal, it does not provide a key to under-
standing the potential impact of such initiatives. On its own, this database does not
help understand the evolution of CE in Portugal.

A first consideration should concern the scale of innovation, which in turn is
connected to the complexity of the initiative.

Because of its comprehensiveness, the strategy framework proposed by Alaerts
et al. (2019) (see Table 1) can be used as a first filter to interpret the database of ini-
tiatives in Portugal. The authors of this paper tried to map the criteria proposed in
the framework of the initiatives in the database. While the mapping is purely based
on the authors’ interpretation of the database, it gives a first glance at the distribu-
tion of the initiatives along different levels of complexity. It is worth mentioning,
though, that some initiatives could not be included in the framework: the database
indeed, reported initiatives related to the creation of (a) educational initiatives,
aimed at creating capacities (i.e., diffuse knowledge among new generations) and
(b) policy or government actions. For this reason, two new categories have been
added to Alaerts et al.” categorization: education and policies and government
actions.

Figure 6 provides a visual overview of the strategies, as they have been iden-
tified in the database. The figure shows how the most recurrent strategies concern
the activities of recycling and repurposing, with a lower incidence of initiatives
aimed at recovering energy from discarded materials, which is destroying most
of the properties, knowledge, and characteristics of products. Interestingly, many
initiatives refer to systemic aspects, i.e., to the higher part of Table 1. Those are ini-
tiatives to exchange second-hand products, sometimes creating marketplaces, or to
use less resources or re-focusing on functions, thus shifting to different production
and consumption configurations.

7 Beyond the Data

In order to address the first research question proposed in this paper (how can
we recognize and qualify the different dimensions of changes in a real context?) a
further step is needed: it is important to enter into the data and investigate the
nature of the initiatives. For this purpose, the authors collected further information
about the initiatives, using the links and documentation reported in the database,
and interrogated the database according to different perspectives, using additional
labels that open to different categorizations.

One of the most meaningful characterizations concerns the focus of the ini-
tiative: the landscape observed through the database included initiatives of very
different nature, from intervention on buildings to education, from the redesign
of a product to the definition of marketplaces for second-hand products and to
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Fig.6 CE strategies in Portugal

the definition of policies to support circular economy. The authors used different
labels, possibly attributing more than one label to the same initiatives.
The foci defined in Table 2 could be further grouped:

— A group of initiatives that focuses on the physical or molecular manipulation of
materials (e.g., recycling) or resources (e.g., water saving). Those initiatives are
mostly related to level C in the classification proposed by Alaerts et al. (2019).
This level includes innovation related to buildings, products, and resource man-
agement. Most of those initiatives rely on changes based on technologies that
make it possible to reuse materials or resources (from cigarette butts to water
or codfish spines). The database does not provide clear clues on the reason why
those initiatives are more diffused than others at level A or B; a hypothesis
could be that those initiatives can be better controlled by one or few actors
(those who handle the technology), with reduced involvement of other actors
(such as household, communities or schools), that usually have a role in the
collection of discarded products (such as electronics or food). Since they do
not require major behavioral change, those initiatives may be easy to establish
and consolidate.

— A group of initiatives that works on the creation of exchange platforms, market-
places, special events or services; these are initiatives that create the conditions
for reuse, refurbishment, repurposing or repair (e.g., material repositories, chil-
dren’s toy sharing), and for rethinking the way products are used (e.g., car
sharing). These initiatives are related to levels A and B in Alaerts’ classification.
On the other hand, these initiatives could be defined as infrastructuring initia-
tives, as they generate regime conditions for activating flows for the exchange
or recirculation of products, components or materials.
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Table 2 Main focus of the initiatives

Focus Description

Building Initiatives that concern the building sector

Education Initiatives for schools or training actions or actions that
increase the awareness of possible circular flows in a
community

Infrastructuring Initiatives that generate opportunities for smarter use of

products and services or that support the extension of
products’ lifespan. Within infrastructuring, further
subcategories have been identified:

Platforms: creation of opportunities for material reuse, swap
marketplaces, multiple use of products (sharing)

Events: organization of fairs, periodic markets, and
demonstration events that increase citizens’ awareness of the
opportunities for circular actions

Services: modification of existing services to optimize the use
of resources (e.g., reducing packaging)

Policies or government actions

Policies: policy actions aimed at creating roadmaps or
subsidizing circular economy initiatives

Product Initiatives that focus on products, to increase their lifespan
(repairing, reusing, remanufacturing) or to optimize the use of
materials

Resources Initiatives for the reutilization of material for the optimization

of resources (e.g., waste into energy or water)

— A third group of initiatives concerns initiatives aimed at generating capacities
at the systemic level, by proposing specific policies or by activating education
initiatives that tend to trigger cultural change.

It is worth noticing that this grouping provides some clues to compare the observed
innovation landscape to the multilevel structure proposed by Geels and Schot

(2007):

1. Rather than proposing any systemic action, the initiatives in the first group focus

on specific materials or products or resources, thus providing solutions that con-
cern a specific niche, with its problematic implications. Those initiatives often
imply the use of specialized technical knowledge (from architects to chemical
engineers), and they represent a good opportunity to advance knowledge on
specific technical problems. For example, the “redbridge school” project uses
wood and other renewable or low-impact materials to build the structures and
facades of the school. In the fashion sector, a well-known shoe brand “As Por-
tuguesas” uses residues of the cork from the stopper industry as the main raw
material to create the shoe soles—thus using existing materials to generate new
value via product design. Finally, looking at resources, other examples can be
identified, to recycle or recover the material, namely, the initiative developed
by EPAL in Lisbon, that uses treated wastewater to be used in public gardens
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maintenance, or cleaning public facilities and goods such as metro stations or
buses.

The infrastructuring initiatives concern the creation of swap markets or (some-
times local) marketplaces or platforms, which activate new practices, thus
new socio-technical routines, that can change the regime conditions in the
Portuguese context. It is worth noticing, however, that a regime change, as
described by Geels and Schot (2007), includes changes in the whole technical
and institutional infrastructure of a context, which cannot be observed from the
initiatives in this database, possibly because such change cannot be observed
from any single initiative but is rather a systemic emergence. This group of
initiatives mostly involves actors with different skills, including design, com-
munication, or social skills. The infrastructuring initiatives in the dataset at
hand appear to have a wider spectrum of intervention types—from creating
platforms to events, services, and policies, at the local and national levels. For
example, initiatives related to “events” are mostly focused on organizing mar-
kets for reselling or exchanging second-hand items; and/or service events to
repair appliances/objects. Services include initiatives related to “smarter prod-
uct use and manufacture”, supporting citizens to extend the products’ life,
namely for system needs related to mobility (car and bike sharing), as well
as with education (centers for collecting and sharing schoolbooks).

. The generation of platforms is also a strong mechanism to support infrastructur-

ing toward CE. Platforms can be defined as a “set of actors, resources, business
and operational rules and setting that converge for value creation” (Breidbach
et al., 2014).

. Although platforms are often digitally enabled (e.g., Booking Drive, an online

shop to rent all kinds of equipment), the database also provides a set of exam-
ples of alternative mechanisms to adjust and develop the conditions for smarter
product/service use and needs fulfillment, for example, by creating alternative
channels for zero waste of food and clothes (e.g., Fruta Feia that works with
wasted/ugly fruits/veggies, which do not fit market requirement for retails, are
sold to end customers based on a monthly fee); or chain of shops to sell/buy or
exchange second-hand goods/furniture.

. Finally, the third group of initiatives aims at a broader change in the socio-

technical system. If effective, those initiatives will impact the institutional
system and the cultural landscape of the country, therefore, they could be
compared to changes in what Geels and Schot define as the socio-technical
landscape. Obviously, the database only offers a perspective on the potential
landscape change, rather than a real view on something really happening. Pol-
icy initiatives include the definition of roadmaps or action plans for the public
support of CE at the municipal as well as the national level. The potential
of such an initiative is in the capability to create seamless support to an oth-
erwise fragmentary landscape of small changes that can be observed through
the database. Education is also an important vector for capacity building, that
spreads throughout all the levels of complexity related to CE, including:
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¢ Initiatives to promote CE in schools and public spaces, creating education pro-
grams, courses and providing training to change existing practices (level A in
Table 1), Examples include “escolas circulares” (circular schools), or “vegetable
garden at your door” that provides citizens with garden plots to practice organic
agriculture and receive training in farming and composting;

e Educational initiatives that address repair or refurbishment (level B in Table 1),
such as the RLAB, a knowledge laboratory to learn to recover electric/electronic
equipment;

e Educational activities that support the reduction of centralized treatment of
organic waste or workshops about composting (level C in Table 1). The long-
term impact of these initiatives in consumer behavior and market changes,
through time, is, however, still a topic that requires further inquiry.

The cases mentioned in this section can be consulted in the file annexed to
this chapter. They are also available and updated regularly in the Circular
Economy Club open-access repositories (https://www.circulareconomyclub.com/
gd-home/cec-global-database/).

8 Designing Circular Economy

The considerations proposed in the previous sessions provide clues to address the
second research question: whether (and to what extent) circular economy can be
designed. The systemic nature of CE implies that several actors and several com-
petencies must be involved in the process of change. Technical competencies are
crucial for the process of change, especially regarding the manipulation of the
physical and chemical composition of materials and products; however, as seen
in the observation of the database, other competencies are also crucial, because
they generate societal conditions for change, in organizational, social, and cultural
terms. Many actors are able to contribute to such change, and therefore, accord-
ing to Simon’s (Simon, 1969) definition, many actors are designing this change
according to their own competencies. Those that, according to Manzini (Manzini,
2015), could be defined as expert designers, can contribute to the initiatives in the
various groups identified in the database with different competences.

The initiatives focusing on products and materials require designers to redesign
products, reuse materials from previous cycles or facilitate product disassembly or
modularity. This area is not new for designers, as it was perceived as a critical chal-
lenge to approach Extended Producer Responsibility, and therefore, developed with
several contributions for several decades (Ceschin and Gaziulusoy, 2019; Lewis
et al., 2001). The initiatives focusing on infrastructuring are urging designers to
find solutions that challenge the existing socio-technical system. The three main
areas defined in Table 2 are platforms, events, and services.

Platforms generate opportunities for interaction among different stakeholders:
they could consist of online or local swap markets that recirculate used products or
materials or even useful knowledge. The level of complexity can be quite different.
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Some of the initiatives, such as Fashion Revolution are relying on existing social
networks for the interaction among the users, while they provide useful infor-
mation in their website. Other initiatives are in fact promoting the exchange of
material (e.g., “Repositério de materiais”—Repository for materials), but because
of the nature of the material exchanged (building and construction material), need
to focus on specific geographical areas, possibly planning to scale out by nodes,
i.e., generating local material exchange networks in different cities. Finally, other
platform initiatives are based on an accurate design of the interaction between dif-
ferent stakeholders: Refood, for instance, has created an ecosystem that includes
supermarkets, restaurants, food producers, voluntaries, and other actors to produce
meals for persons in need and institutions. The design of a platform requires a
good understanding of systemic aspects, including the interaction between differ-
ent stakeholders and their mutual negotiation. As seen in the database, platforms
can emerge from social interaction within existing challenges, but they can also
have a higher level of complexity, in which the interaction, i.e., the way value
is exchanged among the various stakeholders, needs to be accurately organized.
With respect to this, the effort of product/service design should therefore focus on
understanding the complexity of such systemic aspects: designers should focus on
generating appropriate frameworks for action, rather than specific solutions (EC,
2020).

Events are temporary opportunities for product exchanges (e.g., flea markets) or
for getting knowledge on how to repair or extend products’ life. The social nature
of such events makes it possible to organize them through the most common social
channels, or by using existing networks that have been created around fablabs or
other active organizations. They are obviously local events, even though initiatives
like bike repair or repair cafés are increasingly replicated in several locations (e.g.,
Repair café Lisboa). Although some of those events are the result of a diffuse
design capability (Manzini, 2015), the way in which those initiatives are replicated
or scaled out is an interesting design problem, as they may imply a capability to
understand contexts, engage relevant stakeholders and facilitate social aggregation
(Morelli, 2014; Concilio et al., 2013; Morelli, 2015).

Because of their interactive nature, platforms and events can be often considered
as services, i.e., structured solutions that mobilize a number of stakeholders and
technologies to address specific needs related to the utilization of products, or cre-
ate specific value for different beneficiaries. The database, however, also includes
initiatives consisting of specific solutions that support the reduction in resources
or material use (e.g., the suppression of packaging) and or the rental of goods that
are not frequently used, such as luggage or baby equipment.

The initiatives aimed at changing the socio-technical landscape to support CE
include educational initiatives and policy or government actions. While designers
have been involved in different educational initiatives, the participation of design
in policy actions or to institutional structures is relatively new and opens new per-
spectives for designers. The initiatives in the database define roadmaps or action
plans for the intervention of public institutions in relevant environmental prob-
lems. Designers are increasingly involved in this strategic process (Whicher et al.,
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2018). The definition of missions is becoming part of the strategic planning at
different institutional levels (Mazzucato, 2018; Miedzinski et al., 2019) and the
European Green Deal EC (2019) is a relevant outcome of this approach. The def-
inition of research and innovation programs at the EU level clearly recognizes the
role of design in coordinating and synergizing different elements of innovation
through visions and consistent scenarios, but also in translating the elements of
such visions into concrete projects. While it is not possible to identify this role in
any specific initiative in the database, it is possible to figure out the role design
can have when translating the wide program of the Portuguese roadmap for the
circular economy into initiatives at the local level, promoting operative action and
participatory initiatives to support sustainable plans at the municipal level.

9 Conclusions

CE is clearly calling for a broad systemic view, which links initiatives in niche
sectors or on specific products or materials to larger infrastructural changes and
to systemic initiatives, which orient the socio-technical landscape toward circular
flows. This paper tried to read a “real” context, as described by a large database
of initiatives, through the lens of multilevel innovation, as proposed by Geels and
Schot; the idea, in using this filter, was to make sense of the data in the database.
Geels and Schot’s perspective is not completely adequate to interpret the database
(or at least the database does not offer enough information to relate the situation
to Geels and Schot’s perspective), however, it gives the spark to an analysis of
a context that would otherwise seem too articulated and complex. It also gives a
chance to highlight some initiatives that go beyond the traditional action of design-
ers, following the evolution of designers’ professional domain, from products to
services, and more recently to systemic and institutional perspectives.

The challenge that CE proposes to designers is to define their actions through
a full palette of capabilities (Morelli et al., 2020). While in the early phases of
the debate on sustainability, designers were working around products and their
material components, they are now asked to use their capability to activate social
processes, understand and support mechanisms of scalability, work across different
levels of complexity, and translate broad visions about the future of this society
into operative projects and organizational structures.

It is important to take into account that the database analyzed in this paper is to
be considered as a sample, rather than the complete description of the innovation
landscape around CE in Portugal. The whole landscape is continuously changing,
and new initiatives are being proposed. The database only represents a ground for
discussion on (a) how a myriad of innovation phenomena at different scales is
shaping broad changes; (b) how this change can somehow be oriented through a
design action and; (c) what kind of challenges designers are facing, when entering
in the mechanisms of change activated by CE.
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1 Introduction

The greatest challenges for humankind in twenty-first century include avoiding
carbon emissions, protecting habitats, and conserving resources. However, the use
and purchase of consumer goods harm these goals. Plastic packaging in particular
has a major impact. The largest share of plastics used throughout the European
Union (EU), 39.1%, is used for packaging. By comparison, the next largest appli-
cation area, building and construction, is responsible for 21.3% of plastics (Plastics
Europe and EPRO 2022). In this chapter, we review existing efficiency, sufficiency,
and consistency strategies to enable sustainable packaging in the cosmetics indus-
try with its exacerbated requirements and identify current strengths and weaknesses
of proposals to date. We argue that far more attention to upstream innovation rather
than end-of-pipe recycling solutions is required.
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1.1 SDG 12, Sustainability Transition and the Circular Economy

The United Nations (UN) General Assembly has adopted 17 Sustainable Develop-
ment Goals (SDGs) in 2015, number 12 of which concern sustainable consumption
and production (UN Department of Economic and Social Affairs (UNESA) 2022).
The goals of SDG 12 include preventing waste and encouraging more sustain-
able patterns of consumption, for which the concept of the circular economy
(CE) is being pursued in particular. The positive contributions of circular strate-
gies on SDGs have been examined by many authors (Geissdoerfer et al. 2017;
Rodriguez-Anton et al. 2019; Schroeder et al. 2019).

It is argued that CE concepts may entail “the potential to induce transformative
sustainability change” (Reike et al. 2018, p. 247). For this reason, science and
policy encourage closing materials loops and avoiding unsustainable disposal. A
real sustainable transition needs change at multiple levels (Geels 2011; Melles
et al. 2022a, b), especially given that global circularity has fallen from 9.1% in
2018 to 7.2% in 2023 (Circle Economy 2023).

At the macro level, there is a slowly changing socio-technical regime that is
hesitant to radical changes, being characterized not only by policies and norms,
but also by common practices and conventions. On a micro level, niche innovations
emerge and design can act as an enabler to provide novel (niche) solutions. Design-
ers could therefore influence the socio-technical regime (Melles et al. 2022a,
b).

Accordingly, there is a call for design to provide new sustainable solutions. The
design has the means to contribute to a number of SDGs, e.g., by enabling par-
ticipatory development (Velenturf and Purnell 2021). With regard to SDG 12, the
design discipline can promote a sustainable CE with drastically reduced resource
consumption, closed material loops, and low/zero carbon footprints. Strategies
should be socially responsible and foster the overarching principles of efficiency,
consistency, and sufficiency (Schuster and Throl 2021).

As a rule of thumb, strategies that move as far away as possible from a linear
economy and are as close as possible to the idea of a CE are preferable. Refuse
and reuse are, therefore, superior to recycling strategies in terms of their circularity.
The validity of this sustainability hierarchy is verified in concrete individual cases
with the aid of an life-cycle-assessment (LCA) assessment (Circular Economy
Initiative Deutschland 2021; Potting et al. 2017).

1.2  The Circular Economy, Packaging, and Cosmetics Challenge

Although refusing packaging is a long-term strategy with a high impact on suffi-
ciency, packaging is needed to serve the core functions of protecting the product.
Thus, there is great potential for savings in packaging in terms of material effi-
ciency and energy waste. For example, in Germany, not even 50% of plastics in
large parts packaging are recycled. Although recent regulations demand increased
recycling quotas in packaging (Directive 94/62/EC 1994; VerpackG 2021), it is not
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yet clear how these quotas can be achieved based on the current state of the art in
recycling technologies, business models, packaging designs, and other constraints.
Part of that problem is that recycling plastic waste is still very costly (Schuster
and Throl 2021).

In the cosmetics sector, all those challenges are exacerbated by, e.g., special
hygienic requirements and social networks that motivate increased consumption
(Dinh and Lee 2021). Despite these problems, there are already more sustain-
able packaging alternatives on the market. But the reasons why customers do
not opt for these ‘green’ products are, again, manifold, such as shape, functional
properties, or personal preferences. As a product’s design and conception phase
determines the entire product life cycle at an early stage, packaging designers and
managers should include the purchase decision processes in their sustainability and
CE strategies.

To help practitioners compare products and packaging, an “integrated
circularity-sustainability assessment” (Hatzfeld et al. 2022, p. 2) is aimed for.
But overall, research on the interconnection of sustainable and circular packag-
ing design, particularly for cosmetics and hygiene products, seems to be rare. In
order to address this research gap, we aim to evaluate the current state of research
by means of a systematic literature review on CE strategies for cosmetics and
hygiene products. We assess if and how the circular strategies meet sustainable
aspects. We follow the triple-bottom-line definition of sustainability (Elkington
2018; Finkbeiner et al. 2010) and on findings that are directly related to the pack-
aging design for circular solutions in the cosmetics and hygiene sector. The review
is guided by the following questions:

e What is the functional role of packaging for cosmetics and hygiene products?

e Which sustainable and circular packaging design approaches exist for cosmetics
and hygiene products?

e Which factors influence consumers in the purchase decision process when
choosing sustainable and circular cosmetics and hygiene packaging designs?

2 Theoretical Background

Design for Sustainability (DfS) is the design discipline’s response to the sus-
tainability issues of our time. While earlier works primarily focused on reducing
environmental impacts by redesigning individual features of products, more recent
approaches have shifted to product-service systems, spatio-social, and socio-
technical systems (Ceschin and Gaziulusoy 2016). Product-focused concepts like
eco-design were the first to address the whole life cycle of products, i.e., from
resource extraction, manufacturing, and use to the product’s end-of-life (Ceschin
and Gaziulusoy 2016). However, past empirical studies provide evidence that they
have not achieved the decoupling of economic growth and natural resource use
(e.g., United Nations Environment Programme (UNEP) 2011). That UNEP report
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showed that efforts to increase recycling quotas, energy efficiency levels or other
strategies of eco-design have only provided incremental improvements often com-
pensated by rebound effects and exaggerating growth of conventional markets.
While these eco-design strategies remain valid, more powerful strategies must be
implemented. As mentioned in Sect. 1, a transitional sustainability change may be
the potential of CE (Reike et al. 2018).

The circular economy (CE) can be understood as a counter-concept to the
linear economy (“take-make-waste”) that has prevailed since the beginning of
industrialization. Figure 1 illustrates the contrasting differences between both
approaches (German Environment Agency (UBA) 2020). The CE approach aims
to foster reuse within closed material loops rather than extracting resources as
the basis for economic growth, thus reducing supply risks (Andrews 2015). Any
system based on consumption rather than regenerative use of resources would oth-
erwise cause significant losses along the value chain (Ellen MacArthur Foundation
2013).

CE has recently received a lot of attention but is interpreted differently (Circle
Economy 2023; Corona et al. 2019; Kirchherr et al. 2017). A comprehensive defi-
nition of a sustainable CE, based on an analysis of 114 CE definitions, is provided
by the latter author’s team: it is

“an economic system that replaces the ‘end-of-life’ concept with reducing, alternatively
reusing, recycling, and recovering materials in production/distribution and consumption
processes. It operates at the micro level (products, companies, consumers), meso level
(eco-industrial parks), and macro level (city, region, nation, and beyond), with the aim to
accomplish sustainable development, thus simultaneously creating environmental quality,
economic prosperity and social equity, to the benefit of current and future generations. It
is enabled by novel business models and responsible consumers.” (Kirchherr et al. 2017,
p- 229)

Many CE definitions often ignore sustainability, especially social sustainability,
and do not directly address planetary boundaries (Melles et al. 2022a, b). We,
therefore, distinguish between a (standard) CE and a sustainable CE. In order to
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determine the sustainability of a CE concept, one should examine not only its
circularity, but assess its sustainability level separately (Hatzfeld et al. 2022).

Within dedicated literature, related circular strategies start with ‘R’ and
encompass up to 10 ‘Rs’ (Kirchherr et al. 2017; Reike et al. 2018). The long-
established ‘3R’ strategy set from waste management, e.g., relies on Reduce,
Reuse, and Recycle. A more recent and comprehensive model complements the
‘3R’ with Repair, Refurbish, Remanufacture, Repurpose, Refuse, and Reduce by
Design (UNEP 2022, see also chapter 7 by Melles and Velenturf). However,
according to Reike et al. (2018), the simpler ‘3R’ typology was most frequently
used in the past CE literature. Far-reaching CE strategies, e.g., Refuse or Rethink
have gained little attention so far. In this analysis, the ‘4R’ strategies, including
Refuse, Reduce, Reuse, and Recycle, have been a guide to categorize the findings
below.

In this paper, a circular product design is understood as a combination of
different DS approaches aiming to design products that are aligned with a sus-
tainable CE. This relationship between DfS and CE is well described by Ceschin
and Gaziulusoy (2016). A circular product design should make products easy to
repair, reuse, disassemble, remanufacture, and/or recycle (Willskytt 2021). As an
extended concept within circular product design, product-service systems comprise
a product and a service in their basic elements. Companies shift their attention
from developing and selling purely physical products to handling a system of
products and services (Lofthouse and Bhamra 2006). We assume these conceptual
considerations can also be transferred to a circular packaging design.

The success of circular design solutions depends on a number of boundaries,
such as policies, economic constraints, and not least on customers’ acceptance.
Customers’ purchase decisions are no longer (and never were) based solely on
price and quality. Instead, the buying decision also depends on a product’s abil-
ity to reinforce personal attributes (Irani and Frankel 2020). Irani and Frankel
(2020) showed by neuromarketing methodology that emotions are crucial influ-
encing factors. This is supported by Kahraman and Kazancoglu (2019) who argue
that choosing more sustainable (greener) products can be explained by consumers’
preference to buy products that are consistent with their values. Consumers with
high levels of environmental awareness and trust in sustainable products are more
likely to purchase products that convey the same values.

The functions of packaging in general are illustrated in Fig. 2. The product
yields a value and usually has a larger footprint than the packaging. The product
is protected by the packaging against conditions such as physical loads, biological
contamination, chemical contamination, and last but not least, exposure to ultra-
violet radiation (Paine and Paine 1992). The packaging keeps the value of the
product along the life cycle and helps to inform and convince customers about
and after its purchase. This is usually achieved by primary packaging (e.g., plastic
tube or box, may contain a number of products), that is often complemented by
secondary packaging (e.g., cardboard box; may contain numbers of primary pack-
aging), and tertiary packaging to protect larger numbers of the products and their
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primary/secondary packaging during transport to the point of sale (Hanlon et al.
1998; Muntean et al. 2019).

All three packaging layers have an environmental footprint. Materials, additives,
and energy are necessary to produce the packaging. At the end-of-life, materials
have to be sorted, transported, and processed with further energy and resource
consumption. Parts of the materials may be used as post-consumer recycled mate-
rial for new packaging or other products. Usually, the larger part will be burnt
to derive energy or heat from it, euphemistically referred to as thermal recycling.
Even though the materials are taken from the cycle, the energy use can also have a
positive impact as quantified in LCA. Packaging parts that could not be material or
thermally recovered are usually landfilled. The latter two options are to be avoided
in the sustainable circular economy. The packaging has the described footprints,
but also protects the product and its value against the impacting conditions. As
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Wikstrom et al. (2019) point out for the food domain, the “total environmental bur-
den of product/package” (p. 534) needs to be assessed considering the packaging
functions also as a means to reduce (product) waste.

The design and condition of packaging and products are perceived by customers
through sensory channels. Customers holistically experience the offerings. This
experience is characterized by the perception of (anticipated) instrumental qualities
as well as non-instrumental qualities (e.g., convenience or ‘joy of use’)—always
in constant interplay with emotions (Thiiring and Mahlke 2007). This process is
unconscious and influenced by human factors such as attitudes, needs, and the
individual aims of each customer as well as the specific context. Thus, human
judgments play a role in decision-making and behavior (Wolfel and Krzywinski
2019).

3 Methodology

In order to identify relevant academic publications, a systematic literature review
was conducted based on Fink’s (2019) methodology. The literature was extracted
from the databases Scopus, Wiley, ScienceDirect, and EBSCOhost based on their
thematic fit with the research topic. Search terms were selected from related topics
of packaging design (e.g., ‘packag*’), circular design (e.g., ‘sustainab*’), and cos-
metics (e.g., ‘personal care’) and applied to the title, abstract, and keywords (see
Table 1). A total of 17 relevant publications were used for the literature review.
Practical search criteria were then selected and applied: English-language litera-
ture was included without publication date restrictions. Only types of double-blind
peer-reviewed academic literature were considered, too. In a further step, the
potential publications were subject to a methodological screening after removing
duplicates based on the screening title, abstract, and full text. Some publications
were removed due to lack of availability, inappropriate content, or low quality.
That final screening step and forward/backward search techniques resulted in 17
relevant publications. The literature sample covers a period of publication year

Table 1 Used search terms within the systematic literature review

Packaging design AND | Circular design AND | Cosmetics
Product packag* circular cosmetic*
OR packag* design OR sustainab* OR “make up” OR
makeup
OR green OR eco* OR “beauty product”
OR recycl* OR reus* OR “personal care” OR
personalcare
OR organic* OR bio* OR “oral care” OR
oralcare
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from 2006 to 2022 with the majority (70%) being published in the last six years.
The search scheme is shown in Fig. 3.

The collected literature was analyzed by qualitative content analysis using the
software MAXQDA according to Kuckartz and Rédiker (2019), which enables
a systematic, replicable, and rule-guided analysis of text material. For the basic
form of content-structuring qualitative content analysis, thematic categories were
developed from research questions. The material was randomly coded according
to that category system. Subsequently, text passages of the same categories were
compiled and subcategories were determined based on the text material. For the
categorization of packaging alternatives, we followed the ‘R’ strategies as laid out
in Sect. 2. In the course of the iterative inductive coding process, the ‘3R’ strategy
set (i.e., Reduce, Reuse, and Recycle) was supplemented by the Refuse strategy.

4 Results

The results from the systematic literature review cover findings on general func-
tions of packaging, conventional packaging concepts, and its circular, possibly
more sustainable alternatives. We identify aspects of functions, design (features),
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materials, environmental impacts, disposal, and risks, among others, directly
related to the packaging design for CE solutions. We then discuss potential
sustainability criteria and what factors influence consumers’ purchase decisions.

4.1 Core Functions of Packaging

The findings of the review correspond to the general description of core pack-
aging functions as described in Sect. 2 and illustrated in Fig. 2. Packaging is a
by-product and is not bought for its own sake (Lofthouse et al. 2017). It protects
the product, prevents losses, and ensures quality or facilitates logistical processes
(Aguiar et al. 2022; Jaccarini and Refalo 2017; Sahota 2013). This feature is
worth highlighting in relation to the overall sustainability assessment discussed in
this review. Against the backdrop that the environmental footprint of goods usu-
ally exceeds that of the packaging multiple times, an excessively high proportion
of broken and unsaleable goods can thus lead to worse quantified environmental
impacts using LCA in comparison to conventionally but well-packaged products
(Pauer et al. 2019). Only a few authors explicitly mention the protection of the
shielding against microorganisms or product tampering (Rosette et al. 2012).

In addition, customers can be informed about the correct use and function of
the product with the help of information on the packaging (Aguiar et al. 2022;
Jaccarini and Refalo 2017). In cosmetics, the packaging is also used for further
communication (Aguiar et al. 2022; Lofthouse et al. 2017; Sahota 2013). It can
help improve the product’s differentiation and image and create marketing advan-
tages (Rosette et al. 2012; Yablonski and Mancuso 2011). Graphic elements and
information can be used to illustrate important features, which can be very exten-
sive (Lofthouse et al. 2017). Information on improved use and disposal on the label
significantly impacts purchase and actual use and can be provided as graphic guid-
ance (Aguiar et al. 2022; Ren et al. 2022). Information on desired user behavior
can reduce the loss of content (Willskytt 2021). At the same time, the packaging is
an important task in communicating brand identity. Similar to mood and attention,
colors influence differentiation within the product family and from the competi-
tion. In cosmetics, for instance, colors can follow the content so that the feeling
of freshness and cleanliness is achieved (Malea et al. 2020).

4.2  Current Challenges of Conventional Packaging

There is a growing recognition that packaging designs that are not environmentally
sustainable are a thing of the past (Yablonski and Mancuso 2011). However, most
cosmetics currently on the market are still packaged in single-use plastic containers
(Gatt and Refalo 2022; Lofthouse et al. 2017; Wakefield-Rann 2017)—a problem
not only seen for hygienic and cosmetic products (Zhu et al. 2022).

Different cosmetic packagings have their most significant environmental
impact at different product life cycle stages. Studies with LCA for cosmetics



88 C. Scope et al.

packaging provide quantitative results: Ren et al. (2022) conducted LCA for glass
and plastic PET cosmetic bottles in China. They found that the end-of-life (EoL)
has the highest environmental impact at over 50%, with landfilling of waste being
the most severe, followed by the manufacturing, transport, and use stages. The
LCA of Jaccarini and Refalo (2017) showed that in the case of a transportable
cosmetic box with powder and mirror, the raw material extraction phase is the
largest contributor to all life cycle stages when only life cycle energy consumption
is considered. In the analysis by Civancik-Uslu et al. (2019), raw materials also
accounted for half of an ordinary plastic tube’s total life cycle impacts. However,
this LCA was carried out excluding any modeling of EoL. The rationale was to
convey the environmental profile of the tubes to the manufacturers. Waste dis-
posal would vary depending on the specific markets where the tubes are sold. So,
even the most environmentally friendly packaging is no good if there is no system
to collect and recycle it at EoL (Sahota 2013). The difference between different
countries in terms of their collection systems can be seen in Fig. 4.

Aguiar et al. (2022) direct the perspective additionally to the aspect of water
consumption, whereby this is mainly incurred in the cleaning of production facil-
ities, materials, and packaging lines, as well as for compliance with hygiene
standards. The main problem with plastics is the impact of marine pollution on the
environment, which has not yet been studied using LCA methods (Civancik-Uslu
et al. 2019).

For many materials in the cosmetics sector, conventional disposal is often the
only EoL solution considered, as there are currently no sufficiently proven, effi-
cient, and cost-effective technologies for recycling materials such as laminates
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(Malea et al. 2020). While recycling aims to minimize a product’s impact, it could
problematically encourage the use of disposable products by giving the appearance
that recyclable products cause less harm (Wakefield-Rann 2017). Some packages,
like cosmetic tubes, are complicated to recycle as they still contain cosmetics in
the waste and end up in the mixed plastic fraction at the packaging waste sorting
plant due to their small size. Therefore, they are landfilled or incinerated in many
countries (Civancik-Uslu et al. 2019).

As a measure against the loss of resources and the emissions caused by pro-
duction and disposal, the Packaging Directive 94/62/EC was adopted in the EU
in 2021 (Aguiar et al. 2022; Directive 94/62/EC 1994). This stipulates that pack-
aging should be produced with minimum volume and weight, safety, hygiene,
and consumer acceptance. Companies’ packaging policy should be implemented
sustainably and responsibly and build on the ‘3R’ pillars. Biodegradability and
responsible sourcing of materials should also be considered (Aguiar et al. 2022).

4.3  Current Challenges for Sustainable Packaging

Packaging design must ensure the core functions of packaging (see Sect. 4.1).
These include the protection and the communicative means of primary, secondary,
and tertiary packaging, which must be achieved under specific material, process,
market, and other constraints. The packaging design had been a complex challenge
already before the commencing sustainable transition. For example, secondary
packaging is often not deployed. In such cases, primary and tertiary packaging
must provide all packaging functions. The shift to sustainable packaging brings
even more design challenges to be accomplished.

The design phase is crucial for each life cycle phase of cosmetics, as it defines
the whole system. Design has the potential to influence purchase and consumption
and can promote use behavior, reuse, and recycling (Ren et al. 2022). According
to Lofthouse and Bhamra (2006), the goal of an alternative design must be to add
value to a product by making it convenient for customers. Ease of use should be
provided without compromise (Rosette et al. 2012). According to these authors,
the packaging system should also be considered in terms of product characteris-
tics, sterilization methods (if applicable), sealing, labeling, secondary packaging,
handling, shipping, environment, storage, government regulations, and end use.

Design methods that improve the product’s environmental performance should
be used to reach these goals. Checklists/guidelines, diagramming tools, CAD pro-
grams, and LCA can be used integratively for this purpose (Willskytt 2021). LCA
was used in many of the studies reviewed, and the importance of using LCA
in combination with eco-design strategies to improve the environmental profile
was also addressed. This can help identify key life cycle stages where eco-design
strategies are most efficient (Civancik-Uslu et al. 2019; Jaccarini and Refalo 2017).

A good overview of eco-design guidelines is provided by Willskytt (2021).
The review of the literature on eco-design and the CE examined the applicability
of design guidelines for resource-efficient products to consumer products. It was
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identified that most design guidelines exist for the packaging, but only a few for
cosmetic products. However, several of the identified guidelines are transferable to
cosmetic products. In particular, these aspects should be taken into consideration:
Packaging sizes should fit the user; dispensing quantities should be adapted to user
behavior; the dispensing capability of the packaging should be optimized so that
the entire contents can be dispensed; information can be provided to help reduce
energy and water consumption. In addition, it can be stated that design consider-
ations can be transferred from products with similar levels of required packaging
protection and shelf life. This would allow the application of considerations for
canned food products to cosmetic products. Furthermore, for products used by
similar actors, design considerations for product handling can often be transferred
(Willskytt 2021).

Structural designs invite people to touch the product (Sahota 2013). How-
ever, superfluous, non-functional components and voids should be eliminated to
save material. Structural changes such as reducing, strengthening, or weakening
components can be used for this purpose (Willskytt 2021).

Rising oil prices already put pressure on companies to use alternative materi-
als for plastic packaging (Sahota 2013). In addition, regulations further promote
recycled, reusable or recyclable plastics in a cost-effective way (Aguiar et al.
2022). Sustainable and resource-efficient use of materials can be accomplished by
avoiding scarce, critical, non-biodegradable materials and substituting them with
less environmentally burdensome materials (Willskytt 2021). Here, however, it is
important to point out that the sustainability of biodegradable materials is highly
controversial (Filiciotto and Rothenberg 2021; UBA 2017). The German UBA
advises against their use in the packaging sector: Single-use products are criti-
cized as short-lived and generate unnecessary waste, regardless of whether they
are biodegradable. Disposing of biodegradable single-use items in the environ-
ment has similar negative consequences as compared to conventional plastics, as
these materials degrade only very slowly in fields and meadows. UBA assumes
that indications of biodegradability may even encourage people to careless and
inconsiderate waste handling (UBA 2017). Materials that are difficult to separate,
such as laminates and composites, should, if possible, be avoided. Instead, mono
materials could be used in the product to increase recyclability (Ren et al. 2022;
Willskytt 2021).

The awareness of many companies to switch to natural, organic materials
also poses another risk. It may provide the opportunity for better interaction
between packaging and product, as a number of antimicrobial agents are naturally
present in organic materials. But it may also provide for possible inactivation of
preservatives, contributing to faster degradation of the preservative system. Envi-
ronmentally friendly substances in packaging and formulation may also require the
addition of preservatives, as the previously high pH and hostile raw materials were
more resistant to microbes and now make the product more vulnerable (Yablonski
and Mancuso 2011).

There are significantly fewer design guidelines for food and cosmetics packag-
ing than those for medical devices (Willskytt 2021). But what learnings in other
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industries could inspire packaging design considerations related to the cosmetics
industry? Similar to food, there are also expiry dates for cosmetic products. How-
ever, that is insufficiently communicated on the packaging as European regulation
requires to inform consumers only if the shelf life is less than 30 months (Will-
skytt 2021). That information is essential as prolonged use of the product is linked
with a decrease in preservatives and an increase in microbial contamination. Two
main risk factors prevail: First, a misuse of cosmetics for another purpose than
intended. Second, product accessibility and exposure, i.e., the contact of an organ-
ism with chemical, biological or physical agents (Rosette et al. 2012; Yablonski
and Mancuso 2011).

The publications of Rosette et al. (2012) and Yablonski and Mancuso (2011)
summarize findings for design aspects to address these issues. For example, smaller
packages are safer, i.e., reduce the likelihood of contamination, because of a
shorter use period and lower frequency of interaction. Moreover, packaging with
larger dispensing openings such as jars, bottles, and cosmetic cans tend to be more
vulnerable than aerosol cans, airless pumps, or sealed systems. Obviously, safety
considerations contradict the previously discussed ideas for reducing the amount
of packaging. Generally, the applicator and delivery mechanism are considered the
most critical components in terms of product exposure. For applicators, sponge
applicators and mascara brushes are at high risk, whereas dry powder brushes,
swabs, puffs, and disposable sponges are the most suitable. However, there is no
single strategy to minimize applicator risk. An ideal opening is one with easy
access and low exposure to the environment. A consumer product evaluation study
showed that contamination heavily depends on user scenarios: a flip-cap closure
for shampoos was found to be 0% contaminated after use, while the same clo-
sure for a hand cream was 39% contaminated because consumers used the product
differently. (Rosette et al. 2012; Yablonski and Mancuso 2011).

Similar detailed information on contamination risks were not presented in the
reviewed literature. Aguiar et al. (2022) indicate that cosmetics with water are sus-
ceptible to microbes. Amberg and Fogarassy (2019) support these findings, adding
cosmetics with organic mixtures as vulnerable. Willskytt (2021) only refers to
carefully disposing of contaminated waste with biological materials, borrowing
from medical products. Lofthouse and Bhamra (2006) suggest adopting mecha-
nisms from a medical design to ensure that packaging communicates the harmful
consequences of using the product in concentrated form or avoiding it.

4.4 Design Considerations for Circular Packaging and Its Role
in Sustainability

Sustainable and new practices are becoming increasingly important among product
developers (Gatt and Refalo 2022). New approaches to design, such as product-
service systems, could be applied. These aim to achieve integrated functional
solutions to meet customer needs. For example, detergent manufacturers go door-
to-door with delivery vans and supply their customers by each taking the amount
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they need in their own container (Lofthouse and Bhamra 2006). Despite that, dif-
ferent approaches based on the ‘R’ strategies have been identified in the literature
as presented in the following. In consent with Zhu et al. (2022), the CE strate-
gies that are implemented in ‘sustainable cosmetics packaging’ remain close to
the core ‘3R’ strategy of Reduce, Reuse, and Recycle. Hence, they stick with the
rather conventional approach of eco-design.

The more sufficiency-oriented strategy of Refuse has been discussed as appli-
cable to sustainable cosmetics packaging. Other strategies such as Rethink or
Refurbish have not explicitly been mentioned. However, Rethinking as such might
be hardly apparent in current forms of academic literature. Refurbishment in pack-
aging design might be hard to differentiate from Reuse or Recycling. Even the
long-established refurbishment of dairy goods glass bottles is commonly recog-
nized under the umbrella of Recycling. However, such kind of strategy has not
been identified in the review for use in cosmetics packaging. An overview of
the different ‘R’ strategies, both identified in the selected literature and not yet
discussed is illustrated in Fig. 5. Within the illustration, the Recover strategy is
assigned to Recycle for simplification.

Refuse

Production

Packaging Cycle

Disposal

(/.

End of use

Separation

and cleaning

Rethink Repair Refurbish Remanufacture Repurpose

Fig.5 ‘R’ strategies for sustainable cosmetics packaging as identified in the literature review
(blue) and other potential strategies not yet discussed in the sustainable cosmetic packaging lit-
erature (green)
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4.4.1 Refuse

The strategy that is most compatible with the goals of a sustainable CE is the
avoidance of packaging. In this case, the product is designed in such a way that
there is no need for packaging at all. For instance, anhydrous formulas offer the
optimal conditions for this (Aguiar et al. 2022). Although highly concentrated,
water-free products appear more expensive to customers, they last longer and
replace three to four equivalent non-water-free products, reducing purchase fre-
quency and increasing savings (Aguiar et al. 2022). A prime example of this sales
strategy is the company Lush, which claims to sell 65% of its products “naked”
and also uses this strategy in marketing campaigns (Aguiar et al. 2022; Gatt and
Refalo 2022; Sahota 2013; Wakefield-Rann 2017). This has enabled them to save
more than 450,000 L of water per year compared to liquid shampoos. However,
it should be noted that according to EU Regulation No. 1223/2009, non-pre-
packaged products need to be accompanied by product information (Aguiar et al.
2022).

At the same time, it is important to emphasize that packaging, as described
above, has a protective function. Accordingly, neglecting effective packaging can
lead to a greater amount of broken goods. Since the ecological footprint of the
goods usually exceeds that of the packaging by a multiple, an excessively high
proportion of unsaleable goods can thus lead to worse LCA results than the same
well-packaged item (Pauer et al. 2019). Dissolvable packaging is another concept,
that can be categorized as a refuse strategy (Willskytt 2021).

4.4.2 Reduce

The reduction strategy primarily focuses on reducing the amount of material
through downsizing, weight reduction, structural changes such as reinforcing,
folding, splinting, framing, minimizing thickness, avoiding low-function compo-
nents, and minimizing the number of separable components that could end up
in waste (Willskytt 2021). An LCA shows that weight reduction can reduce the
overall impact of a plastic tube by 10% on average (Civancik-Uslu et al. 2019).
However, the product should be tested for stability, which can be affected by
dematerialization (Gatt and Refalo 2022).

A differentiated concept is the use of larger packaging. This concept should
lead to simplification and reduction of the relationship between product and pack-
aging (Aguiar et al. 2022). However, this concept should be viewed critically.
Redesign approaches should be encouraged but do not have a radical impact on
the LCA. While the weight of packaging per unit has decreased, demographic
changes, the size of families, and the demand for more convenience have led to an
increase in the amount of packaging used (Lofthouse and Bhamra 2006). The use
of larger packaging can also be seen as critical in terms of possible contamination,
as discussed earlier.

4.4.3 Reuse
Strategies aimed at reusing products are not as widespread as switching to sustain-
able materials (Sahota 2013). The packaging guidelines refer to reuse as a process
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whereby a package is designed to go through a minimum number of cycles during
its life cycle or can be re-filled, with or without the help of auxiliary products on
the market that enable refilling. Such packaging becomes packaging waste when
it is no longer reusable (Aguiar et al. 2022; Gatt and Refalo 2022).

If used as expected, returnable packaging systems can provide greater environ-
mental benefits and support the transition to a sustainable CE, which advocates the
development of circular material flows (Lofthouse et al. 2017). Gatt and Refalo
(2022) demonstrate that the positive impact of reusability can exceed that of
dematerialization by 171%, even if the plastic waste of reusable packaging is not
recyclable. Moreover, applying recyclability to a product that is already reusable
does not significantly reduce the environmental impact. However, reuse should not
necessarily be used as the only strategy. The study by Gatt and Refalo (2022)
additionally showed that a cosmetic can with a replaceable aluminum tray con-
taining the product that has to be repurchased is less sustainable than repeatedly
buying the same can without the aluminum tray. In this case, reusability does not
compensate for the negative impact of the aluminum tray. Furthermore, there is an
overall risk with all reusable products that consumers will dispose of this type of
product (Wakefield-Rann 2017), and therefore, even lead to higher resource and
energy consumption, as this type of packaging is likely to be heavier as it needs
to last longer (Lofthouse et al. 2017).

In addition to the reusability challenges already mentioned, a product should
be adapted to consumer needs, as in the past the use of reusable packaging has
not been successful in some cases (Lofthouse and Bhamra 2006; Yablonski and
Mancuso 2011). A high level of inconvenience and low incentives were seen as
the cause. This problem can be addressed by the concept of emotionally durable
design, which aims to build an emotional bond between the product and the user
so that he is less inclined to replace it (Willskytt 2021). Attractive packaging that
is valuable in the eyes of the consumer will encourage them to refill and keep it
rather than throw it away (Lofthouse and Bhamra 2006). Limited acceptance can
also be caused by negative associations such as poor quality and inconvenience
(Lofthouse et al. 2017).

Packaging design needs to consider a number of technical issues related to
durability, communication, refill mechanism, safety, and cleaning. An ideal system
should be simple, intuitive, and inclusive in refilling (Lofthouse et al. 2017). In
addition to usefulness, the aspect of beauty and pampering associated with the
appeal of cosmetics must be promoted (Yablonski and Mancuso 2011). To ensure
the efficiency of the system, it is also necessary to determine the frequency of use,
because the system is only successful if the customer also returns the packaging
(Lofthouse and Bhamra 2006).

New pack types can be unfamiliar to the consumer, so the designer’s main task
is to develop an innovative overall concept. For the consumer, it must be clear
from the product that it is a refillable system to avoid customer confusion and an
increase due to unintentional waste. Reusability must be clear both at the point
of sale and when the product is used (Lofthouse et al. 2017). Safety aspects, in
particular, must be quickly apparent to the customer, as products should not be
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used in concentrated form (Lofthouse and Bhamra 2006). Dispenser units and
primary packaging need to be appropriately durable, as customers need to buy the
unit as well as the product (Lofthouse et al. 2017). The design of the system is
therefore crucial, as otherwise, it could be more financially attractive to dispose of
the product and buy a new one (Lofthouse and Bhamra 2006).

The packaging should allow the extraction of the entire content (Malea et al.
2020). Easy cleaning should be possible for reuse (Ren et al. 2022). It must be
clearly communicated to consumers how the system should be treated and which
components should remain in the system and how. This is also crucial for material
selection, as glass and PET are popular materials in much of Europe that could
potentially be recycled (Lofthouse and Bhamra 2006). In the best case, mainte-
nance should be minimal or not required at all (Lofthouse et al. 2017), which can
be accomplished by design, for example, if the packaging has a smooth surface
(Willskytt 2021).

Since large openings are more vulnerable from a microbial safety perspective, a
refillable package should be designed to restrict access and protect the product and
the consumer from overexposure and cross-contamination by minimizing direct
access to the nozzle. Automatic removal or sealing of the pouch including a new
dispensing device on the refill packaging would also be conceivable (Rosette et al.
2012; Yablonski and Mancuso 2011).

4.4.4 Recycling

Using recycled materials for a single-use product can lead to significant environ-
mental savings of more than 90% by using existing materials, reducing the total
amount of waste sent to landfills and reducing energy resources (Gatt and Refalo
2022). Despite these benefits, recycling is still not the most popular EoL option
due to the limited circularity, as mentioned above, and the potential contamina-
tion at the end-of-use phase that makes it difficult to recycle a product (Gatt and
Refalo 2022; Potting et al. 2017). Therefore, the strategy to design with recycled
materials has some limitations.

Furthermore, studies show that there is a significant lack of recycling. A 2018
EU study found that only 41.5% of plastic waste generated in Europe is mate-
rial recycled, while the rest ends up in landfills or is used exclusively for energy
recovery (Gatt and Refalo 2022). Development should take into account the conve-
nience of customers. If returning-for-recycling procedures are not easy, consumers
will not return packaging properly (Aguiar et al. 2022).

A recycling-friendly design should consider the dismantlability of the recycling
process. This can be realized by separable components and fewer materials. In
addition, barrier-free instructions demonstrate proper recycling (Ren et al. 2022).
Technical recyclability also depends on the choice of materials and should be
compatible with recycling techniques (Willskytt 2021).

If the packaging is destined for incineration or landfill, some authors argue
that it should at least be designed to be truly incinerable (avoiding ceramics or
the like) and avoid hazardous additives, such as those found in polyvinylchloride
(PVC) (Willskytt 2021).
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4.4.5 Overview
Table 2 provides an overview of the various intervention strategies and related
design considerations mentioned above, that can be assigned to R strategies.

4.5 Acceptance of Alternative Packaging Designs
at the Purchase Decision

Decisions depend on differently weighted factors of each consumer (Amberg and
Fogarassy 2019). Among the factors that can have an impact on the customer’s
decision-making are environmental awareness, packaging design, greenwashing,
brand identity, and price.

In relation to product acceptance, packaging is a very influential tool (Mosleh-
pour et al. 2021). Recent research often suggests that its communication and
interaction must lead to highlighting the environmental benefits of the product
(Ren et al. 2022). Information on the label about the sustainability of the product
and suggestions on how to use it can influence purchases as customers have been
shown to have limited knowledge of sustainable products (Aguiar et al. 2022). Ren
et al. (2022) found that plastics are underestimated and glass and biodegradable
plastics are overestimated by average consumers.

As convenience and effort play a crucial role, customers will opt for small,
lightweight packs. Refill packs, which are more suitable for transport, take up less
space and are easy to reuse (Lofthouse et al. 2017) will be preferred (Yablon-
ski and Mancuso 2011). Ideally, handling should be a good experience for the
customer (Lofthouse et al. 2017). Structural packaging and graphic elements can
invite you to touch, turn, and feel the product. Packaging design is expected to con-
vey the product’s personality through its shape and form and to arouse emotions
in the process (Sahota 2013). The Lush company tries to create a personal bond
between customer and product by putting stickers of the product producer on the
products (Wakefield-Rann 2017). They have also increased the sensory value of
their products by allowing the customer to experience the product without packag-
ing. However, sealed, opaque packaging can appear more hygienic to the customer
(Wakefield-Rann 2017). Customers also have the desire to test the fragrances in
the shops. The unpackaged products would solve this problem, whereas this is
impossible with sealed or dissolvable refills (Lofthouse et al. 2017).

5 Conclusions

Current production and consumption patterns must change substantially to address
the challenges of highly stressed planetary boundaries (Rockstrom et al. 2021).
SDG #12 aims to prevent waste and encourage sustainability and CE. As presented
in previous sections, only selected CE strategies with an integrated sustainability
assessment could be key to that fundamental transformation. Many authors point
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Table 2 Design strategies and considerations in relation to the ‘4R’ strategies

Refuse

Reduce

Reuse

Recycle

Design strategies

Avoid packaging Material reduction Returnable packaging | Design with
through downsizing | for refilling recycled materials
Dissolvable packaging | Material reduction Design for refilling by | Design for recycling

through weight
reduction

the customer

Material reduction
through structural
changes

Design for separate
return (and recycle)

Avoiding Design for
low-function incineration
components
Minimizing the
number of separable
components
Larger packaging
Design aspects/considerations
Protective function Stability Possible disposal Potential
instead of reuse contamination
Demand for Frequency of reuse Dismantlability
convenience
Contamination Demand for Separable
convenience components

Attractive packaging

Fewer Materials

Durability

Disposal information

Cleanability Use of technically
recyclable materials
Simple refillability Incinerability

Refillability of the
product must be
understood

Avoiding hazardous
additives

Safety

Financial attractiveness
of reusing the
packaging

Drainability

Simple and clearly
communicated
maintenance

Contamination
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out that the social goals of sustainability are often neglected (Corona et al. 2019;
Hatzfeld et al. 2022; Reike et al. 2018).

In particular, past reviews on CE show that recycling strategies are not suf-
ficient, but other CE approaches to design to meet redesign, refuse, and reuse
strategy paths may do so. Moreover, discourses around the CE often focus on
ideas around recycling, which moves only a little away from an ‘end-of-pipe’
thinking. Accordingly, more far-reaching demands are being made for a move
toward a comprehensive sustainable transformation of the economy and society.
The demand for strong sustainability must shape consumption patterns and busi-
ness models, and there must be a rethink in the area of political intervention. In
particular, sufficiency strategies and product-service systems must also be more
central (Melles et al. 2022a, b; Velenturf and Purnell 2021; Wilts and von Gries
2015). Other management control instruments like carbon offsetting do not add to
that transformation, too, as a recent study discussed (Bergero et al. 2023).

Our review aimed to summarize and discuss the current state of art packaging
(design) for the consumer-oriented cosmetics and hygiene products industries. Our
first research question referred to identifying the functional role of packaging for
cosmetics and hygiene products. The aim was to gain a basic understanding of the
challenge of meeting these requirements on the one hand and the criteria for sus-
tainable CE packaging design on the other (see Sect. 4.1 to 4.3). Second research
question, it was found that a majority of the methods can be found in the area of
the Reuse strategy. Crucial to success is the consideration of the whole (product-
service) system, especially the type of reuse. Crucial is also the disposal of the
products. As long as consumers do not know under which conditions the products
have a sustainable benefit and the manufacturers do not offer a disposal system,
there is a risk that the products will be disposed of in a conventional way (Sahota
2013). Safety is an important decision point for consumers who are skeptical about
new products (Kahraman and Kazancoglu 2019).

However, most of the analyzed studies ignore the safety risk due to micro-
bial contamination, as only two deal with specific design features to reduce a risk
(Rosette et al. 2012; Yablonski and Mancuso 2011). Awareness needs to be raised
here for further research, as criticism has been voiced, particularly in relation to
recyclable packaging. The importance of user testing and user-centered develop-
ment was identified as important in this regard, as well as serving to establish
user acceptance. The strategy of avoiding packaging is less represented in the
publications, which is due to the fact that most works look for alternatives rather
than avoiding them. Moreover, this strategy may work for shampoo or shower gel,
but becomes a challenge for transportable cosmetics and would require additional
packaging.

The third research question was to identify factors that influence the purchase
decision making process and how these can be implemented through design to
enhance the positive impact of green sales. Based on the amount of theory found,
there seems to be little research on decision-making for sustainable cosmetics in
combination with design recommendations. Five factors were identified that can
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influence the purchase decision process to varying degrees, and subjective percep-
tual preferences should not be ignored. The investigated factors of design, brand
identity, price, environmental awareness, and manipulation perception can provide
intentions for how they can be used by the appropriate design.

The price factor in combination with environmental awareness does not provide
any directly obvious derivations for the design. It depends on the environmen-
tal awareness of the consumer. Those who have a high environmental awareness
will be willing to pay more and even demand it because it is a sign of quality
for them. The rest of the consumers will demand a similar price as for conven-
tional products. The manufacturers of refill packs partly rely on financial incentives
through cheaper overall packaging including the refill pack to motivate all those
with a lower willingness to pay to buy. At the same time, it could also provide an
incentive for environmentally conscious customers to buy the packaging anew as
a result. However, with the method of emotional, long-lasting design, the designer
can ensure that customers do not exchange the refillable containers for new ones by
offering the customer added value through reuse that they cannot buy, for example.

So what can we learn from past research on packaging in the cosmetics and
hygiene products industries? Packaging design can increase the circularity of prod-
ucts and make products appear more attractive to customers. Concepts such as
emotional design can offer customers added value and strengthen the bond with the
products. Supporting information for sustainable use can be conveyed more easily
through visualizations. Furthermore, product-service systems will gain importance
in the future, under the aspect of system thinking, and will change the concepts
of the cosmetics and hygiene industry in their development in the long term, as is
already the case in other industries. The literature provides a number of approaches
for the design of sustainable packaging, but often the statements on the design of
cosmetic and hygiene products are rather less concrete. Accordingly, they rely on
the transfer of design guidelines from other sectors such as the food or medical
and pharmaceutical industries (Willskytt 2021).

Future studies should closely examine those ‘R’ strategies that are yet missing
in past research. There is a lack of case studies illustrating their practical applica-
tion. New research could collect consumer evaluations based on a larger number of
LCA studies and prototype developments to assess purchasing potential. In addi-
tion, the effects of different points of sale could be investigated more closely, since
online retailing does not allow for a sensory evaluation by the customer, and the
influence of social media marketing and influencer marketing could also be added.
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Can a Circular Economy Lead

to Resource Conservation? A Case
Study of Long-Term Resource
Efficiency Measures in the Small
Manufacturing Company

Anastassija Konash

1 Introduction

Globalisation, technological advancement, and resource consumption have enabled
economic growth and social progress. However, at the same time, the frequency of
extreme weather events such as heatwaves, fires, floods, and droughts has increased
in recent decades, suggesting that the planetary capacity to sustain human develop-
ment has been overwhelmed. As a result, people are increasingly looking at ways
to transition to more sustainable living (Hedberg et al., 2019).

Circular economy (CE) is a model aiming at decoupling economic growth from
resource constraints by keeping materials and resources in the economy for as long
as possible, thus minimising waste and virgin resource use. Decoupling economic
growth from resource use is expected by redesigning the products and processes
and decreasing the material’s use in operations and the amount of waste generated.
The concept has been around since the late 1960s and has been discussed under
several definitions, such as “regenerative design”, “industrial ecology”, and “cradle
to cradle” (Hens et al., 2018). Sustainable development is CE’s desired end goal
that may be achieved by applying circular economy strategies in social, economic,
and environmental dimensions (Lindgreen et al., 2020).

CE goes beyond the conventional “reduce, reuse, and recycle” approach,
including repurposing and rethinking materials and repairing, refurbishing, and
maintaining products to be cycled back into supply chains. New business mod-
els, which allow for shifting from selling products to selling services, have been
described (Guldmann and Huulgaard, 2020; Kristoffersen et al., 2020; Lacy et al.,
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2014; Lewandowski, 2016). CE promises to reduce the use of resources in the
economy while simultaneously increasing employment opportunities and achiev-
ing economic growth (European Commission, 2020). The decrease in resource use
and the associated amount of pollution is critical to allow time for pollution miti-
gation technologies such as carbon capture and carbon storage to mature (Kearns
et al., 2021).

However, researchers have identified several limitations to the ability of CE
to deliver on its promises of resource conservation (Korhonen et al., 2018). Com-
plex compensatory mechanisms, collectively called rebound effects, come into play
to offset efficiency gains and result in higher resource use. The rebound effect
is a suite of behaviour and economic changes whose combined effect reduces
or eliminates energy and material savings achieved through efficiency measures
(Aramendia et al., 2021; Gillingham, 2016).

The rebound effect is sometimes referred to as Jevon’s paradox. It occurs when
technological progress or governmental policy increases the efficiency of resource
use which results in the increased rate of consumption of that resource as the
falling cost of use increases demand (Bauer et al., 2009). The effect counteracts the
ability of efficiency measures to lower resource consumption and is often ignored
by the proponents of efficiency measures and policymakers (Freire-Gonzilez,
2021).

The role and mechanisms of the rebound effect in the circular economy have
been described (Castro et al., 2022; Zink and Geyer, 2017). Moreover, Zink and
Geyer (2017) noted that the economic conditions at which circular companies
can avoid the rebound effect (matching the prices and taking the customers off
the primary producers) were not part of the CE approach being proposed to the
companies. This mismatch creates a conflict between some of the currently pro-
posed circularity indicators, such as resource-saving, with other indicators, such
as growth and new market creation (Ellen MacArthur Foundation et al., 2015).

The lack of a unified approach to implementing the circular economy on a micro
level and the mixed messages regarding the success resulted in the reluctance of
many companies to adopt circular economy business models. At the same time,
companies are essential agents in the economy and their participation is required
if any change is to be achieved practically.

When the adoption of a circular economy with Australian SMEs was discussed
in 2020, many owners felt it was prudent to investigate decreasing the environmen-
tal impact of their business, but it was not high on their priority list. They valued
business survival and profitability for providing their families and employees with
a livelihood. Having limited resources to implement changes to their processes,
the environmental concerns alone did not provide sufficient reason to embark on
the change journey. As a result, it was not clear what steps would be required.

Similar confusion on how to transition to CE was uncovered in the survey of
leading companies in Greece, even among large companies (Trigkas et al., 2020).
Another study of 286 small and medium companies in France, Belgium, and the
UK found that 23% of business owners wanted to see the quantified practical
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economic benefit of the circular economy, which was followed by incentives (17%)
and funding (15%) for the implementation (Fusion, 2014).

This chapter uses the case study on a zero-water, zero-carbon manufacturer’s
energy efficiency journey to show the efficiency measures’ drivers, barriers, and
outcomes and to demonstrate to the designers the environment in which compa-
nies are making business decisions. Some case study analysis has been published
recently (Konash and Nasr, 2022). The interplay between the economic and tech-
nical sides of manufacturing the product is discussed in the context of the circular
economy rebound as it happened at the company level. The recommendations
highlight that profit-making is often incompatible with the overall reduction of
environmental impacts.

2 The Case Study

The following illustrative case study is based on evidence gathered during a Full-
bright Fellowship by the author based in Rensellaer Polytechnic Institute (RPI) in
2021. Tllustrative case studies (Simons, 2009) enable an embedded analysis and
reporting of organisational change.

The company was founded in 1977 in New York State. It started as a general-
purpose machine shop specialising in manufacturing complex parts through CNC
machining and injection moulding. The customer segments included industries
such as industrial automation, medical, aerospace, agricultural, electronic, robotics,
oil and gas, hardware, plumbing, optics, and other manufacturers. In 2021, the
company employed 150 people and had a turnover of $20mln. The company used
40 CNC machines, 30 injection moulding machines, and plastic and metal 3D
printers. Materials worked included different qualities of steel, aluminium, brass,
copper, and engineering plastics. Other value-added services provided included
CAD design, prototyping, CAM programming, assembly, laser welding, laser
engraving, inventory management, and outsourced finishing services (grinding,
plating, heat treating, and nodizing).

The company started its journey in sustainable manufacturing back in 1990.
The electricity supply at the time had stability issues with power outages and
surges costing the company tens of thousands of dollars in damaged equipment,
labour, and wasted material. The solution suggested by the utility company was to
install the transformer for US$100k (cost to the company) that the utility company
would own. However, even then, the utility company would not guarantee that
the transformer would solve the supply instability. So the company decided to
investigate other options and thus started its journey of becoming one of the few
zero-carbon manufacturing companies in the world. In 2001, cogenerating heat
and power microturbines were installed. They were upgraded in 2015. In 2002,
the company became one of the first wind turbine owners in the US. The company
upgraded its lighting system in 2007 and again in 2015.

Getting certified for ISO14001 opened up new ways to decrease the environ-
mental footprint. The hydraulic mechanisms on injection moulding machines were
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substituted for electric. This modification resulted in quieter operations and lower
energy requirements. The moulding machines were further modified with glass
fibre insulation of the company’s design. Installing an absorption chiller allowed
cost-effective air-conditioning on the manufacturing floor, thus creating more com-
fortable working conditions and saving on the dryer for the materials. A pond was
constructed next to the facility to provide a process water heat sink and the water
for fire system sprinklers. Improved energy management resulted in lower water
requirements for cooling and lower overall water consumption by the company.
The efforts to improve material efficiency resulted in establishing a new revenue
source from selling the company’s pre-customer plastic waste as input for other
companies. The company invested in collection, preparation, storage, and logistics
to enable the sales of its waste stream. The company collaborated with several local
charities and not-for-profit organisations to further education in renewable energy
and support people affected by the lack of clean water. The company developed
and manufactured a water purification product for low-resource settings.

Table 1 shows the connection between CE strategies and relevant company
initiatives.

The company started its transformation before the circular economy became
prevalent in the public discourse. Nevertheless, the company implemented several
strategies compatible with CE by targeting environmental impact. To further anal-
yse the company’s fit with CE, the interpretation of the CE concept from Lindgreen
et al. (2020) was used (Table 2).

Table 1 The fit between CE strategies and the company’s initiatives

Circular economy strategy Company’s initiatives Comments

Wind turbine The energy output is not
suitable for the business
operation, difficulties with
integration into the utility

company system

Renewable energy

Decrease waste Sort all waste; return
packaging; identify a user for

pre-consumer waste

Only one company was
interested in using the waste.
Additional resources for
sorting and storing the
materials

Pond ecosystem established Space required as well as the
redesign of the water-cooling

system

Regenerate natural systems

Energy-efficient measures
(lighting, heating, energy
generation on-site)

Governmental funding,
difficulties with utility
company integration

Decrease resource use

Social impact

The profit-sharing scheme;
water purification device for
developing economies

Democratic decision-making,
multiple stakeholders
management
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Table 2 Matching CE concept to previous concept and company’s achievements

CE concept

Concept explanation

Company’s achievement

Pre-CE concept

Value retention

Aim to decouple raw
material extraction and
growth

Recycling the waste,
decreasing water
consumption

Sustainable
manufacturing

Hierarchical
framework

Provides priorities of
resource management:
reduce, reuse, recycle

Achieved zero-carbon,
zero-water manufacturing.
It aims at zero waste. Sort
waste for internal and
external use

Zero-waste
manufacturing

Sustainable
development

Multidimensional impact:

environmentally friendly,
economically viable, and
socially just

Implemented a profit share
scheme, and worked with
NGOs on access to clean
water

Triple bottom line

Implementing all the initiatives that fit into the CE concept did not fundamen-
tally change the company’s business model (Osterwalder and Pigneur, 2010). Key
activities and resources remained the same. The sorting of waste and better work-
ing conditions became a part of standard manufacturing processes. The cost and
revenue structure remained largely the same. The revenue from selling the com-
pany’s waste plastic did not add substantially to the overall revenue due to the
cost of logistics and the limited number of companies interested in purchasing the
waste. For example, the company had to rent additional warehouse space to accu-
mulate enough waste material to make shipping viable. The company expanded
its network of stakeholders to include energy and material efficiency-promoting
organisations and created a new value proposition for its customers: carbon—neu-
tral manufacturing and reporting. However, the new connections did not result in
new customers. The company discovered that the sustainability network was more
of a community of like-minded people than a customer-recruiting channel.

Many of their usual customers were either unfamiliar with the carbon—neutral
manufacturing concept or did not consider it a service for which they were willing
to pay. In addition, the larger global companies were not interested in adding the
case study company to their suppliers’ network due to the complicated supplier
evaluation process. Being a contract manufacturer to several OEMs, the company
had little influence on the product design. In addition, the recovery of the parts
from the final product was also tricky as the company did not have direct access
to the product user. When managing the upstream value chain as a small manufac-
turer, the company had limited influence on its suppliers. For example, although it
requested the suppliers to provide ethically sourced materials, the company could
not implement any formal system to enforce this request.

This case study demonstrated how the company must work within the limita-
tions and constraints of a small company in the middle of a supply chain.

On the positive side, the company created a reputation for being an innova-
tive and responsible business. The introduction of energy-efficient technologies
increased the business’s profitability and improved the company’s standing in
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Table 3 Examples of business case calculations for energy efficiency measures
Project Scope Motivation Projected Cost ROI
benefit
250kW Install and The company needs>3 | Projected $400,000 9-10
wind operationalise the | million kWh/year to energy years
turbine wind turbine operate; 3 million production =
kWh costs $420k/year | 300,000 kWH
($0.14/kWh); the + /— 10% per
company also pays $$ | year
for taxes and $$ for Electric
insurance savings
$42,000/year
that adds
directly to the
bottom line
Lighting | Replace every To improve the light Total annual | $65,000 1.5
system fixture and ballast | quality on the shop electric (decreased | year
upgrades | plus high bay floor by using wider savings to $41,000
sodium with new | spectrum light and $38,000 per | via
T-8 type save on electricity, the | year NYSERDA
fluorescent bulbs | company needed new | Staff grant and
and sensors reflectors satisfaction/ | direct
improved federal tax
productivity | credit)

the community. The company has become an employer of choice for the new
generation of workers. The company established itself as a local and global
leader in sustainable manufacturing. It educated customers, employees, and the
broader community on sustainability and energy efficiency. The company devel-
oped reporting metrics for economic benefits derived from resource efficiency. The
company’s owner credited economic and financial benefits as the main driver for
implementing sustainability features.

The examples of calculations that the company uses to build a business case
and secure funding for the efficiency measures are presented in Table 3.

3 Waste Reuse and Recycling

The decision on the material used for manufacturing (including any recycled mate-
rial) lies with the company designing the product. Therefore, the manufacturing
company has to follow the material requirements of the designers. Most impor-
tantly, the product’s design may have to be changed to incorporate any reused
material and preserve the performance. Before including any recycled material, an
investigation into the trade-offs and impact transfers is required. In addition, the
quantity and quality of recycled material vary, increasing the complexity of the
input materials in the design process.
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However, the first task in the reuse process is to make the material available.
The case study company contributed by separating, sorting, shredding, and finding
applications for plastic waste. One example of such waste produced by injection
moulding is mixed plastic waste. This waste is made during the resin changeover
when the machine has produced parts of different kinds of resin. This material
contains a mixture of both resins and is called a purge. This material cannot be
automatically put back into the company’s process as the properties of the purge
are not identical to the virgin resin. While unable to reuse it themselves, the com-
pany located another plastic parts manufacturer that could utilise this type of mixed
waste to improve the quality of their products. Thus, in a circular fashion, the
case study company created an example of an industrial ecosystem (Hagnell and
Akermo, 2019), where the waste from one company becomes the feeding stock to
another company.

The case-study company’s leading service was high-variety low-volume injec-
tion moulding manufacturing using high-performing engineering resins. The
injection moulding process produced a lower waste volume than CNC manufac-
turing. Some scrap could be recycled back into the manufacturing process. For
manufacturing reuse purposes, post-industrial (or pre-consumer) scrap could be
carefully separated, shredded, mixed with virgin material, and fed back into the
injection moulding machine. For the case-study company, the customer determined
the limit on how much of such pre-consumer plastic waste could be used. The
durability, colour pigment, and other factors influenced the amount that can be
reused.

4 Circular Economy: Sufficiency and Degrowth

It is important to note that the growth of economic activities, circular included,
necessarily leads to increased environmental impact. Population growth, improved
living standards, and urbanisation in developing countries drive economic growth
that contributes to the global environmental impact. Thus, resource conservation
and waste reduction in manufacturing, as opposed to new market creation (Ellen
MacArthur Foundation et al., 2015; Victorian Department of Environment Land
Water and Planning, 2020), became the primary goal of the circular economy and
a means for a more sustainable lifestyle. While material availability issues might
slow the introduction of new technologies and the manufacture of new products,
climate change due to increased pollution threatens the foundation of societal sta-
bility (UN Security Council, 2021). Conserving the resources and the associated
pollution is critical to allow time for carbon capture and carbon storage technolo-
gies to scale up (Kearns et al., 2021). Until recently, CE resource conservation
efforts were focused on resource efficiency initiatives. For example, for energy
use, energy efficiency and introducing renewable energy sources were the main
strategies for lowering the carbon footprint of manufacturing processes (Thomas
et al., 2019). However, as all technologies impact the environment and thus have a
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limit on their extension (Krier and Gillette, 1985), there is a growing call for suf-
ficiency as an additional necessary strategy for constrainingenvironmental impact
of any future energy and material mix (Spengler, 2016).

Concentrating on only the first two strategies (efficiency and renewables) as
environmental crisis solutions may lead to the failure to solve the crisis and cre-
ate undesirable social and ecological consequences (backfire and rebound effect)
(Freire-Gonzdlez, 2021). For example, despite substantial technological develop-
ment in energy efficiency, global energy demand continues to grow at a steady
2% per year (Enerdata, 2021). While more controversial and less developed than
energy efficiency and renewable energy, energy sufficiency is a necessary comple-
mentary strategy (Muller, 2009; Thomas et al., 2019). All three concepts: energy
efficiency, renewable energy, and energy sufficiency, are required to achieve the
desired ecological and social outcome of conserving energy (Burke, 2020).

The widespread marketing and promotion of a high-consumption lifestyle as
desirable or normal leads to a low social acceptance of sufficiency measures. How-
ever, if the contemporary consumption culture remains, CE will fail to change
the course of the current unsustainable economic development (Grosse, 2010).
For example, the desired outcome of circular economy initiatives originates in
the conflict between energy consumption required for human well-being and the
adverse environmental and social effects of generating that energy. It is widely
understood that energy use and energy services are a means for achieving human
well-being and not an end in themselves (Chiao et al., 2011; Smil, 2010). Humans
require a minimal level of energy use to meet their basic needs. However, a max-
imum energy consumption level must also exist. The increase in life quality due
to higher energy consumption does not justify the environmental and social harms
created during the generation of this extra energy. A recent review has found that
a high level of human well-being could be supported by a relatively low amount
of energy (Burke, 2020).

Given that the climate change emergency is mainly driven by the changes in the
atmosphere resulting from greenhouse emissions, reducing energy consumption,
which is responsible for most greenhouse gas emissions worldwide, seems like
a good starting point and a priority. However, the strong historical link between
energy consumption and economic growth questions whether continued economic
growth is compatible with energy conservation targets (Aramendia et al., 2021).

It is possible that global warming is inseparable from economic growth, and
reducing it may lead to reduced economic growth as measured by GDP (Lang
and Gregory, 2019). Suppose a more significant decoupling of energy consump-
tion from economic growth is not achieved. In that case, it will be necessary to
rapidly scale up low-carbon energy supply, carbon capture, and storage technolo-
gies to meet energy demand and prevent catastrophic global warming. These low
and negative-emission technologies have limitations, including large-scale invest-
ment, extensive land use, and significant lead times. Thus, expanding them will be
politically challenging and will take time (Aramendia et al., 2021).

On the other hand, an overemphasis on technical matters of energy generation,
transition to renewable energy sources, and carbon capture may prevent society
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from questioning the necessity of high energy consumption. Therefore, it is cru-
cial to consider the societal structures that drive high levels of energy use to ensure
the application of technology will achieve the desired energy conservation goals
(Toulouse et al., 2019). There is growing momentum among scholars and activists
to advocate “degrowth,” a critique of capitalist economic development that sup-
ports the shrinking of production and consumption, reorienting societies to use
fewer natural resources and to live more sustainably (e.g. Schroder et al., 2019).

Recently, there has been an increased emphasis on sufficiency strategies—
refuse, rethink, and reduce in CE literature (Bocken et al., 2022). A similar shift
was observed previously in the energy sector regarding energy conservation efforts
through a sufficiency strategy (Burke, 2020; Krier and Gillette, 1985; Muller,
2009; Spengler, 2016; Thomas et al., 2019). The sufficiency model is closely
related to degrowth concepts (Buch-Hansen and Carstensen, 2021). Both models
recognised that all human activities, including economics, were subject to physi-
cal laws; thus limitless growth in a limited environment was impossible (Cosmea
et al., 2017). However, unlike degrowth, the sufficiency strategy allows for growth
as long as this growth is environmentally sustainable (Bocken and Short, 2016).
Several reports described examples of companies looking to adopt degrowth or
sufficiency models (Bocken et al., 2022; Nesterova, 2021) in similar terms. Both
reports indicate that “no growth” is impossible for new businesses. As the founder
of a degrowth startup puts it: “.. you cannot build a company that doesn’t grow
because that isn’t a good experience for the people in the business. We must
address how we grow, dematerialise growth, and create businesses with less draw-
down on natural capital. The pace of growth most VCs (venture capitalists, SK)
have come to expect is not sustainable for the planet or the people in the business”
(Webb, 2022).

The discussion with the case study company owner revealed that the “no
growth” strategy had widespread opposition among stakeholders in the current
economic situation. It went against the expectations of banks, employees, and cus-
tomers. Banks require growth to secure a loan, which is essential for business
continuity and innovation. The employees who partook in larger profits through
the profit-share scheme also needed growth. It demonstrated the difficulties fac-
ing CE approaches that aim to improve all three areas of human activities: social,
environmental, and economical. It again highlighted that in an environment with
limited resources, growth in one place came at a cost and deterioration in another
area (Moreau et al., 2017).

As the owner was motivated to do the right thing for the environment
and minimise the business’s ecological footprint, temporary energy conserva-
tion was achieved with constant investment in innovative technologies. How-
ever, the company’s expansion resulted in other environmental impacts such as
higher land use (pond, wind turbines), construction of the new building, and
higher consumption potential for the employees through profit sharing. Therefore,
even environmentally-driven business decision-makers cannot achieve the desired
decrease in the company’s footprint. Significant structural socio-economic changes
are needed to enable individual companies to consider sufficiency strategies along
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with efficiency measures. Without sufficiency-directed policies and regulations
(Thomas et al., 2019), companies are trapped in the “business as usual” model.
As a result, they are limited to efficiency and renewable energy strategies, which
fail to provide long-term resource conservation outcomes, as demonstrated here.

The interview with other business owners in the same geographic region
revealed strong scepticism about the ability of efficiency measures and renew-
able energy to provide a complete solution for climate change (unpublished data).
This observation suggests that highlighting best resource efficiency practices with-
out policies and regulations limiting the use of resources is unlikely to inspire the
necessary change in the manufacturing sector. On the contrary, concentrating on
resource conservation while curbing consumption as the primary goal of circu-
lar economy activities will increase CE potential to enable long-term sustainable
development (Basiago, 1998; Moreau et al., 2017).

5 Designers as Change Drivers: Conviviality

The main appeal of circular economy is the ability to design reduced use of mate-
rial and energy, thus enabling the goal of equity in harmony with the environment.
The resulting society models proposed include “slow living”, minimalist living,
and localised self-sufficient communities.

For the designers to support such living, the concept of “conviviality” was intro-
duced and developed (Lizarraldea and Tyl, 2018). A Low-tech and sufficiency
approach presents a potential solution to industrial and global technological solu-
tions. The designers’ choices of implemented technology and materials play an
essential role in socio-political, economic, and cultural outcomes. In one example,
the promotion of small-scale, distributed technology production and end-of-life
systems (i.e. localisation) enhance autonomy and equity while providing access
and knowledge to produce and maintain technologies (Lizarraldea and Tyl, 2018).
Another conviviality criterion—frugal material use—challenges the designers to
create less complex products with locally-sourced materials, which again improves
the autonomy and stability of the supply chain.

The primary strategy to address the circular economy rebound effect should
be to ensure that the secondary market targets the same consumers at the same
price point. This outcome could be achieved by providing equivalence in quality
between the primary and secondary products and educating consumers to remove
the prejudices associated with secondary products.

The second strategy to avoid the rebound effect from circular activities is lim-
iting those activities to markets with low product price sensitivity controlled by
a few companies. In this case, it would be possible to ensure that the increase in
the supply from the introduction of secondary products does not lower the price
or increase the demand for the product. For example, large agricultural machin-
ery could be one such market. Conversely, in markets where the prices cannot be
controlled and the demand/price sensitivity is high, the increase in supply would
lower the price, increasing the demand.
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Both strategies should result in effective 1:1 substitution of the primary products
by the secondary products. However, such a substitution would mean the shrinking
of the primary market for the manufacturer, which goes against the interests of
multiple stakeholders in the current economic environment. Thus, it is unlikely
that any company would target either of the above strategies to stay competitive
in the current economic conditions.

6 Conclusion

While analysing the case study’s business model, it was found that little to no
change in the business model was necessary to implement efficiency-based sus-
tainability measures. This outcome suggests that changing the business model is
unnecessary for a company to transition to a circular economy. A detailed discus-
sion of the energy, water, and material efficiency measures was presented, with the
drivers and challenges for each. Implementing resource efficiency initiatives was
mainly driven by the strong moral beliefs of the owner and the desire to differenti-
ate and establish the company as an innovative and responsible leader. Integrating
energy generation technologies with the utility grid was the biggest challenge.
Sustained innovation and entrepreneurship were the essential enablers.

Two strategies for the designers to avoid the rebound effect were presented.
However, it seems unlikely they can be implemented in the current economic
conditions. Therefore, there is a need to find new forms of interpretation and
intervention to confront environmental crises and challenge corporate visions of
the circular economy. The most urgent priority is to challenge entrenched corpo-
rate and societal views about growth. Current circular economy policies fail to
challenge the capitalist imperative for growth, glossing over “reduction” among
the Rs of the circular economy. However, on a deeper level, which goes beyond
the limits of the circular economy, there is a need to tackle questions about values,
inequality, and future generations.
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Circular Design for a Transition
to a Sustainable Circular Society:
Defining a New Profession

Gavin Brett Melles and Anne Velenturf

1 Introduction

In recent years, there has been increasing global enthusiasm for circular econ-
omy (CE) as the approach of choice for businesses, industries, and governments
to achieve continued economic growth and overcome the challenge of decoupling
growth from resource use (D’Amato et al. 2017; Ellen MacArthur Foundation
2013; Fletcher and Rammelt 2017; Ward et al. 2016). The CE model builds on
a history of ideas about minimising resource use on an ecologically bounded
‘spaceship earth’ (Boulding 1966; Crocker 2018), through cradle-to-cradle product
design (McDonough and Braungart 2010), a performance economy' based around
services rather than ownership (Stahel 2010) and other CE and sustainability strate-
gies (Haas et al. 2020; Korhonen, Nuur, et al. 2018; Reike et al. 2018; Stahel 2020;
Winans et al. 2017).

Governments have translated circular enthusiasm into national strategies and
roadmaps, albeit with varying scope and intent (Asia-Pacific Economic Coop-
eration 2020; Circular Economy Initiative Deutschland 2021; Poulton and Lyne
2009; Price Waterhouse Cooper 2019; Schandl et al. 2021). CE narratives offer an
appealing rationale for business opportunity and green growth in an era of net zero

!'In fact, Stahel (2020) distinguishes a circular economy and performance economy in that only
the latter is a consistent systematic implementation of the former idea.
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ambitions (Black et al. 2021; Corvellec et al. 2021; Haucke 2018; Saidani et al.
2017; Temesgen et al. 2019). Despite the enthusiasm, consumption-based evalua-
tion of global circular implementation, based on material footprint (e.g. Wiedmann
et al. 2015), shows static or declining progress over the last five years (Platform for
Accelerating the Circular Economy (PACE) 2020).> Reasons for this gap between
circular rhetoric and a reality of negative material and emission feedback are mul-
tiple, including excessive reliance on waste and recycling (Valenzuela and B6hm
2017; Vonk 2018), offshoring of material footprint (Horvath et al. 2019; Wied-
mann et al. 2015), and many other issues. Hence, there are calls to move beyond
the mainstream model, including with respect to circular design (Moreno et al.
2016; Schroeder et al. 2019).

CE strategies, especially recycling (Allwood 2014; Islam and Huda 2019),
appear to encourage rather than discourage increased consumption, resource use
and emissions, through the so-called rebound effect (Figge and Thorpe 2019; Hob-
son 2021; Makov and Vivanco 2018; Zink and Geyer 2017), and the false belief
that recycling infrastructure and processes are effective (Binet et al. 2019). More
generally, circularity is promoted in an era where dominant energy sources remain
fossil fuel-based (Corvellec et al. 2021; Jackson and Victor 2020; Kothari et al.
2014; Twomey and Washington 2016). The diversity of definitions and imple-
mentations included under the broad umbrella of CE has also been criticised,
particularly with respect to increasing greenwashing potential (Corvellec et al.
2021; Figge and Thorpe 2019; Geissdoerfer et al. 2017; Holzinger 2020; Hom-
rich et al. 2018; Kirchherr et al. 2017; Korhonen, Honkasalo, et al. 2018; Makov
and Vivanco 2018; Reike et al. 2018; Temesgen et al. 2019). These and other rea-
sons, suggests that circularity for circularity’s sake (Harris et al. 2021) rather than
a sustainable transition is being promoted.

The differences between the green growth narrative of circular economy (Hickel
and Kallis 2020; Wanner 2015), and environmental, social and economic progress
towards sustainable development have become increasingly apparent (Alonso-
Almeida et al. 2020; Blum et al. 2020; Camilleri 2018; Corona et al. 2019; Desing
et al. 2020; Haupt and Hellweg 2019; Johansson and Henriksson 2020; Reike
et al. 2018; Schroeder et al. 2019; Velenturf and Jopson 2019; WEF 2020; Whalen
and Whalen 2020). In an effort to rescue the impetus of circularity, reconnect
this to sustainability, and distinguish modest reform from a circular transformation
(Reike et al. 2018), a movement driven by the goal of enabling a circular society is
becoming popular (Fan et al. 2019; Jaeger-Erben et al. 2021; Kayikci et al. 2021;
Leipold et al. 2021; Melles 2021; Ralph Boch et al. 2020; van der Velden 2021;
Velenturf and Jopson 2019; Velenturf and Purnell 2021; Wu et al. 2022). This
transformist movement is supported by a holistic circular discourse with closer

2 The Circularity Gap project measures progress using material footprint indexes (MFI) data,
including proxies where necessary, for a consumption account of progress that for a nation as a
whole and the materials required to support specific lifestyles.
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links to sustainable development considerations (Bauwens et al. 2020; Calisto Fri-
ant et al. 2020a, b; De Angelis and Ianulardo 2020; Melles et al. 2022; Twomey
and Washington 2016; van den Bergh 2020). Building on an earlier definition of a
resource-circulating society (Komiyama and Takeuchi 2006), the circular society
vision and the sustainable circular economy principles driving this are becoming
the preferred term for a range of stakeholders looking beyond the mainstream
narrative.’

2 A Plurality of Circular Discourses

The mainstream circular economy narrative is not the only circular discourse on
offer. Several scholars with political economy lenses have examined the emergence
of any conflict between different accounts of circularity and also the existence
within the circular economy of hybrid mixes of narratives. Referring to their work
on CE discursive differences as an outcome of their work on the UK Resource
Recovery from Waste programme (RRfW), Velenturf and Purnell (2021) identified
a continuum ‘from resource efficiency, improving existing practices, and weak sus-
tainability on the one hand ... to resource productivity and strong sustainability on
the other hand, requiring radical changes to resource use in our society’ (2021,
1443). Ortega-Alvarado et al. (2021) founded a range of competing discourses
about waste, consumption and sharing economy under the banner of circularity in
Norway, while Johanssen and Henriksson (2020) founded weak and strong circu-
larity discourses reminiscent of the circular economy and society distinction. For
Australia, Melles (2021) finds mainstream and more holistic circular discourses
competing to define the transition in that country, while Friant et al. (2022) artic-
ulate a similar account for the Netherlands of circular discourses varying between
technocentric and transformational.

To address weaknesses in representing the full range of systemic economic,
materials, energy and other challenges to a sustainable CE, Friant et al. (Calisto
Friant et al. 2020a, b) develop a typology of circularity discourses, particularly
focussed on the contrast between mainstream CE and a circular society account. A
central difference is that a reform of capitalism and new economic thinking, respect
for ecological boundaries and prosperity for all through social innovation and
new business models is necessary for circular society. Thus, Doughnut Economics
(Raworth 2017), which argues for an economy based on market, household, gov-
ernment and commons within ecological limits, is a circular society position. Thus,
the circular society agenda of socio-political and economic change and vision inte-
grates and expands on the CE focus on material efficiencies and relevant business
models.

3 See this Dutch consortium https:/ewuu.nl/en/research/circular-society/.
4 Discourses are narratives that circulate and justify practices (Hardy and Thomas 2015).
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3 Circular Discourses and Design

Everyone designs who devises courses of action aimed at changing existing
situations into preferred ones (Simon 1996).

The mainstream technicist and holistic circular society discourses offer differ-
ent opportunities for a sustainable circular economy and design. As noted above,
mainstream CE identifies one of its main strategies as designing out waste and
pollution (EMF 2015), and industrial and product design strategies are often pro-
posed to include recycled content and waste, as well as adopting eco-efficiency
approaches. However, sustainable circular design principles (below) ask us to avoid
waste altogether rather than designing it by treating waste and standard recycling
as inevitable inputs, and there is far greater scope for design practices with respect
to circular society goals (Ralph Boch et al. 2020). This has been recognised by
some scholars who have suggested that circular design should expand its remit
beyond mainstream industrial and product design considerations (e.g. Moreno et al.
2016). In the following paragraphs, we give a brief excursion into the expanding
role of design and compare narrow and broader conceptions of circular design.
This is a prelude to presenting sustainable CE principles as the basis for a new
definition of sustainable circular design.

An early critique of the unsustainability of expert industrial design was the
work of Viktor Papanek—Design for the Real World (Papanek 1971). Responses to
Papanek’s criticism gave rise over time to the development of social design and the
engagement of design in development (e.g. Kumar et al. 2016) and equity issues
across the globe (Melles et al. 2011). As a result, design methods and processes,
including co-design as part of the new landscapes of design (Sanders and Stappers
2008), have diffused into many social and sustainability domains (Boylston 2019).
Thus, in addition to designing out waste and pollution in an industrial and business
context, design can be deployed in designing social and political futures (Earley
2017; Fry 2009; Hales 2013; Wastling et al. 2018).

For circular economy, design has been increasingly highlighted as a catalyst
(Andrews 2015; Moreno et al. 2016; van Dam et al. 2020). Firstly, existing dis-
cussion and materials on circular design include a diverse array of well-known
eco-design methods and principles, e.g. design for manufacture, life-cycle analysis
(LCA), cradle to and thinking, cradle to cradle design (McDonough and Braungart
2010), and design for recycling, etc. (den Hollander et al. 2017). A good exam-
ple of the new synthesis is the Circular Design Guide’>—a joint initiative of EMF
and IDEO design agency. Current discussions of circular design typically include
deliberations on the circular design of product service systems (Halstenberg and
Stark 2019) and business models (Saidani et al. 2017). In addition, proposals for
a new circular design curriculum will build on existing practices and knowledge
from design for sustainability (Moreno et al. 2016).

5 Methods (circulardesignguide.com).
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Secondly, circular design within circular economy narratives sometimes extends
its operational boundary to help define circular business models, including product
service systems (McAloone and Pigosso 2018). Hence, there is a need to imple-
ment a design for product and service integrity agenda, through employing all the
so-called R-strategies from refuse to recycle (den Hollander et al. 2017; McAloone
and Pigosso 2018). Other proposals also identify a range of new communicative,
e.g. storytelling and strategic competencies for circular design that extend into
diffuse design space (Sumter et al. 2020). Thus, an expanded role for industrial
design practices to influence production, consumption, policy and education has
been proposed recently (van Dam et al. 2020). Hence, this wider sphere of influ-
ence already suggests an expanded definition of circular design is the order of the
day.

Indeed, policy, regulation, standards and multiple other mechanisms and actors
must create an environment in which mainstream industrial design practices would
make sense and in turn reinforce a sustainability transition (Allwood 2014; EEA
2019). Thus, circular design discussions occasionally allude to broader societal,
economic, and environmental aspects (Bocken et al. 2016; Lofthouse and Pren-
deville 2018; Moreno et al. 2016). Other more holistic accounts of circular design
focussed on its human-centred potential (Lofthouse and Prendeville 2018) offer
some guidance on principles and knowledge requirements. This application of
more diffuse design thinking and practices is consistent with design for social
innovation (Kumar et al. 2016; Manzini 2015), social business models (Burkett
2013), policy design (Howlett 2020; Huybrechts et al. 2017) and systems based
social design (Boylston 2019).

Thus, beyond a circular economy vision of technology innovation, a more
diffuse circular design focuses on multi-stakeholder strategic re-design of new
institutions for a sustainable circular society (Goodin 1996; Hobday et al. 2012;
Huybrechts et al. 2017; Ralph Boch et al. 2020). Such an agenda expands the
remit of design from technical to social innovation and from narrow industrial
design expertise to more diffuse design inputs to social change, as Manzini (2015)
has identified. Our chapter takes this agenda up and links it to sustainable circular
economy principles as well as the circular society discourse and agenda.

4 Multi-stakeholder and Multi-level Sustainable Circular
Design Principles

A systems account of the interactions between social and technical innovation
and multi-stakeholder institutional reform is required to explain how sustainability
transitions can happen. Systems thinking is one of the overarching principles in
this transition, and places emphasis on identifying the feedback and interactions
among the variables in the systems (Meadows 2008; Sterman 2000), for example,
how circular economy activities lead to a rebound in production outputs (Zink and
Geyer 2017) or how recycling may ‘surprisingly’ increase consumption (Fitch-Roy
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et al. 2019). Principles are also required to strategically influence this transition, as
articulated in multi-level sustainability transitions theory (Loorbach et al. 2017).

Multi-level transitions theory (MLP) meanwhile envisions the change process
towards a new socio-technical regime—a circular society or only a circular econ-
omy—as the product of multi-stakeholder and multi-level innovations in policy
and practice (Geels 2011; Kanda et al. 2020; Loorbach et al. 2017; Rauschmayer
et al. 2015). Consistent with such an approach, we require a set of principles that
can encourage the multi-level technical and socio-economic and political changes
to encourage a just transition to a circular society. Below, we suggest sustainable
circular economy principles and offer a detailed breakdown of the interdependent
strategies needed to achieve this transition.

Velenturf and Purnell (2021) outline a set of ten principles that highlight how
to mobilise communities private sector, and the government to develop circular
society solutions for specific contexts. Acknowledging sustainable development
concerns, it is a model that combines circular economy and society discourses
and considerations (Calisto Friant et al. 2020a, b; D’ Amato et al. 2017; Jaeger-
Erben et al. 2021: Reike et al. 2018). The framework provides scope for broad
ranging technical and social innovation through private, public and civic sectors.
Their circular design outline (principle 3) argues for far more than the usual re-
design of products; products and the materials that they are made of are embedded
in supply chains, wider systems of production and consumption, society and the
environment. This is calling for a system-wide transformation of industrial systems
and society, consistent with the industrial ecology thesis but also beyond (Saave-
dra et al. 2018). The example (principle 3) of their design for circularity outline
illustrates the holistic scope of their proposal.

Design, select and transform industrial systems, supply chains, materials and products,
using “R-ladders” and whole-system assessments of solutions to optimise stocks and the
degree of closing loops of resource flows, minimising raw material extraction and waste
generation, optimising value generated for people, and enabling reintegration of materials
into natural biogeochemical processes at end-of-use, through continuous processes nur-
turing sustainable solutions, through innovation, and phasing out unsustainable practices,
through exnovation, to implement and maintain a sustainable circular society.

Links between the principles are articulated in the other principles. Thus, principles
1-4—reduced resource flows, decoupling of prosperity from material use and con-
sumption through sufficiency and efficiency approaches, circular design (outline
above), and circular business models for social, environmental, and economic value
and impact set the scene for a modified economic model. Meanwhile principles 5—
9 address more radical socio-political changes and mechanisms associated with
circular society—consumption transformation, citizen participation, etc. There is
an allusion to sustainability transition in principle 6, albeit with multiple possible
outcomes, as indicated by principle 8. Changes must be enabled by participatory
design and a return to strong sustainability as the foundation of politico-economic
change. These radical proposals for designing more preferred socio-economic
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situations require multi-stakeholder, multi-level processes of engagement and out-
come. Principle 10 advocates for system analysis and ‘redesign’ in support of
continuous learning and evaluation of transformation pathways. Achieving these
aims will require a coordinated multi-level and multi-stakeholder engagement,
including key political, economic and socio-cultural changes towards a new circu-
lar socio-technical regime, as proposed in sustainability transitions theory (Geels
2011).

Table 1 lists the principles (altered in some cases), provide a concise outline,
and then identify core concepts and approaches which are alluded to in these.
In some cases, the concepts alluded to derive from the original paper, while for
others, relevant concepts and approaches were added. For the latter, illustrative
references are provided and add a column with links to existing design strategies
and approaches. The lists and examples are not intended to be exhaustive, there is
significant overlap between principles and concepts, hence design strategies could
be placed in more than one category and the table is intended to prompt the reader
to consider the scope of the new landscapes of design (Sanders and Stappers 2008).

Principle

Short definition

Existing related
concepts

Design roles

Nature positive
economy

Material extraction
rates and energy
generation for
production and
consumption balanced
by return to
environment, within
the planet’s carrying
capacity

Nature-based
solutions (Seddon

et al. 2021).
Ecosystem
stewardship (Chapin
et al. 2010).
Bioeconomy

(D’ Amato et al. 2017)

Nature positive design
(Birkeland 2022)

Reduce and decouple
resource use

Progress is decoupled
from unsustainable
material use through a
focus on efficiency,
sufficiency, and
dematerialisation

Material circularity
(Wiedmann et al.
2015),
consumption-based
circular assessment
(Brown et al. 2018).
Sufficiency-driven
business models
(Bocken and Short
2020)

Eco-efficient design
(Ljungberg 2007).
Cradle-to-Cradle
Design (McDonough
and Braungart 2010)

(continued)
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(continued)
Principle Short definition Existing related Design roles

concepts

Design for circularity

Transform industrial
systems, supply
chains, materials, and
products, using
“R-ladders” and
whole-system
assessments of
solutions (P10)

Industrial symbiosis
(Lifset and Graedel
2015). Industrial
ecology. Waste
hierarchy. Circular
supply chains
(Bressanelli et al.
2019). Life cycle
assessment (Unep
2003). Complex value
assessment (Iacovidou
et al. 2017).
Exnovation (Fossati
et al. 2022).
Sustainable Supply
Chains (Smith 2008)

Circular product
design (Sumter et al.
2018). Life cycle
oriented design
(Aurich et al. 2006).
Sustainable Circular
Design (Moreno et al.
2016)

Sustainable circular
business models

Governance enables
business models to
internalise social and
environmental costs of
materials and products
into their prices

Sustainable circular
business models
(Antikainen and
Valkokari 2016;
Bocken et al. 2020)

Design sustainable
circular business
models
(Lewandowski 2016).
Designing social
business models
(Burkett 2013)

Transform
consumption practices

Systems of provision
enable
sufficiency-oriented,
demand-driven
resource use and more
sharing, service, and
experience-based
consumption

Performance-based
economy (Stahel
2010). Post-capitalism
consumption (Hobson
and Lynch 2016).
Sufficiency
(Lamberton 2005).
Systems of provision

Social enterprise
(co)design (Selloni
and Corubolo 2017),
experience-based
design, sustainable
product service design
(Vezzoli et al. 2017)

Multi-stakeholder
social business and
innovation

Participatory social
innovations bring
people, business and
policy makers together
across system levels

Commons collective
action (Ostrom 1990).
Social enterprise
(Teasdale 2012).
Social innovation
(Mulgan 2010)

Design for social
innovation (Manzini
2015), Co-design for
social innovation
(Britton 2017)

(continued)
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(continued)
Principle Short definition Existing related Design roles
concepts
Coordinated Coordinated Sustainability Future scenario
multi-level policy and | implementation of intermediaries design (Kishita et al.

practice

circular economy
strategies and actions
with societal actors
across scales at key
intervention points

(Kivimaa et al. 2019).
Circular Governance
(Ddiba et al. 2020).
Multi-level
Sustainability
Transitions (Loorbach
et al. 2017). Circular
Policy (McDowall

et al. 2017). PESTLE
analysis (Mishra et al.
2019), Participatory
Situational Analysis
(Koutra 2010)

2016), low-carbon
scenario co-design
(Shaw et al. 2009),
Context analysis

Promote diversity and
flexible solution
implementation

A plurality of
perspectives and local
solutions for circular
economy and a culture
of knowledge
exchange and learning
across society for
resilient circular
economy processes

Resilience thinking
and practice (Biggs
et al. 2012). Scenario
planning and design
(Kahane 2012).
Community
participation (Sanoff
2005). Participation
process management

Participatory social
design (Ralph Boch
et al. 2020).
Participatory action
research

Political economy for
prosperity and
well-being

Move from short-term
GDP focus to
long-term prosperity,
well-being and
environmental quality
as goals

Well-being and
prosperity focus
(Jackson 2009).
Doughnut Economics
(Raworth 2017).
Strong sustainability

(Schroder et al. 2019).

Multi-dimensional
prosperity (Sands
2015).
Multi-dimensional
value

Policy co-design
(McGann et al. 2018)

System design and
assessment

Systems thinking
approaches to the
design and evaluation
of circular proposals
and transition
processes

Planetary boundaries
(Rockstrom and
Steffen 2009),
Systems thinking
(Meadows 2008).
Precautionary
principle; Resilience
thinking (Folke et al.
2010) Complex value
assessment

Systems thinking in
design (Mononen
2017). Complex value
assessment
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Table 1 expanded sustainable circular design R-strategies

RO refuse

Sufficiency-based demand for products and exnovation of unsustainable
products. The design and marketing of products and services will be refused
where they have unsustainable outcomes of material choices and energy, and
do not match the other R-strategy criteria, within the boundaries of a just
society

R1 rethink

Rethink the economy, business and industry, and the role of public goods and
markets. This entails new business and service models, social innovation, and
consistency with a well-being focus. Rethinking enables the other r-strategies
and is a result of the participatory processes listed above. Overall rethinking
how demand for resource use is met in an economy, i.e. how products and
services reach consumers. There is an element of rethinking what are needs
and what are actually wants, which may also fit into reduce

R2 reduce

Eco-efficiency in all its facets as well as energy reduction applied throughout
the system. This strategy is an outcome for materials, energy use and
emissions of applying the other r-strategies. It can extend from products
through to buildings and other systems. Industrial symbiosis and other
practices, e.g. cradle-to-cradle design also enable this outcome. Reduce is
really about sufficiency and seems a difficult concept to grasp because it is
about reducing the overall pile of resources used in an economy (and not just
about stemming the inflow of new materials by recycling more for example)

R3 reuse

New business models and services promote affordable sharing of products
and are a result of the refusal of the status quo, a rethink of how we consume
and produce a reduction in material and energy use. Not only are products
per se re-used by second markets but they are designed for this prolonged
value (e.g. Sivaloganathan and Shahin 1999). Here we can also think about
new roles of consumers, who play an active role in enabling reuse

R4 repair

Products designed for easy repairability by consumers or services, entailing
of course not only a rethink of design, refusal of non-repairable products and
a reduction in materials and energy, but also enabling the reuse of products.
Design for repairability (Rosner and Ames 2014), modularity, repair cafes
and business and employment based on this promoted. Includes right to
repair and transparency about designs to enable repair. Disassembly as well
as modularity and repairability

RS refurbish

A used product has those elements replaced that enable it to continue in its
original or upgraded function. Similar to R4 and R3 this entails a rethink of
business models and design for refurbishment. This principle builds on
existing examples and can be extended to include building refurbishment or
retrofit

R6
remanufacture

Remanufacturing is a process in which components and products are sorted,
selected, disassembled, cleaned, inspected and repaired or replaced before
being reassembled and tested to function as good as new or better [217,218].
Arguably, remanufacturing has to follow a standardised industrial process
that is “fully documented” and “capable of fulfilling the requirements
established by the remanufacturer” (internationally agreed remanufacturing
(Velenturf 2021). Design for remanufacture (e.g. Hatcher et al. 2011) is
included here. This entails modularity regarding simplification in the
diversity of product components for multi-purpose reassignment

(continued)
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Table 1 (continued)

R7 repurpose Products designed to enable their elements or totality can be used again in
products with another function (e.g. Eike et al. 2020). Repurposing is part of
a rethink of consumption and the economy and avoids recycling processes. It
can be enabled by so-called digital marketplaces but also can entail the
re-purposing of product elements, such as motors, into new applications

R8 recycle Products are so designed with materials that they are fully recyclable into
new products and markets. This entails that other r-strategies have been first
deployed before the product or item passes to recycling. Note that the
presence of recycling infrastructure and flows is not a guarantee that
recycling is contributing to reduced emissions or consumption

R9 recover Bioeconomy allows for products to re-enter the biosphere and incineration
for energy recovery is avoided. Also, biogeochemical processes, which is
about safely entrusting materials back to natural biogeochemical processes.
An example could be a landfill where we’re mining valuable materials and
eventually only leaving materials that can safely return to become part of
natural capital over longer periods of time

In sum, design in its expert and diffuse modes can contribute to promoting
all aspects of the sustainable circular economy principles. For designers, this will
entail multi-disciplinary collaborations and greater knowledge and experience of
the social, environmental and economic theories and concepts listed above. While
there will still be a place for traditional expert industrial design concerns, including
eco-efficiency practice, material choices and life cycle thinking, new areas for
design will include sufficiency thinking, business model design, systems thinking
and participation in multi-stakeholder social innovation and policy. This will entail
rethinking design education and the spaces of practice to include such complex
environments. Such an approach will also entail inviting those outside of expert
design to experience the value of participatory scenario-making for circular policy
and futures and prototyping these social innovations. In this respect, circular design
is consistent with existing proposals for a systems-oriented transition to a new
economy, driven by new product service systems (EEA 2019).

Although only explicitly mentioned under principle 3, R-ladders are a set of
ten principles that are traditionally defined in relation to product design. Within a
circular society, they have a much broader application to all the principles. These
R-strategies support each other and apply more broadly to all the spaces of the
economy, environment and society listed above. As a result, R-strategies can be
used as another way of describing principles that are consistent with sustainable
circular economy (SCE) principles. Thus, circular design based on SCE principles
leads to a new application of the R-ladder consistent with all the principles above.

While there are examples of circular design initiatives scattered in the liter-
ature and in training materials (Schmidt et al. 2020), they remain few and of
limited scope. Bringing visualisation, prototyping and other design thinking skills
to these environments while simultaneously expanding the design education remit
to include all facets of sustainability transition will help achieve not only Papanek’s
but also Herbert Simon’s agenda for the re-design of society.
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Recent work on systems assessment of circular economy proposals and chal-
lenges puts these principles in perspective by identifying how the private, public
and civic sectors can intervene in the current system through specific R-strategies
that such sectors can employ (Bassi et al. 2021). These proposals, however, take a
traditional view of R-strategy definitions unlike those proposed above, since they
presume the continuation of a mainstream economy rather than new sufficiency-
based consumption, and allow for high rates of recycling and waste inputs as well
as energy recovery. There is also limited or no place for laws and regulations or
exnovation as part of a strong intervention in the economy.

5 Manifesto for the New Profession: Circular Design

Based on interviews with practicing designers, Sumter et al. (2020) suggest “de-
sign for a circular economy can be seen as an independent, upcoming field in the
ever-evolving sustainability domain, and for which specific competencies, tools,
and methods are needed” (Sumter et al. 2020, p. 1561), and they argue for further
work on what this might imply for higher education. While agreeing with this and
other formulations of circular design (e.g. McAloone and Pigosso 2018), arguably
the scope of this new field is far broader. Circular design as alluded to in the ten
SCE principles and r-ladder, but particularly in principle 3, is a manifesto for a
new design approach. Although there is a general awareness of the need for a new
design profile to match the circular society goal written into the sustainable circu-
lar design agenda (Moreno 2016; Earley 2017), the specification of this knowledge
and change remains largely limited to either revitalising design for sustainability
or rather holistic accounts of socio-economic transformation through design.

Sustainable circular design works with multiple stakeholders to re-design indus-
trial systems, supply chains, materials and products based on implementing the
full list of R-strategies. Circular designers are aware of the positive and negative
system-wide impacts of their actions. In collaboration with the private and public
sectors, as well as civil society, they contribute to the phasing out of unsustain-
able practices, which itself is a product of government and business interventions.
One approach has been to specify the multi-level government, business and soci-
ety interventions and policies required to make circular design possible, as in the
action plan for Scotland (Whicher et al. 2018). Thus, as noted, the expanded sense
of circular r-strategies and the roles for design based on the ten sustainable design
principles offer a more specific framework for the circular design than hitherto—a
new understanding of the ‘designing out waste’ mantra of mainstream CE.

6 Conclusion

The development and implementation of a broad expert and diffuse design
approach to circular economy are hinted at albeit in a scattered fashion in the
literature. In account of circular design, R-strategies typically are limited to the
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material considerations of industrial and product design. The limited work on par-
ticipatory and co-design approaches to policy and participation towards a circular
society may acknowledge these professional industrial design concerns as a neces-
sary but not sufficient approach to a sustainable circular economy. We suggest that
recognising the broad remit of the practice of design, including some of its typical
tools such as prototyping, visualisation and even business model design, may be
a key way forward in redesigning the economy and society consistent with the
aims of sustainable development. The r-strategies in this new approach constitute
mindsets that can be brought to the task while the ten principles themselves artic-
ulate the system-wide changes in the economy, society and environment that need
to be furthered. While various versions of new economic thinking, including the
example of Doughnut Economics, post-Growth, and also Well-being economies
and ideas, also propose disruptive and sometimes utopian visions of change, the
approach we outline attempts to take a more pragmatic approach in acknowledging
circularity as an important initiative but one which requires further work.
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Transitions

Olamide Shittu and Christian Nygaard

1 Introduction

Many cities have attempted to advance sustainability transitions by implement-
ing policies that shape market forces and influence individual behaviours (Davies
and Doyle 2015). However, while necessary, studies have shown that these efforts
have been insufficient to incentivise the transformation of ways of living and prac-
tices and significant systemic change, for instance, in waste infrastructure (Marres
2011). Moreover, households still face systemic barriers to translating sustainabil-
ity education into real choices and actions, changing actual practices (Lavelle, Rau
and Fahy 2015). For instance, while low-income households maintain and reuse
plastic materials due to financial considerations, the constraints often imposed by
inadequate access to spatiotemporal (such as storage) and socio-economic (such as
knowledge) resources prevent them from performing other activities, such as sort-
ing and repair that otherwise might form part of a sustainable CE practice (Shittu
2023a; Shittu et al. 2021).

Practice perspectives move beyond the focus on structures or individual actions
in sustainability transitions and instead focus on the bundle of activities and socio-
material arrangements that shape social reality (Strengers and Maller 2014). Here,
sociomaterial arrangements refer to the “relationships between human [activities]
and material arrangements [set-ups or configurations], and how these relationships
emerge in a practice” (Nystrom et al. 2016, p. 3). Such an approach recognises
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the interaction between materials (and materiality of things), meanings, and com-
petencies in combining disparate daily activities in a sustainable CE practice.
Specifically, practice theory focuses on the role of materiality in shaping patterns
of production, consumption, and disposal, which is often missing in transitions
and behaviour change literature.

The doctoral research (Shittu 2022) summarised in this chapter focuses on
household plastic consumption. It explores how one might conceptualise sustain-
able CE practices and its implication for transitioning cities to sustainable CE
platforms. Bringing together conceptual and empirical, this chapter argues that
recognising the sociomaterial and spatiotemporal context of practices in individual
cities is critical before designing sustainable CE policies or strategies. Sustainabil-
ity solutions are, thus, substantively local due to the entrenchment of sociomaterial
and spatiotemporal arrangements in existing social structures. The implication is
that an uncritical adoption of CE policies and approaches between cities and the
global north and south is likely unproductive and ineffectual.

This chapter examines two critical insights from a practice perspective on
sustainable CE analysis in research, policy, and practice. First, sustainable CE
practices do not easily conform to binary scales such as ‘sustainable’ and ‘unsus-
tainable’. As a result, we cannot robustly identify the bundles(s) of daily activities
that might constitute a sustainable CE practice. Hence, the chapter proposes an
alternate analogy of sustainable CE practices, which exists on three different
variations and stages of performance. These are input assemblage, input combi-
nations, and outputs and outcomes. Second, transitioning to sustainable CE calls
for innovation by combination and resourcefulness in socio-technical systems. This
entails going beyond business-as-usual to re-imagine new, radical, and disruptive
practice configurations in socio-technical systems, including markets, product and
service design, technological innovations, infrastructure provision, and community
services and policy landscapes.

The remainder of the chapter is structured as follows: Sect. 2 presents a brief
background on practice theory; Sect. 3 discusses insights from Shittu (2022) on
sustainable CE; Sect. 4 examines sustainability considerations for nuanced analy-
ses of practices; Sect. 5 discusses the importance of innovation by combination to
achieve sustainable CE transitions, and Sect. 6 concludes the chapter.

2 Practice Theory

Although not a unified body of theory, practice theory neither focuses on structures
nor individual actions but on the range of activities that order and give meaning to
social living. It can, therefore, be considered a middle-range perspective (Kuijer
2014). A popular definition of a practice is provided by Reckwitz (2002, p. 249)
thus:



8 Practice Perspective Implications for Sustainable Circular Economy Transitions 139

Fig.1 Elements of practices. Meaning: cultural conventions,
Source Shove et al. (2012) expectations and socially shared
meanings
Material: objects, Competence: knowledge
tools, infrastructures and embodied skills

A routinized type of behaviour which consists of several elements, interconnected to one
other: forms of bodily activities, forms of mental activities, ‘things’ and their use, a back-
ground knowledge in the form of understanding, know-how, states of emotion and motiva-
tional knowledge.

As shown in Fig. 1, Shove et al. (2012) describe a practice as composed of essential
elements: material, meaning, and competence. Material varies from small objects
like household plastic items to significant technologies and infrastructure such
as the electricity grid of a city. The human body is also categorised as a mate-
rial element of practice. Meanings encompass affective values, expectations, rules,
and socio-cultural conventions that attach subjective significance to practices. In
this respect, CE and sustainability can separately and jointly constitute meanings.
Meanwhile, competence refers to the knowledge and embodied ability to perform
a practice proficiently.

To illustrate, the performance of drinking as a practice could involve a cup, lig-
uid, and the human body as materials; the meanings of sustenance, pleasure, social
bonding, and healthy living; and knowledge and embodied skills such as ensuring
the right quality, quantity, time, context, and the practicalities of transferring water
into the mouth.

Critically, practice theory attempts to decentralise humans in social theorisa-
tion by regarding them as practitioners rather than actors. However, to Shove
et al. (2007), practices recruit individuals as practitioners, or carriers, through their
family, profession, social group, and cultural background. Moreover, bundles of
practices form and shape the texture of daily life by manifesting as instances of
consumption or activity. Therefore, examining bundles of practices that individuals
or groups engage in is critical to understanding and potentially shaping why, how,
and when individuals might perform a sustainable CE practice.

Practices are believed to manifest in two interacting forms—practices-as-entity
and practices-as-performance (Schatzki 1996; Shove et al. 2007; Warde 2005). The
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former is a broader understanding of practice as a form that exists and endures in
space and time with provisions of guidelines as to how they should be enacted in
performance (Shove et al. 2007). This might include culturally or socially anchored
meanings in food preparation, living spaces or accumulation of material goods in
signalling social status. On the other hand, practices-as-performance is the enact-
ment of practice through the unique process of combining the abovementioned
elements in a socio-spatial and temporal context (Warde 2005). These include
the functional (goal attainment) side of practices. Understanding sustainable CE
through a practice perspective thus requires focusing on elements that consti-
tute daily practices on the one hand (practices-as-performance) and institutional
complexes on the other (practices-as-entity).

Furthermore, sustainable CE transitions require a detailed connection between
seemingly mundane practices-as-performance and abstract practices-as-entity.
Jaeger-Erben and Offenberger (2014) applied the ‘iceberg metaphor’ to achieve
this. This framework describes the visible aspect of daily consumption as the
tip of the iceberg, which may be an instance of the performance of a practice
(Shove et al. 2012). However, it is intricately “embedded in socio-cultural and
socio-technical settings™ (Jaeger-Erben and Offenberger 2014, p. 166).

Within sustainability transitions, Jaeger-Erben and Offenberger’s study (2014)
reveals that changes in everyday consumption usually accompany adopting new
sustainability practices in households, which often precede a life event. Life events
activate tangible and intangible social fields with specific spatial, cultural, and his-
torical evolution and comprise practices-as-entity (Jaeger-Erben and Offenberger
2014). Furthermore, adopting new sustainability practices also results in changes to
the justification for and meaning of consumption, especially as it becomes embed-
ded in the web of other practices within the household. This, therefore, emphasises
the importance of context as the sustainable CE practice may manifest in diverse
ways within different spatiotemporal and sociomaterial arrangements.

While practice theory is increasingly applied to sustainability transitions, prac-
tice theory is also criticised for focusing too much on systemic complexities and
divergences retrospectively and too little on “direct and practice-oriented impact
for change” (Oztekin and Gaziulusoy 2020). Most empirical studies adopting prac-
tice theory often approach understanding change by studying past or ongoing
events. However, the methodology to operationalise practices for creating future
impacts or direct interventions is still emerging. Direct impact for change requires
solutions to reorganise the internal processes of a practice, substitute unsustainable
practices with sustainable ones and reconfigure bundles of practices in new ways
(Oztekin and Gaziulusoy 2020: 206). Reconfiguring practices involves transform-
ing “user motivations, reasons, needs and wants” that engenders the entire network
of practice bundles, which could then “generate fundamental shifts in wholes
of practices and everyday lifestyles, and extensively contribute to sustainability
transitions” (Oztekin and Gaziulusoy 2020: 206).

The following two sections summarise critical insights from doctoral research
on the practice theory perspective and the transition of urban households to
sustainable CE for plastics.
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3 Transforming Plastic Consumption in Households

The emergence and presence of sustainability concerns in urban households,
including household sustainability knowledge and attitudes, do not necessarily
result in sustainable lifestyles. Specifically, households cannot consume sustain-
ably, not necessarily because they lack sustainability knowledge, but due to
the complex interconnection of socio-cultural practices (Sole and Wagner 2018;
Paddock 2017). Therefore, policies targeting individual characteristics, or market-
based approaches to systemic change, have largely not resulted in sustainable
consumption.

Concomitantly, consumption studies adopting theories of practice tend to focus
on non-material aspects such as energy-related practices. Nicolini (2009) calls
for practice research to zoom in on material arrangements in social domains.
Moreover, consumption studies literature could not identify any substantial differ-
ence in the unsustainable environmental impact of material consumption between
low-income and high-income households (Buhl et al. 2018; Cai, Liu and Zhang
2019). The additional socio-economic and environmental difficulties they face in
adopting sustainable lifestyles make transitioning to sustainable consumption more
challenging for the former.

Shittu (2022) interrogates plastic-related practices in urban low-income house-
holds and draws insights for grassroots strategies for sustainable CE transitions
in cities to advance understanding of materiality in practice theory. Beyond dom-
inant Western case studies, data from case studies of low-income households in
an emerging economy presents new contexts and insights into how a ubiquitous
material like plastic could materialise and routinise household practices.

Empirical findings show that plastic materiality facilitates the performance of
household practices through their corporeal, spatiotemporal, and functional dimen-
sions. As actants in household practice performance (Strengers, Nicholls, and
Maller 2016), plastic materials anchor meanings and skills through their unique
corporal features. This functionality makes plastic indispensable to households and
problematic for implementing sustainable CE interventions.

Therefore, achieving sustainable CE for plastics requires transforming plastic-
related practices and integrating them into broader sustainability transitions of
cities. In this sense, plastic-related sustainable CE practices include (Fig. 2): pro-
tractive practices, which extend the life cycle of plastic; contractive practices,
which reduce the amount of plastic in circulation; and regenerative practices, which
transform plastic waste into new products. As previously mentioned, while low-
income households perform some protractive activities such as maintenance and
reuse, they are influenced mainly by socio-economic factors rather than environ-
mental considerations. Also, low-income households’ sociomaterial arrangements
inhibit their contractive and regenerative activities, including sharing and recy-
cling. This chapter extends this conceptual framework to include all technical and
material processes in sustainable CE.

Aside from providing waste infrastructures, addressing sustainable CE prac-
tice issues involves adopting grassroots environmental governance strategies for
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Conceptual Sustainable CE
Framework practice complex

i
Sustainable CE

Protractive Contractive Regenerative

Practices
Sustainable CE mai.ntenance; ) substitution; waste separation;
iviti el e sharing; reduction disposal; recycle
Activities repair g; reduc posal; recyc

Fig.2 Elements of sustainable CE practices. Source Shittu (2022)

urban transitions. These include addressing environmental justice issues in urban
households and leveraging communities of practice (Wenger-Trayner and Wenger-
Trayner 2015). Addressing environmental justice issues includes improving access
to sustainability information, public participation in sustainability consultations,
and providing sustainability infrastructure. Meanwhile, communities of practice
can promote sustainable circular transitions by scaling up circular practices, sus-
taining circular practice complexes, and directing the transformation of circular
practices.

4 A Conceptual Framing of Sustainable CE Practices: Three
Stages of Performance

Analysis of sustainable CE practices (or behaviours in traditional theoretical
approaches) does not easily conform to binary scales of ‘sustainable’ and ‘unsus-
tainable’ (see Pocol et al. 2020; Lee et al. 2016; Zorell 2020). This is because
a simple division of CE practices into binary sustainability scales ignores the
ongoing and context-specific processes that occur during the interaction of ele-
ments of practices (materials, skills, and meanings) that result in environmental
outcomes. Instead, sustainable CE practices can be conceptualised as existing in
three different variations and stages of performance: input assemblage, input com-
binations, and outputs and outcomes (see Fig. 3). This conceptualisation can apply
to the performance of sustainable CE practices in any societal domain, including
households, businesses, and politics.
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Fig.3 Sustainability considerations in stages of CE practice performance. Source Authors’ design

4.1 Input Assemblage in Sustainable CE Practice Performance

Practitioners may obtain or assemble input elements sustainably to perform a sus-
tainable CE practice. This can be the use of sustainable materials, the sustainable
procurement of materials, the acquisition of sustainability skills, and the setting
of sustainability aspirations. Nonetheless, not all sustainable CE practices neces-
sarily require sustainable inputs. For instance, the performance of recycling as a
sustainable CE practice may involve a range of materials not classified as ‘sustain-
able’ and with, a priori, significant environmental footprints, such as plastics. In
such cases, sustainable CE practices emphasise the transformation processes and
a sustainable outcome.

Notably, the input of a practice performance is often the outcome or by-product
of another ongoing or previously completed (set of) practice(s). For households,
gathering the practice elements for cooking, for instance, could be preceded by the
performance of shopping practices or participation in urban agriculture, the embod-
iment of cooking skills through professional or informal training practices, and the
adoption of meanings of sustenance and cultural culinary art through socialisation.
Likewise, acquiring input materials for a business can involve several complex
practices such as design, extraction, business-to-business purchase, transportation,
communication, and negotiation.

Consequently, a sustainable CE initiative can become ineffective if the inputs
are supplied from unsustainable, close-knitted practices. Recycling systems in
cities are a good illustration of this. Recycling systems in cities suffer from the lack
of markets for recycled products and preceding factors such as the improper sorting
of household and industrial waste (Ibrahim 2020; Yoada et al. 2014). This results
in the contamination of potential recyclables, which puts significant pressure on
the recycling system, and most often, plastic waste pollutes the environment.

As a component of regenerative practices, sorting is one of the sustainable CE
activities that must be embedded in household practices to transfer clean input to
the recycling system (Shittu et al. 2021). However, where the skills and motivation
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to carry out regenerative practices are present, many lower-income households face
difficulty performing these CE practices due to their lack of access to adequate
storage spaces. Furthermore, in many global south contexts, access to materials
(such as hot water) might further inhibit the performance of recycling practices.
Beyond that, the performance of other plastic-related sustainable CE practices,
such as protractive and contractive practices in households and industries, will
reduce the pressure on the recycling system and the energy footprint of material
regeneration processes. Thus, researchers, policymakers, and other sustainability
stakeholders must consider the extent to which a CE practice is integrated with
others when designing intervention programmes.

4.2 Input Combination in Sustainable CE Practice Performance

Combining the input elements can also reveal some sustainability aspects of a CE
practice. Here, the materials are sustainably and skilfully commingled following
sustainability principles to achieve a desired goal, such as reducing the negative
environmental impact of practices. For households and businesses, this could be
in terms of using the correct quantity of materials, avoiding material damage,
maximising material functionalities, proper channelling of unwanted materials, and
other activities that prevent environmental leakage and improve resource efficiency.

For instance, many low-income households exercise caution in handling plastic
materials when performing daily practices to extend their lifecycles (Shittu 2023a;
Shittu et al. 2021). Specific examples from low-income households include avoid-
ing using a plastic spoon to stir food when cooking and filling a plastic bucket
with the water quantity that corresponds with its capacity. Thus, from a practice
perspective, the sustainable combination of materials during the performance of a
CE practice is heavily reliant on the level of embodied sustainability competences
and the cohesion of sustainability meanings and values.

The detailed sustainability evaluation of input combinations of CE practices
is essential for several practical reasons. As also argued by Buhl et al. (2018),
the resource intensification of consumption and, consequently, the material and
waste footprints of households are less about the income of households and more
about the input combinations and performance processes of individual household
practices. Moreover, even with sustainable technologies designed to reduce house-
holds’ energy footprint, the lack of adequate knowledge and skills in using these
technologies while performing energy-related practices inhibit their effectiveness
(Herrmann et al. 2018; Shittu 2020, 2023a). The focus and emergence of sustain-
able materials and technologies, while a critical element of a shift in practices,
remains incomplete without an accompanying embodiment of environmental risks
knowledge and the adoption of sustainability values in business and household
practices.

A complicating factor here is the capacity of households to acquire sustainable
materials as inputs and then sustainably combine them. For instance, many low-
income households cannot afford the higher cost of adopting sustainable lifestyles.
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Moreover, unequal access to sustainability infrastructure and knowledge (e.g.,
education or information) also inhibits the emergence and performance of sustain-
able CE practices. These barriers fall under an environmental justice perspective
and relate to enhancing the capacities of households and businesses to perform
sustainable CE practices when carrying out daily activities.

4.3  Outputs and Outcomes in Sustainable CE Practice
Performance

While sustainability outcomes are often produced by acquiring and combining
sustainable inputs, they could also result from unsustainable processes. How-
ever, sustainability outcomes arising from unsustainable processes may appear
to be fleeting or have less impact on broader sociomaterial CE practice con-
stellations. This, therefore, suggests the importance of sustainably transforming
socio-economic processes to create lasting outcomes. Furthermore, evaluating a
sustainability outcome in CE research and policy should examine its multiple
forms and scale of impact. For example, sustainable outcomes could include novel
or upcycled materials and technologies, new or enhanced skills or procedures, and
new or refined principles, values, and rules. Regarding the scale of impact, sus-
tainability outcomes may vary by space (e.g., household space versus community
or organisation versus industry) or period (e.g., short-term versus long-term).

The preceding description of the sustainability aspects of CE practices further
emphasises the need for a proper conceptualisation of sustainable CE practices
in research and policy. While performing some CE practices may result in sus-
tainable outcomes, such as extending the material lifecycle, those CE practices
may not intrinsically be sustainable. A suggested conceptualisation is that a sus-
tainable CE practice follows processes and generates outcomes that align with
sustainability principles, such as transforming materials into new products or util-
ising services that reduce material use. Therefore, as applied in Shittu (2022),
researchers and policymakers must develop frameworks that zoom into CE prac-
tices to examine the intricate performance processes and zoom out to address the
impact of interconnection among CE practices.

5 Innovation by Combination and Resourcefulness
in Socio-technical Systems

Although many low-income households lack access to socio-economic resources,
they combine low-cost materials with other practice elements in mundane, inno-
vative ways to perform household practices. Examples include repurposing used
or old materials from one household activity to another. This maximises value
utilisation and extends the lifecycle of materials. Transferring personal items to sig-
nificant others, often grounded in sentimental values attached to items, or sharing
items with neighbours, similarly extends the lifecycle of materials but also reduces
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the financial burden on recipients and improves communality (Shittu 2023a). This
is not to argue that these practices are sustainable per se but highlights the role
socio-technical resourcefulness can and does play in rising consumption, income
gap, disposability, wastage, and environmental degradation (Shittu 2020). It also
highlights how existing practices inherently comprise elements associated with
sustainable CE.

Therefore, transitioning cities to sustainable CE must also involve re-imagining
new, radical, and disruptive practice configurations within existing markets,
product and service design, technological innovations, infrastructure provision,
community services, and policy landscapes. While it will remain essential to pur-
sue domain-specific circular strategies and action plans (for instance, design for
re-assembly in the construction sector), it is imperative for the barriers between
and among domains (e.g., industries, business scales, knowledge domains) also
to enable trans-local, multidisciplinary, and multi-stakeholder circular solutions.
In this case, the transition challenge can be summarised thus: optimising socio-
technical and socio-economic resourcefulness by innovatively combining existing
approaches in new, sustainable, and circular ways.

Innovation by combination addresses two central issues of sustainable CE tran-
sitions: diverting existing materials away from the environment and creating new
products and services that embed sustainability and circularity principles. Sev-
eral examples of innovation by combination already exist, although currently
at a marginal and premium rate. According to Heleven (2010), innovation by
combination strategies includes (Fig. 4):

(1) designing products with multiple functionalities such as in fashion, construc-
tion, transportation, mobile technology, and household items;

(2) introducing new products to the market by using established brands such as
in-home design and fast-moving consumer goods;

(3) conscious design of packaging with additional functions such as in-home
appliances and food packaging;

(4) enabling user-led temporary combinations such as in spatial design;

(5) subsuming multiple products into each other as a nested design, such as in
transport technology, mobile technology, and household appliances;

(6) innovative combinations of products and services, such as in mobile technol-
ogy and product-as-service;

(7) integrating multiple products and services into one product or service (e.g.,
old and new materials, all-in-one or co-branding) such as in hybrid energy
systems;

(8) oxymoronic design of products and services such as in virtual reality, home
office and biotechnology, and

(9) adjectival innovations in industries (e.g., wildlife tourism, agritourism, and
backpack tourism.

Notably, while innovations are essential in aiding socio-technical transitions, they
should be developed in the context of sociomaterial practices. That is, effective and
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Fig.4 Innovation by combination strategies. Source Authors’ design following Heleven (2010)

sustainable innovations are those that consider the complexity and interconnected-
ness of existing systems when integrated. The current approach to introducing new
CE materials or innovations (e.g., technologies, products, etc.) into society assumes
that embedding materiality with sustainability elements is enough to reconfigure
existing practice complexities. This reflects a transition dynamic grounded in (pre-
sumed) market efficiency and a primarily exogenously driven reconfiguration of
daily activities in response to technological change. Although materials shape
practices through their corporal, spatiotemporal, and functional dimensions (Shittu
2023a), a critical insight from practice theory is that daily activities are also shaped
by other practice elements such as competence and meanings. A sustainable mate-
rial not accompanied by sustainable skills and meanings may become ineffective
within the context of a CE practice.
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Moreover, no practice exists in isolation, and practitioners often prefer the
practice that provides the highest value in a particular context. In such cases,
a sustainable CE practice integrating innovations may become less effective if
the attached values do not outweigh those of an unsustainable alternative or are
impeded by other socio-economic factors. For instance, although some low-income
households are keen on sorting their plastic waste, they are inhibited by the lack
of control over their immediate environment (Shittu et al. 2021). This insight
also speaks to the planning strategies across the global north that aim to increase
residential density patterns and multi-unit dwellings in cities such as Melbourne
(Chhetri et al. 2013; Motazedian 2017). Such planning strategies may reduce per-
sonal and shared spaces in residential areas and impact household sustainable CE
practices, even for high-income households. Urban planning approaches for devel-
oping a compact city alongside transitioning to sustainable CE cannot just focus
on infrastructure that aids the flow of people but also the flow of materials and
their implications for urban household practices.

The preceding point extends to a more general point—creating an enabling
environment for integrating sustainable innovation in CE practices. This involves
facilitating sustainable infrastructural accessibility, values adoption, and skills
adoption among households and businesses (Shittu 2023b). In essence, the suc-
cessful transition of cities is predicated on cooperation among stakeholders and
a combination of approaches across all spheres of the socio-technical system to
produce novel processes and practices. Sustainable CE is a solution that requires
different implementation strategies for each city by relying on local resources
and networks. This necessitates promoting mutually beneficial and ecologically
responsible partnerships in design, governance, markets, and communities (Shittu
2023b).

6 Conclusion and Policy Insights

Theoretical approaches that focus on individual behaviours or market forces often
ignore the complex interaction of sociomaterial arrangements with daily activities
and its impact on the transition of cities to sustainable CE. However, practice
theory provides a framework to zoom into a specific activity in a domain and
analyse its connection with complex systemic processes. For instance, findings
from a doctoral study show that plastic’s functions in household activities through
its unique physical features and spatiotemporal interaction render it indispensable
to households (Shittu 2022). Therefore, this creates complications for sustainable
intervention programmes looking to eradicate or reduce plastic use in cities, among
other plastic-related CE strategies.
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Moreover, the importance of achieving sustainability and the CE in the city,
national and global discourses has emphasised the role of understanding and
embedding sustainable CE practices into societal processes. This implies devel-
oping and implementing strategies that aid in reorganising the internal processes
of existing practices, substituting unsustainable practices, and reconfiguring prac-
tice complexities. However, such strategies must involve a more nuanced analysis
of practices. This chapter argues that researchers, policymakers, businesses, and
other sustainability stakeholders must be perceptive in evaluating the connectiv-
ity between CE practices, the influence of skills and meanings in CE practice
performance, and creating lasting sustainability outcomes.

Sustainability meanings and values are anchored in materials. Therefore, a sys-
temic realignment to sustainable CE requires new and innovative combinations of
materials and technologies that aid CE practices and business models. Some ‘inno-
vations by combination’ have been identified to include brand extension, user-led
temporary combinations, and a combination of products and services. Examin-
ing sustainability considerations and promoting innovation by combination are
two primary tools for addressing environmental justice issues and accelerating
multi-stakeholder collaboration towards sustainable CE transitions.

Advancing the applied and institutional capabilities for developing sustainable
CE solutions requires more detailed analysis and evidence on the impact of mate-
riality on social formation in social sciences. Furthermore, sustainability strategies
must be inclusive and address environmental justice issues. Finally, for design, it
is essential to be conscious of how goods, services, and innovations would impact
sustainable CE practices among consumers or households.

Drawing on the practice perspective, Table 1 recommends strategies for
accelerating sustainable CE transitions in policy, research, and practice. Each rec-
ommendation is ranked based on its importance or significance for research, policy,
and practice. Importance or significance level refers to the capacity of each domain
to act directly on and achieve the corresponding strategy.
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Table1 Summary of study recommendations for accelerating sustainable CE transitions in
research, policy, and practice

S/N | Recommendations Theory/ Policy Design/

research practice

1 Sustainable CE transition strategies must | Moderate High High
be well-coordinated, trans-local, holistic, | relevance relevance relevance
and integrative

2 Collaborate to sustainably redesign and High High High
reconfigure elements of existing relevance relevance relevance
practices, including materials (e.g.,
infrastructures), meanings (e.g.,
guidelines, rules, and values), and
competencies (e.g., skills and processes)

3 Scale up, sustain, and guide the Moderate High High
transformation of sustainable CE relevance relevance relevance
solutions by leveraging communities of
practice

4 Broadening of CE policy, practice, and High High High
research focus to impact practices as the | relevance relevance relevance
underlying building blocks of social
structures

5 Adopt comparative analysis and systems | High High High
thinking to address practice complexities | relevance relevance relevance
during an intervention

6 Further development of a theoretically High Moderate Moderate
informed understanding of materiality relevance relevance relevance
and material agency beyond
anthropocentric perspectives

7 Urban sustainability solutions should be | Moderate High High
designed to address environmental justice | relevance relevance relevance
issues, e.g., by being inclusive, simple,
affordable, and efficient

8 Adopt strategies that optimally integrate | High High High
downstream sustainable CE solutions relevance relevance relevance
(e.g., recovery, recycling, and waste to
energy) with upstream sustainable CE
solutions (e.g., designing alternative
sustainable materials)

9 Investigate various sociomaterial High High Moderate
combinations that can facilitate relevance relevance relevance

sustainable CE practices and design
policies that optimise them in a circular
economic system

(continued)
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Table 1 (continued)

S/N | Recommendations Theory/ Policy Design/
research practice

10 Engage in a more nuanced analysis of High High High
sustainability considerations in CE relevance relevance relevance
practices (e.g., in households and
businesses)

11 Optimise resourcefulness in Moderate Highly Highly
socio-technical systems through relevance relevant relevant
innovation by combination

Source Shittu (2022)
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Addressing Psychological Needs
in Designing for a Sustainable
Circular Economy

Christian Wolfel® and Michael Burmester

1 Challenges of Designing for Sustainable Development
1.1 Designing for Sustainability and Circular Economy

Designing for sustainability has already gone a long way (cf. Chap. 2 by Tischner
in this book). Theoretical frameworks have been developed as well and many
design proposals have been made. The underlying intention was and is to allow
sustainable consumption and behavior. Early approaches concentrate on ecological
sustainability; subsequently, this focus has been integrated with more attention to
practical economic and social aspects.

More recently, approaches to designing for sustainability and circular economy
comply with broader concepts of sustainability, as formulated in the UN’s Sustain-
able Development Goals (Velenturf and Purnell 2021; Melles et al. 2022, Chaps. 1
and 2 of this book). The design discipline can contribute based on its competences,
for example on dealing with complexity or allowing for participation in develop-
ment processes. Systematic human-centered design can pay regards to the complex
potentials and boundaries of changing of systems, organizations, regulations and
business models in sustainable transition, but at the same time to existing techni-
cal constraints and requirements, market dynamics as well as consumer and user
needs.

Recent sustainable design approaches have begun focusing on circular design
as a contribution to the circular economy (e.g., Charter 2018, Desing 2021). A
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sustainable circular economy pays regard to environmental quality, economic pros-
perity and social and individual wellbeing (Velenturf and Purnell 2021). In order
to recognize these aims, efficiency, sufficiency and consistency strategies need to
be implemented, resulting in “far-reaching changes in production, consumption
and waste management, and collaboration and coordination to visualize imple-
mentation” (ibid.). Sustainable circular economy is hence characterized, not only,
by long-term product use and circular product flows, e.g., through refurbishment
(cf. Stahel 2019). While awareness campaigns and governance, norms, regulations
and steering mechanisms can contribute to a wider implementation, the consensus
is that human-centered design can play a key role in driving circular economy
success (ibid., see, e.g., Chaps. 1 and 7 of this book).

There are various circular design solutions that are more sustainable than con-
ventional ones, and that are at the same time attractive or even “desirable to a
certain demographic” (Lofthouse and Prendeville 2018: 457). In general, it can
be said that even on the level of material circularity, there is much room for
improvement in many products and services that can be addressed by designers
and product developers even with established approaches and methods. The design
of more sustainable circular solutions can be accomplished by improving material
circularity with less downcycling and less energy consumption. Although there is
a critique that this allows only for incremental progress in sustainable transition,
these limited and slow advances are still necessary.

Not all circular economy translates to sustainability (cf. Meindl 2021, Velenturf
and Purnell 2021). Many markedly sustainable solutions turn out less sustainable
upon systematic evaluation. Not all of these discrepancies are rooted in intended
greenwashing. Furthermore, too often circularity is only accomplished on the low-
est possible (read: worst) level of thermal/energetic recycling (read: burning the
material, hence taking it from the cycle) (cf. Chap. 4 in this book). Hence, more
recent models of sustainable circular economy strategies intend to promote suf-
ficiency by more radical approaches such as Rethink and Refuse. Following the
more recent R strategy models, not only more reuse, repurpose and repair of mate-
rials, components and products must be enabled, but also more rethinking and
refuse is necessary (UNEP 2022).

Changing production and consumption patterns for more sustainability requires
systems thinking. More sustainable solutions require not only rethinking and
redesigning products as such, but product-service systems as a whole, and eventu-
ally accordingly changing industries (Tukker et al. 2017; Desing 2021; Velenturf
and Purnell 2021). Product-service systems are understood as a complementary
blend of tangible and nontangible assets addressing user requirements (Goed-
koop et al. 1999). Both benefits for people and economic value can be generated
through interwoven (tangible) products and (intangible) services (Boehm and
Thomas 2013). Decoupling economic value creation and resource consumption,
the assumption of less material use in physical products, thus increasing resource
efficiency, the motivation for low maintenance and repair cost through longer
lasting products, or the monitoring and lifecycle analysis using digital twins are
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considered promising to contribute to sustainable circular economy and sustainable
development (Schmidt-Bleek 1998; Pieroni et al. 2016).

Yet remaining are challenges of possible negative side-effects and rebound
effects such as increased consumption or increased wear of shared goods (e.g.,
Zink and Geyer 2017; Makov and Vivanco 2018). To avoid such negative effects,
product-service systems must be developed specifically to meet the requirements
of sustainable circular economy (Bliiher et al. 2020; Pieroni et al. 2017). If imple-
mented accordingly, product-service systems design can contribute to sustainable
development and transition (Joore and Brezet 2014).

1.2  Barriers to Success of Sustainable Circular Economy

Despite a good understanding on the necessities and extensive efforts in promot-
ing circular economy, independent reports suggest the success has stagnated for
several years at a market share still around 10% (e.g., Moraté et al. 2019; de Wit
2022). Discussions on the reasons for this often look at governance and producer
perspectives. Other analyses identify the lack of consumer acceptance as one major
challenge in circular economy (Camacho-Otero et al. 2018).

This can be caused by too much sudden change for customers, resulting in
their refusal. Generally, if products and interactions are too novel, too different
or too unusual, there is often a lack of acceptance among consumers and users
(Hekkert et al. 2003; Oehme 2011, Blijlevens et al. 2012) which is often unex-
pected by designers who are generally much more open to change in the domains
they are designing for (cf. Oehme 2011). Such lack of customer acceptance of
novel solutions has also been identified in the context of circular design solu-
tions. Hence, it is the challenge to deliver the Most Advanced Yet Acceptable (cf.
Hekkert et al. 2010) applies also to sustainable circular economy. Yet, approaches
such as design for disassembly and design for repair are well known and yield
the potential to increase sustainability in rather conventional settings even without
putting too much change on consumers and users. Other than the mere refusal to
too much change among many customers, there are concerns of circular economy,
e.g., in terms of reliability and quality of recycled materials or the trustworthi-
ness of sharing economy models (e.g., Wallner et al. 2022; Kuah and Wang n/
d). Evaluations of circular solutions often show limited acceptance and suggest or
show raised acceptance due to more transparent communication and education of
improved sustainability. To some degree, such limitations can be overcome over
the course of time by regulations, and younger generations getting mature and
getting used to it. Beyond such rather general proposed solutions, further strate-
gies have been investigated that address specific acceptance barriers. For example,
Wallner et al. (2022) provide a hands-on physical product design guideline that
increased acceptance by reducing the contamination concerns of customers in the
field of refurbished personal care products.

Lofthouse and Prendeville (2018), Velenturf and Purnell (2021) and others draw
another perspective on how design can contribute to the acceptance of sustainable
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circular solutions. According to them, there is a relevant potential in participatory
design. Involving and engaging users/customers in the development processes can
lead to a better fit of customer demands and product-service offering.

However, methodological challenges are seen on how to include diverse stake-
holder perspectives for co-creating sustainable output (Buhl et al. 2019; Kagan
et al. 2020). Furthermore, there is still the problem of the intention-behavior gap
in the context of circular solutions (cf. Camacho-Otero et al. 2018). Customers
may contribute their opinions, beliefs and intentions in co-design and participa-
tory design settings (Sanders and Stappers 2014). However, customers are found to
make their actual consumption decisions independently from their original inten-
tions (after all, this can be in favor of energy-efficient offerings; cf. Khor and
Hazen 2017).

Also, even people who aim to act responsibly often make decisions to the dis-
advantage of sustainable development (Carrington et al. 2014). Decision-making is
a complex but most often holistic process that is also characterized by unconscious
simplification and prioritization and that is always influenced by mood, affects and
emotions, no matter if people are aware of this and no matter how rational peo-
ple consider themselves. Affects can influence the representation of the individual
decision problem as well as the decision-making process, which is both relevant
in the context of consumer behavior. For example, if there is (the feeling of) the
need of a sudden solution, if customers feel they deserve a reward, e.g., for a
week of hard work or if they just do not systematically weigh up arguments for
any other of a multitude of possible reasons, decisions may drastically differ from
the ones made based on original intentions and careful, informed and reflected
considerations.

Based on a review of 111 studies, Camacho-Otero et al. (2018) identified seven
major themes of factors that promote or prevent the acceptance of circular design
solutions among customers that widely align with our above analysis:

personal characteristics (of the customers, such as desire for change),

product and service offering (such as product quality),

knowledge and understanding (including information about services),
experience and social aspects, risks and uncertainty (trust, disgust, newness,
other risks),

benefits (economic, environmental, social),

other psychological factors (attitudes, norms, habits, values and perceived
behavioral control).

As can be seen, only a small part of these factors is determined by the design
process. A larger part of the factors can be potentially considered and recognized
by design—if they are understood well enough and are considered despite their
complexity, lack of transparency and their inconsistency. To a certain degree, some
factors that promote or prevent the acceptance of sustainable circular solutions
can be increased by education, regulation, nudging and other extrinsic means. In
goodwill but ignoring for example relevant psychological factors, designers and
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sustainable entrepreneurs too often aim to convince their customers to follow what
they consider to be the right solutions. Camacho-Otero et al. (2018) derive from
their systematic review that:

Most of the literature on the circular economy seems to focus on the production side,
exploring circular business models, strategies to develop circular value propositions, and
the benefits of such models. Less attention seems to have been paid to how consumption
and consumers would affect or be affected by the circular economy. (no page).

Discussions on limited acceptance of novel sustainable circular solutions often
focus on objective values of offerings and the attitudes of people in relation to
their knowledge about circularity or sustainability (see above). To some degree, as
suggested in such studies, improved product quality as well as appropriate com-
munication and education will lead to changes in attitude and hence increased
acceptance. Regulations will affect offerings on the markets, which will gradually
diffuse to the knowledge, attitudes and habits of customers. These are two exam-
ples of (long-term) changes of human factors in the context of circular economy.
Situations will also change with time, as may other factors. However, in short-
term, human factors such as norms, beliefs, expectations, psychological needs and
hence consumer behavior cannot easily be changed by design or regulations. There
are approaches such as “design for behavioral change” that might seem to dis-
prove the argument made here. However, in design for behavioral change there is
no change (or even designing) of human factors. It is rather a productive acknowl-
edgment and operationalization of existing human psychological factors in order to
promote desirable conduct. The human side of human-product interaction, expe-
riencing, resulting judgment and behavior will to a large part not be subject to
change. But it has an important impact on conduct and consequences. Hence, it
must be understood and considered when designing successful sustainable circular
solutions. Not only is it necessary to put humans (users, customers) in the focus
of sustainable circular design (cf. e.g., Selvefors et al. 2019) but more specifically
their experience and behavior, and their psychological needs (Camacho-Otero et al.
2018). This can be accomplished by a new human-centered design approach that
systematically integrates these psychological dimensions.

2 Designing for Positive Experiences and Wellbeing

2.1 Positive Experiences Through the Fulfiliment
of Psychological Needs

In the earlier days of industrial design and later on in the emerging field of human—
computer interaction (HCI), a central problem in the design of physical and digital
products was making them easy to use. Among the first approaches were to use
physiological ergonomics as well as the flourishing theory building in cognitive
psychology and to compile them to a design approach called user-centered design
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to ensure ease of use (Norman 1986). After having published the usability defini-
tion in the ISO Standard 9241-11 in 1998 (Bevan et al. 2015), the most important
design approach human-centered design was derived and published for the digi-
tal domain as ISO standard 13,407 in 1999 (ISO 13407 1999). The focus was to
design systems with good usability ensuring effective, efficient and satisfying use.
The updates of the standard in 2010 and 2019 represent only few changes (ISO
9241-210 2019). It is a stable approach, which was very successful, because sev-
eral innovation approaches use elements of human-centered design such as design
thinking (Brown 2008) or lean start-up (Ries 2011). Recently, human-centered
design and its psychological foundations are used also in non-digital disciplines
such as organization development (ISO 27501 2019), sustainable tourism (Font
et al. 2018), development of health services (Adam et al. 2020) and psychotherapy
(Lyon et al. 2020).

The more recent construct of ‘user experience’ provides an increasingly impor-
tant extension to the original approach. Similar developments have been seen in
digital and physical product design (Uhlmann et al. 2016); eventually, both streams
widely overlap in terms of design practice as well as theories and methodologies
and finally join in the context of product-service systems design.

A first perspective on user experience has been defined that yields a broader
view on usability acknowledging subjective aspects such as different kinds of
reactions of the users toward a system, a broader temporal perspective (use from
moment to moment, reflection of the use, expectations regarding the next use) and
taking into account the whole user journey and its several touchpoints of the user
with products and systems of a company (ISO 9241-210 2010; Law et al. 2009).
The problem with this broad definition was that firstly there was no clear explana-
tion of what is driving the essence of an experience and secondly what a positive
user experience is.

e The significant step has been done with the definition of Hassenzahl stating that
the core attribute of user experience is an evaluative feeling and positive user
experience is the consequence of fulfilling psychological needs (Hassenzahl
2008; Hassenzahl et al. 2010).

After this important step, several studies (Hassenzahl et al. 2010; Tuch et al. 2016,
2013; Tuch and Hornbzk 2015) showed that (Burmester et al. 2017).

e cmotions shape the character of experiences,

® in most cases, negative emotions are caused by usability problems, i.e., usability
is a hygiene factor,

e positive experiences are indeed the consequence of the fulfillment of psycho-
logical needs,

e interestingly, positive emotions have twice the impact on user experience
compared to negative ones in technology experiences.
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Hassenzahl (2010) and Diefenbach and Hassenzahl (2017) used eight of ten psy-
chological needs identified by Sheldon et al. (2001). Desmet and Fokkinga recently
reviewed six models of psychological needs and compiled them to a new model
with 13 fundamental psychological needs and 52 sub-needs (Desmet and Fokkinga
2020a). The fundamental needs are autonomy, beauty, comfort, community, com-
petence, fitness, impact, morality, purpose, recognition, relatedness, security and
stimulation. All fundamental needs are explained by a definition and four sub-
needs. Autonomy for instance is defined as “Being the cause of your actions and
feeling that you can do things your own way, rather than feeling as though exter-
nal conditions and other people determine your actions.” (Desmet and Fokkinga
2020a, p. 9 table 3). The four sub-needs associated with the fundamental need
autonomy are freedom of decision, individuality, creative expression and self-
reliance (2020a, p. 9 table 3). Different from other need models like Sheldon et al.
(2001), they make a difference between the strong emotional bonds of the need
relatedness described as “Having warm, mutual, trusting relationships with people
who you care about, rather than feeling isolated or unable to make personal con-
nections” (2020a, p. 9 table 3) and broader social relationships represented by the
need for community which is defined as “Being part of and accepted by a social
group or entity that is important to you, rather than feeling you do not belong
anywhere and have no social structure to rely on” (2020a, p. 9 table 3). The full
model description can be found in the above-mentioned publication. An illustrated
description of the needs can be found in a small booklet which can be used for
design work (Desmet and Fokkinga 2020b).

2.2 A Vision for a Successful Circular Economy Through Design
for Positive Experience

Designing products for circular economy means to rethink typical quality criteria.
Traditional technology focuses very much on novelty promising new functionality,
new designs, etc. The corresponding intensive positive experience is the WOW
experience. This experience is characterized by the emotions ‘fascination’ and
‘joy’ (Kulzer and Burmester 2018) and the most salient psychological need ful-
filled is ‘stimulation’ (Kulzer and Burmester 2020), i.e., experiencing something
new. But this way of attracting customers to buy a product means that new tech-
nical features and products must always be developed. But this means that it is
associated with high resource consumption.

We would like to explain how the design of products must be changed when
conducting circular economy. We will do this using the example of sharing econ-
omy of power tools, i.e., drilling machines, cordless screwdrivers and jigsaws. We
will use three different insights from the research on positive user experience and
design for wellbeing.

1. As described above, design for fulfillment of psychological needs is of central
importance. There we will use several psychological needs, but two will be of
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central importance, which are ‘competence’ and ‘community’. Competence is a
very important psychological need; it is laid out in the self-determination theory
of Deci and Ryan (2000) and proven for experiences during technology use
(Burmester et al. 2017; Hassenzahl et al. 2010; Tuch et al. 2016). Especially
for tools, competence is an important psychological need, because tools are
always used to achieve specific goals giving the users a feeling of effectivity
and self-efficacy. In the model of psychological needs of Desmet and Fokkinga
(2020a), the need of ‘community’ is very interesting, because here feelings of
being part of a group of like-minded people can be important.

2. The next design aspect is not a need, but a special type of experience incor-
porating different psychological needs—called ‘product attachment’. Product
attachment means that the user develops a long-term emotional relationship to
the product. This has been described by Mugge and colleagues (Mugge 2008;
Mugge et al. 2010; Mugge and Schoormans 2006). At the first glance, this
seems to be a strange concept for sharing economy, because products are just
used for dedicated purposes and are not owned by the user. But an emotional
bond to a product leads to more positive emotions and—this importance for
sustainability—to protective behavior, like “to handle the product with care, to
repair it when it breaks down, and to postpone its replacement” (Mugge et al.
2009, p. 468).

3. When designing for positive experiences, the temporal dimension of experi-
ences is important (Hermosa Perrino and Burmester 2020; Pohlmeyer et al.
2009). The elementary experience is the moment-to-moment experience, e.g.,
during a usage activity. This experience is stored in the episodic memory,
reflected and can be communicated to others (Hassenzahl et al. 2013; Rossman
and Duerden 2019). Based on the personal or collective reflection of the expe-
rience, users develop expectations and anticipation toward the next experience
with a product.

23 A Fictitious Use Case in the Power Tools Market

The global power tools market is worth more than 20 billion USD annually. With
almost two-thirds of this market, the commercial/professional use is the larger
share of this market (Placek 2019). Hence, it is important to design for the various
stakeholders and their needs. In linear economy, power tool providers split their
portfolios into residential and commercial products. Commercial tools are more
reliable, and are designed to be used for a longer period. However, commercial
products are also distributed through DIY stores and widely used by laypeople.
From a consumer perspective on the products, this separation is not as clear as
from the manufacturer’s point of view.

Usually, more resources are consumed to produce commercial tools to be used
much more heavily than residential ones. However, once bought and used for
a short period, these professional power tools are unused for most of the time.
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According to some statistics, conventional residential use power drills are said to
be actually used less than 30 min a year or even in their entire lifetime (cf. Kessler
2015). This is contrary to the archetypical principles of circular economy: suffi-
ciency, efficiency and consistency (Huber 1995). Too many resources are used,
and too little use is made from it. But why do many laypeople choose professional
power tools, even though they are more expensive and, based on the short period
of actual use, do not yield more or better instrumental qualities? The reasons are to
be assumed among the non-instrumental qualities that address psychological needs
such as ‘stimulation’ or ‘community’ as explained above.

Circular economy approaches on power tools could be for example refurbish-
ment or sharing economy business models. In both cases, the split into less and
more durable and at the same time less and more resource-consuming portfolio
may become obsolete. Development resources can be concentrated on one portfo-
lio of durable, reliable power tools that can then be utilized to a maximum. Sharing
the resources in order to gain more use from it seems adequate to contribute to sus-
tainable development. Already more than 15 years ago, startup companies aimed
at addressing this issue by, e.g., providing community-shared power drills. Most
of these initiatives are long gone (Kessler 2015). To some degree, there were prob-
lems such as a lack of actual and immediate availability of the tools when needed.
These are instrumental, hygienic factors that limit acceptance. However, the non-
instrumental has also not been addressed adequately in order to deliver positive
experiences and hence raise acceptance.

With more recent approaches on shared product-service systems, more mature
digital platforms, learning algorithms and the learnings from makerspaces and tool
libraries (cf. Ellen MacArthur Foundation n/d)—and with a design approach that
aims at delivering positive experiences through the fulfillment of psychological
needs—a new attempt on shared power tools could be made. A possible scenario of
a commercially available sustainable product-service system could include mostly
commercial use during the labor days and residential laypeople use on weekends
and holidays. The non-instrumental quality of professional tools for laypeople
could even be enhanced by the sharing of professionally used tools. As always,
rebound effects such as reduced trust or even damage caused by (unintended) mis-
use of the gear by laypeople may yield rebound effects and reduce the acceptance
for such business models among the professionals and need to be considered. In
any case, there could be just one circular offering that is then tailored to the dif-
ferent target groups. In order to gain acceptance, the design of the product-service
system must understand and address psychological needs and provide positive
experiences for all relevant stakeholders.

In the following, we illustrate in a fictitious example on how sharing economy
can be designed as a product-service system for power tools in order to enable
positive experiences when using the service and the tools consumer/residential
settings based on the above-made three criteria: 1. fulfillment of psychological
needs, 2. novel ways of ‘product attachment’ and 3. paying regard to the temporal
dimensions of user experience (Fig. 1).

The residential setting is illustrated by the case of Maria and Oliver:
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Fig.1 A fictitious example
of a power tool sharing
solution that aims at
delivering positive
experiences by fulfilling
psychological needs of
laypeople and professional
workers

Maria and Oliver are in the process of renovating their house. They want to do this as much
as possible on their own to save additional money for professional craftsmen and also enjoy
the work. This renovation project is an isolated case for them. Therefore, they don’t want to
buy the power tools they need. In recent years they have had good experiences with renting
the tools. They are both members of a sharing platform and both have an account.

One part of the renovation is, that they build a veranda with about 40 sqm. A company has
built the basic construction and now Maria and Oliver want to lay down the wooden floor.
That means that they need to have a drilling machine, two cordless screwdrivers and a cir-
cular saw. Maria logs on to her account and could see immediately a timeline of projects
she had (positive memory of activity history). Some projects are shared with Oliver, so they
have a joint history of the activities in these projects (‘community’: doing things together).
Maria looks through the last activities. Oh yes, she and Oliver had a hard task together. Two
weeks ago, they had to deconstruct a rotten wall of the old veranda. Both used a drill ham-
mer borrowed from the platform. She can see that they used the drill hammers for four hours
and the platform analyzed the drill hammer data and indicated that this was hard work and
that only one other layperson had the same intensity that is rated comparable to professional
work during the last three months (‘competence’).

The service offers a wide variety of readily available tools they can freely choose from
(‘autonomy’). As laypeople, they trust the power tool selection guide which suggests appro-
priate tools for the woodworking tasks (‘stimulation’, ‘security’). The guide surprisingly
suggests another tool to accomplish large parts of the work: a dedicated flooring nailer will
allow them to go quicker, with less effort, and less energy consumption. The special nails are
provided as part of the rental. A short tutorial video explains how easy, secure, and fun it is
to use (‘stimulation’, ‘security’). Maria ordered the chosen tools and the platform indicated
that she and Oliver used the type of screwdrivers already one year ago (‘product attach-
ment’: common history). The tools arrive by delivery service the next day. Provided is a
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certificate on the quality check, battery status and reliability guarantee (‘security’). A visu-
alization illustrates how much professional and non-professional work has already done and
how much the tools are still capable of and how this relates to the resources used (‘commu-
nity’, ‘purpose’]. They grab the tools and feel the weight and the material of the robust tools,
they know that professionals rely on these (‘competence’, ‘community’).

Oliver and Maria started their work on the veranda floor and took out the devices. After
switching on the screwdrivers its display shows the name of Maria and Oliver (‘product
attachment’). They start with the work. The tools give them feedback that they are used ade-
quately: there is a confirmation if nails and screws are applied perpendicularly and tightly
for long-lasting joints (‘competence’). At the same time, this reduces wear of the moving
parts. At hard to access corners, they decide to set the screws in a slanted angle. This is a bit
harder to do and puts more stress on the tool. The tool interface informs about this but freely
allows the operation (‘autonomy’). The floor nailer and screwdrivers count all nails and
screws placed by them. At the end of the day, they realize over 400 nails and screws! Again,
they had the feeling that they did a tough, but good job! (‘competence’, ‘community’).

The commercial setting differs from the residential one, since contexts, tasks, peo-
ple as well as the mechanisms to address psychological needs differ in everyday
labor work. Further detailing would be necessary to elaborate on how the needs
of the workers are met by the design of the product-service system in order to not
only accept the system but also to foster proper use of the tools for maximum suf-
ficiency, efficiency and consistency. Expert use modes could be activated that do
not only correlate to the competencies and tasks of the professionals, but also pro-
vide specific positive experiences based on the specific needs in the corresponding
contexts.

It has to be noted that in most professional cases, the labor workers are the
actual users of the tools. Their intentions and motivations may differ, since they
work for others (e.g., their company, their customers) and not for their own intrin-
sic benefit as laypeople do. Usually, business managers or buyers decide on the
order of the tools, not only keeping in mind the business numbers but also antic-
ipating the workers who should be enabled and motivated to do great jobs. The
particular fictitious solution could be a leasing or other sharing model. It could be
made very flexible for the company to get and pay for reliable tools of the right
kind in the right number for their current jobs. This way, very small companies
can also get a hold of specialized tools such as large core drills and also adapt
their tool booking to order situations, holiday times and so on. This can not only
increase flexibility and reduce cost, but it can also increase the sustainability of
the circular solution regarding maximized use in relation to resource consumption.
Depending on the size of the company, the specific tools and the service contract,
specific tools can be assigned to specific workers. This can enhance the individ-
ual ‘product attachment’ and reduce potential rebound effects by increasing the
individual care that is taken of the tools, which can extend the use period of the
tools.

As the fictitious case illustrates, an acceptable sustainable circular solution can
be designed as a product-service system that consistently focuses on delivering
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positive experiences by addressing psychological needs. In addition to a problem-
solving perspective (e.g., set a screw to fix a wood blank), positive experiences
are delivered that raise acceptance of novel solutions and motivate for sustainable
use and good work. This can be achieved in the framework of established human-
centered design processes. However, the particular focus on psychological needs
and experiences must be employed consistently.

3 Implementing the Psychological Needs Approach
to Sustainable Circular Design Processes

3.1 A Systematic Process to Address Complex Design Problems

Human-centered design has faced challenges and changes in the past. However,
core principles remain valid, such as the human perspective, iterative processes
and early prototyping. There is not only a long tradition in the design of addressing
issues that we today see as aspects of design for sustainability, such as eco-design,
social design and participatory design (cf. Chap. 2 by Tischner). There is also a
long tradition of design methodology and methods research (Bayazit 2004) with
recurring debates ranging from individual and independent artistry on one end to
systematic problem-solving on the other (Jonas 2007). The diversity of the disci-
pline, its schools, academic and non-academic institutions, and industrial practice
results in a design landscape that is still characterized by a heterogeneity in terms
of approaches, methods, methodology and cultures (Bobbe et al. 2016).
Long-established are the rather individualistic, arts and crafts-oriented, con-
ceptual as well as more recent speculative design approaches. They prove their
relevance in boldly forging ahead, in radically questioning current standards, in
delivering speculative designs and in provoking and enabling debates and dis-
courses. Even though they are being criticized for neglecting real-world constraints
or for developing niche solutions that might have little or no immediate impact,
they make a valuable contribution to the discourse on sustainable development
within the discipline and beyond. In speculative design, hypothetic radical designs
can be used as a ‘critical medium’ and ‘catalyst for social dreaming’ (Dunne and
Raby 2013: iv), allowing for more concrete discussions on what futures (and cor-
relating future solutions) are probable, plausible, possible and preferable. Niche
solutions may have a limited initial impact but serve as important building blocks
in multi-level sustainability transitions (cf. Geels 2011, Chap. 1 of this book).
Quite contrary in some regards is the continued and growing establishment
of empirically rooted academic design research, education and practice in inte-
grated product design engineering, industrial design engineering (De Vere et al.
2010), human—computer interaction (Holtzblatt and Beyer 2016; Rosson and Car-
roll 2003) and human-centered design approaches (ISO 9241-210 2019; Meyer and
Norman 2020) as well as in design for positive experiences and wellbeing (Desmet
and Pohlmeyer 2013; Diefenbach and Hassenzahl 2017). These disciplines tackle
the seemingly incalculability of human behavior and experience, fuzzy front ends
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of new product design processes, the complexities of cyber-physical systems and
product-service systems as well as technological and societal changes by academic
standards. Their working styles, languages and cultures are widely compatible with
engineering and business developers.

Their systematic approach, empirical foundation and yet holistic solution-
oriented problem-solving make them the ideal partners to deal with complex
systems design problems where human experiencing and behavior, (new) tech-
nology and necessary changes for sustainable development need to be addressed.
These design disciplines are potentially capable of dealing with the exacerbated
challenges of designing for a sustainable circular economy. The design tasks are
often or always characterized by, not only,

environmental, social and economic constraints and impacts,
through the whole lifecycle,

the complexity of product-service systems,

being part of industrial, economic and socio-technical systems,
underlying (changes on) a multitude of norms and regulations,
expectations, demands and needs of a multitude of stakeholders,
with initial lack of or incomplete data

and a lack of inappropriate benchmarks.

Such multidimensional challenges can only be accepted by interdisciplinary teams
that systematically collaborate with experts and knowledge from different domains.
The development of sustainable product-service systems and the provision of
such offerings involve more disciplines and partners than with a traditional
product. In such a multi-stakeholder network, interaction and cooperation occur
between companies, users and even public institutions (Luiten et al. 2001), and
these interdependencies must be considered throughout the entire lifecycle of the
Product-Service System.

Systematic design approaches can potentially cope with the complexity and
heterogeneity of demands as described above. However, in the context of design-
ing for largely acceptable, yet acceptable larger changes, it is further required to
understand and acknowledge.

the psychological needs,

their fulfillment,

the corresponding human experiencing,

its influences on decision-making and behavior,
of diverse and specific humans

in diverse and specific contexts.

How can this be achieved and how can designers be enabled to develop corre-
sponding circular solutions?
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3.2 A Theory-Driven and A More Empirical Approach

The human-centered design process remains the core approach (e.g., ISO 13407
1999). As a supplement, the focus on psychological needs is implemented con-
sistently, resulting in a design solution that not only allows for instrumental
qualities (the offering helps to fulfill a task, to solve a problem) but also for
non-instrumental qualities such as positive experiences through the fulfillment
of psychological needs (Fig. 2). For the actual designing to fulfill psychological
needs, methods are available that can be used by trained experts (Diefenbach and
Hassenzahl 2017; Peters et al. 2020; Zeiner et al. 2017). A sound understanding
of psychological needs and the possibilities of their fulfillment are necessary both
in general and in the context of the markets and use scenarios. This requires not
only expertise on psychological needs and designing for positive experience. In
order to facilitate the potential of this approach, a pertinent mindset and culture is
necessary in the organizations and development teams.

There are two basic approaches to design for positive experiences and for
wellbeing. One approach is theory-driven. Designing for positive experiences and
wellbeing by the use of psychological needs is the most often applied theoretical
approach. This can be done by using need cards in design processes describing
the attributes of the psychological needs (Desmet and Fokkinga 2020a; Diefen-
bach and Hassenzahl 2017; Hassenzahl n.d.). Desmet (2012) identified 25 positive
emotions which can be used for product designs and integrated in design processes
as Emotional Granularity Cards (Yoon 2015). Other authors have used theories of

Plan the human-centered
design process

for good usability and
positive user experience

Designed solution Understand and specify
meets requirements > the context of use,
and leads to e understand positive experiences and
positive user experience e relevance of psychological needs

Evaluate desiens \ Specify human and organizational
against re uirerﬁents \ requirements, specify possibilities
I ev%/uare usir experience \ for positive experience and

P fulfillment of psychological needs

- —=----

Produce design solutions

Fig.2 The basic human-centered design process (ISO 9241-210 2019, upright text) adapted and
extended to address psychological needs and positive user experience (text in italics)
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positive psychology to derive design models for positive experiences like Pos-
itive Design (Desmet and Pohlmeyer 2013) or Positive Computing (Calvo and
Peters 2014; Peters et al. 2018). A second approach is more empirically oriented.
Experience categories is a typology of collected positive experiences from a spe-
cific context of use, e.g., like work context (Zeiner et al. 2018) or cooking in
kitchens (Zeiner et al. 2018). As a second mostly empirical approach, Klapperich
and colleagues (2018) focus on collecting positive practices as a basis for design.

3.3 A Dedicated Mindset and Systems Thinking

Designing for positive experiences and wellbeing requires additional knowledge
and a new mindset for design for products. Desmet and Hassenzahl (2012)
described a tendency to design products in order to solve a problem. They call
it ‘problem-driven design’. For example, a route guidance system solves the prob-
lem of finding the way from a starting point to a destination during car driving,
cycling or walking. Desmet and Hassenzahl further state that if the goal is to design
for happiness, then possibilities for positive experiences have to be found. They
refer to this as ‘possibility-driven design’. For example, geo cashing is using the
same technology (GPS) like route navigation systems, but the purpose is to create
situations of fun, interest, company, etc., which is finding the cash in interesting
and fascinating places, having fun together with friends or family and sharing the
experiences on a social network.

When designing for positive experience, this shift in the mindset is a prereq-
uisite. Peters and colleagues interviewed 20 designers using positive computing
methodology. They wrote that it is necessary that the designers need a deep theo-
retical understanding of positive psychology and the special design methodology.
Burmester and Laib (2019) collected experiences from design workshops and
found that even with theoretical and methodology knowledge, very often even
experienced designers fall back in the problem-solving habits in design.

Consequently, designing for a sustainable circular economy requires further
systems and lifecycle thinking. Marwede and Scholz (2022) suggest “combine
methods from life-cycle thinking, planetary stakeholder analysis as well as user-
centric business design” in order to create sustainable circular product-service
systems. There is the necessity and correlating methods for designing product-
service systems as well as for lifecycle design and assessment (e.g., Cattaneo
et al. 2019; Chou 2021; Sasanelli et al. 2019; Walzberg et al. 2021). The life-
cycle approach helps to recognize the total impact of the whole system in its
whole lifecycle and to inform decision-making accordingly throughout the design
process. While the applicability of quantitative lifecycle analyses is limited due to
the lack of reliable data in early stages of product-service systems design, qualita-
tive approaches of lifecycle and systems thinking must complement these (Li et al.
2021; Song et al. 2021).
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3.4 Adapted Methods to Address Psychological Needs
in the Human-Centered Design Process

In order to further integrate needs-based experience design, established human-
centered design methodology can be adapted and extended to pay regard to this
approach (Fig. 2). In the early stages, persona method, user/customer journey maps
and empathy maps are typically tailored to the markets, the use cases as well as
to the requirements of the developers and their organizations. Specific regard to
psychological needs can easily be implemented here (Vogel et al. 2019; Anke et al.
2022). Furthermore, specific tools are provided that address psychological needs
and can be implemented through the whole design process starting in the analysis
phase (Hassenzahl and colleagues 2010; Desmet and Fokkinga 2020a; Zeiner et al.
2018).

In the middle stages, the fulfillment of psychological needs for positive experi-
ences must be prototyped accordingly. Priorities on the fidelity of prototypes and
test scenarios must be adjusted in order to allow for the evaluation of the user
experience. While instrumental qualities need to be delivered at a minimum level
in order not to disappoint test users (hygiene factors), the fulfillment of psychologi-
cal needs for positive experiences on non-instrumental qualities must be prototyped
more faithfully. Figures 3 and 4 show professional gardeners’ testing experience
prototypes of gardening robots. In the background, staff of the development team
are imitating the core technical functions of the robot, while the front-end delivers
the experiences that are being evaluated in this test.

In the late stages of the development process, more refined prototypes are avail-
able and higher fidelity setups are available for expert and user tests. For this
purpose, well-evaluated evaluation methods are available that allow for the assess-
ment of the fulfillment of psychological needs and positive experiences and that
are state of the art in systematic experience design. One example is the psycholog-
ical needs scales questionnaire developed by Sheldon and colleagues (2001). This
standardized method has been transferred and evaluated for experience design by
Hassenzahl and colleagues (2010) and is being used in academic research and
industrial practice of experience design (e.g., Vogel et al. 2019). For a detailed
formative evaluation of the user experience based on the definition of user expe-
rience by Hassenzahl (2008), the valence method can be used (Burmester, 2013;
Burmester et al., 2010).

4 Discussion and Outlook

In the chapter, we have shown that there is a limited acceptance of sustainable cir-
cular economy solutions. We follow the analyses that identify the lack of attention
to psychological factors in consumer behavior as a relevant barrier in sustain-
able transition. Considering the complexity of design tasks in sustainable circular
economy, we argue that only a systematic design approach that pays regard to
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Fig.3 A professional gardener is participating in a user experience evaluation of a novel sustain-
able gardening robot. Members of the development team imitate the technical functions. © Tobias
Ritz

the instrumental as well as to the non-instrumental qualities is necessary. In par-
ticular, we recommend the needs-based experience design approach for designing
sustainable circular economy solutions. The current state of the art on user expe-
rience and design for wellbeing provides appropriate theories, design frameworks
and effective methods for analysis, design and evaluation. In addition, there is
empirical evidence that the application of all this in design processes results in
products and services offering opportunities for positive experiences (Hassenzahl
et al. 2021; Laib et al. 2022, 2018). But research shows also that there are still
challenges. Small and medium enterprises have still a strong need for more infor-
mation and a better knowledge on user experience (Haspel and Burmester 2021).
Applying theories and using methods for a positive user experience is still a big
challenge even for experienced interaction and product designers (Burmester and
Laib 2019). A solid theoretical and practical training is necessary for beginners and
design experts when they start with design for positive experiences (Peters et al.
2020). The Special Interest Group ‘The Positive X’ of the German Usability and
User Experience Professionals Association (German UPA) brings user experience
professionals together to further develop design methods and tools as well as to
overcome hurdles in the design for positive experiences. They analyzed that, on the
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Fig.4 Positive experiences are necessary to increase the acceptance of novel solutions: two
professional gardeners enjoy the interaction with a novel product-service system during a user
experience evaluation. © Tobias Ritz

one hand, companies show a high interest in design for positive user experience.
On the other hand, they most often opt for traditional designs in day-to-day deci-
sions about time and money for personnel training and especially when deciding
which functions to implement in products. But it also seems difficult for cus-
tomers to understand the benefits and the value of products that enable positive
experiences (Hermosa-Perrino et al. 2021). Here, we see more need for research
to overcome the identified hurdles for successful products and services offering
possibilities for positive experiences at work and daily life.

But there are more challenges. One is to better understand the impact of positive
experiences. For example, a study showed that extended feedback (‘competence’)
for very simple tasks firstly creates positive experiences and secondly leads to more
concentration and commitment in the task (Kohler et al. 2007). Such changing
effects of non-instrumental design qualities over the use span are of particular
interest in design for change, especially in sustainable transition.

There is also a theoretical perspective. The broaden-and-build theory describes
that positive emotions lead to more cognitive flexibility and a better coping with
negative experiences (Fredrickson 2001; Tugade and Fredrickson 2004). Thus,
positive emotions support creativity and resilience. By far, most positive user expe-
rience studies are short-term studies, very often laboratory studies. In order to show
long-term effects, experiential features are required in products or prototypes that
can be integrated into everyday life or work. For the circular economy, this means
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that design for positive experiences must be integrated into innovation processes
and then tested. Products and services resulting from these processes must be
examined in long-term studies (e.g., for the sharing economy scenario described
above) in order to validate the processes and gain further insight into the design
for positive experiences in the context of circular economy.

The example given in this chapter is fictitious and has been given to illustrate
the potential of the needs-based experience design approach for the success of a
sharing economy offering in sustainable circular economy. A number of facets of
this example are already implemented in different readily available services and
can hence be evaluated individually. The system as a whole has still to be proto-
typed in a way that allows for a comprehensive evaluation of the user experience,
of the fulfillment of psychological needs and of the overall acceptance of such
solutions. While the power tools market might seem narrow in terms of its impact
to sustainable transition, it can deliver valuable insights in broader acceptance of
circular economy in a field, where today the lack of systematic regard to psy-
chological aspects are barriers to more sufficiency, efficiency and consistency. It
can be argued that similar effects may be expected in other areas that have larger
environmental and social impacts such as transportation or home appliances. The
power tools case allows for a rigorous empirical evaluation in order to identify
fundamental potentials of the approach. These can then be transferred and further
investigated in more complex systems such as sustainable circular transportation
solutions.
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1 Introduction

A representative but not universal definition of Circular Economy is “an economic
system that replaces the ‘end-of-life’ concept with reducing, alternatively reusing,
recycling and recovering materials in production/distribution and consumption pro-
cesses” (Kirchherr et al. 2017). However, this kind of minimalist definition renders
people invisible, and neglects key aspects of sustainable development such as
inter- and intra-generational equity, and broader social and biophysical outcomes
articulated in the Sustainable Development Goals and the Circular Society.

As is argued in this book’s introductory chapters, design approaches could be
central to placing people in the centre and more successfully tackling the near-
impossible challenge of decoupling the material and energy impacts of production
from the human benefits of consumption in a harmonious human ecological equi-
librium (Boyden 2016; O’Rourke and Lollo 2015; Parrique et al. 2019; Wiedmann
et al. 2020).
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1.1 Design and Behaviour

Working with practitioners who are trained in, and passionate advocates of, either
approach, we’ve observed at times a level of mutual suspicion and incomprehen-
sion in early interactions. Below, we have attempted to sketch possible ‘poles’ of
tension between the two approaches—Table 1—(after Feitsma 2018, 2019; Mori
et al. 2020).

In reality, we feel the above abstractions could describe either perspective on
a good or bad day. For example, some authors have argued design is itself prob-
lematic in CE. In a review of the role of people in CE design narratives and
approaches, Lofthouse and Prendeville (2018) suggest that circular design typi-
cally positions people as passive subjects whose behaviour must be optimised to
enhance efficiency in consumption. The authors contrast this with perspectives
on design, such as human-centred design (HCD), where people are active par-
ticipants attempting to realise their own narratives in the socio-technical system
around them (Lofthouse and Prendeville 2018; van Dam et al. 2020). Against this,
in a review of applications in global public health, HCD was found to be domi-
nantly used to refine existing interventions rather than develop new, transformative
ones (Bazzano et al. 2017), suggesting that too is a broah church with room for
contradictions.

More constructively, this chapter seeks to demonstrate that both design and
behaviour perspectives put people into the centre of CE (and usefully differently).
Indeed, rather than exclusive alternatives, design and behavioural approaches can
be complimentary. Some of the ‘poles’ in Table 1 may be useful to steer towards,
and away, in different circumstances. For example, there are limits to agency and
within that, decision-making capability; a great many day-to-day decisions will
continue, by cognitive necessity, to be routinised habits (Huttunen et al. 2021; Ver-
planken and Wood 2006). Some level of system design, goal setting stewardship
and compliance is necessary for a system to trend in a desired direction (O’Rourke
and Lollo 2015).

Consequently, CE initiatives can usefully draw on both perspectives—i.e. mak-
ing many sustainable behaviours the path of least resistance (McKenzie Mohr and
Smith 2008) by good system design, while also recognising where transformation
is needed. A middle ground perhaps is reflected in the increasing recognition that
circular business models and systems of production and consumption require coop-
erative users to succeed (Bocken and Short 2016; Centobelli et al. 2020; Wastling
et al. 2018), and that this can take place through a wide range of more active and
passive roles.

This noted, we acknowledge that for better or for worse, since 2010, at least 200
governments across the world decided to create behaviour change teams—usually
called ‘Behavioural Insights’ (BI) teams (Ruggeri et al. 2019). BI is now seen as a
specific approach to the development, testing and implementation of government
policy (Ruggeri et al. 2019). Sustainability is not a central focus of most gov-
ernment BI teams, yet behavioural insights and broader behavioural public policy
are being applied in areas relevant to CE, including sustainable food consumption,
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Table 1 Possible underlying tensions in the spectrum between ‘behavioural insights’ and ‘human-
centred design’ approaches

Behavioural insights

Human-centred design

Epistemological Neo-positivist, reductionist, Phenomenological,
orientation deductive holistic, inductive
Delivery style Structured, sequential and Adaptive/agile, creative
planned
Values Libertarian, utilitarian (i.e. Collectivist, deontological
greatest good for the greatest (i.e. means must be
number, even if this means consistent with ends)
manipulating people)
Problem definition | Existing empirically New/bespoke deep
and possible validated research? engagement with ‘end
solutions are best | supplemented with rigorous users’ as whole people
found in... primary and secondary
research where needed
Experimentation is | A rigorous impact evaluation Rapid iteration producing
ideally testing theory in practice outcomes that align with
end users stated needs and
preferences
Trust is placed in | Experts and the observations End users lived
of practitioners at the coal experience and stated
face needs and preferences
Certainty/ High stakes, high certainty Low certainty low stakes
consequence solutions show value safe fails facilitate
appetite learning
Success is Confidence that an Improved understanding

intervention targets parts of
important problems can
usefully be tackled by
someone(s) changing to a
specific, expert-preferred
behaviour and validated
knowledge of what
intervention(s) (system
changes, services, programs,
etc.) could be effective in
changing it

of the full ecosystem
surrounding the user and
what changes to design/
adapt systems, products
or services appear likely
to enable existing
user-preferred behaviours
or render system changes
more acceptable

2 Increasingly from non-academic, open-source and big data rather than traditional academic pub-
lications (Bakdash and Marusich 2022; DellaVigna and Linos 2020; Maier et al. 2022; Mertens
et al. 2022; Szaszi et al. 2022)

reducing waste and encouraging resource efficiency, and firm-level environmental
compliance and voluntary program participation.
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1.2 BPPA—combining Behavioural and Design Insights

Rather than BI, we prefer the term “behavioural public policy and administration”
(BPPA) in contrast to more narrow ‘behavioural insights’—see (Kaufman et al.
2021). Here, we argued that with broadened questions asked, actors considered,
lengths of time frames and the types of outcomes desired, engagement with mul-
tiple behavioural change perspectives is both deeply insightful, and can transform
how government and other actors engage with policy problems. At its best, BPPA
has seen policy makers and administrators working with behavioural economists,
psychologists, sociologists, ethnographers, big data analysts, design thinkers and
government innovation specialists in a wide range of policy areas (Ewert 2020;
Feitsma 2019; Oliver 2017).

Below, we detail a series of case studies that reflect three positive trends we
see emerging more broadly when governments take a BPPA approach (1) sup-
porting recognition in policy that not only does human behaviour not always or
even typically reflect rational choices based on available information, but that a
wide range of internal and external factors shape behaviour, so a wide range of
policy tools are needed to influence it; (2) this in turn encourages people design-
ing policy and delivering programs and services to take a far more ‘real-world’,
empirical and end user focused approach to public policy and administration; and
(3) that this is building a norm that experimentation, user participation, research
and robust measurement must be embedded into policy processes that expect to
impact behaviour. Considered together, these three points make it clear that BPPA
(incorporating both HCD and BI elements) has a lot to offer policy reform efforts
to transition towards a sustainable CE.

In the following section, we introduce the broad context and specific program
that produced the three case studies that we believe reflects a BPPA approach to
advance the CE. As part of this, we briefly outline the BehaviourWorks method, a
phased problem-solving approach used to plan and implement the three projects.
The remainder of the chapter presents the key activities and insights from the case
studies in (1) preventing household recycling contamination, (2) using consumer
eco-labels to support CE outcomes and (3) encouraging business to adopt CE
practices and business models. The discussion reflects on what the case studies
suggest about the strengths and weaknesses of combining design and behaviour
change approaches, aided by a reflection from our government partner co-author
on their experience as an in-house expert and knowledge broker involved in all
three projects. We conclude with implications for the role of design as both an
embodiment and agent of change.

1.3  Case Study Context

Our context is Australia, and, in particular, a multi-agency collaboration across
university, state and federal government that explored how behavioural approaches
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could contribute to the transition towards a CE—the Waste and CE Collabora-
tion' 2019-2022 (the Collaboration). The Collaboration was conceived in 2018
within a long running partnership applying behavioural science to public policy
challenges. The choice to focus on waste and CE was in direct response to the
so-called ‘China sword’ recycling crisis, and the underlying issues it revealed to
state and federal government in Australia. Investigating behavioural dimensions of
CE specifically after such a disruption has been both insightful and influential, as
the disruption of global low-grade recycling flows highlighted systemic dynamics
and vulnerabilities in the established regime (see Fig. 1 further below).

Socio-technical disruptions in transition have been argued to increase policy
makers’ receptiveness to emerging niche innovations (Turnheim and Geels 2013).
As the convenors of a major policy and practice workshop in 2019 observed: “The
concept of the Circular Economy is not new, but rather, Australia has never had
the correct mix of drivers and opportunities and these are aligning now” (Boxall
et al. 2019, p. 44). Certainly, after China substantially tightened its tolerance of
contamination in co-mingled recycling imports in 2018, the resulting chaos in
Australia and elsewhere arguably substantially boosted engagement with CE in
Australia. For example, most state government agencies began almost immediately
developing and implementing CE policies (e.g. DELWP 2019; EPA NSW 2019;
Green Industries SA 2020), and the federal government’s National Waste Policy
was updated to explicitly reference CE principles and ideas (DoEE 2018).

! https://www.behaviourworksaustralia.org/major-projects/waste-collaboration.
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The Collaboration’s key focus areas were identified in late 2018 by revisiting a
pre-existing system map of issues (shown in simplified form in Fig. 1), originally
created by Australia state policy makers to identify reform priorities (Clarke 2018).

The map started with the present disfunctions in waste and recycling policy,
but ended up critiquing the linear economic model that existed well before the
2018-19 crisis.

At the most immediate scale of interactions to problems present in 2018, the
map identifies proximal causes for disfunctions in waste and recycling in the
super-category of waste as ‘an industry’ (as opposed to, for example, ‘an essen-
tial service’). The waste and recycling industry’s market-driven structure and risk
appetite, and local government’s limited capability and capacity to govern them,
saw processing and disposal options that were inadequate and easily overwhelmed
by commodity price fluctuations, let alone disruptive international trade policy.
However, policy makers in 2018 also saw this Laissez-faire approach a conse-
quence of the beliefs, attitudes and behaviour of citizens contributed that shaped
the available resources and ‘policy reform windows’ for waste, as well as directly
contributing to problems through a lack of care and interest. Underlying all this
at the distal scale is a wicked mix of structural factors. The result is a range
of significant harms and externalities, including for example a number of serious
urban factory fires resulting from temporary stockpiling of co-mingled materials no
longer exportable (EPA Victoria 2018). Air, water and land pollution, and commu-
nity health and amenity impacts, as well as tax evasion, money laundering, illegal
dumping and littering were also identified as unintended consequences associated
with the domestic waste and recycling industry as it operated in 2019 (AELERT
2018; E&CRC 2018).

Analysing the original detailed map and working backwards from the prob-
lem supported the group of collaborating agencies to identify and agree on
three areas to intervene, through behavioural experiments for policy (BEPs) (also
shown above in Fig. 1). A key interest in this collaboration was whether or not
behavioural public policy experiments, especially ‘up the pipe’ of causes in the
system, could transform paradigms and mindsets, restructure information flows
and change feedback loops (Angheloiu and Tennant 2020; Fischer and Riechers
2019; Meadows and Wright 2008). The BEPs therefore targeted successively up-
stream intervention points that could enable the transition to a CE. Our hope and
intentions were that learning from BEPs would trigger policy learning and sys-
tem change—especially across demand and supply side aspects—i.e. across the
system.

The three BEPs were run as parallel projects, unified by similar application of
specific steps of the BehaviourWorks Australia Method (‘the Method’) (see Fig. 2)
and a common governance structure. The Method is described in detail in the
BehaviourWorks Australia Method book.? In brief, it would be familiar to design
thinkers as a structured approach to understanding and tackling a human-centred

2 https://www.behaviourworksaustralia.org/the-method-book/introduction-chapter.
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Fig.2 The BehaviourWorks Australia Method, and selected steps incorporated in the projects

problem. Behavioural scientists would recognise it as containing the core elements
of most behavioural science approaches including (1) defining the problem, (2)
selecting a target behaviour, (3) identifying drivers and barriers, (4) developing
intervention ideas and (5) testing intervention(s). The difference lies in the detail:
different tools and methods are applied at each stage of the Method, including,
as our government co-author reflected, whatever disciplinary and methodological
mix helps inform a decision—(i.e. across the spectrum and poles of Table 1, p. 8).

Similarly, key stages of the Method and other behavioural science approaches
have much in common with HCD processes, reflecting ‘the method’s’ co-
development with government partners using both.> For example, the common
‘Double Diamond’ process of Discover, Define, Develop, Deliver involves (1)
understanding challenges and their root causes, as well as user needs and pref-
erences, (2) define the problem to be solved, (3) develop and iteratively field-test
a wide range of potential solutions and (4) build the most promising solution (see,
for example, Design Council 2019; Melles et al. 2021; Victorian State Government
2020). Importantly, the Method is a menu more than prescription. This too is in
common with HCD, where active User involvement is at the core of ‘ideal’ con-
ceptions of HCP, but not all HCP approaches or practical applications include this.
For example, the Empathic design and Contextual design HCP approaches involve
the researcher moving to a greater understanding of the User but not necessarily
User participation in the design process (Steen 2011).

3 BWA has worked with a large number of government partners representing combined teams of
BI, HCD and other government innovation practitioners—including co-author Sebastian Jarvol’s
home team. In 2021-22, we worked with the Australian Taxation Department, who have a team of
over 70 staff conducting system-led design processes, and include a behavioural insights team.
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The following sections provide case studies of the three BEPs, including how
each incorporated both BI and HCD elements into BPPA, along with the findings
and implications.

2 Case Studies
2.1 Preventing Recycling Contamination

Discovering interventions that can effectively reduce household recycling contam-
ination behaviours was the goal of this stream. To find them, we developed a
program of behavioural experiments and trials across multiple urban and regional
local government areas in NSW and Victoria, the largest such trial program in
Australia to date, to our knowledge.

4The household contamination project implemented the key steps of the Method
by

e Conducting interviews with key policy stakeholders to understand the overall
shape of the problem and specific contributing behaviours.

e Completing a rapid review of academic literature, along with interviews with
expert ‘waste educators’ (local government and industry staff who educate
households on correct waste behaviours) to understand the main barriers and
drivers of behaviour, and what interventions have been tried before.

e (Co-designing a range of potential interventions with local government imple-
menters.

e Designing, overseeing delivery and evaluating a series of online experiments
and field trials to test selected interventions.

This project had two levels of ‘users’: the local governments (municipal authori-
ties) who would need to implement the final interventions/programs recommended
by the Collaboration and its state government partners, and the households who
would be on the receiving end of the interventions from local government.

This project adopted a more BI approach to understanding the ultimate users
(households) (e.g. trusted sources in Table 1), but strongly incorporated the princi-
ples of HCD in engaging local government users in the ideation, design and testing
of the interventions they themselves would need to implement. The ‘end users’,
households, were not directly engaged in the project.

4 Full methodological details and results can be seen in the Trial Summary Report (Downes
and Kaufman 2022), available online at https://uploads-ssl.webflow.com/619ab5836de9f00d9¢c
722d98/62e770ef2f9d22bd860e9b3a_Waste%20Collab%20Recycling%20Trials_Summary%20R
eport%20FINAL%20v1.1.pdf.
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2.1.1 Background Research/Discovery and Definition Phases

Our background research revealed that while co-mingled recycling contamina-
tion occurs at the household consumption/disposal level, the root causes reach
all the way back to the production stage, as well as all the way forward to collec-
tion, reprocessing and end-markets of recycling material (Kaufman et al. 2020b).>
Specifically, alongside household needs, preferences, choices and behaviour,
causes of contamination include the way products are designed and labelled, the
way household waste is collected and processed for recycling, the availability
of end-markets for recycled material and products made with recycled content,
and the multiplicity of actors and conflicting messages currently involved in
communicating correct waste disposal behaviour to households (Kaufman et al.
2020b).

While the China-sword crisis spurred some up- and down-stream efforts (such
as standardised recycling labelling, and government-led procurement of products
with recycled content), the main efforts to solve contamination currently lie with
‘waste education’ efforts by local government, environmental organisations and
waste industry. However, while waste educators currently invest considerable time,
energy and passion into initiatives to improve household waste and recycling
behaviours, many feel that they are not achieving sufficient level impact on levels
of contamination in household co-mingled recycling bins. A key need was there-
fore for evidence-based interventions that are effective in changing behaviour and
reducing contamination. Such interventions needed to be feasible, regardless of the
size of the local government (and their waste education budget).

While acknowledging the systemic issues, the Collaboration steering group
elected to keep the problem defined at the ‘behavioural’ level and focus on meeting
the need for evidence-informed interventions directed at households.

2.1.2 Co-design/Development Phase

Once the final problem statement and target behaviours had been defined by the
Collaboration project steering committee, a co-design process was initiated. As
noted above, local government practitioners are one level of ‘users’ in this project,
and their involvement in designing potential solutions was considered essential in
developing feasible intervention options. A cooperative, ‘co-design’ HCP approach
(Steen 2011) was adopted, involving two phases. The first saw overpotential users
of the intervention from local government and industry, as well as representatives
of state and federal departments, coming together over two days in Sydney and
Melbourne to ideate, refine and prioritise ideas for interventions. A low-fidelity
prototyping approach (Burns 2018) was emulated by pre-preparing mock-ups of a
whole range of potential ideas that workshop participants could draw on to brain-
storm and articulate ideas, in order to enable more realistic feasibility assessments

5 Kaufman et al. (2020b). What ‘works’ behaviorally to reduce contamination of recycling at the
kerbside: A rapid evidence and practice review. Prepared for the BWA Waste and CE collaboration.
(pp. 1-72). BehaviourWorks Australia, Monash University.
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by participants. Following this, the prioritised ideas were further ranked by the
Collaboration project steering group into final five types of intervention ideas,
selected as valuable to the largest proportion of local government users.

The selected interventions involved a combination of BI and HCP inspired
ideas. For example, the majority of ideas for the social media messages came
from generic behavioural insights, while the education materials combined stan-
dard visual design principles and generic behaviour insights. However, the first two
ideas for local government programs (systems and context) came from identified
household pain points.

2.1.3 Trials/Delivery Approach

A total of 38 experiments/trials across three streams were initially planned, with
26 trial delivery partners across two states. Despite the Covid-19 pandemic and
associated lockdowns, 22 experiments/trials with 16 delivery partners were able to
be completed: 6 field trials and 16 online experiments.

2.1.4 Findings

The program of behavioural experiments identified that there are better and worse
ways to intervene to reduce contamination through waste education and behaviour
change programs. Key learnings on waste education effectiveness from across the
three streams of experiments/trials included

e Targeting contamination (rubbish in the recycling bin) and leakage (recycling in
the rubbish bin) at the same time creates confusion. Focusing on contaminating
‘no’ items is more effective at getting them out of the recycling bin than
highlighting what can be recycled (‘yes’ items).

e Adding behavioural messaging designed to capture attention or trigger action
can increase effectiveness but it can also backfire, exacerbating the problem.
(More research is still needed to better understand what types of messages are
effective and when.)

e Traditional approaches (e.g. signage and educational materials) are not suffi-
cient on their own to change behaviour. Behaviourally informed, personalised
feedback can reduce contamination. (More research is still needed to identify
other, less-intensive options, particularly for apartment buildings.)

More broadly, a known challenge with both HCD and BS projects is the scaling
up of tested ‘prototypes’ (Hsieh et al. 2021; Mori et al. 2020). This behavioural
experiment for public policy produced some important findings, which, if adopted
by waste educators across local governments and the waste industry, could increase
the effectiveness of current efforts, hastening change within households and
associated improvements in recycling outcomes for Australia.

The speed at which the learnings become integrated into practice could be
increased by the support of state and federal governments, including by actively
disseminating these findings; investing in the development of common materials
and programs; and providing financial support to local governments and other
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entities to upgrade communication materials and deliver personalised feedback
programs (which can be resource intensive).

Secondly, the participatory approach taken to trial development and delivery
required relinquishing of much of the control standard to BS projects. This meant
that many of the findings were context-specific and therefore preliminary in nature.
Only a few findings could confidently be generalisations to most Australian local
governments. This means that despite the major financial investment already made
in this project by the sponsors, further research is required to validate and refine
our understanding of the effectiveness of the various ideas tested in the program.

Finally, as acknowledged at the beginning of the project, the problem was
defined as a narrow behavioural challenge. However even if rolled out at scale,
the interventions tested in the program of behavioural experiments are unlikely to
completely mitigate the effects of the constantly evolving and complex packaging
produced, or inconsistencies between recycling collection and processing infras-
tructure. Taking more of an HCP approach to problem definition may have enabled
the early discovery phase to firstly determine which contamination problems can be
addressed by behaviour change that aligns relatively closely to existing household
context, needs and preferences, and which would be more effectively or efficiently
addressed in other ways, such as through infrastructure, service or other systems
change. The latter could have resulted in recommendations for current waste pol-
icy, recycling infrastructure, packaging design and product marketing that may
be sending confusing or detrimental behavioural signals, resulting in unintended
consequences and perverse outcomes for recycling contamination. For example,
scheduling a second system mapping stage, focusing specifically on household
recycling contamination, could have brought together a range of stakeholders to
help identify where to prioritise household behaviour change interventions, and
where to prioritise up- or down-stream changes to systems, services or products.

2.2 Eco-labels to Improve Producer and Consumer Behaviour

The goal of the second stream of work in the Waste and Circular Economy Col-
laboration was to understand whether and how eco-labels can be effective in
increasing producer and consumer adoption of circular economy products and
services. Specifically, project sponsors were interested in the potential for new
labelling schemes (or expansion of existing schemes) that could support the tran-
sition to a CE. To provide a foundation for exploring effectiveness of eco-labels
in Australia, BehaviourWorks investigated consumer preference for circular prod-
uct characteristics, and knowledge about key CE terms and existing eco-labelling
schemes. While such research is an early step on the development pathway to
evidence-informed behavioural public policy, initial results indicate a promising
contribution from eco-labelling schemes.
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The eco-labels project implemented the key steps of the Method by®

e Conducting interviews with key policy stakeholders to understand the landscape
of consumer eco-labels in Australia.

e Completing a rapid review of academic literature to understand the effectiveness
of eco-labelling schemes around the world.

e (Co-designing possible interventions with representatives of major furniture,
clothing and office equipment/stationary brands.

e Designing and delivering an online survey and choice experiment to test con-
sumer interest in circular products and whether CE labelling schemes could be
effective in an Australian context.

This project had three levels of ‘users’: (1) administrators of future labelling
schemes, (2) production and retail businesses that need to apply the label to their
products, and (3) individual and business consumers who might use the label to
inform their consumption choices.

Again, reflecting BI elements, participation of users limited to interviews with
existing labelling scheme administers and production/retail businesses during the
background research/discovery phase. More in keeping with HCD was participa-
tion by business, NGOs and regulators in the trial development and testing phases.
Householder Users were not directly involved in the definition, development or
delivery phases except as participants in the choice experiment and associated
surveys of attitudes, values and behaviours.

2.2.1 Background Research/Discovery Phase
Our background research (Meis-Harris et al. 2021) revealed the following:

e Evidence of widespread effectiveness of labelling schemes is scarce. Volun-
tary eco-labelling schemes rarely reach sufficient market penetration amongst
applying producers/retailers to result in widespread market shifts or changes
to product portfolios. Even where eco-labels do exist, they are more likely to
be successful in raising awareness of circularity characteristics and intentions
to purchase (particularly amongst more environmentally conscious consumers)
than translating into significant consumption changes.

e The most important element identified that increases the effectiveness of eco-
label schemes amongst both producers and consumers is trust. For producers,
this is about necessity, feasibility and fairness. For consumers, trust is based
on transparency, accuracy and credibility. Another critical element is that the
intention/objectives of the scheme are commonly valued.

6 Full methodological details and results can be seen in the Trial report (Klemm and Kauf-
man 2020), available online at https:/drive.google.com/file/d/1_zmWowOsm8Pb2EOME24UrLh
8IcAoNtra/view?usp=sharing.
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e Beyond this, visible (salient) information is needed at key consumer decision
points. However, effectiveness beyond a niche of producers/consumers with
aligned values requires a level playing field with traditional/linear products plus
some form of disruption to existing practices/habits.

Attempts to use these findings to define the ‘problem’ to be addressed by the fol-
lowing solution ideation and testing phases instead raised additional questions.
A traditional behavioural science approach may have pragmatically proceeded
by using generic behavioural insights to attempt to develop hypothetical labels/
schemes that address the barriers and drivers identified in the international litera-
ture. Taking the more flexible design approach instead allowed the project to make
the decision to revisit the Discovery phase rather than continue on.

2.2.2 Additional Research/Revisited Discovery Phase

The project proceeded to revisit the discovery phase by conducting an online
survey and choice experiment to further explore the drivers/barriers of trust and
common value, in the particular context in which any eco-labels would be imple-
mented: the Australian marketplace. The purpose of this was to understand the
extent to which Australian individual consumers

e value the CE characteristics that are policy-relevant to the project sponsors
(recycled content, durability, repairability and recyclability)
e trust and understand existing eco-labelling schemes.

2.2.3 Findings

The online experiment found that consumers do prefer products with CE attributes
when given the opportunity to choose, but price is the single most important
attribute. Encouragingly, people will pay more for CE attributes, up to a point.
Results indicate potential for new or expanded schemes assuring CE characteris-
tics—in particular durability, followed by recyclability. Recycled content is also
influential, but less so. The significance of price corroborates and underlines the
importance of complimentary policy tools levelling the playing field, e.g. internal-
ising the costs of virgin materials in products and reducing the cost of producing
products with CE attributes.

These experimental findings suggest that effective eco-labelling schemes could
help increase Australian consumer adoption of circular economy products. The
experimental setting allowed us to model an ideal scenario where information on
CE attributes is equally easily accessible and salient at the point of decision-
making to other product information. However, real-world labels will have to
overcome additional barriers to being effective—being noticed, understood and
trusted.
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Current understanding of CE product characteristics

Common understandings of the terms ‘recycled content’, ‘recyclability’, ‘durabil-
ity’ and ‘repairability’ provide insights into how labelling schemes highlighting
such attributes may be interpreted. It indicates what information labels and
accompanying marketing or educational campaigns should provide.

Common misunderstandings (held by >25% respondents) around the terms
‘recycled content’ and ‘recyclability’ suggest a need for educational campaigns.
Nevertheless, choice modelling results show the two concepts, properly explained,
have different impacts on choice, with recyclability being the most influential.
Thus, if designers wish to realise the value of designs incorporating recycled
and recyclable features, they will need to communicate them effectively to people
currently confused about the difference.

Similarly, when it comes to durability labelling, most consumers expect infor-
mation on how long a product will stay in perfect working order. Repairability
generally connotes that a professional repair firm or the company that sold it can
repair, rather than consumers themselves, suggesting that discussion of ‘right to
repair’ needs to remain broader than DIY enthusiasts.

In terms of awareness of and trust in existing eco-labelling schemes, our
research shows stark differences between how well-recognised existing labelling
schemes are, ranging from 9 to 93% recognition. Existing label information is
moderately well-trusted. Government sourced labels are the most trusted, with
private/company labels and third-party NGOs on a roughly equivalent footing.
However, most consumers (59%) do not consider environmental information on
products, highlighting the need for complimentary interventions.

These findings enabled the project to reach a conclusion on the definition of the
problem to be solved through any eco-label intervention: how to design eco-labels
to capture attention, credibly communicate key CE characteristics and reduce any
intention-behaviour gaps. This provides a basis for any future behavioural public
policy research on CE eco-labels. The results have also been influential in inform-
ing the recommendations of a Productivity Commission Inquiry into the ‘right
repair’, with an invited presentation informing a recommendation to explore the
development of repairability and durability labels.

A key value of implicating both user (from households) and implementer (from
business and government) perspectives in this project was underlying the systemic
nature of change required to realise the potential of eco-labels. It’s unlikely a
purely BI or HCD approach would have been able to produce such policy- and
practice-relevant insights in an integrated fashion. The HCD perspective highlights
the interconnected nature of the problems, while the BI approach generated highly
relevant and immediately usable data and insights compatible with policy cost/
benefit analysis preferred by bodies like the Productivity Commission.
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2.3  Facilitating Business Adoption of CE Practices

The third stream of the Collaboration focused on gaining a better understanding of
what could help business shift towards adopting CE practices and business models.
The business models project implemented the key steps of the Method by’

e Conducting stakeholder interviews with key policy makers to the key industries
where adoption is already occurring, and opportunity is greatest.

e Conducting two rapid academic literature reviews to
— understand characteristics of businesses and business actors, and their

barriers to circular innovation

— identify best practice around the world.

e Running an evidence-based circular workshop series (using ‘Circular Strate-
gies’) to test the effectiveness of collaborative strategies.

The ‘users’ in this project are businesses. This project adopted a more behavioural
science approach to understanding the drivers and barriers faced by businesses by
reviewing previous empirical research and interviewing practitioners and experts.
However, it adopted a typical human-centred design approach to ideating and
developing a solution.

2.3.1 Background Research/Discovery and Definition Phases
Stakeholder interviews and a rapid review of literature (Kaufman et al. 2020a)8
indicate that the most significant barriers in Australia for businesses deeply engag-
ing with the transition to a CE are NOT regulation or a lack of technological
capacity, but (perceived) lack of customer demand, organisational inertia and lack
of collaborative capacity (see Table 2, for the full list of barriers).

2.3.2 Co-design/Development Phase
This mix of barriers lead us to define the problem we sought to answer with our
trial with businesses as How can we bring different parts of an industry ‘ecosys-
tem’ together to experiment with CE practices? Specifically, we explored how a
collaborative co-design process to develop a circular initiative could itself act as
an ‘intervention’ to reduce barriers to the adoption of CE business models.
Thanks to an existing project with colleagues at our institution, we had a
strong impact case for working in fashion and textiles and some existing relation-
ships to build upon. This foundational work highlighted a rich and divergent CE

7 Full methodological details and results can be seen in the trial report (), available online
at https://www.behaviourworksaustralia.org/major-project/waste-collaboration-stream-3-business-
barriers-to-circular-economy-approaches and specifically: https://drive.google.com/file/d/1zIhY9
ckw9BTsXvnZhtciLPvLOQgYat00/view ?usp=sharing.

8 Kaufman et al. (2020a). Business uptake of circular economy approaches: A rapid evidence
review for behavioural public policy. Prepared for the BWA Waste and CE Collaboration.
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Table 2 Summary of key themes in evaluative feedback re: participant experience key CE barriers

Category Barrier

Identified
before
Discussed
during

Consumer awareness and interest

<

Consumer Consumer willingness-to-pay

Consumer trust of CE products
Hesitant company culture

Organisational Skills/knowledge to design & implement CE
Willingness to collaborate in the value chain

i Operating in a linear system
Linear system

LKL
SCCCCS

Difficulty in reaching scale in Australia
Capacity to exploit CE opportunities
High upfront investment costs

Q x >

Market — : :
Low virgin material prices
Examples to construct business case for adoption
- Constraining regulations
Regulation

Circular procurement v
Technological Successful examples to adapt/emulate

practice experience in the Australian Textile, Clothing and Footwear (TCF) ecosys-
tem. Some businesses were founded with CE principles; others have subsequently
adopted them, while others have limited knowledge of possible CE strategies. Tak-
ing an ecosystem view meant that we included policy actors (with more or less
knowledge of CE and the TCF sector), and specialised providers (e.g. recyclers,
reverse logistics). This not only responded to the key barriers of willingness to col-
laborate across the value chain, but also provided the potential to influence both
consumer demand through the influence of different actors, and internal organisa-
tional inertia by opening space for providing external legitimacy and support for
‘intrapreneurs’ inside participating organisations. The logic of a trial to orient the
ecosystem towards CE adoption is illustrated in Fig. 4.

To guide the process, the evidence-informed Circular Strategies approach was
adopted. Created by a team of Dutch researchers from Delft University of Tech-
nology (Brown et al. 2019; Konietzko et al. 2020), it aims to foster business
innovation by addressing several of the ‘soft systems barriers’ of CE adoption
in businesses. After an initial webinar pitching the process, a facilitated series
of workshops with participating businesses took place. The workshops involved
ideating circularity ideas, mapping collaboration, and coming up with an action
plan via a pilot canvas.
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2.3.3 Results

The Circularity Deck kickstarted CE discussions amongst diverse members of
the textiles and fashion ecosystem. The digital format of the workshop activities
increased its flexibility and reach at similar total cost to in-person. The workshops
resulted in the development of an ongoing collaboration, the ‘circular stories work-
ing group’® who produced a manual for producing circular products, using a t-shirt
as a model.'”

The workshop was also effective in building trust through the workshop activ-
ities, but not everyone could commit to experimentation. Convening across the
ecosystem was valued, but there was a tension between sending sustainability
specialists with CE expertise versus executives who could commit to experiments.

Evaluation of the effectiveness of the process as an intervention in itself mea-
sured impact on barriers through surveys (results are summarised in Fig. 5). The
process helped attendees build skills, knowledge and networks for circular econ-
omy in their sector. It also reduced perceptions of a number of barriers, particularly
some relating to the linear system and organisational capacity. However, some
barriers remained unchanged, particularly some of the structural barriers, such as
consumer willingness-to-pay, low prices for virgin materials and lack of regulation
around circular procurement.

Like the previous two cases, this project started with a more BI flavour, seek-
ing to understand the predictable challenges and possible solutions. However, in
this case, the analysis led to choosing a largely HCD style intervention, with the
main BI contribution applying a level of impact evaluation combined with process
evaluation, and considering scaling implications. Again, together, both approaches
achieved more than they could separately.

24 Discussion

Across three case studies, we see examples of a combination of HCD and BI
approaches to advancing the CE through behavioural experimentation for policy.
Overall, the implication is that integrating HCD and BI can play a significant
role in addressing the transition to a circular economy. HCD, which focuses on
understanding the needs and perspectives of users, can be used to design products,
services and systems that are more likely to be used and reused, and that encourage
sustainable behaviours. Behavioural science, which examines how people make
decisions and take actions, can be used to understand why certain behaviours are
adopted or not adopted, and to design and test interventions that encourage more
sustainable behaviours. To oversimplify both—if HCD is what engineers needed
to consider end users of products—behavioural public policy (incorporating both
behavioural science and HCD elements) might be what technocratic policy and

? https://www.monash.edu/msdi/initiatives/projects/circular-economy-textiles.
10 https://www.monash.edu/circular-fashion.
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program designers need to consider behavioural responses to policy and program
interventions and their likely systematic consequences and dependencies.
Reflection by our government co-author (Box 1) suggests the ontological and
epistemological roots of different approaches (i.e. Table 1) are less important that
their relevance and contribution to decision-making at a given point in time in
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a given BPPA process. Underpinning it all is a fluidity of knowledge brokering
provided by a mix of in-house expertise in the department, and a long-running
partnership with external researchers—itself an approach to collaboration that has
more in common with HCD than some BI examples readers may be familiar with.

Box 1: Integrating design and behavioural science inside government agencies
Although design (i.e. HCD above) and behavioural economics (BI, above) are
different fields, these approaches are often blended in an applied government
context. They are not blended by doing each in series or parallel, but by ad
hoc taking elements of both to suit the practical requirements of the project.
Essentially both sets of tools are thrown in the toolbox, and thereafter non-
experts don’t ask which tool has which origin; they just pick them up and use
them.

Typically, this results in a project where, per behavioural insights, a specific
target behaviour is chosen and, optionally, a method for measuring change
in that behaviour is put in place. Intervention then consists of a mixture of
applying common behaviour-change frameworks like EAST or the Michie
wheel (Michie et al. 2014; Smith et al. 2021) supplemented with the tools
of human-centred design like ideation, qualitative empathetic interviews with
the target audience and solution prototyping. There is often even further blur-
ring with other fields/techniques like Agile, evaluation, survey methodology,
and social science more broadly. This broad-church approach is necessary
because applied policy contexts are, almost by definition, contested and com-
plex, such that simple quantitative evaluation controlling for non-experimental
variables is very difficult and it is often not possible or even appropriate to
represent the context on a single continuum.

(Such a) blended approach often relies on translation by knowledge brokers
to allow tools to be applied appropriately. Knowledge brokerage can be done
either by a specialist team, or by enthusiastic individuals given leeway to pur-
sue this interest as part of their usual role. However, the knowledge/experience
required means policy teams usually don’t maintain staff with these in addition
to their subject matter knowledge requirements. Both approaches, design and
behavioural economics, are still seen as novel, especially by senior leaders.
This comes with the advantage of being attractive, but the disadvantage of
being vulnerable to scepticism—here specialists can play a role in overcoming
scepticism through internal advocacy.

In our collaborative circular economy research, many of these features were
present. Like a typical blended behavioural economics and design project,
knowledge brokerage between the research consortium conducting the project
and the subject matter areas who ultimately stood to benefit from the results
was, though not strictly required, often very useful for increasing understanding
and buy-in amongst staffin those subject matter areas. This brokerage was done
by an in-house specialist team, who acted as a trusted messenger for subject
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matter staff, and addressed the scepticism for the unfamiliar methods which
arose for a handful of these staff.

Because our collaboration was more independent and expert-led than typ-
ical purely internal projects, the methods used were much less a blend of
many disparate fields than usual, and relied much more on bespoke evidence
both in existing academic literature and collected specifically for the project
than on generally applicable principles or frameworks. However, while the
research followed a primarily behavioural economics-based method, select
design methods were incorporated at various stages, notably using qualitative
empathetic interviews as part of the evidence-gathering initial stage, co-design
workshops in coming up with interventions and choosing an intervention whose
measurement involved multiple qualitative dimensions rather than a single
quantitative outcome.

Thus, although unusual in some regards, this research still represented
the necessary blending of behavioural economics rigour and the complexity-
embracing empathy of design which is so often required in applied government
contexts.

Taken together, the three cases and our colleagues’ reflection above show how
BPPA creates a valuable space for integration and ‘boundary work’: i.e. what hap-
pens when interconnected people, places, organisations, things and processes must
find a way for different perspectives, disciplines, jurisdictions and sectors to coexist
(Huitema and Turnhout 2009; Van Kerkhoff 2008). This is consistent with reflec-
tions we believe would identify as BPPA in style from elsewhere (Feitsma 2018,
2019).

The individual case studies offer interesting insights about how HCD and BI
can be integrated, and what benefits can be gained from doing so. For example,
the eco-labels trial highlights that one way in which HCD and BI can be integrated
to promote the transition to a CE is by designing products and systems that are
easy to use and understand, and that align with people’s values and motivations.
HCD can be used to design products that are easier to disassemble and recycle,
and that are made from environmentally friendly materials. Behavioural science
can be used to understand the motivations behind people’s purchasing decisions,
and to design interventions that make sustainable products more appealing and
accessible.

Similarly, there is clearly a need for designing systems and services that make
it easy for people to participate in circular activities. For example, HCD can be
used to design systems that facilitate the sharing and renting of products, such as
a car-sharing service or a tool-sharing program. Behavioural science can be used
to understand the barriers that prevent people from participating in these types of
activities, and to design interventions that address those barriers.

Eco-label schemes, properly administered, well-communicated and with suffi-
cient integrity mechanisms, can help businesses both comply with, and realise the
business value of producing such items (Meis-Harris et al. 2021). However, this
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case study simultaneously highlights that HCD and behavioural science alone can-
not fully address the transition to a CE without engaging with much wider policy
tools and interventions than might be suggested by products and services. They
can unpick parts of the problem, but not its entirety.

The collaborative approach taken in the CE business trial shows the value of
bringing together stakeholders from different sectors and levels of society, includ-
ing government, industry, community organisations and individuals, to co-create
solutions and take collective action. This approach recognises that the transition
to a CE is a complex and systemic challenge that cannot be addressed by any
one sector or actor alone. It also acknowledges the importance of involving and
engaging multiple stakeholders in the process.

More broadly still, achieving the promise of ‘green growth’ via CE also requires
significant changes in underlying production and consumption patterns, as well as
in the infrastructure and systems that support those patterns. Therefore, it’s impor-
tant to integrate HCD and BI with other approaches, such as systems thinking and
engineering, to address the full range of issues associated with the transition to a
CE. Here to though, they can support better design and application of such changes
by designing policies and regulations that encourage sustainable behaviours. For
example, the recycling contamination trial suggests that HCD can be used to design
policies and regulations that make it easy for people to recycle and compost, such
as by providing clear information about what can be recycled and where that is
consistent across populations (as opposed to varied by council and waste provider,
as is the case in many jurisdictions currently). Behavioural science can be used
to understand why people may not recycle or compost, and to design interven-
tions that address those barriers—in particular reducing the complexity of tasks
required of committed recyclers, and banning or designing out highly problematic
items such as composite packaging.

It is significant that in the preventing recycling contamination trial, we gained
valuable insights into how hard it is to identify effective interventions to prevent
contamination at the level of end users (households). The chosen focus on the end
user in this case reflects the classic behavioural insights approach—emphasising
the role of cognitive biases, social norms and decision-making processes in shaping
individuals’ behaviour—and seeks to design interventions that take these factors
into account. Yes, post contamination feedback was shown to be effective, but
focusing on providing contamination feedback as opposed to fundamental system
redesign will not prevent the problem from occurring in the first place. At the same
time, the project does provide a practical, fast and cheap action that can be taken
in the short term to reduce contamination levels, while more ambitious system
change is pursued elsewhere. A more HCD first approach may (or may not) have
led to targeting a different group—for example packaging designers as the focus
of the intervention (for example the Australian Recycling Label initiative arguably
attacks the problem from another angle, as does the broader product stewardship
program it emerged from). These however are not small changes, and require a
complex array of moving parts to change to occur. It is not a bad thing to have
combined efforts that complement each other in transitioning a complex system.
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This noted, we do not claim to have harmoniously synthesised or integrated
BI and HCD. Rather, the cases show that they can be usefully complimentary.
Such tensions can be strength. A key tension between ‘idealised” HCD and BI
approaches (i.e. Table 1) is that BI approaches may tend to focus on changing
individual behaviour in isolation, while human-centred design approaches tend
to focus on changing the systems that shape behaviour in a way that users find
acceptable. The respective weakness of both here for CE transitions are that while
purely BI approaches might be seen as a quick-fix diversion that may not address
the underlying systemic issues that lead to unsustainable behaviour, simultane-
ously, purely human-centred design approaches may be seen as too long term,
complex and difficult to ever be realised, or place user desires in conflict with
system characteristics that are not yet acceptable to change.

Similarly, another ‘healthy tension’ is that while behavioural insights
approaches may be seen as paternalistic, as they commonly involve designing
interventions that change individuals’ behaviour without their active consent or
involvement. Human-centred design approaches ideally involve engaging with
stakeholders and co-creating solutions, which is arguably more empowering and
participatory. However, the risk here is assuming that the majority of people are
willing and able to participate in such engagements, make major changes and see
them as desirable. The small ‘n’ nature of much design approaches, and the high
level of involvement and investment required, may create a skewed picture of the
capacity for change, as only highly motivated and engaged people generally have
the capacity to participate in extensive co-design processes. The implication is that
BI approaches may be most suitable when a lot of people can make a relatively
small and easy change to improve the situation. But other approaches like HCD
might be needed when a few individuals or groups need to come together to make
a big change. Of course, CE is replete with examples of both challenges. The three
cases presented here suggest we don’t have to exclusively choose one or the other
approach.

2.5 Conclusion

There are clear tensions in the philosophies and methods of approaches to tran-
sitioning to a CE characterised by behavioural insights (BI) and human-centred
design (HCD). Behavioural Public Policy and Administration through processes
like ‘the Method’ can be seen as an opportunity combining BI and HCD sequen-
tially and in combination in key steps, rather than as exclusive options. While
both behavioural science and human-centred design approaches have the poten-
tial to contribute to the transition towards a CE, they have different philosophies
and methods. Both approaches have their own strengths and weaknesses. Some
of these elements are irrelevant to users in government and practice (i.e. epis-
temological debates), and others are fundamental (i.e. leveraging the strengths
of both approaches to generate shared problem understanding and agreement on
interventions worth experimenting with).
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Our hope and intention is that BPPA successfully integrates both approaches
to facilitate intentional co-evolution of individual and system change. For CE,
that may mean working to create long-term, sustainable change by redesigning
products, services and systems to be circular by design, and in which sustain-
able behaviours are easy to perform. Simultaneously, we must also be able to
facilitate transformative, emancipatory action amongst users, designers, governors
and implementers to radically restructure parts of the system to better align with
desired outcomes (i.e. where sustainable behaviours are currently very difficult or
impossible). It is hard to see how we can achieve the decoupling of the outcomes
that ought to motivate ‘green growth’—i.e. ultimately happy, healthy human eco-
logical systems—from the current high material and energy impact system, without
doing both.
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The majority of political, scientific and economic measures for a transition towards
Circular Economy (CE) focuses on technological and business model innova-
tions. They largely exclude societal transformation efforts and socially innovative
change attempts. Issues of improving quality of life, promoting sufficiency, chang-
ing social inequalities and unequal power relations in production and consumption
systems are mainly addressed in contributions that provide a critical perspective
on CE (s. e.g., Hobson and Lynch 2016; Jaeger-Erben et al. 2021; Corvellec et al.
2022). However, the Circular Economy concept has the potential to become a
comprehensive social-ecological transformation program if these issues are consis-
tently included. The term Circular Society (CS) has been introduced by a diverse
range of actors from science, economy and civil society to provide a comple-
mentary or alternative framing to circular strategies. Yet the field of research and
practice developing under this term is still in its infancy, and different strands of
discussions have not been explored and synthesised yet.
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The Hans Sauer Foundation together with scientists from BTU Cottbus' and
Leuphana University Liineburg” initiated a co-design process’ that is supposed
to moderate the further development of the CS in terms of content, program and
strategy. This process has an application-oriented focus and is intended to support
initiatives in the field of the CS with target and transformation knowledge and
provide political and economic decision-makers with recommendations for future
actions. At the same time, a conceptual contribution to the research discourse is
made by systematically summarising and structuring the conceptual foundations
and further developing them discursively on the basis of several transdisciplinary
co-design workshops. This chapter presents the process and its results so far and
reflects upon methodological learnings and insights on key CS principles, actors
and possible conflict issues. Furthermore, by working and experimenting with a
combination of transformative and design-oriented research approaches, method-
ological and epistemological contributions to scientific practices for sustainability
are made.

1 Circular Economy and the Sustainability Agenda

There is increasing awareness for the inability of global markets to respond ade-
quately to the self-inflicted ecological damage and social injustices of ecological
modernisation and climate change. Climate research as well as climate policy have
acknowledged the need for a social-ecological transformation of current systems
of consumption and production for decades, with the report “Limits to Growth”
published by the Club of Rome (Meadows et al. 1972, 2004) and the “Agenda 21”
that emerged from the United Nations Conference (1992), as two milestones in
half a century of environmental debates.

A major reason for the lack of progress is seen in the linear structure of current
production and consumption systems, in which nature as a source and sink of eco-
nomic productivity is both overexploited and overused to create economic value
(Karathanassis 2015). Due to the perceived need for a fundamental change in the
resource-hungry and waste-rich linear economy, the concept of the CE has been
discussed as a sustainability solution in research, business and politics for several

! Former TU Berlin.

2 All findings in this chapter are based on the research conducted in the master’s thesis “Roadmap-
ping a Circular Society: Analysing and Shaping the discourse field of the Circular Society as a
Starting Point for Transformative Processes” (Hempel 2022). The findings are complemented by
insights gained in spring 2022, such as reflections on “Design-Driven & Transformative Research”.
3 From February 2022 to June 2023, this co-design process is funded by the Deutsche Bundess-
tiftung Umwelt (DBU). In the context of this project, a “Circular Society Roadmap for Germany”
will be co-designed in transdisciplinary working groups, complementing the “Circular Economy
Roadmap for Germany” (CEID 2021) in order to inspire and support the scientific, civil society
and political sustainability landscape.
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decades. CE aims to drastically reduce resource depletion as well as waste gener-
ation and is supposed to enable a decoupling of economic production and growth
from resource consumption. Inherent in the CE approach is a logic of value cre-
ation that aims at value preservation rather than value consumption, shifting from
a consumer to a user understanding (Geissdoerfer et al. 2017; Lazarevic and Valve,
2017; Murray et al. 2017). In addition, circular business models are said to have
the potential to reduce costs, increase revenues, and provide opportunities for the
financial sector (Ellen MacArthur Foundation 2020). Not only a growing number
of corporations but also political decision-makers from local to international are
currently pursuing more or less ambitious strategies in the direction of CE, which —
as the European CE Actions Plan (European Commission 2020) shows — envisage
a comprehensive re-regulation of production and distribution processes.

But while the CE concepts and strategies currently under discussion offer
promising approaches towards sustainability, they have also met with consider-
able criticism regarding their theoretical and ideological assumptions, feasibility
in practice, and social and environmental consequences (Calisto Friant et al. 2020;
Corvellec et al. 2022).

A major criticism refers to the business-centrism of CE concepts and the under-
determination of societal goals. While this makes the concept easier to promote
and adopt in different business contexts in the current economy, it also means
that it faces inconsistencies and gaps concerning social impacts, social justice and
social participation (Bauwens et al. 2020; Calisto Friant et al. 2020; Corvellec et al.
2022; Geissdoerfer et al. 2017; Hobson and Lynch 2016; Reike et al. 2018). As
issues regarding its conceptualisation remain unresolved, CE has been described
amongst others as a vague narrative (Niskanen et al. 2020), a horizon (Lazarevic
and Valve 2017) and a “beautiful but dangerous fairy tale” (Hobson et al. 2021)*
that only pretends to be a solution to unsustainability.

The most dominant narrative of CE in Western Countries is “circular mod-
ernism” (Bauwens et al. 2020) where CE is framed as an ecological modernisation
project that focuses more on an expansion of economic activities and high-tech
recovery of resources in a context of economic growth than on a fundamental
rethinking of the purpose and design of economic activity itself (Bauwens et al.
2020; Hobson 2016; Korhonen et al. 2018a, 2018b; Temesgen et al. 2021). While
many CE advocates, such as the Ellen MacArthur Foundation (EMF), emphasise
the goal of enabling green growth through decoupling, other researchers rank the
likelihood of achieving sufficient decoupling, either in a relative sense or in abso-
lute terms, as low or clearly unrealistic (Hobson 2016; Hofmann 2022; Jackson
2016; Parrique et al. 2019) and thus plead for a post-growth (Bauwens 2021),
de-growth (Schroder et al. 2019) or selective-growth circularity (Hofmann 2022).
In addition to the lack of evidence that absolute decoupling can succeed, the
inevitability of entropy casts doubts on the assumption that CE is feasible in a

4S. Kersty Hobson at CSF on “Circular Consumption” [conference presentation]; https://www.you
tube.com/watch?v=95dJ6nP2jHQ&list=PLnsIHr9Ovr4Kq0OzHPS Ybvij-5Tw6s883&index=15.
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context of sustained economic growth (Calisto Friant et al. 2020; Korhonen et al.
2018a).

CE strategies also face limited implementation at the levels of policies, organ-
isations and individual consumers (Corvellec et al. 2022; Kirchherr et al. 2018)
and are far from achieving ecological goals, leading to rebound or counteracting
effects with greater negative impacts than their linear counterparts (Bocken and
Short 2016; Gongalves Castro et al. 2022; Haupt and Hellweg 2019; Hobson and
Lynch 2016; Zink and Geyer 2017; Buch et al. 2018). Likewise, social aspects
are often ignored and impacted negatively (Haupt and Hellweg 2019; Hobson and
Lynch 2016; Zink and Geyer 2017; Buch et al. 2018).

The focus on economic value creation and technical innovation fails to recog-
nise the underlying, necessary and massive socio-cultural change, for instance
concerning a needed change in consumption and the involvement of active citi-
zenship. Social aspects such as global and intergenerational justice (who benefits
from circular systems?), quality of life and participation in transformation are at
best marginally addressed (Calisto Friant et al. 2020; Jaeger-Erben and Hofmann
2019a, b; Kirchherr et al. 2017; Kirchherr et al. 2017; Millar et al. 2019; Moreau
et al. 2017; Murray et al. 2017; Pal 2022; Temesgen et al. 2019; Vanhuyse et al.
2021). This is despite practitioners seeing cultural barriers as the biggest hurdles
to a shift towards more circularity (Kirchherr et al. 2017). Hence, broad partici-
pation involving active citizenship and the very heterogeneous field of actors for
sustainable consumption as well as alternative forms of production, economy and
cooperation is lacking. The discourse thus misses answers as to what a Circular
Society might look like.

2 Circular Society: An Emerging Field in Research
and Practice

In response to these limitations and criticisms, the term Circular Society (CS)
has been introduced by a diverse range of actors from science, economy and civil
society to provide a complementary or even alternative approach to transformations
towards circular systems of consumption and production (Jaeger-Erben et al. 2021;
Jaeger-Erben and Hofmann 2019a, b).

On the one hand, the CS discourse borrows from (historical) theoretical roots of
CE (such as system thinking, Spaceship Earth economics and performance econ-
omy), and, on the other hand, it also makes references to debates on alternative
economies (like care economy, commons, degrowth), social innovation, equity and
diversity and aims to bring change to the broader community (Calisto Friant et al.
2020). While the body of literature offering a critical view of CE and crucial
contributions to the discourse of CS is vast and cannot be fully captured in the
above review, the body of literature that addresses CS under this term is modest
(s. Table 1).
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Table 1 Overview of key Contributions to the critical CE debate, and CS until 2021 (own illus-
tration, in chronological order)

Focus Contributors

Critical CE | Scientific literature (excerpt):

Debate Hobson (2016, 2019, 2020); Hobson and Lynch (2016); Geissdoerfer et al.
(2017); Murray et al. (2017); Moreau et al. (2017); Kohornen et al. (2018a,
2018b); Temesgen et al. (2019); Calisto Friant et al. (2020), Bauwens et al.
(2020), Pal (2022), Corvellec et al. (2022)

CS Scientific Literature:

Jaeger-Erben and Hofmann (2019a); Zwiers et al. (2020); Calisto Friant et al.
(2020); Jaeger-Erben et al. (2021); Velenturf and Purnell (2021); Leipold et al.
(2021); Melles (2021)

Grey Literature:

Jaeger-Erben and Hofmann (2019b); Boch et al. (2020a, b); HSF

(2021a); Norman-Hansen et al. (2021)

Conferences, symposia and other public events:

Hofmann and Zwiers (2018); Utrecht University (2020); DBU (2020); Boch et al.
(2021); Bloxhub (2021)

2.1 2018-2020

In Germany in 2019, scholars Jaeger-Erben and Hofmann (2019a, b) developed
initial proposals for a sustainable and transformative CS to address the need for
a “Great Transformation” (s. WBGU 2011). This was followed by a paper on
Circular Literacy, proposing a knowledge framework for the transition to a CS
(Zwiers et al. 2020). In the Netherlands, Calisto Friant et al. (2020) conducted
an extensive literature review on CE discourses, developing a circularity discourse
typology featuring a “reformative” and “transformative” CS emphasising aspects
of global social justice and degrowth. In May 2020, the Second Utrecht Degrowth
Symposium was held on the topic of “From Circular Economy to Circular Society”
demonstrating the necessity to conceptualise a just and regenerative CS rather than
an eco-efficient CE> (Utrecht 2020). Following up on these works, again Jaeger-
Erben et al. (2021) published a perspective paper formulating core themes for a
“Roadmap towards a CS”.

In parallel, two foundations, the Hans Sauer Foundation (HSF) and the Ger-
man Federal Environmental Foundation (Deutsche Bundesstiftung Umwelt, DBU),
became active in the CS discourse field. The HSF followed up on the work of the
scientists from a practical perspective and published a position paper emphasising
the potential of new forms of knowledge production and participatory approaches
to CS (Boch et al. 2020a, b). Shortly after, the DBU hosted a panel discussion
on CS (DBU 2020) and increasingly embedded societal perspectives on CE in its
funding activities.

3>S.  https://ontgroei.degrowth.net/towards-a-circular-society-an-overview-of-the-second-online-
utrecht-degrowth-symposium/
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2.2 2021

The initial scientific (Jaeger-Erben and Hofmann 2019a; Zwiers et al. 2020) as well
as programmatic (Jaeger-Erben and Hofmann 2019b; Boch et al. 2020a, b) work
on the topic led to a German transdisciplinary project consortium of the Technical
University of Berlin® and the social design lab’ by the Hans Sauer Foundation
(HSF). Since then, the initiative aims to further develop the concept of a CS and
to foster the discourse. A first milestone was the Circular Society Forum (CSF) in
February 2021.8 As a transdisciplinary conference, the forum featured international
scientific and non-scientific contributions and involved more than 600 participants
including key actors working on a CE, its critique (e.g., Hobson et al. 2021) and/or
the idea of a CS (e.g., Calisto Friant et al. 2020). The CSF marked the beginning
and the basis for the attempt to co-design CS in an open but guided process. This
process and its results so far are the subject of this article.

In the following, more international scholars and practitioners from the United
Kingdom, Australia, Germany, the Netherlands and Scandinavia have published
on CS.

Velenturf and Purnell (2021) from the University of Leeds (UK) proposed in
2021 a value framework and a set of ten principles for the design, implementa-
tion and evaluation of a sustainable CE/CS. These proposals draw on the literature
of systems ecology and the demands of sustainable development. Together with
other scholars and stakeholders outside academia, they funded the Yorkshire Cir-
cular Lab, a living lab for community and knowledge building across science and
practice.” Leipold et al. (2021) studied competing narratives of the CE in the
French food sector, concluding that if CE policies are to address issues of dis-
tributive justice and equality of opportunity that often underpin wastefulness, CE
narratives need to emphasise these issues. Therefore, the authors suggest further
research on narratives for a CS instead of a CE, including visions of fairness.
In Australia, Melles (2021) studied intermediation organisations to figure out the
transition from CE to CS. In Denmark, a consortium of diverse stakeholders from
academia and practice are “Designing the Irresistible Circular Society” (Norman-
Hansen et al. 2021; Bloxhub 2021) as a national strategy being an official partner
of the New European Bauhaus. Under the coordination of Lucia Reisch, the project
“BEACON—Behavioural Insights for a Circular Society”!? was also launched
in Copenhagen to research and test behavioural changes towards a sustainable
lifestyle to support building a CS.

While studies on the CE concept elaborate distinctions within CE thinking, for-
mulate principles and develop definitions (e.g., Geissdoerfer et al. 2017; Kirchherr
et al. 2017; Reike et al. 2018), the CS discourse as an alternative to established

6 Later, BTU Cottbus-Senftenberg.

7 S. https://socialdesign.de/.

8'S. https://www.circularsociety.de/.

9 S. https://spotlight.leeds.ac.uk/world-changers/circular-economy/index.html.
105 https://beaconproject.dk/.
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CE approaches has been little examined. Accordingly, there was a need to review
the developments in recent CS discourses and at the same time to further bundle,
explore, develop and consolidate the concept.

3 Co-designing Visions and Roadmaps for a Circular
Society

The objective of the German collaborative roadmapping consortium is not only
to study and consolidate the discourse field, but also to jointly produce action-
related knowledge and new partnerships with key actors from science, civil society,
business and politics. Along with strong visions — where to go — the consortium
wants to foster a more coherent understanding of how to get there.

Sustainability visions can make different needs and expectations visible, create
identity and community and provide an incentive for change (Vidal 2004; Wiek
and Iwaniec 2014). A roadmap then takes the vision as the destination and provides
a strategic plan to turn it into reality. The roadmap might reveal challenges and
potentials as well as parallel pathways to overcome the first and take advantage of
the second. Outlining this in a roadmap can provide a better knowledge of how
different actors can contribute and participate in this transformation.

Roadmapping is commonly used to drive technology or design innovation (e.g.,
Phaal et al. 2004; Simonse 2017) and to guide policymaking (e.g., hydrogen
roadmap for Germany, Hebling et al. 2019; CE Roadmap for Germany, CEID
2021). Often, design roadmapping processes combine the three steps of value map-
ping, idea mapping and pathway mapping (Simonse 2017). Although roadmapping
is not popular in transformative research yet, similar approaches such as back
casting and visioning (Davies et al. 2012; Quist et al. 2011; Quist 2002) are. It
is assumed that transdisciplinary roadmapping holds the potential to complement
visioning practices for sustainability transformation.

The roadmapping consortium is experimenting with a combination of transfor-
mative and design-oriented research approaches which integrates a varying amount
of experts and practitioners from different fields of society. The intensity of par-
ticipation by experts and practitioners ranges from proactive contributions and
co-creative work in transdisciplinary workshops to consultation and solicitation
of consent in feedback and research workshops to desk-research. Transparency,
reflectivity, openness, iterative feedback loops and broad inclusion of diverse actors
from different disciplines, sectors and societal levels are core elements of this
process.

Table 2 illustrates the research process which is inspired by the work of Wiek
and Iwaniec (2014) on visioning in sustainability science, Vidal (2004) on creative
visioning conferences and Simonse (2017) on design roadmapping. The intermedi-
ate results of this process do mostly consist of protocols, answers to questionnaires
and collaborative sketches and maps assembled on digital flipcharts during trans-
disciplinary workshops at the CSF. These results were analysed by core members
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Table 2 Overview of the research process (own illustration)

Time Research phase
Feb—Nov 21 | Framing and Initialising
Creating initial vision and roadmap material at the transdisciplinary CSF
Methods: Conducting a digital transdisciplinary conference including
participatory visioning and roadmapping workshops.!" Applying creativity
techniques such as time-travel-storytelling and writing “letters from the future,”'?
brainstorming, idea and value mapping by using the digital collaboration
whiteboard “miro”
Collected Data:
— CSF contributions: Recorded sessions, discussion notes, session abstracts and
contributions on the conference platform'?
— Workshop results: Text material in form of sticky notes, observation logs,
participatory stakeholder maps and letters
Participation: Over 600 participants at CSF; co-designing initial visions and
roadmaps with 2040 participants mostly from science, civil society and business
sectors
Analysis
Decomposing and analysing the workshop outcomes
Method: Inductive category building, coding and writing of memos with miro
and MAXQDA
Analysed Data: Workshop results
Participation: desk-research and co-coding with colleagues
Revisions, Recomposition and Finalising
Revalidating, adapting and complementing the formulated categories and codes
Methods:
— Deductive revision of categories and codes in desk-research
— Collaborative revision and validation in feedback sessions and research
workshops!*
Analysed Data:
— Academic and programmatic literature from the CSF discourse field
— CSF contributions
Participation: Desk-research, consultation and co-coding with CS experts from
HSF and international universities
Dec 21 Project design “Roadmap to a Circular Society — A Co-design Project for

further Conceptualisation and Organisational Development of CS”
Translating the research findings into a transdisciplinary follow-up project over
1.5 years beginning February 2022. This project is funded by the DBU

" Documentation of the workshops: https:/media2-production.mightynetworks.com/asset/214
03300/CSF_Documentation_Visioning_Roadmapping_Workshops.pdf.

12 S, https://www.sessionlab.com/methods/letter-from-the-future.

13 Registrants were invited to introduce themselves and share their interest in CS: https://www.cir
cularsociety.de/posts/would-you-like-to-briefly-introduce-yourself-to-the-others-and-share-why-
you-are-interested-in-the-circular-society-gerne-auf-deutsch.

14 Miro board of the research workshop: https://miro.com/app/board/o9J_11QwgkE=/?invite_link_
1d=611694547732.
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https://miro.com/app/board/o9J_llQwgkE=/?invite_link_id=611694547732
https://miro.com/app/board/o9J_llQwgkE=/?invite_link_id=611694547732
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of the roadmapping process in exchange with international CS experts and synthe-
sised and conceptualised into a coherent CS framework. The analysis combined
an “open coding” of data inspired by the Grounded Theory coding process (after
Corbin and Strauss 1990) and inductive and deductive forms of interpretation (after
Perry and Jensen 2001). Most data was analysed in an iterative and reflexive pro-
cess which moved back and forth between empirical data, reflection of codes and
conceptualisation. Also, to identify the current protagonists of CS, their interests
and understandings, a descriptive actor analysis was carried out. The scope of this
study is not the entire discourse on CS but is limited to empirical data from the
CSF and literature published prior to February 2021. A detailed description of the
participatory process and the methods used can be found in Hempel (2022).

4 Roadmapping for a Circular Society: Intermediate
Results

The result of the analysis so far can be divided into three focus areas: “peo-
ple”, “principles” and “practices”. Dividing the results into these three areas is
supposed to (1) provide systematic insights into the perspectives, interests and
backgrounds of CS protagonists and to particularly highlight aspects of consent
and dissent amongst them (focus area “people”); (2) derive a set of core CS prin-
ciples, strategies and vision themes that might provide guidance for the design,
implementation, evaluation and improvement of circular projects and practices
in the future (focus area “principles”); and (3) formulate recommendations on
formats, process design and key topics for future transdisciplinary roadmapping
activities (focus area “practices”).

4.1 People: The Perspectives of Circular Society Protagonists

Most participants of the CSF and the visioning and roadmapping workshops
belong to academia, business and civil society, and form a diverse group of actors
from different disciplines, branches and professions (s. Fig. 1). Although most of
the sectors were represented, a few to no participants joined from politics, the
public sector and the social economy.

Yet, these results are based neither on a comprehensive anonymous survey nor
on registration data. The sample for these results consists of responses to a public
post on the forum’s platform.'> The results may be biased in that policymakers
and public sector actors, as well as high-level decision-makers from the business
sector, may not respond publicly to a post on the conference platform, even if they

15 Registrants were invited to introduce themselves and share their interest in CS: https://www.cir
cularsociety.de/posts/would-you-like-to-briefly-introduce-yourself-to-the-others-and-share-why-
you-are-interested-in-the-circular-society-gerne-auf-deutsch.


https://www.circularsociety.de/posts/would-you-like-to-briefly-introduce-yourself-to-the-others-and-share-why-you-are-interested-in-the-circular-society-gerne-auf-deutsch
https://www.circularsociety.de/posts/would-you-like-to-briefly-introduce-yourself-to-the-others-and-share-why-you-are-interested-in-the-circular-society-gerne-auf-deutsch
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Social Economy Economy

Public Sector Civil Society

Politics Miscellaneous

Science

Fig.1 Distribution of Actors participating in the CSF according to Societal Sectors and Hierar-
chical Levels (own illustration, based on HSF 2021b)

participated in the CSF. Anonymous enquiries at the time of registration would
have been a more appropriate method for the actor’s analysis.

However, the dominance of actors from academia, business and civil society
over actors from the political and public sectors is considerable, and even if the
methodological limitations were removed, the distribution could be different but
probably not reversed.

CSF participants’ interest in CS was manifold. A particular interest was in
aligning CE with sustainability goals and strengthening social aspects to succeed
in the transition towards a sustainable CE. Some participants aimed for CS because
it is a necessary complement to existing CE approaches, and others because it dif-
fers from CE in fundamental criteria and target values. Participants also hoped that
a CS conceptualisation will provide a multi-dimensional approach to operational
projects. A common denominator of the proposals for a CS is that many achieve-
ments of the CE are crucial for fostering sustainability, that CE transitions are only
possible with the engagement and participation of societal actors from all societal
sectors, industries, levels, disciplines, etc., and that circular practices should be
(re-)aligned with social-ecological goals.
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The contributions of the CSF pointed out that efficiency strategies must
be subordinate and embedded in consistency and/or sufficiency strategies. The
major disagreement was between degrowth and sufficiency arguments on the one
hand (e.g., Martin Calisto Friant'®; Gabriela Edlinger!’; Kersty Hobson'®; Niko
Paech!®; Lucia Reisch?®; Andrea Vetter?!; Markus Wissenzz), and green growth
arguments on the other (e.g., Sonja Eser??; Tim JanBen?*; Niclas MauBzS). The
empirical data thus confirms that the question of economic growth is the “biggest
elephant in the room for CE” (Calisto Friant et al. 2020). However, within the
transdisciplinary workshops, sufficiency and frugality were key elements of the
desirable futures discussed. Thus, a tendency for growth-criticism was apparent
within CSF debates.

4.2  Principles: A Normative Framework of Circular Society

Eight CS principles, respective strategies and vision themes were inductively
derived from the empirical data of the CSF and combined with deduced categories
from the body of literature described above (s. Table 1). The principles illustrate
core goals, values and topics of CS as well as assumed drivers and logics of trans-
formation. Figure 2 provides an overview of the CS principles including strategies
to implement those, indicated by a hashtag (#) and illustrated by sketches. An
overview of the CS principles in contrast to existing approaches is provided in
Table 3. The table illustrates that the CS principles are by no means completely

16 Martin Calisto Friant at CSF on “The history and plurality of circular visions” [conference
presentation]; https://www.youtube.com/watch?v=BKknWZr35A0&t=1126s.

17 Gabriela Edlinger at CSF on “Genug in einer Uberflusskultur “ [poetry slam], https://www.you
tube.com/watch?v=eJbhbPOKkzM.

18 Kersty Hobson at CSF on “Circular consumption” [conference presentation]; https://www.you
tube.com/watch?v=95dJ6nP2jHQ&t=6s.

19 Niko Paech at CSF [conference statement]; https://www.youtube.com/watch?v=Pxa-kJzvdGO0.
20 Lucia Reisch at CSF [conference statement]; https:/www.youtube.com/watch?v=nIrGAc
9RGAE&t=356s.

21 Andrea Vetter at CSF on “Postwachstum & Kreislaufgesellschaft “ [conference presentation];
https://www.youtube.com/watch?v=blQQzJwzKbk&t=1950s.

22 Markus Wissen at CSF [conference statement], https://www.youtube.com/watch?v=qw362g
mlPrd4&t=1s.

23 Sonja Eser at CSF on “Thesen zur Circular Society” [conference presentation]; available under
https://www.youtube.com/watch?v=IWD6zX5X2Y4&t=1460s.

24 Tim JanBen at CSF on “Umdenken fiir eine zirkulire und klimapositive Welt” [conference
presentation]; available under https://www.youtube.com/watch?v=IWD6zX5X2Y4&t=1460s.

2 Niclas MauB at CSF on “Multidimensionale Nachhaltigkeitsbetrachtung zirkulirer
Unternehmenstransformation “[conference presentation]; https://www.youtube.com/watch?v=
IWD6zX5X2Y4&t=1462s.
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new, but rather build on and complement aspects of earlier concepts. In the fol-
lowing, some aspects of the principles are summarised, and their potential to lever
transformation is indicated.?®

Normalise Sufficiency: A central aspect of the CSF discourse, which has been
taken up in some theoretical work on the CE (e.g., Bocken et al. 2016; Reike et al.
2018) but has rarely been translated into CE application (e.g., EMF 2021), is suffi-
ciency, i.e., forms of lifestyles and practices that are orientated towards a sufficient
but not excessive consumption (as represented by CE strategies like “rethink”, “re-
fuse” and “reduce”). Embedding consistency and efficiency strategies in a general
orientation towards sufficiency is understood as necessary to critical CS protag-
onists due to entropy, biophysical limits and the failure of decoupling economic
growth and resource use. This involves questioning and rethinking understandings
of prosperity and ownership as well as adapting traditional forms of work, care,
policies and time that currently accelerate consumption.

Design out Waste: In cases where consumption cannot or will not be denied,
there is no dispute in the CSF debate that consistency strategies are needed. As in
mainstream CE concepts (e.g., EMF 2021), design is seen as having great potential
to change the system from the root (s. Meadows 1999). An eco-effective, social
and circular design approach has been emphasised to reduce resource demands
and achieve inclusive, socially and environmentally desirable outcomes.

Keep Resources in Use: If resources are designed sustainably and circularly, there
is a consensus at CSF that they should be kept in use (as conceptualised, e.g., by
EMF 2021). At CSF, value creation is primarily understood as value preservation.
However, there are existing stocks to manage and “changing [this existing physical
structure] is rarely quick or simple” (Meadows 1999).

Build Resilience: There is consensus at the CSF that CS needs to build resilience
and regenerative capacity through natural, socio-cultural and market-based diver-
sity, regional and decentralised solutions as well as adaptability. By recognising
systems as social-ecological (Becker and Jahn 2006), the needs of the ecosys-
tem and the socio-cultural backgrounds of the actors involved are considered. A
“pluriverse” was envisioned during the workshops, in which context-sensitive and
diverse solutions for global goals exist.

Assure Transparency and Access: In the CSF discourse arena, the demand for
transparency was complemented by the demand for equitable access to informa-
tion, resources and opportunities for action (“Teilhabe”?’). The aim is to ensure
not only an efficient and effective, but also an inclusive CE. To foster sustain-
able consumption choices and enable participation in circular systems, open and
transparent processes of value creation and destruction as well as redistribution of

26 For more detail on the CS principles in contrast to existing approaches, s. Hempel (2022).
27 While the German term “Teilhabe” is used in the meaning of access to participation, the German
term “Teilnahme” refers to actual participation or the performance of participation.
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costs and benefits were emphasised. Changing the structure of information flows
and making them accessible are important leverage points for system change (s.
Meadows 1999).

Strengthen Cohesion and Co-design: There is consensus within the CSF dis-
course arena that the establishment of processes and structures for participation
and co-design (‘Teilnahme’!?) is crucial to promote (social) innovative solution
development and an inclusive socio-cultural transformation. Here, the role of trans-
disciplinary (research) processes and heterogeneous partnerships are emphasised
as well as commons. In line with Meadows (1999), changing social structures
and institutions are deep leverage points for changing the mechanics of the sys-
temic. Likewise, the empowerment of citizens to change or self-organise system
structures and beliefs is a deep lever.

Promote Circular Literacy (CL): The necessary knowledge described in CE lit-
erature is limited to a systemic understanding of resource flows in the biosphere
and technosphere, economic visions and technical skills. Beyond that, the con-
cept of CL (e.g., Zwiers et al. 2020) encompasses capabilities on political and
socio-cultural aspects as well as change processes. To promote CL, communica-
tion, education and experimentation strategies for circularity are demanded at CSF.
Rethinking how knowledge is created, shared and used is a critical lever for sus-
tainable transformation and can influence system parameters, feedback, design and
intent (Abson et al. 2017; Meadows 1999).

Re-Evaluate Progress: While the CE literature primarily emphasises economic
and secondarily ecological benefits and goals for CE, a strong understanding of
sustainability is central at CSF. According to critical CS protagonists, acceler-
ated economic growth and the resulting socio-ecological crises are to be overcome
by placing social well-being and ecological integrity at the centre of desirable
and resilient economic activities and policy choices (s. also Raworth 2017).
This requires constant negotiation of guiding values and their metrics, consis-
tent social-ecological value creation and assessment, as well as responsibility and
accountability. With the change of core values, a paradigm shift and thus a change
of the whole system is possible (Meadows 1999).

Thus, CS considers a strong sustainability approach (Doring and Ott 2001),
where the economy is seen as part of society that is based on and part of a larger
natural ecosystem. It aims at ecological integrity and individual and societal well-
being. Well-being thereby includes the ability to participate in societal processes
and to unfold identity and quality of life. The conservation of the natural life-
support systems is pursued not only to safeguard human livelihood, but also as an
end itself.
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4.3 Practices: Roadmapping a Circular Society

The experiences of CSF revealed that methods of transdisciplinary roadmapping
and visioning complement each other, are motivating and inspiring and can be
introduced well in the context of a conference. However, roadmapping cannot
be expected to deliver concrete milestones for achieving a complex vision in a
setting of a two-hour workshop, thus longer processes are needed. For visioning,
in contrast, the forum and the workshop were sufficient to gather enough initial
material to be evaluated in desk work, feedback and research workshops. The
following recommendations on formats, and process design might inspire future
transdisciplinary roadmapping activities (in the context of CS).

Broader Involvement: To make CS relevant and applicable in different contexts,
include people from the underrepresented sectors of politics, administration and
citizenship in further roadmapping.

Tangible and Visual Communication: To make CS understandable and tangible to
a wider audience, develop new ways and channels for simple communication.

Provocation and Prototyping: To enhance ideation and create visions, use early-
stage prototyping and provocative inputs.

Creativity and Simplicity (in digital Collaboration): To engage different target
groups, keep a balance between creative features and simplicity.

Consolidation: To conduct thorough visioning and roadmapping for a new
discourse field, secure long-term funding.

In addition, six key topics were identified, which address in particular four CS
principles that are at best marginally addressed in existing CE concepts and thus
need to be further elaborated (s. Table 4).

Table 4 Key Topics for roadmapping towards a CS (own illustration, based on empirical results)

Assure transparency
and access

Strengthen cohesion
and collaboration

Promote circular
literacy

Re-evaluate progress

Open Source and
Open Design:

Create structural and
organisational
conditions for
open-source
infrastructures (e.g.,
Open-Source
Hardware Fund) and
open design processes

Collaborative Value
Creation:

Experiment with
organisation and
business models for
collaborative CS value
creation

CS Hubs:

Mobilise and stabilise
CS innovations
locally, by making
them visible and
providing support

Circular Literacy
Curricula:

Develop CS curricula,
both at school and
university level
Communication:
Translate terms of CS
into simple language,
and test low-level
communication
channels

CS Principles and
Indicators:

Test and iterate the CS
principles, sharpening
the relation to other
sustainability
concepts. Develop
indicators to measure
and approach each
principle
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5 Core Issues to the Circular Society (Roadmap)

So far, the open and exploratory approach of the roadmapping project is suitable
to capture and advance the young and dynamic CS discourse field. The mixed-
data and mixed-methods approach proved adequate for analysing and shaping the
diverse CSF discourse arena. Even though the process is still at an early stage,
we were able to define some core issues to the CS that entail both, potentials and
challenges for its further conceptualisation and implementation.

In the following, the (non)radical nature of CS and its multi-dimensional
character are discussed. This is followed by an overview of the potentials and
challenges for the diffusion of CS and considerations on its theoretical foundation
as well as the roadmapping process.

5.1 Contested Radicality

CS has the potential to be a concept that integrates circular strategies into a frame-
work of social, environmental and economic sustainability. Empirical evidence has
shown that there is great interest in an integrated sustainability concept that thinks
of CE not only at the material level but also in its social-ecological context. Within
the CSF discourse arena, there is a consensus that the transition to a CE is only
possible with the commitment and participation of all parts of society. Further-
more, CS protagonists agreed that a CS should be focused on environmental and
social goals. In line with this, a strong sustainability approach is demanded, where
the economy is seen as part of society, embedded in the natural environment. The
CS principles are a concretisation of the targets and values envisioned into guide-
lines and strategies. They combine aspects of circular materiality with well-being,
social justice, empowerment and ecological integrity. Some of them do not refer
directly to the CE, but more generally to sustainability.

Sufficiency strategies, for example, do not correlate directly with circularity
performance. However, if the CE is to be consistently aligned with sustainabil-
ity goals, sufficiency strategies are promising. Indeed, actors involved in the CSF
saw in CS the potential to link sustainability approaches that focus on consis-
tency, efficiency and sufficiency. As Donella Meadows (1999) wrote: “[Slowing
economic growth is] the same as slowing the car when you’re driving too fast,
rather than calling for more responsive brakes or technical advances in steering.”
In this sense, a motto of a CS could be “on the road to a CS, slow down the pace,
find new ways of mobility and make the most of them.” Thereby, sufficiency is
not based on sacrifice but poses the question of the right balance, as it is common
in many non-Western traditions (s. also Kallis 2019).

An obstacle for CS, however, is that the degree of radicality of transformation
or reform is contested. Opinions differed on whether it is more effective to embed
consistency strategies in green growth or sufficiency efforts. It could be argued
that the question of how radical the transformation from linearity to circularity is
represents the greatest dissent and theoretical vacuum in and between CE and CS
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discourses (as also analysed by Calisto Friant et al. 2020). Yet, in developing the
CS principles, the normative decision was made to integrate all three sustainability
dimensions. This is because the call for a sufficiency orientation was predominant
at the CSF. However, in other CS discourse arenas, other foci may prevail that
conflict with the CS principles and a common roadmapping process.

5.2 Momentum in the Niche?

Potential for the further development of CS and its implementation is the high reso-
nance it receives and the current momentum for sustainability strategies. Moreover,
there are pioneers whose experiences and aspirations can be built upon. Compar-
ing the results of the CSF with the recent CE debates, it is evident that science and
civil society are currently more represented in the CS discourse field. At the CSF,
especially young academics pushed for a social-ecological and transformative CS.
The response to the CSF with over 600 participants and numerous contributions is
one example of the existing interest in the topic.

In general, due to increasing pressure for sustainability solutions, the momen-
tum for sustainability strategies is increasing at different levels and in different
sectors. CE is seen as an important building block for sustainability in this context
but is coming under criticism in its conception. Criticism comes not only from
edge disciplines of science, but also from established science academies and sci-
ence advisory councils for policy, which are calling for an expansion of the CE
debate to include social aspects and a sufficiency orientation (s. EASAC 2016;
WGBU 2020). The high resonance of CS in the scientific community and civil
society holds the potential to theoretically underpin and practically test circular
practices, currently driven by the private sector.

On the other hand, CS has not even emerged into an established niche and
faces the challenge of raising its political and public profile without weakening its
transformative character. Although perspectives and approaches of non-academic
origin were included in the empirical material of the conference, most literature
and empirical data in this study come from academia. While CE agendas are gain-
ing momentum in (inter)national and local politics, in the private sector and in
general academia beyond the niche of transformative research, the visions of CS
might be disregarded as it would require societal and economic restructuring (s.
Calisto Friant et al. 2020). For example, scientific institutions and governmental
funding agendas still mainly focus on technical CE approaches. A connected chal-
lenge is to find a tangible and understandable communication of CS that reaches
different target groups without becoming superficial. While the usual CE visu-
alisations have been criticised, the development of an alternative graphic is still
pending.
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5.3  Theoretical Scope

The CS principles have been developed in line with and in distinction to prominent
CE principles and thus build on CE experiences. They also incorporate various
theoretical and conceptual ideas from other concepts and projects that consider
complex socio-cultural contexts of the CE and understand social, economic and
environmental systems as embedded. Rather than simplifying the CE discourse, CS
complements the principles of stocks and flows with principles of system intent
and design, which, according to Meadows (1999), have the greater leverage for
transformation.

This work does not aim to introduce a new concept with CS, but to highlight
the pitfalls of prominent CE definitions and align them with strong sustainability
goals. The integrated perspective on environment and society breaks down the
dualism between the two and continues the tradition of CE within other scientific
discourses such as social ecology, posthumanism and post-anthropocentrism. In
addition, the discussions have been enriched by numerous perspectives from other
scientific and cultural concepts, e.g., degrowth, post-growth, commons, sharing
economy, postcolonialism and feminist economics. This provides a first, albeit
immature, basis for further theoretical conceptualisation in this field.

On the other hand, the transformation narratives, CS principles and the design-
based approach of experimental implementation of alternative models within CS
need to be reviewed, revised and extended in terms of their socio-scientific ground-
ing, plausibility and effectiveness. Revisions should also be made where CS
criticises CE but fails to provide answers itself. For example, challenges of CE,
such as the nexus between energy and biodiversity, are not solved in the discourse
field of CS. Though it is often claimed that global considerations are crucial for
a CS, the concept mainly refers to the living conditions of the Global North. The
perfect and thus misleading image of the circle as a motif of CE is criticised in
the CSF discourse arena, without being contrasted with any other proposal yet.
Furthermore, discussions on a deeper theoretical foundation of the principles are
necessary.?® Another challenge is that transformation narratives and experimen-
tal implementation of alternative models should be tested for their sociological
grounding and effectiveness (Bliihdorn et al. 2018). Particularly in the case of
visioning, the narratives partly aimed at romanticising practices of pre-modernity
and rely on either the mere empowerment of local actors or a strong state.
Power relations, constraints and structures of unsustainability are only marginally
addressed.

28 For example, with findings from the degrowth movement (e.g., Latouche), feminist theory (e.g.,
Winkler, Hofmeister), alternative economies and value theories (e.g., Marx; Sen & Nufbaum),
posthumanism (e.g., Haraway, Barad, Bennet, Tsing) and complex systems theories (e.g., Bateson,
Meadows); as well as with the sustainable CE principles by Velenturf and Purnell (2021).
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5.4 Design-Driven and Transformative Research

In recent years, the increasing awareness of global challenges has given rise to
scepticism about “traditional” understandings of science and increasingly pro-
motes new forms of socially and ecologically engaged knowledge production on
the level of disciplines, institutions and the science system as a whole (Schneider
et al. 2021). Within this discourse in science, politics and society, transforma-
tive transdisciplinary forms of research, combining science, practice and engaged
agendas are attributed to great potentials (Lawrence et al. 2022). In practice, scien-
tific knowledge production and the collaborative and participatory development of
sustainable futures still have to bridge many methodological and theoretical gaps,
ranging from the initial framing of projects and joint knowledge production and
integration to the observation and measurement of their impacts (Bergmann et al.
2021; Steelman et al. 2021).

Design-driven approaches with their emphasis on knowledge and research-
based action, creative work, facilitation of multi-actor processes, prototyping and
implementing could be a valuable ingredient and addition to transdisciplinary
research (Gonera and Papst 2019; Franklin 2022). In the context of transdis-
ciplinary research processes, design only is of interest, when understood as a
transformative practice that “devises courses of action aimed at changing existing
situations into preferred ones” (Simon, 1969).

In business and innovation contexts, design (thinking) approaches are already
ascribed generic potentials in addressing complex challenges, when interdisci-
plinary teams are guided through collaborative and iterative processes of under-
standing, ideating and testing (Carlsgen et al. 2016), and are also widely used
in the context of circular economy innovations (Santa-Maria et al. 2022). Design
approaches also have been ascribed “great potential for promoting the systemic
change, creativity, collaboration, empathy, and empowerment that are necessary
for a sustainability shift.” (Bertella et al. 2021). Design in general and even more
so design approaches like participatory design and social design offer methods
to collaborative knowledge production and mutual and social learning processes
(Bijl-Brouwer et al. 2021). Design methods with their “user-centred”, egalitarian,
low threshold, activating and generative approach can expand the methodological
canon of working in heterogeneous teams (Peukert and Vilsmeier 2019; Peukert
and Vilsmeier 2021).

Also in view of the possible results, this combination of science and design
seems to be promising and purposeful. The generation of system, transformation
and target knowledge is commonly considered to be central to transdisciplinary
research (Hirsch Hadorn et al. 2008). One strength of disciplinary science cer-
tainly lies on the side of systems knowledge, whereas design approaches can be
very useful and productive additions to the generation of transformation and target
knowledge.

Design also has competencies to develop processes that link divergent and con-
vergent phases to a whole, combining situations of openness with moments of
synthesis and negotiating “minimum viable” — other than scientific — results that
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are the basis for further collaborative efforts and an iteration-oriented continuation.
This can support the explanatory and open character of transdisciplinary projects
when understood as collective search processes for sustainable futures (Deserti
et al. 2022).

However, design as an academic discipline and as a profession only deals with
processes of social change or transformation in niches and emerging fields such
as transformational design (Prendeville and Koria 2022). But even then, design
theory and practice rarely refer to knowledge from disciplines like sociology or
political sciences, to theories of social change or current research on transforma-
tion processes (Jonas et al. 2015; Schonfeld 2020). As a profession, design is
strongly coupled to commercial and market contexts and its methods and con-
cepts have to be adapted to the context of transdisciplinary research (Nelson and
Stolterman 2012). Some of the above-mentioned potentials of design are connected
to epistemological and structural weaknesses, namely its focus on quick (product
and service) fixes, on fast idea generation, and its manifold affirmative relations
to the current system of consumer society with its fast product-innovation cycles
(Seitz 2020). Another methodological problem to solve is the quality, scope and
the evidence-base of reflection and adaptation moments. As much as design has
the ability to foster processes of co-producing knowledge and mutual learning, it
does not offer (as most other disciplines) answers to conceptual and strategic ques-
tions of transformation. Long-term processes of change and deep-rooted structures,
routines and values for example on the individual, social, cultural and political
levels are outside the focus of design as much as power relations in modern cap-
italistic societies and path-dependencies of socio-technical systems are (van der
Bijl-Brouwer and Malcolm 2020).

The integration of design approaches adds to a general challenge of trans-
disciplinary processes: The hybridisation of knowledge production brings about
problems of legitimation and acceptance. The goals of design include not so
much the production of scientific and valid knowledge, but rather the develop-
ment of feasible solutions that can be iterated in testing. This poses challenges for
the scholars involved, as this knowledge production will encounter problems in
meeting widespread academic standards and norms.

6 Implications and Outlook

The CSF has helped to bring together actors involved in CS in practice or theory,
thus focusing and further developing the debate. It can be seen as a catalyst for
building the field. However, to unfold the CS concept’s potential to establish a
multi-dimensional approach to a sustainable CE and to motivate action, conceptual
work is necessary. The CS principles are to be further developed, adapted and
tested in practice. Thereby, the CS principles need to be underpinned by empirical
examples, theoretical models and pilot projects. This revision should take place in
different contexts within and outside the CS discourse field under study.
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At the same time, the CS principles should be prevented from being misused for
green- and blue-washing. Therefore, it is proposed to develop indicators for each
principle to measure success at all levels and to concretise promising strategies
for different sectors such as businesses or cities. However, the proposed principles
are not a blueprint for sustainable action but need to be complemented by other
approaches and adapted to specific contexts.

Furthermore, it is the task of the scientific CS community to improve sci-
ence policy and science-society interfaces through tangible communication and
a new visualisation that does justice to the multi-dimensional approach of a CS.
Also, while sufficiency strategies are emphasised within the CS visions, no sug-
gestions for the next steps towards such were made within the roadmapping
workshop. Yet, the other recommendations on roadmapping towards a CS can
guide future research on the CS. Therefore, long-term funding opportunities for
transdisciplinary CS research projects are required.

While the strengthening of the academic sector can lead to a consolidation
of the theoretical claims of the CS debate, greater involvement of political and
economic decision-makers is needed to consolidate and implement the concept
in practice. This also applies to civil society, which was represented at the CSF
but mainly through organised initiatives. The systems, target and transformation
knowledge produced offer a foundation for future roadmapping projects towards
a CS. Here, the CS principles and vision themes have the potential to support
CS ideation and literacy processes. Practitioners from different nationalities and
societal sectors are invited to iterate on the CS principles, testing and refining
them in their specific contexts such as companies, public institutions and non-profit
organisations. This way, the CS principles can provide guidance for the design,
implementation, evaluation and improvement of circular projects and practices in
the future.

What’s next? By inviting around 40 experts to participate in the “Roadmap to
a Circular Society” co-design process funded by the German Federal Environ-
mental Foundation, the aim is to further develop previous efforts such as this
study’s results at programmatic, strategic and content levels. Since April 2022,
the consortium has facilitated the first phase of the 1.5 years roadmapping pro-
cess including workgroup meetings. The key topics of the working groups are
in accordance with the findings of this study: Circular Citizens and Communi-
ties, Open Source and Open Design, Collaborative Value Creation and Circular
Literacy. The necessary ideas, knowledge, skills and experiences from across the
German-based discourse field shall be brought together in the process to build
capacity and provide space for new partnerships and projects. It is hoped that
intense working sessions, exchange and discussions amongst this group can result
in a compelling roadmap that resonates across society, economy and politics and
sets a direction for action as well as for needed conditions. The process seeks to
break new ground between transformative and design-driven (research) approaches
with an open, iterative and creative character. The results are therefore open and
to be defined amongst the participants, yet they shall entail further development
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of conceptual foundations, good practice collections and a (policy) paper that pro-
vides a better knowledge of how key actors can contribute and participate in this
transformation.
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