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A B S T R A C T

Circular Economy (CE) is the buzzword of today, promising an economy able to prosper on limited resources by
closing material cycles. However, there is no guarantee that simple strategies of material cycling, as propagated
by the various definitions of this concept, will indeed lead to an economy able to manage the world's resources,
pollution and societal demand within environmentally sustainable levels. Based on the shortcomings of the
present mainstream definitions of CE, this paper proposes an integrative, cascading, resource-based approach
aimed at an environmentally sustainable and socially beneficial economy. The international community agrees
on the necessity to maintain the current environmental equilibrium to ensure equity for future generations and
to allow human well-being and dignity already in the present. Accordingly, physical and environmental lim-
itations are identified, that are to be observed to make CE sustainable. This paper then suggests that a transition
towards a sustainable resource-based CE goes hand in hand with a paradigm shift in the way environmental
considerations are perceived by individuals, codified in different normative frameworks and dealt with by
private companies. It therefore opens the discussion by underlying some challenges that could appear in the view
of transitioning to CE.

1. Introduction

The concept of Circular Economy (CE) has recently gained broad
diffusion and popularity, in particular in the policy and business circles
in developed nations, promising an economy which can be both prof-
itable and sustainable (Korhonen et al., 2018a; Lazarevic and Valve,
2017; Veleva and Bodkin, 2018). The growing amount of peer-reviewed
articles on CE and various publications by major consulting firms are
reflecting that CE is also becoming an important concept for science and
business development (Kirchherr et al., 2017; Reike et al., 2017). As its
name suggests, CE refers to a model of production and consumption
that introduces a fundamentally different perspective from the domi-
nant “linear economy” model (Sauvé et al., 2016); it is often presented
as an alternative to the current “take-make-dispose” or “extract-pro-
duce-consume-trash” industrial model (among many others: Ellen
MacArthur Foundation (2015); Ghisellini et al. (2016)). By conceiving
end-of-life materials and products as resources rather than waste, it
aims at closing the loops of materials, reducing the need for raw

materials and waste disposal, following the example of ecosystems (Elia
et al., 2017).

Despite its wide use, there is however no consent on what CE ac-
tually means and encompasses, not to speak of an agreed definition
(Lieder and Rashid, 2016; Reike et al., 2017). The widespread accep-
tance of a somewhat not clearly defined concept, often presented as a
solution for continuous economic growth and innovation without – or
with minimal – damaging exploitation of the environment (e.g. Ellen
MacArthur Foundation (2015); European Commission (2014)), can be
explained through the benefits and interests of the actors driving the CE
to actively support such a deliberately vague, but therefore un-
controversial approach (Lazarevic and Valve, 2017). The lack of con-
ceptual clarity and an accepted definition represents a challenge for
scholars to work on the topic given the abundance of CE con-
ceptualizations, which has been described as “circular economy babble”
by Kirchherr et al. (2017); it led Blomsma and Brennan (2017) to
qualify CE as an “umbrella concept” and Korhonen et al. (2018b) as an
essentially contested concept.
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This paper doesn’t intend to offer another literature review of ex-
isting definitions, as this has already been done by different authors
(see for an overview, e.g., Geissdoerfer et al. (2017); Ghisellini et al.
(2016); Homrich et al. (2018); International Reference Centre for the
Life Cycle of Products Processes and Services (CIRAIG), 2015; Kirchherr
et al. (2017); Korhonen et al. (2018b); Lieder and Rashid (2016);
Winans et al. (2017); Merli et al. (2018)). Based on an evaluation of
these various reviews in section 2, it presents a conceptual framework
that allows to integrate multiple CE strategies focusing on individual
actors (micro-level) into a global and resourced-based approach.
Building on a large consensus that an environment permitting a life of
dignity and well-being should be ensured for current and future gen-
erations (section 3.3), it places environmental realities at the core of the
here proposed approach (see section 3.4), which leads to the resource-
based definition in section 3.5. Section 4 shortly addresses how the
integration of these physical requirements into socio-economic activ-
ities represents a paradigm shift for all actors (e.g., consumers, in-
stitutions, private companies) and discusses some related challenges,
with a particular focus on the legal system – illustrated in the Swiss
context – and the economic actors.

2. Existing definitions and approaches of CE

As mentioned already above, there is no single definition of what CE
means and encompasses. The most often cited and probably best known
definition of CE of the Ellen MacArthur Foundation (see supporting
information (SI) and Ellen MacArthur Foundation (2013)), which fo-
cuses on regenerative economy and new business models, has been
adopted and modified many times (Kirchherr et al., 2017), also by
political actors and for institutional positions (e.g., British Standard
(2017); European Commission (2014); United Nations Environmental
Program (2006), see also SI). Other definitions, mostly stemming from
scientific literature, rather focus on material aspects (Bocken et al.,
2017) or consolidate various definitions to be found in the recent lit-
erature into more comprehensive ones (e.g. Kirchherr et al. (2017);
Korhonen et al. (2018a)).

The mentioned understandings of CE are mostly adopting a bottom-
up approach, focusing on individual businesses and economic actors.
They encourage them to improve their efficiency, reducing the (per-
unit) resource input and minimizing final waste. These approaches are
useful and necessary, as they provide tools for single actors to adapt
their processes and help operationalizing theoretical principles; hence
they certainly play an essential role in the transition towards CE. Such
strategies can also be interesting from a pure business perspective, as
they make companies less dependent on resource price fluctuations and
strengthen customer loyalty thanks to new business models.

Despite its usefulness for direct application, such bottom-up ap-
proaches are not per se sufficient to reach sustainability. There is no
proof that material-cycling strategies would be environmentally sus-
tainable after all (Grosse, 2010, 2011; Zink and Geyer, 2017), as the
idea of closing cycles alone does not touch the question on how large
and fast such cycles can be (Cullen, 2017; Merli et al., 2018). Bottom-up
approaches can lead to a confusion between different levels of analysis
(micro, meso, macro)1 and a lack of distinction between relative and
absolute efficiency (Gregson et al., 2015; Hobson, 2016; Lazarevic and
Valve, 2017). Indeed, most approaches focusing on production, pro-
duction sites and techniques are aiming at improving per-unit efficiency
but disregard a larger macroeconomic and macro-societal approach,
which is necessary to build "authentic" circularity (Arnsperger and
Bourg, 2017; Ferrari, 2017). By neglecting that CE can be conceived
and implemented at different scales, they lack a systemic view on the

global context of limited environmental resources (Korhonen et al.,
2018a).

CE is often presented as a solution to overcome the tension between
unlimited economic growth and finite planetary resources with no
further explanation. It is implicitly assumed that improving the effi-
ciency of businesses at the micro level will reduce the global environ-
mental impact of businesses, neglecting the impact of continuous
growth. Some authors refer to it as the “myth of decoupling" growth
and resource consumption (Lazarevic and Valve, 2017). Grosse (2010)
argues that in an economy where resource use is growing by more than
1 %, the positive effects of recycling on resource depletion are negli-
gible. CE is seen as an enabler to economic growth (Ellen MacArthur
Foundation, 2015), but in order to result in an absolute decoupling of
resource use from GDP growth (Jackson, 2011), the growth would need
to be linked to resource efficiency improvements (Kjaer et al., 2018). It
is assumed that proposed strategies of material cycling will replace 1:1
primary production, which is a gross oversimplification. On the market,
an increase in supply (initial primary production and recycled sec-
ondary production) usually leads to a decrease in price and, subse-
quently, to an increase in consumption (Zink and Geyer, 2017). This
may in many cases lead to an increase of environmental impacts and
create a "rebound effect" (Figge et al., 2014; Ghisellini et al., 2016). As
mentioned, reducing the environmental impact per produced unit will
not necessarily reduce the environmental impact of the economy as a
whole, if the questions of the number of actors and the number of units
produced per actor are neglected. The Institutional Resource Regime
approach (Gerber et al., 2009; Knoepfel et al., 2007), the institutional
economics approach of environmental policies (Bromley, 1991) or the
Institutional Analysis and Development framework (Ostrom, 1990,
2009) have pointed out the theoretical limits and weaknesses of
“classical” sectoral emission control-based environmental policy ap-
proaches when dealing with the issue of sustainable resource manage-
ment.

Regarding material flows, it is commonly assumed that engineering
materials can be cycled indefinitely in technical applications, dis-
regarding irreversible effects, as well as technological and even physical
limitations (Korhonen et al., 2018a; Winans et al., 2017). It is however
inevitable that materials are irretrievably lost during the lifetime of
technical products (Kral et al., 2013; Valero, 2006). Thus sustainable
raw material extraction (Bocken et al., 2017) and safe disposal in final
sinks (Kral et al., 2013) are necessary parts of a CE, yet they are rarely
included in current approaches.

Even if there is no clear evidence of a single origin of the term
(Murray et al., 2015; Winans et al., 2017), the paradigm of CE was
surely rooted in a reflection around the concepts of environmental
science and sustainable development (Ghisellini et al., 2016; Sauvé
et al., 2016). Approaches like, e.g., industrial ecology (Ehrenfeld, 1997;
Erkman, 1997), clean technology (Clift, 1995, 1997), cradle-to-cradle™
(Braungart et al., 2007), blue economy (Pauli, 2009), performance
economy (Stahel and Reday-Mulvey, 1981) or biomimicry (Kennedy
et al., 2015) share the idea of the systemic view on "spaceship earth"
(Boulding, 1966) with limited resources. The development of different
strategies to manage the resource flows in an essentially closed system
was the result of the awareness that our planet is such a (almost) closed
system.

Table 1 summarizes the main characteristics of the understandings
of CE mentioned earlier, as well as compares them with some related
schools of thought.

3. Cascading, resource-based framework and definition of CE

The concept of CE can, to some extent, be described through some of
its components or strategies (like, e.g., reusing, recycling, eco-design
and performance economy), but this is not sufficient to define it, if we
aim for a socio-economic system that is sustainable from a resource-
based point of view. To be complete, the components have to be seen as

1 To add to the confusion, there is no accepted standard in the distinction
between the different scales labelled as micro, meso and macro respectively
(see e.g. (Ghisellini et al., 2016)).
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parts of the larger system, or “ecosystem" (Laurenti et al., 2018). Then
so far, CE has not been systematically thought in a holistic and top-
down manner, taking the planetary environmental constraints as the
absolute limits of the system (Korhonen et al., 2018a). Our intent is
therefore to develop a framework based on this understanding. The
resulting global and systemic approach is a tribute to various authors
and schools of thought (see Table 1) that have contributed to the
emergence and development of the CE concept. This framework will
allow to acknowledge the pragmatic utility of bottom-up and sectorial
approaches, while overcoming the shortcomings of current definitions,
as identified in section 2. After presenting the conceptual construction
of the framework (section 3.1) and its epistemological status (section
3.2), we will develop the theoretical basis of the framework by first
showing the development and foundations of the normative assump-
tions on which it is built (section 3.3) and then identifying the physical
and environmental principles and limitations that have to be taken into
account and how they translate to CE (section 3.4). This leads to the
proposition of a resource-based definition (section 3.5).

To illustrate the theoretical concepts, we discuss the application of
the findings and derive guidelines for practical consideration on a
company or product level on the example of a washing machine. We
will show qualitatively, how the different aspects can be considered in
the design of the washing machine (section 3.4), its business model
(section 4.3) and relate to the larger policy and societal frame (section
4.2). The example is based on the outputs of various discussions and
workshops with a home appliance-company in Switzerland.

3.1. Conceptual construction of the framework

Our human societies are part of the Earth system; they are organized
along normative principles, which can vary depending on cultures,
religions and other moral considerations. Nowadays, there is however a
global consensus on the fact that human dignity and well-being should
be seen as an overall goal of any system developed by humans, while
ensuring that the existence conditions of the system are not destroyed.
We take this normative consensus as the basis of our CE framework and
therefore aim for a CE that acknowledges the need of a sustainable
resource management, in order to allow human dignity for current and
further generations (see section 3.3).

The universe is organized along physical laws, which lead to the
unique distribution of energy, and consequently matter, in space and
time. These principles limit the possibilities for all natural, but also all
technical processes. The Earth system provides vital ecosystem services

to humanity, but has a limited resilience against anthropogenic stres-
sors. These boundaries of the planet and the physical limits combined
should be considered as the overall frame for human activity, in order
not to trigger unintended anthropogenic changes in the Earth system.
To design a sustainable CE, two fundamental engineering problems
need to be addressed:

1 How to quantify the sustainable resource base and make sure that,
despite all uncertainties, the Earth system can sustain the socio-
economic metabolism in the long run?

2 How to utilize these limited resources best within the socio-eco-
nomic system?

Finally, the economy is understood as a constellation of private and
public actors and entities providing goods and services to society. The
deductive approach implies that economic actors should operate within
the environmental constraints, as well as comply to and participate in
shaping the normative societal frame. In order to be most profitable,
they strive to utilize the available resources most effectively.

In summary, our cascading approach for a circular economy (CE),
shown in Fig. 1, is deducing a CE from the given environmental reali-
ties, which represent the frame for human activities.

3.2. Epistemological status and utility of our framework and definition

Our contribution relies on an inclusive and integrative approach,
allowing to place the useful – but incomplete – individual perspectives
into a larger frame. We conceived it as an “ideal-type” (see Weber, 1997
and SI), which represents a clear theoretical ideal version of a concept,
a “north star” that helps orientation. In such an ideal–typical perspec-
tive, according to Weber, the conceptual challenge relies on identifying
and caricaturing the significant and relevant (system of) features of the
(social) phenomenon being studied (see SI). The methodological pro-
cedure then consists of confronting and measuring the divergence or, on
the contrary, the congruence between the ideal-type or Gedankenbild
(i.e. our systemic definition of CE) and the empirical cases studied (i.e.
various CE situations or transition processes). Such an analytical con-
struct can act as an ideal reference point for assessing progress and
measuring efficiency of initiatives towards CE, allowing to analyze and
qualify – and possibly even quantify – the degree of “circularity”. Re-
levant normative principles for paving the transition process towards
CE at different levels (company, sector, region, country, etc.) can be
deduced from such an ideal-typical definition, as each of the elements

Table 1
Summary of main approaches to CE and related schools of thought.

Approach Core strategies Focus / Aim

Practitioner's view on CE, e.g., Ellen MacArthur Foundation, 2013 Renewable energy
No toxic elements
No waste

Economic growth within a resource constrained world

CE with material focus, e.g., Bocken et al., 2017 Prolong service life
Reduce resource intensity
Closing resource loops

Keeping products, components and materials at a high
value

CE consolidated from literature review, e.g., Kirchherr et al., 2017 Reducing
Reusing
Recycling
Recovering
Addressing different scales (micro,
meso, macro)

Sustainable development to achieve environmental
quality, economic prosperity and social wellbeing

Cradle-to-cradle (Braungart et al., 2007 Homrich et al., 2018 Netherlands
Ministry of Infrastructure and Environment, 2011)

Replacing hazardous substances
100 % recyclable technical or biological
nutrients

Creating a wholly beneficial industrial system
Focus on chemical inputs

Industrial ecology (Erkman, 1997;Homrich et al., 2018) System analysis
Utilize by-products as inputs for other
processes (symbiosis)

Designing mature industrial systems inspired by natural
ecosystems as a subsystem of the biosphere

Performance economy (Stahel and Reday-Mulvey, 1981) Selling performance instead of products
(e.g., light as a service)

Economic growth within a resource constrained world
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composing it may be used as normative principles for such a transition
process. Further research could then develop a more formalized step-
by-step proceeding paving the way from linear economy towards the
ideal-typical CE (for an example of such a normative use of an ideal
typical definition, see Knoepfel et al. (2007)).

Developing a concept of CE that would allow, if completed, to stay
within the bio-physical capacity of the planet is of great macro-societal
importance. Keeping an eye on the global resource base is useful to
ensure that initiatives towards CE do not turn out to be counter-pro-
ductive from the environmental point of view (rebound effect) or
phagocytosed by the current “linear” paradigm that CE expressly aims
to overcome, by confusing the means (e.g., implementation of strategies
improving eco-efficiency at the micro level) and the ends (staying
within the planet's bio-physical capacity); such considerations can be
useful for policy-makers and institutions to design environmentally
effective strategies related to CE (top-down approach). On the in-
dividual and company level, an ideal-typical definition, and the nor-
mative criteria derived from it, can be used by businesses as a bench-
mark aiming at improving their environmental performance; by
consumers to evaluate their choices (bottom-up approach). Moreover,
the psychological aspect of presenting an ideal-typical vision should not
be overlooked, as ideals and expectations do political work by bringing
“futures into being, while presenting pathways through which change is to be
achieved” (Lazarevic and Valve, 2017).

3.3. Normative basis of the framework: current international consensus

The willingness to maintain the environmental qualities of today’s
Earth intact is not an ideal goal pursued for its own sake. It is the result
of an anthropogenic and utilitarian view (Sabag-Munoz and Gladek,
2017), which implicitly assumes that the focus should be on allowing
humanity to survive and ideally to thrive further. The relationship

between a healthy environment and human dignity and well-being of
present generations is acknowledged in international agreements. The
Principle I of the 1972 Stockholm Declaration, agreed at the United
Nations (UN) Conference on the Human Environment, declared that:

“Man has the fundamental right to freedom, equality and adequate
conditions of life, in an environment of a quality that permits a life
of dignity and well-being, and he bears a solemn responsibility to
protect and improve the environment for present and future gen-
erations.(…)” (United Nations, 1972)

Even if it is not a legally binding instrument, its thinking is widely
accepted, as shown by various subsequently adopted non-binding de-
clarations (for a list see Hayward (2012)). Moreover, maintaining the
environmental balance in control is necessary to ensure that future
generations enjoy the same “playfield” than the present one. The will to
ensure both intra and inter-generational equity lies at the core of reflex-
ions on sustainability, as reflected in the famous definition of the notion
of Sustainable Development which was defined as "development that
meets the needs of the present without compromising the ability of future
generations to meet their own needs" (Brundtland, 1987; Langhelle, 2000).
It stems from the report of the World Commission on Environment and
Development (WCED) "Our common future", which is advocating the
growth of economies based on policies that do not harm and can even
enhance the environment. In 1992, the UN “Earth Summit” in Rio de
Janeiro confirmed that environmental questions should be seen as a
major global preoccupation of the international community; the global
character of problematics of ecosystem degradation and natural re-
source management was reaffirmed, which largely contributed to the
emergence of international environmental law. Building upon a decade
of major UN conferences and summits, in 2000, the Millennium De-
velopment Goals (MDGs) stated eight development goals for the year
2015 and reaffirmed the willingness to “ensure environmental sus-
tainability”2 . The Sustainable Development Goals (SDGs), which con-
tinue the MDG’s and form the core of “Agenda 2030” again confirm the
environmental concern and the need to act upon it (United Nations,
2018). CE is particularly relevant in relation to goal 12: “Ensure sus-
tainable consumption and production patterns” and can be seen as a tool to
achieve it. As the different SDG’s are partly interdependent and CE
touches on broad aspects pertaining to reducing environmental harm, it
can moreover contribute to achieve others (e.g. direct links with goals
6, 7, 8 and 15 see (Schroeder et al., 2018)); actions towards achieving
other goals can positively impact the transition towards CE (e.g. re-
versed links with goals 4, 9, 10, 13, 16, 17 see Schroeder et al., 2018).

The idea of Earth system limitations to human activities has led to
the development of a multitude of approaches to describe the Earth
system capacity in ecological terms (Sabag-Munoz and Gladek, 2017).
Among the most frequently used are the planetary boundaries
(Rockström et al., 2009; Steffen et al., 2015) and the ecological foot-
print (Wackernagel et al., 1999). The basic idea behind such ap-
proaches is that all collective human activities need to be within the
bio-physical capacity of our one and only planet in order to ensure its
viability for humans in the long run. While the details of the calculation
and of the scientific design of the approaches can be largely debated
(Blomqvist et al., 2013a, b; Giampietro and Saltelli, 2014; Goldfinger
et al., 2014; Montoya et al., 2018; Rees and Wackernagel, 2013;
Running, 2012; van den Bergh and Grazi, 2015), the idea of assessing
human impact in relation to the critical boundaries and the capacity of
the Earth system has found wide international resonance (Sabag-Munoz
and Gladek, 2017)3 . Following this line of thought, we place the
physical and environmental limitations of the planet at the core of our

Fig. 1. Framework for holistic view on thecircular economy with a cascading
top-down approach in 3 layers: The layer of the environment forms the overall
frame for human activities. The latter can be described as the “society”, which is
part of the biosphere, as depicted in the second layer. To be sustainable in the
long run, human activities should integrate the nature-given, non-negotiable,
physical and environmental restrictions from the first layer. The society is or-
ganized along normative definitions. The economy as a third layer is under-
stood as a constellation of actors and entities providing goods and services for
the society. The deductive approach implies that economic actors have to op-
erate within the environmental constraints.

2 See https://www.un.org/millenniumgoals/bkgd.shtml
3 For Switzerland specifically, see https://www.bfs.admin.ch/bfs/en/home/

statistics/sustainable-development/ecological-footprint.html; and Dao et al.
(2018).
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CE definition.

3.4. Physical and environmental restrictions on resources

The physical and environmental constraints that have to be con-
sidered towards a transition to CE consist in identifying the sustainable
resource base (see section 3.4.1) and determining how to best utilize it
(see section 3.4.2).

3.4.1. Identification of a sustainable resource base
On a limited planet, the total amount of any resource is limited.

Considering the vastness of the planet, human operation may appear
insignificant compared with these absolute physical limits. For ex-
ample, the Earth system receives a total energy flux from the sun of
∼1017W (Szargut, 2003), whereas primary energy demand of humans
in 2015 is with ∼1013W (International Energy Agency, 2018) four
orders of magnitude smaller. However, such an analysis is greatly
misleading, as it disregards the resource requirements and emission-
absorbing capacity of the Earth system (Desing et al., 2019). Thus it is
necessary to have a sound understanding of the share of the Earth's
physical resources which are sustainably available for human appro-
priation.

The scientific description of the Earth system is based on modelling,
abstraction and empirical calibration, which creates uncertainties. With
advances in science and modelling efforts, the uncertainties can be
made smaller. Theoretically, the uncertainties will be zero when the
models become as complex and complete as reality itself (Popper,
1968). Models are often used to describe and predicts a system's be-
havior, where the mean outcome (50 % probability) and the associated
uncertainty range are of interest.

For management and design of technical and socio-economic sys-
tems, it is however important to make choices and decisions not based
on mean values, but on those values which guarantee system func-
tioning with a high confidence4 (see Fig. 2). This logic is the underlying
principle in engineering, i.e. designing systems with a very small
probability of failure, despite uncertainties, simplifications and limita-
tions in available models (e.g., Desing (2013); Heuler et al. (2010);
Meyna and Pauli (2010); Molland (2008)).

From a legal point of view, this logic translates into the "precau-
tionary principle"5, which is a general rule that was developed by in-
ternational case law in order to avoid potentially dramatic or irrever-
sible hazards. According to this principle, the absence of absolute
scientific certainty regarding the effects of an action cannot be used as
an excuse to delay the adoption of effective measures for protecting the
environment6 . This principle is implicitly recognized in the Swiss
legislation, where the State shall ensure that environmental damage or

nuisance is avoided and take early preventive measures in order to limit
effects which could become harmful or a nuisance7 . The application of
this principle is leading to determine and adopt a security margin,
which is allowing to take the scientific uncertainties into account
(Jungo, 2012).

Considering the global scale of human operations, the Earth's re-
sources and emission absorbing capacity can no longer be approxi-
mated as infinite. On the contrary, it is necessary to apply the precau-
tionary principle when describing the planetary capacity and designing
environmental loads. This is to ensure that, despite all uncertainties,
there is a high probability that the ecosystem can sustain the socio-
economic system for generations to come. Following this logic, plane-
tary capacities need to be determined at the lower end of the un-
certainty range, as it is done, e.g., in the planetary boundaries frame-
work (Rockström et al., 2009; Steffen et al., 2015), and environmental
loads on the upper end of the uncertainty range, as it is done, e.g., in
risk assessment of chemicals (Gottschalk and Nowack, 2013; Van
Leewuen and Hermens, 1995).

The current state of the Earth system is the only one, where we
know for certain, that it can support human societies (Steffen et al.,
2015). Ecosystems, however, have a limited resilience against human
influence and it is necessary to respect their resilience boundaries in
order to maintain their functionality (Rockström et al., 2009). Bio-
physical boundaries have been observed for many variables on a re-
gional (e.g., sustainable forestry (Thomas and Packham, 2007)) as well
as global scale (e.g., biodiversity (Mace et al., 2014), net primary
production (Running, 2012)). The planetary boundary approach
(Rockström et al., 2009; Steffen et al., 2015) identified nine boundary
categories, which are essential to Earth system integrity: Climate
change, change of biosphere integrity, stratospheric ozone depletion,
ocean acidification, bio-chemical flows, land-system change, freshwater
use, atmospheric aerosol loading, and introduction of novel entities,
respectively. None of the regional and global boundaries shall be
transgressed, thus they are equally important. The actual values and
categories can change with progress in Earth system understanding and

Fig. 2. Precautionary principle for estimating the carrying capacity (or plane-
tary limits) and environmental loads from human activities: the carrying ca-
pacity needs to be underestimated and the environmental loads overestimated
according to best scientific knowledge, in order not to risk any overshoot.

4 E.g., an aircraft with a probability of arrival of only 50% (i.e. 50% prob-
ability of crash) would not be considered acceptable. That’s why critical aircraft
parts and systems are designed in a way that their actual lifetime reaches the
expected lifetime with an probability of failure<10-7/h (Hupfer, 2011).

5 The precautionary principle is often distinguished from the prevention
principle. The latter applies in the case of recognized hazards and foresees the
use of technical measures to reduce or suppress the risk. The prevention prin-
ciple can be seen as a special case - where the uncertainty is identified and
acknowledged - of the more general precautionary principle (Jungo, 2012;
Largey, 2017); in the present article, we include the prevention principle into
the precautionary principle.

6 Principle 15 of the Declaration of Rio (1992 UN Convention on the en-
vironment and development); regarding case law see e.g., Southern Bluefin
Tuna Cases [New-Zealand – Japan; Australia – Japan], List of cases: Nos. 3 and
4, Provisional measures order of 27 August 1999, § 77 ss; Gabcikovo-
Nagymaros Project [Hungary-Slovakia], Judgment, I.C.J. Reports 1997, p. 77-
78, in particular § 140. On the principle of prevention and precaution in in-
ternational environmental law, see Dupuy/Viñuales, Environmental Law, p. 58-
64.

7 See art. 74 al. 2 of the Swiss Constitution: Federal Constitution of the Swiss
Confederation of 18 April 1999, RS 101, status as of 1 January 2018; as well as
art. 1 al. 2 and 11 al. 2 and 3 of the Federal Act on the Protection of the
Environment [Environmental Protection Act, EPA]: Federal Act of 7 October
1983 on the Protection of the Environment, RS 814.01, status as of 1 January
2018. On the principle of prevention and precaution in Swiss law, see Jungo
(2012); Marti (2011).
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modelling as well as changes in the Earth system and are thus dynamic
boundary conditions (Sabag-Munoz and Gladek, 2017).

Human activities need to be designed in a way that they do not
compromise, ideally even advance Earth system functioning, also after
intentional (e.g., abandoned building) or unintentional (e.g., dispersion
(Geyer et al., 2017)) discharge of its material and energy flows. The
appropriation and discharge of resources is thus limited by the bio-
physical capacity of the Earth system and have to be evaluated re-
garding the availability upstream and potential harm downstream (see
Fig. 3). A CE can be considered sustainable, if it is built exclusively on
the sustainably available resources, i.e. products and services utilize the
ecologically available material and energy mix and a management
system needs to ensure that globally resource needs don't exceed
availability.

Let's consider our washing machine example. The outer panels can
be made from different materials (e.g., plastics, coated steel sheet,
stainless steel…). For a sustainable-circular washing machine, the ma-
terials would need to be chosen in regard to their global sustainable
availability, considering resource utilization parameter like recycl-
ability and lifetime of parts (which includes reuse, remanufacture and
repair). Besides the comparison of different material alternatives, the
absolute resource availability in relation to current global production
indicates how much resource use needs to be reduced (or can be still
increased) to become environmentally sustainable. Such targets can be
considered in the design of product systems, such as a washing ma-
chine. It provides an indication on how much the resource intensity of
the service "washing" would need to be reduced to become sustainable
on a global scale, if the demand is assumed to be constant. It can also be
used to set targets for industrial sectors and countries to reduce their
absolute resource use, as it is attempted for CO2 in the science based
targets initiative (Pineda et al., 2015).

3.4.2. Ensure an effective resource utilization
CE is a system with restricted inputs and outputs. The highest

standard of living can be achieved, when the inputs are used most ef-
fectively and outputs are reduced. There are, however, physical lim-
itations to the utilization of resources.

Even though energy is conserved, only such energy conversions are
possible where the entropy increases. Consequently, there are more or

less useful forms of energy and its useful content can be described as
exergy (Ayres et al., 1996; Connelly, 1997). Every conversion process
decreases the exergy content, i.e. exergy is destroyed (Connelly, 1997;
Shukuya, 2013). Entropy correlates to the probability of a system to
appear in a particular state (Stephan et al., 2009). A high state of order
(e.g., a crystal structure) is less likely than a low state of order (e.g.,
random distribution of molecules in gases). Thus the entropy is low,
when the order is high and vice versa. It is possible to increase the order
in a specific part of the system, such as in the refinement of iron ore to
steel. However, this requires useful work (i.e. exergy) and in the overall
system the orderliness decreases.

In a production process, raw material with high entropy is refined
through the employment of exergy into a product with low entropy (i.e.
high order). In the use phase of the product, the entropy increases and,
to restore the initial order, it again requires exergy (see Fig. 4). Every
change in the entropy level in a product leads to entropy production in
the overall system and thus decreases the usefulness of its resources.
Consequently, the first fundamental requirement for CE is:

The circular economy aims at minimizing entropy production.

Small changes in entropy levels are preferable for a CE. The waste
hierarchy, as it is often proposed in a CE context (e.g., European Union
(2008)), can be derived from this requirement. Reuse of parts or pro-
ducts without any changes requires no change in the entropy level of
the material, whereas refurbish and recycle result in increasing entropy
changes. Production out of raw material and disposal in a landfill (i.e.
"linear economy") results, in most cases, in the largest changes of en-
tropy in the material and is thus the least preferable option. However,
the principle of minimizing entropy is not limited to end-of-life stra-
tegies, but has to be applied to all lifecycle steps, e.g. material selection.

Coming back to the washing machine, every stage of the life cycle
consumes exergy and produces entropy. For example, including the
additional functionality of automatic dosing of detergent requires ad-
ditional equipment but potentially reduces detergent consumption. The
amount of exergy destruction for the alternatives with and without
dosing system can be evaluated and the alternative with the lower value
selected. Alternatively, the entropy production can be evaluated
through either thermodynamic entropy (e.g., in energy dominated
systems, like the heating system in a washing machine) or statistical

Fig. 3. The dark green slice schematically re-
presents the sustainably available resources for
the socio-economic metabolism. This slice may
be in reality a little larger (light green slice),
but the precautionary principle requires that
the sustainable share is determined at the
lower end of the uncertainty range. The rest of
the resources are necessary for Earth system
functioning, which includes the absorption and
regeneration of emissions, providing free eco-
system services such as fresh water and air.
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entropy (e.g., for concentration and dilution activities, like detergent
production and waste water treatment, see Rechberger and Brunner,
2002).

Theoretically, materials can be cycled indefinitely as long as suffi-
cient exergy is available (Ayres, 1999). Since available exergy is lim-
ited, materials need to be kept at a low level of entropy for as long as
possible. However, many different mechanisms, such as dispersion,
dilution, contamination, degradation and process losses, inevitably
transform materials into a state of high entropy, where it is essentially
lost for technical use and thus material cycles cannot be fully closed
(see Fig. 4 and Table S1 in SI). For example, material can be dispersed
as fine particles in the environment, with no practical means of re-
covery. Accumulation of impurities is another example for practically
limiting factors to recycling (Lovik and Müller, 2014; Nakajima et al.,
2009). In general, every process step and exposure to ambient condi-
tions, eventually leads to a loss or degradation of the material. To uti-
lize the materials as long as possible, it is essential to build "clean cy-
cles" (Kral et al., 2013), minimize losses to the environment and design
product cycles for longevity (Allwood et al., 2011). The faster a product
needs to be replaced, the more often a cycle is needed to provide the
same service again and the more material is lost per functional unit. As
a second, general requirement for CE, we can thus derive that:

Durability is key to preserve material value ("slow cycle").

The longer a material can be used for its beneficial and intended
purpose, the less material per functional unit is lost. Even though ma-
terial value is preserved, technological progress might make it bene-
ficial to upgrade or replace the product prematurely due to increased
energy efficiency in the use phase (Bakker et al., 2014a). This is how-
ever only relevant for technologies in early development stages and
products causing high impacts in the use phase in comparison with
other life-cycle phases and a technological upgrade may solve the
problem (Telenko et al., 2016).

For example, once produced, the washing machine side panel
doesn't cause any environmental impacts during its useful life and it is
therefore beneficial to use it as long as possible. The washing machine,
at the other hand, requires resources and causes environmental impacts
during the use phase. The efficiency of the washing machine declines
over time due to calcination, wear and material aging and a newer
model may have increased efficiency, making it environmentally

beneficial to replace the old machine at a certain point (i.e. ecologically
optimal lifetime (Gensch and Blepp, 2015)). The side panel, as many
other parts of the old washing machine, can be still used in its intended
function in the new model, which however would require a standar-
dization of these parts and a take back mechanism for old machines.
The longer the use of its parts, the smaller the amount of resources
required to fulfil the same functionality.

Materials and energy are available in limited quantities, especially
those qualities, which can be technically made available for human use
(Allwood et al., 2011; Ayres, 1999). To utilize both materials and en-
ergy as long as possible, they need to be applied as effective as possible.
Efficiency is the third general requirement for CE:

Optimizing output per unit input for all resources (i.e. efficiency)
utilizes the sustainable resource base best.

For washing machines, energy efficiency had long been in the focus.
However, this concept has to also be applied to resource in general, i.e.
consumables in all life cycle stages (e.g., detergent, solvents) as well as
materials in the machines itself. The efficiency can be increased at the
level of processes (i.e. minimize process losses and manufacturing
waste) or in the product. For example, light-weighting, functional in-
tegration and washing cycle optimization can reduce resource demand
of a washing machine.

The strategies of material cycling of mainstream CE understanding,
along with strategies from related schools of thought, are derived as a
consequence of optimized resource use in a restricted socio-economic
system. To select the optimal solution for a product, initiative or
strategy, a thorough assessment against the general requirements and
the sustainable resource base needs to be carried out. Again, such an
assessment needs to follow the precautionary principle, that is to say,
impacts need to be calculated as the upper limit of the uncertainty
range.

3.5. Definition

Building on the findings of the previous sections, taking into ac-
count the limitations of current definitions, the idea of a normative
status, but also the physical and ecological considerations, we propose
to define CE as follows:

The Circular Economy is a model adopting a resource-based and
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Fig. 4. Schematic representation of entropy
changes in lifecycle steps (entropy axis on the
right). Virgin resources (high entropy) are re-
fined to products (low entropy). At the end of
life, different strategies lead to different
changes in the entropy level, where green ar-
rows indicate recovered materials, and dashed-
grey denotes downcycling, where the material
cannot be used for the same purpose any
longer. Every step in the life cycle leads to in-
evitable losses (dotted-red).
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systemic view, aiming at taking into account all the variables of the
system Earth, in order to maintain its viability for human beings. It
serves the society to achieve well-being within the physical limits
and planetary boundaries. It achieves that through technology and
business model innovation, which provide the goods and services
required by society, leading to long term economic prosperity. These
goods and services are powered by renewable energy and rely on
materials which are either renewable through biological processes
or can be safely kept in the technosphere, requiring minimum raw
material extraction and ensuring safe disposal of inevitable waste
and dispersion in the environment. CE builds on and manages the
sustainably available resources and optimizes their utilization
through minimizing entropy production, slow cycles and resource
and energy efficiency.

Appropriate strategies within CE can then be, e.g., life time exten-
sions, combination of functions, upgrade of old products to new tech-
nological standards, repair, reuse functions, reuse parts, recycle mate-
rials, etc., which have to be selected, case by case, considering
minimum resource requirements and environmental impacts.

4. Discussion

Except for the assumed normative position to ensure inter-genera-
tional equity and the acknowledged willingness to serve human well-
being and prosperity (see section 3.2), our abstract and systemic defi-
nition of CE intently disregards the content of normative considera-
tions, as they are, per definition, subject to change. From a theoretical
perspective, the organization of the society and the contours of – and
how we actually define – human well-being and economic prosperity
are the result of normative and political choices that therefore do not
have to be further defined in the view of an ideal-typical definition as
developed above. Different social organization forms and political
systems could certainly be fit to stay within this frame and achieve a
non-wasteful use of resources, given that they respect a resource based-
approach. Moreover, different forms of CE can be imagined and could
coexist (Hobson and Nicolas, 2016). In an attempt to nevertheless give
hints and avenues for reflection and to embed the natural science and
engineering considerations developed in section 3.4 into a larger con-
text, we suggest that following general considerations may be dis-
cussed, if the goal is to implement a CE concept that is systemic and
resource-based by definition. In section 4.1 we raise some important
governance questions and show in section 4.2 possible pathways to-
wards an integration of Earth system capacity into resource govern-
ance. Section 4.3 discusses the role of business in this approach and will
highlight some possible challenges and consequences deriving and
whenever useful, applied to the example of a sustainable-circular
washing machine.

4.1. Resource management and governance questions

A resource-based approach implies to quantify the resources avail-
able and then to agree on repartition mechanisms. A big task ahead will
consist in developing mechanisms to ensure the allocation of the
available resource base, as different allocation principles can be ima-
gined (e.g., egalitarian, based on economic throughput or capacity,
using historical approaches like the grandfathering principle, etc.
(Sabag-Munoz and Gladek, 2017)). In this regard, some of the questions
which need to be addressed in a political discourse – and more im-
portantly agreed on and implemented – are:

- How to globally agree on a method or standard to quantify the
available resource base, as different methods can be challenged and
all integrate necessary approximations and assumptions?

- How to divide and allocate this available resource base then among
nations, regions, economic sectors, companies and individuals? By

whom should the allocation be calculated and by using which cri-
teria?

- How to ensure that the planetary limits are respected everywhere
and at all times? What kind of (world-wide) monitoring system
could help achieve such a goal?

- What are the more efficient and politically acceptable policy in-
struments? Should we favour top-down regulations, with quotas,
legal interdictions, obligations and penalties over “political in-
centives” and self-regulation (“budgeting” and/or “targeting”)?

- Under what conditions could we rely on existing market-based
mechanisms for a sustainable resource allocation? In other words,
could the weight of negative externalities be integrated into and
reflected by price mechanisms?

- How to achieve coherence in the governance of natural resources,
especially with regard to the current spatial mismatch between so-
vereign institutional territories and global resource flows?

4.2. Towards a systematic socio-economic integration of Earth capacity

Ehrenfeld (1997), building on intuitionalist models of organized
social behaviour, describes “the dominant social paradigm” (DSP) as the
paradigmatic foundation in which dominant beliefs and social norms
are contained: specific forms of social structures result from the diffu-
sion of “the culturally foundational notions into more explicit organizational
(or paradigmatic) forms -government, church, family, corporate, etc.- and
the shape of missions, tools, and authoritative relationships that characterize
them”. The author states that the natural world has been disconnected
from social thinking and action in the paradigmatic base of western
modernity; therefore implementing our ideal-typical CE within the
current DSP represents an (impossible) challenge. Indeed, most of our
current institutional structures are being rooted in a “linear” world
view and the transition towards a more “systemic” one imply deep
changes. Environmental law for example, as credibly shown by DeLucia
(2013), historically, is infused with particular epistemological as-
sumptions and cultural values, which reflect a worldview developed
“under the influence of the prevailing Cartesian legal ontology”. The current
position of environmental law internationally is therefore really deli-
cate, as its role is to address multiple ecological crises, while “structu-
rally and conceptually being rooted in a broader legal tradition thoroughly
implicated in the domination and ‘othering’ of nature”, hand in hand with
science (“the scientific-legal complex”) (DeLucia, 2013).

With regard to a systemic and resource based CE, it appears that the
integration of the natural world and the Earth capacity into socio-
economic thinking requires a shift in the paradigmatic base, as it im-
plies a change in the way all social actors, be it individuals, businesses
or governments consume and produce, and more generally, on how
they see the world. It may require to question and adapt our world-
views on different subjects (e.g., relationship between humans and
nature, patterns of politics, methods of scientific inquiry) (Ehrenfeld,
1997; Wallace et al., 1996). As stated by the World Business Council for
Sustainable Development (2017), “transitioning to the circular economy
will catalyse the most transformational economic, social and environmental
changes since the First Industrial Revolution”. As an illustration, in the
following lines, some institutional consequences of a model being
deeply rooted in a linear world view and how systemic thinking might
affect them, are briefly discussed.

4.2.1. From compartmentalization towards integration
According to a strong compartmentalization logic, environmental

considerations are treated as separate and distinct from social and
economic considerations. For example, "environmental sustainability"
was only one out of 8 MDGs and the environment is considered in only
3 out of 17 SDGs. A similar logic is often present in national regulations,
where environmental law is approached as a specific domain instead of
being embedded into other regulatory fields. The interests of the en-
vironment are weighted as separate parameters to be balanced with
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other considerations, implicitly occulting the link between the eco-
nomic and social impacts of the environmental and resource crisis. This
reductionist understanding is particularly visible in the weak under-
standing of sustainable development8, which is aiming at balancing
environmental, economic and social considerations, while accepting
that a decrease of environmental capital can be compensated by the
increase of economic or social capital. The original conception of sus-
tainability, as presented in the Brundtland (1987) report, imposed to
preserve natural systems and resources in order to maintain the global
integrity of the Earth system, is more in line with a systems perspective;
there was no possible trade that would allow to compensate irreversible
environmental losses through an increase in economic or social capital
(Flückiger, 2006). For approaching our ideal-typical definition of CE,
the physical limits and environmental boundaries, derived according to
the precautionary principle, can be seen as the frame within all activ-
ities need to take place. Hence, to reach a socio-economic system that is
sustainable in the long run – at least from an environmental perspective
– it should be ensured that the principles of CE, as defined in section
3.5, are respected on a global scale and every socio-economic activity
takes place within these boundaries. As a consequence, when it comes
to regulating the social organisation (and the economy, which is part of
the society), decisions that are not allowing to stay within the safe
operating space for humanity (Dearing et al., 2014; Raworth, 2013)
should be dismissed. Considerations about the sustainably available
resource base are therefore to be integrated into every sector and ac-
tivity. An example of this understanding is the “wedding cake” re-
presentation of the SDG’s developed by the Stockholm Resilience
Centre, which acknowledges that economies and societies are em-
bedded in the biosphere and that different SDG’s directly or indirectly
rely on a sound resource base and food system9 . Also, the idea of in-
tegration has already found its way into the policies of the EU: making
sure that environmental concerns are fully considered in the decisions
and activities of other sectors is a requirement under the EC Treaty
since 199710 . To put this requirement into practice, the European
Council launched the “Cardiff process” in 1998, which was designed to
introduce a horizontal approach to environment policy by in-
corporating it into all Community policies11 . The importance of en-
vironmental integration was reaffirmed in the 6th Environment Action
Programme12 .

4.2.2. From short-sighted and free market coordination towards
prioritization of long-term sound management of resource base

Given the combination between the free market as the primary
coordination institution (Ehrenfeld, 1997) and a short time-horizon for

decision making and profit earning, environmental regulations are
generally perceived as barriers to the exercise of individual and eco-
nomic freedom13 . The subsidiary importance of environmental pro-
tection acts and its potential opposition with individual and economic
freedom can be observed in the international context14 . Environmental
law is sometimes presented as a “mitigating” or “containment” instru-
ment aiming at reducing the ecological problems created by economic
and industrial activities “to the extent possible” (DeLucia, 2013). The
same phenomenon is to be found at the national level: in Switzerland
for example, some dispositions of the Environmental Protection Act
(EPA)15 are weakened by typical reservations expressed as “wherever
possible” (e.g., art. 30 al. 1 et 2 EPA) or “provided that this is eco-
nomically acceptable” (e.g., art. 30d al. a EPA, see also art. 11 al. 2
EPA). Swiss case law also explicitly addresses the relationship between
environmental protection and economy as a “tension field” (ATF 131 II
431 ss, ground 4.1)16 . According to art. 36 of the Swiss Constitution
(Cst.)17 restrictions to fundamental rights can be admitted, if the re-
strictions are necessary and proportionated to guarantee a higher public
interest (health, political stability, etc.). In some cases, restrictions to
economic freedom (which is a fundamental right, see art. 27 Cst.) were
justified by the protection of the environment (ATF 140 I 218 ss, ground
8.8; Supreme Court 2C_ 136/2018, September 24, 2018, ground 6.1).
From a systems perspective this makes a lot of sense, a stable en-
vironment is a precondition for the economy and society to function. As
already identified by the Commission of the European communities in
1998, “the current pattern of economic development too often entails con-
flicts between development and environment; this cannot be permitted to
continue. Policies that result in environmental degradation and depletion of
natural resources are unlikely to be a sound basis for sustainable economic
development” (COM/98/0333)18 . Regulations, their application – and
therefore mentalities – need to adapt in order to overcome this con-
structed and unsystematic tension field that lies in the way of a tran-
sition towards a CE. With a change of perspective, environmental reg-
ulations and restrictions could even be perceived as a positive enabler
to allow well-being (including economic wealth) and long-term survival
(and profit), rather than a barrier to the exercise of their rights and
freedom19 ; hence, instead of thriving to balance supposedly conflicting
interests, measures towards a sound resource management would be
prioritized in order to ensure other interest (like economic and

8 For the distinction between strong and weak sustainability and different
understandings of the notion, see e.g. (Flückiger, 2006; Reiser and Pforr, 2018)

9 See https://www.stockholmresilience.org/research/research-news/2016-
06-14-how-food-connects-all-the-sdgs.html, consulted on June 17, 2019.

10 Article 6 of the Treaty establishing the European Community (Consolidated
version 2002), OJ C 325, 24.12.2002, p. 33–184 (ES, DA, DE, EL, EN, FR, IT,
NL, PT, FI, SV), Document 12002E/TXT, http://data.europa.eu/eli/treaty/
tec_2002/oj: "environmental protection requirements must be integrated into
the definition and implementation of the Community policies [.] in particular
with a view to promoting sustainable development".

11 More information related to the Cardiff Process see https://eur-lex.europa.
eu/legal-content/EN/TXT/?uri=LEGISSUM:l28075 and Communication from
the Commission to the European Council - Partnership for integration - A
strategy for Integrating Environment into EU Policies - Cardiff - June 1998 /*
COM/98/0333 final */ (https://eur-lex.europa.eu/legal-content/EN/TXT/
PDF/?uri=CELEX:51998DC0333&from=EN)-

12 Pertaining to art. 1 al. 1 of Decision No 1600/2002/EC of the European
Parliament and of the Council of 22 July 2002 laying down the Sixth
Community Environment Action Programme, “[t]he Programme should pro-
mote the integration of environmental concerns in all Community policies (…)”
(https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=
CELEX:32002D1600&from=EN).

13 For an example: the main argument for rejecting the interdiction of single-
use plastic bags in Switzerland was that it could be considered as a dis-
proportionate limitation of economic freedom, see (Epiney and Hehemann,
2015)

14 See e.g. in the field of biodiversity protection art. 2 al. 3 of the Convention
on Wetlands of Importance especially as Waterfowl Habitat (or Ramsar
Convention): “the inclusion of a wetland in the List does not prejudice the
exclusive sovereign rights of the Contracting Party in whose territory the
wetland is situated”, https://www.ramsar.org/sites/default/files/documents/
library/scan_certified_e.pdf; RS 0.451.45 or art. 22 of the Convention on bio-
logical diversity (CBD) “The provisions of this Convention shall not affect the
rights and obligations of any Contracting Party deriving from any existing in-
ternational agreement, except where the exercise of those rights and obligations
would cause a serious damage or threat to bio-logical diversity”, https://www.
cbd.int/convention/text/.; RS 0.451.43.

15 Federal Act of 7 October 1983 on the Protection of the Environment,
Systematic Register for Swiss Federal Legislation (“SR”) 814.01, status as of 1
January 2018; it is among other intending at preserving “the natural founda-
tions of life sustainably” (see art. 1 al. 1 EPA).

16 ATF stands for “arrêt du Tribunal federal”, which means Decision of the
Swiss Federal Supreme Court; on this question see Felix Uhlmann,
Grundprinzipien der schweizerischen Umweltverfassung aus der Sicht des
Wirtschaftrechts, in URP 2007 p. 706.

17 Federal Constitution of 18 April 1999 of the Swiss Confederation, SR 101.
18 See footnote 13.
19 Regarding frameworks aiming to elaborate an ecological philosophy of law,

see (Tallacchini, 2000)
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individual freedom).

4.2.3. From end-of-life towards life-cycle thinking
The evolution of environmental law shows that often, major reg-

ulations were adopted after main environmental catastrophes, namely
to mitigate contaminations, when they became a visible nuisance (see
e.g., Knoepfel, 2019). Waste law is being rooted in an end-of-life ap-
proach, where the goal is to better manage waste and the contamina-
tion of the environment. It is focusing on improving collection and
recycling. A lot of progress has been made over the years (from landfill
to incineration, better recovery rates and recycling techniques, etc.).
However, such an end of pipe approach, focusing on reducing the
symptoms and trying to mitigate the negative impacts of production
and consumption, rather than examining the global picture, does not
cover all aspects of a CE and is therefore insufficient. A conceptual shift
towards life-cycle thinking which could be recognized as a formal en-
vironmental principle (De Römph, 2018) would be beneficial. It reflects
a perception of environmental problems that puts the product at the
centre, through its entire life phases and associated impacts (Bugge
et al., 2018). Product design and the policy framework impacting de-
sign “assume a central role, guiding the flows of materials in and out of the
environment, and, at the same time, reflecting their social, economic im-
portance. Looking at products, rather than processes, shifts the policy-ma-
ker's focus from the end of the process pipe to the center stage of the market
and the market's social importance as a means to satisfy the collective de-
mands of a policy” (Ehrenfeld, 1997). Legislation doesn’t expressly ad-
dresses or define life-cycle thinking yet, but the EU environmental
policies, namely in the light of the CE Package20 and the Green Paper on
Integrated Product Policy21 consider it as an important “policy prin-
ciple” (De Römph, 2018). The cascading waste hierarchy, which es-
tablishes a priority order from prevention, preparation for reuse, re-
cycling and energy recovery through to final disposal, such as
landfilling, is a principle that aims to encourage the options that deliver
the best overall environmental outcome (see COM/2015/0614 fin. l
cited in footnote 24; in Switzerland, see art. 30 EPA), which is also
reflecting a step in direction of life-cycle thinking approach. Going a
step further could consist in recognizing the existence of “(EU) mate-
rials law” (De Römph, 2018) or to shift from waste to product law
(Backes, 2017).

In relation to the illustrating example of the circular washing-ma-
chine, the integration principle could lead to take into account a sound
allocation of resource scarcity and budgets in public policies or legis-
lation: that could for example be formalized through importation taxes
or directives regarding the choice of materials and product design (e.g.,
prohibition to use scarce materials if an alternative is available);
prioritizing environmental impact rather than free market as a co-
ordination mechanism could for example lead in extended interdictions
of toxic substances and materials, changes in accounting rules and
standards, taxing “entropy production” rather than “value creation“,
which should all be designed in a way to make a circular washing-
machine more attractive over its life-cycle. Finally, shifting to a life-
cycle approach could, for example, be reflected with further im-
plementation of the Extended Producer Responsibility, extension of
guarantees, obligations to provide spare parts, higher taxes on primary

resources and lower taxes on labour, which are all possible actions that
incentivize a better conception of the product with a long-term per-
spective in mind and an extended usage, through maintenance, repair
and refurbishment.

4.3. Business as a driving force of the transition?

Implementing sustainable CE imposes new boundary conditions for
the economic system and also requires a paradigm shift in corporate
understanding. As argued in section 3.4.1, resources are available in
finite quantities. Hence, either there will be regulations that oblige
companies to internalize their resource budgets or companies will vo-
luntarily internalize it. In the second case, companies will benefit from
the saleable first mover advantage, reduced dependence on resource
price fluctuations and positive benefits of social welfare. Either way,
this inclusion of resource finiteness would be the starting point for
companies to change the current inside-out perspective in the business-
as-usual paradigm and shift the perspective to outside-in. Analogous to
the considerations of Dyllick and Muff (2016) thoughts to “Truly Sus-
tainable Business”, this means that companies need to integrate en-
vironmental and social factors into their business management strate-
gies and in their business models. The typological increase (Business
Sustainability 1.0, 2.0 and 3.0) used by Dyllick and Muff (2016) starts
with companies that pay attention to sustainability due to external
pressure or market factors without changing the current business pre-
mises up to companies that convert sustainability challenges into
business opportunities and give business sense to social or environ-
mental issues. The voluntary inclusion of such resource budgets as a
self-restricting instrument raises companies in this typology high up-
wards.

The pragmatic application of this outside-in approach can be found
in the innovation from traditional to more sustainable (e.g., Baden-
Fuller (1995); Joyce and Paquin (2016); Lüdeke-Freund et al. (2018))
or in our case cycle-oriented business models (e.g., Bocken et al.
(2014)). The change of perspective through the outside-in approach can
also lead to more integral and sustainable management practice as
called for, e.g., by Stead and Stead (2008). Especially the voluntary
restriction to sustainable resource budgets and optimizing its use
through company management may stimulate activity in the market
economy as well as in social and political structures and provide im-
portant impulses for the introduction of state-coordinated regulations
towards sustainable resource allocations. The paradigm shift lies in the
fact that the inclusion of a finite availability of resources becomes a key
factor in strategic decisions and thus actively flows into the corporate
calculation.

The paradigm shift can also be seen in a further pragmatic step as
the effort of companies to innovate their business models as a result of
the (exogenous) resource budget constraints. This is due to the fact that
innovative business models (e.g., "light as a service" (Philips Lighting,
2018)) can drastically reduce the resource requirement and thus can be
of significant competitive advantage. And business models determine
the profound purpose and activities of a company as well as the logic of
how value is delivered to the consumer as a holistic description
(Chesbrough, 2010; Chesbrough and Rosenbloom, 2002; Teece, 2010;
Zott and Amit, 2010). The growing business model literature deals with
the in-depth redesign of business models and demands an easier in-
tegration of sustainability into the business of companies (Bocken et al.,
2014; Boons et al., 2013; Joyce and Paquin, 2016; Schaltegger and
Wagner, 2011; Stubbs and Cocklin, 2008; Yunus et al., 2010). In this
context, various authors speak of "circular business models" (Bakker
et al., 2014b; Geissdoerfer et al., 2018; Urbinati et al., 2017). It is im-
portant to note that the idea of “one” business model on its own can
achieve CE seems rather illusory – in view of all the business activities
that have to be undertaken to create a CE. The "circular" says more
about the "cycle applicability" than about a self-contained circular
business model. It is therefore helpful to place the innovation of

20 More information on the Final CE Package for Circular Economy see http://
ec.europa.eu/environment/circular-economy/index_en.htm; regarding the
adoption of an Action Plan towards CE, see COM/2015/0614 final:
Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the
Regions - Closing the loop - An EU action plan for the Circular Economy,
2.12.2015: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=
CELEX:52015DC0614.

21 COM/2001/68 ; see also Commission Communication on Integrated
Product Policy Building on Environmental Life-Cycle Thinking, COM/2003/302
final, p. 10.
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"circular" business models in the larger context and to see it as a bundle
of business models along the closed-loop supply chain which enable a
CE (Guide and Van Wassenhove, 2006, 2009; Lüdeke-Freund et al.,
2019). It is important, consequently, that the considerations of the
boundary conditions are carried out over the entire closed-loop supply
chain.

The practical example of the washing machine from section 3 with
the changes in design, selection of materials and the adapted possibi-
lities of usage show how challenging the design of new, cycle-oriented
business models can be. A critical and complicating issue, which is
typical for the linear economy, is the fact that products are classically
sold to the consumers. The resulting loss of customer relationship and
control over the product itself while it is used – due to the change in
ownership – makes lifetime-extending repairs, maintenance or concrete
refurbishment measures difficult (Bocken et al., 2016; Moreno et al.,
2016; Ritala et al., 2018). In order to increase the profitability of such
circular changes, incentives can be internalized via new revenue
models, which no longer require a change of ownership and expand the
corporate customer relationship (Bocken et al., 2014; Moreno et al.,
2016). For practical illustration, two suitable revenue models – as an
important part of a cycle-oriented business model – are presented in
more detail: performance-based contracting or pay-per-use (Bocken
et al., 2016; Ellen MacArthur, 2013; Gassmann et al., 2014). The first
one enables companies to deliver a comprehensive service promise
(which includes maintenance, upgrading, etc.) to their customers which
aims to provide a desired outcome (e.g., clean garments) instead of the
purchase of the washing machine. Due to the new contractual situation,
the company generates income during the entire lifetime of the washing
machine, and no longer only by selling it once. Also with the second
revenue model the washing machine remains in the ownership of the
manufacturer and the customer pays simply per wash, i.e. pay-per-
wash. In addition, this increases the incentive for consumers to limit
their consumption to what is necessary and to price it more precisely.
Studies in the corporate context show that the implementation of cycle-
oriented business models or patterns is complex and subject to a wide
variety of interlinked dimensions of politics, market, society and tech-
nology (de Jesus and Mendonça, 2018; Kirchherr et al., 2017;
Ormazabal et al., 2017). All these studies show barriers towards the
implementation of CE and demonstrate at the same time the key role of
companies in the centre of all these interconnections and inter-
dependencies as effective implementing bodies of CE. The analysis of
the barriers identified (often divided into cultural, technical, market
and regulatory barriers) indirectly reveal the enormous inherent po-
tential that can be found in solutions to overcome them. Kirchherr et al.
(2017) show how the different barriers are connected and that the in-
terrelatedness of these can lead to chain reactions towards the im-
plementation failure or success of CE. In this way, market-relevant
factors can prevent political and thus legal changes, which in turn
prevent market efforts towards new and innovative cycle-oriented
business model innovations and in the end hinder change in consumer
behaviour. For example, a lack of demand for resource-saving and
cycle-oriented products can lead to a restrained supply of such products
on the market and limited funding related business models, which in
turn reduces the signal for politicians to elaborate incentive systems for
companies who want to produce cycle-oriented products. The described
interdependence does not only move in one direction but can also be
seen as one with reciprocal potential.

This is a clear statement for the voluntary participation of compa-
nies in the integration of the above-mentioned resource budgets and
thus taking up the role as exemplary signal carriers in the market.
Companies can therefore not only benefit from the predicted financial
long-term potential of CE and innovative cycle-oriented business
models (Ellen MacArthur Foundation, 2015; World Business Counsil for
Sustainable Development and Boston Consulting Group, 2018), but also
redefine its corporate sense of purpose. They can directly or indirectly
as a by-product of their traditional corporate activities play this

important role in the transition towards CE. The corporate opportu-
nities resulting from new cycle-oriented business models can thus be
transferred on the one hand to secure corporate prosperity and long-
term survival and on the other hand, trigger important impulses beyond
the actual corporate sphere of activity. In order to bring CE forward,
there is a need to critically evaluate the risk that either companies or
governments use CE as pure symbolic signalling effect (Baker, 2007;
Matten, 2003). Otherwise, CE as a concept becomes meaningless and
degenerates into a simple marketing medium.

5. Conclusions

This paper presents a systematic top-down approach to CE, which
describes an ideal, or reference, and aims at connecting global sus-
tainability criteria with initiatives at company level. The normative
assumption behind this ideal is based on the global consensus that
humanity thrives for well-being and survival for present and further
generations. In order to connect environmental boundary conditions
with individual decision making, we identified a need to translate
ecosystem boundaries into resource budgets. These serve two purposes:
the comparison of material alternatives to aid the selection of materials
based on easy-to-handle environmental criteria, as well as the quanti-
fication of the absolute resource intensity reduction required to reach
environmental sustainability on a global scale. A CE strives to utilize
these limited resource most effectively and we have identified three
general engineering guidelines to achieve this:

- Minimize entropy production: selecting circular strategies (e.g.,
reuse, refurbishment) according to the entropy production over the
whole life-cycle.

- Slow cycles: prolonging the service life of parts (e.g., to be used in
refurbished products) or the whole product (e.g., reuse).

- Resource efficiency: reducing process losses (e.g., off-cuts) and
material demand for functional equivalence (e.g. light-weighting).

The implementation of a CE could be eased by the adoption of
punctual new regulations and incentives, such as for example inter-
diction of mixed-materials, higher tax on raw material and lower tax on
labor, etc. More importantly, transitioning towards a sustainable CE is
tightly linked with a shift in the way we look at the world, which in turn
impacts how we conceive, systematize and apply our regulatory and
institutional systems. Namely, from a policy perspective, we suggest
that a CE could benefit from and lead towards higher integration of
environmental concerns into every other field, a clear prioritization of
maintaining a sustainable resource-base over other short-term interests
– in order to safeguard these interests in the long-run – and finally a life-
cycle-thinking approach. At the company level, this raises the question
of how business models can be innovated along closed-loop supply
chains in such a way that they can jointly satisfy customer needs within
the resource budgets. This involves the shaping of customer relation-
ships, entrepreneurial cooperation in value networks along the closed-
loop supply chain and the shaping of suitable revenue models as well as
product take-back procedures.

To support business model and technical innovations, guidelines
and indicators need to be developed to enable and ensure an effective
implementation of CE. These guidelines can influence the design of a
product system starting with the conception phase, when the environ-
mental impacts are essentially determined. Before a product enters the
market, a life cycle assessment (LCA) (Pennington et al., 2004; Rebitzer
et al., 2004) study can show how effective the design process had im-
plemented the sustainability requirements of CE. Further, material flow
analysis (MFA) (Brunner and Rechberger, 2016) on sector, country and
global scales need to keep track of the material flows and monitor the
actual utilization of the sustainable resource base and its associated
environmental impacts of socio-economic activities. The business mo-
tive will drive innovation to utilize the restricted resources best. This
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will, we believe, trigger research and development of truly "circular"
products, following the general guidelines outlined in this paper.

As a next step, there is a need to develop possible pathways to in-
itiate a transition process towards such a CE. It is necessary to develop a
methodology to estimate and calculate global sustainable resource
budgets. Based on this, concrete product design guidelines can be for-
mulated and tested in case studies together with companies. Business
model innovation goes hand in hand with the product design, in order
to achieve the resource intensity reductions in the product or service
required to reach environmental sustainability globally. From an im-
plementation perspective, the allocation of resource budgets requires
the creation of new institutional structures or a political agreement
within the current ones; however, voluntary bottom-up initiatives from
companies, sectors, countries, can lead to self-orientation towards the
respect of planetary boundaries.

Declaration of Competing Interest

The authors declare that there are no conflicts of interest.

Acknowledgements

The present work was funded by the Swiss National Science
Foundation (SNSF)in the framework of the project "LACE – Laboratory
for an Applied Circular Economy" (grant number 407340_172471) as
part of the National Research Program “Sustainable Economy: resource-
friendly, future-oriented, innovative” (NRP 73).

The authors thank Anne-Christine Favre and Heinz Böni for their
valuable comments to this manuscript.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at: https://doi.org/10.1016/j.resconrec.2019.104673.

References

Allwood, J.M., Ashby, M.F., Gutowski, T.G., Worrell, E., 2011. Material efficiency: a
white paper. Resour. Conserv. Recycl. 55 (3), 362–381.

Arnsperger, C., Bourg, D., 2017. Ecologie intégrale : pour une société permacirculaire.
Presses universitaires de France, Paris.

Ayres, R., 1999. The second law, the fourth law, recycling and limits to growth. Ecol.
Econ. 29, 473–483.

Ayres, R., Ayres, L., Martinás, K., 1996. Eco-Thermodynamics: Exergy and Life Cycle
Analysis. INSEAD, Fontainebleau, France.

Backes, C., 2017. Law for a Circular Economy. Eleven Interantional Publishing.
Baden-Fuller, C., 1995. Strategic innovation, corporate entrepreneurship and matching

outside-in to inside-out approaches to strategy Research1. Br. J. Manage. 6 (s1),
S3–S16.

Baker, S., 2007. Sustainable development as symbolic commitment: declaratory politics
and the seductive appeal of ecological modernisation in the European Union.
Environmental Polit. 16 (2), 297–317.

Bakker, C., Wang, F., Huisman, J., den Hollander, M., 2014a. Products that go round:
exploring product life extension through design. J. Clean. Prod. 69, 10–16.

Bakker, C.M., Hollander, D., van Hinte, E., Zijlstra, Y., 2014b. Product That Last. Product
Design for Circular Business Models. TU Delft Library, Delft.

Blomqvist, L., Brook, B.W., Ellis, E.C., Kareiva, P.M., Nordhaus, T., 2013a. The ecological
footprint remains a misleading metric of global sustainability. PLoS Biol. 11 (11).

Blomqvist, L., Brook, B.W., Ellis, E.C., Kareiva, P.M., Nordhaus, T., Shellenberger, M.,
2013b. Does the shoe fit? Real versus imagined ecological footprints. PLoS Biol. 11
(11), 1–6.

Blomsma, F., Brennan, G., 2017. The emergence of circular economy: a new framing
around prolonging resource productivity. J. Ind. Ecol. 21 (3), 603–614.

Bocken, N.M.P., Olivetti, E.A., Cullen, J.M., Potting, J., Lifset, R., 2017. Taking the cir-
cularity to the next level: a special issue on the circular economy. J. Ind. Ecol. 21 (3),
476–482.

Bocken, N.M.P., Pauw, I.D., Bakker, C., Grinten, B.V.D., Bocken, N.M.P., Pauw, I.D.,
Bakker, C., Grinten, B.V.D., 2016. Product design and business model strategies for a
circular economy. J. Ind. Prod. Eng. 1015, 1–12.

Bocken, N.M.P., Short, S.W., Rana, P., Evans, S., 2014. A literature and practice review to
develop sustainable business model archetypes. J. Clean. Prod. 65, 42–56.

Boons, F., Montalvo, C., Quist, J., Wagner, M., 2013. Sustainable innovation, business
models and economic performance: an overview. J. Clean. Prod. 45, 1–8.

Boulding, K.E., 1966. The economics of the coming spaceship earth. In: Jarrett, H. (Ed.),

Environmental Quality Issues in a Growing Economy, pp. 3–14.
Braungart, M., McDonough, W., Bollinger, A., 2007. Cradle-to-cradle design: creating

healthy emissions – a strategy for eco-effective product and system design. J. Clean.
Prod. 15 (13–14), 1337–1348.

British Standard, 2017. BS8001:2017 Framework for Implementing the Principles of the
Circular Economy in Organizations – Guide. BSI Standards Limited.

Bromley, D., 1991. Environment and Economy. Property Rights and Public Policy.
Blackwell, Oxford.

Brundtland, G.H., 1987. Our Common Future: Report of the World Commission on
Environment and Development. World Commission on Environment and
Development.

Brunner, P., Rechberger, H., 2016. Handbook of Material Flow Analysis : for
Environmental, Resource, and Waste Engineers. CRC Press, Boca Raton.

Bugge, H.C., Dalhammer, C., Maitre-Ekern, E., 2018. Developing Legislation to Prevent
Environmental Damage from Products. Preventing Environmental Damage from
Products. Cambridge, pp. 1–20.

Chesbrough, H., 2010. Business model innovation: opportunities and barriers. Long
Range Plann. 43 (2–3), 354–363.

Chesbrough, H., Rosenbloom, R.S., 2002. The role of the business model in capturing
value from innovation: evidence from Xerox Corporation’s technology spin-off com-
panies. Ind. Corp. Change 11 (3), 529–555.

Clift, R., 1995. Clean technology - an introduction. J. Chem. Technol. Biotechnol. 62,
312–326.

Clift, R., 1997. Clean technology - the idea and the practice. J. Chem. Technol.
Biotechnol. 68 (4), 347–350.

Connelly, L., 1997. Two aspects of consumption using an exergy based measure of de-
gradation. Resour. Conserv. Recycl. 19, 199–217.

Cullen, J.M., 2017. Circular Economy: Theoretical Benchmark or Perpetual Motion
Machine? J. Ind. Ecol. 21 (3), 483–486.

Dao, H., Peduzzi, P., Friot, D., 2018. National environmental limits and footprints based
on the Planetary Boundaries framework: the case of Switzerland. Glob. Environ.
Change 52, 49–57.

de Jesus, A., Mendonça, S., 2018. Lost in transition? Drivers and barriers in the eco-
innovation road to the circular economy. Ecol. Econ. 145 (July 2017), 75–89.

De Römph, T., 2018. The Legal Transition Towards a Circular Economy - EU
Environmental Law Examined. KU Leuven, Leuven.

Dearing, J.A., Wang, R., Zhang, K., Dyke, J.G., Haberl, H., Hossain, M.S., Langdon, P.G.,
Lenton, T.M., Raworth, K., Brown, S., Carstensen, J., Cole, M.J., Cornell, S.E.,
Dawson, T.P., Doncaster, C.P., Eigenbrod, F., Flörke, M., Jeffers, E., Mackay, A.W.,
Nykvist, B., Poppy, G.M., 2014. Safe and just operating spaces for regional social-
ecological systems. Glob. Environ. Change 28, 227–238.

DeLucia, V., 2013. Towards an ecological philosophy of law: a comparative discussion. J.
Hum. Rights Environ. 4 (2), 167–190.

Desing, H., 2013. Design of a Fatigue Strength Test Rig for Connecting Rods, Lehrstuhl
Für Flugantriebe, Technische Universität München; Mechanical Design Department.
General Electric Jenbacher, München.

Desing, H., Widmer, R., Beloin-Saint-Pierre, D., Hischier, R., Wäger, P., 2019. Powering a
Sustainable and Circular Economy—An Engineering Approach to Estimating
Renewable Energy Potentials within Earth System Boundaries. Energies 12 (24),
4723. https://doi.org/10.3390/en12244723.

Dyllick, T., Muff, K., 2016. Clarifying the meaning of sustainable business. Organ.
Environ. 29 (2), 156–174.

Ehrenfeld, J.R., 1997. Industrial ecology: a framework for product and process design. J.
Clean. Prod. 5, 87.

Elia, V., Gnoni, M.G., Tornese, F., 2017. Measuring circular economy strategies through
index methods: a critical analysis. J. Clean. Prod. 142, 2741–2751.

Ellen MacArthur, F., 2013. Towards the Circular Economy. pp. 1–96.
Ellen MacArthur Foundation, 2013. Towards the Circular Economy.
Ellen MacArthur Foundation, 2015. SUN, McKinsey’s Center for Business and

Environment. Growth within: a circular economy vision for a competitive Europe.
Epiney, A., Hehemann, L., 2015. Ein Verbot von Wegwerfplastiksäcken: verfassungs-

konform? URP/DEP 436–455.
Erkman, S., 1997. Industrial ecology: an historical view. J. Clean. Prod. 5 (1–2), 1–10.
European Commission, 2014. Scoping Study to Identifiy Potential Cicular Economy

Actions, Priority Sectors, Material Flows and Value Chain.
European Union, 2008. Directive 2008/98/EC of the European Parliament and of the

Coucil of 19 November 2008 on waste and repealing certain directives. Off. J. Europ.
Union L312, 3–30.

Ferrari, R., 2017. Développer l’économie circulaire en France, par une succession d’in-
citations économiques et de mesures réglementaires, fortes. lapenseeecologique.com.
Points de vue.

Figge, F., Young, W., Barkemeyer, R., 2014. Sufficiency or efficiency to achieve lower
resource consumption and emissions? The role of the rebound effect. J. Clean. Prod.
69, 216–224.

Flückiger, A., 2006. Le développement durable en droit constitutionnel suisse. DEP. pp.
471–526.

Gassmann, O., Frankenberger, K., Csik, M., 2014. The Business Model Navigator. Pearson
Education Limited, Harlow UK.

Geissdoerfer, M., Naomi, S., Monteiro, M., Carvalho, D., Evans, S., 2018. Business models
and supply chains for the circular economy. J. Clean. Prod. 190, 712–721.

Geissdoerfer, M., Savaget, P., Bocken, N.M.P., Hultink, E.J., 2017. The circular economy –
a new sustainability paradigm? J. Clean. Prod. 143, 757–768.

Gensch, C.-O., Blepp, M., 2015. Betrachtungen zu Produktlebensdauer und
Ersatzstrategien von Miele-Haushaltsgeräten. Öko-Institut e.V.

Gerber, J.-D., Knoepfel, P., Nahrath, S., Varone, F., 2009. Institutional resource regimes:
towards sustainability through the combination of property-rights theory and policy

H. Desing, et al. Resources, Conservation & Recycling 155 (2020) 104673

12

https://doi.org/10.1016/j.resconrec.2019.104673
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0005
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0005
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0010
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0010
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0015
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0015
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0020
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0020
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0025
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0030
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0030
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0030
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0035
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0035
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0035
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0040
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0040
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0045
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0045
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0050
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0050
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0055
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0055
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0055
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0060
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0060
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0065
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0065
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0065
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0070
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0070
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0070
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0075
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0075
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0080
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0080
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0085
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0085
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0090
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0090
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0090
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0095
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0095
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0100
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0100
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0105
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0105
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0105
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0110
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0110
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0115
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0115
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0115
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0120
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0120
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0125
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0125
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0125
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0130
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0130
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0135
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0135
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0140
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0140
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0145
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0145
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0150
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0150
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0150
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0155
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0155
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0160
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0160
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0165
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0165
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0165
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0165
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0165
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0170
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0170
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0175
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0175
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0175
https://doi.org/10.3390/en12244723
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0185
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0185
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0190
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0190
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0195
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0195
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0200
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0205
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0210
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0210
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0215
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0215
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0220
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0225
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0225
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0230
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0230
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0230
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0235
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0235
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0235
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0240
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0240
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0240
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0245
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0245
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0250
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0250
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0255
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0255
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0260
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0260
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0265
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0265
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0270
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0270


analysis. Ecol. Econ. 68 (3), 798–809.
Geyer, R., Jambeck, J., Law, K., 2017. Production, Use, and Fate of All Plastics Ever Made.

Sci. Adv., 10.1126/sciadv.1700782.
Ghisellini, P., Cialani, C., Ulgiati, S., 2016. A review on circular economy: the expected

transition to a balanced interplay of environmental and economic systems. J. Clean.
Prod. 114, 11–32.

Giampietro, M., Saltelli, A., 2014. Footprint to nowhere. Ecol. Indic. 46, 610–621.
Goldfinger, S., Wackernagel, M., Galli, A., Lazarus, E., Lin, D., 2014. Footprint Facts and

Fallacies: a Response to Giampietro and Saltelli (2014) “Footprints to Nowhere”.
Ecol. Indic. 46, 622–632.

Gottschalk, F., Nowack, B., 2013. A probabilistic method for species sensitivity dis-
tributions taking into account the inherent uncertainty and variability of effects to
estimate environmental risk. Integr. Environ. Assess. Manage. 9 (1), 79–86.

Gregson, N., Crang, M., Fuller, S., Holmes, H., 2015. Interrogating the circular economy:
the moral economy of resource recovery in the EU. Econ. Soc. 44 (2), 218–243.

Grosse, F., 2010. Is recycling “part of the solution”? The role of recycling in an expanding
society and a world of finite resources. Surv. Perspect. Integr. Environ. Soc. 3 (1),
1–17.

Grosse, F., 2011. Quasi-circular growth: a pragmatic approach to sustainability for non-
renewable material resources. Surv. Perspect. Integr. Environ. Soc. 4 (2), 1–20.

Guide, V.D.R., Van Wassenhove, L.N., 2006. Closed-loop supply chains: an introduction to
the feature issue (part 1). Prod. Oper. Manage. 15 (3), 345–350.

Guide, V.D.R., Van Wassenhove, L.N., 2009. OR FORUM — the evolution of closed-loop
supply chain the evolution of closed-loop supply chain research. Oper. Res. 57 (1),
10–18.

Hayward, T., 2012. Constitutional Environmental Rights, Repr.. Ed. Oxford Univ. Press,
Oxford.

Heuler, P., Frost, M., Rochlitz, H., 2010. Load assumptions for durability assessment of
automotive structure. Eng. Integr. 29, 8–19.

Hobson, K., 2016. Closing the loop or squaring the circle? Locating generative spaces for
the circular economy. Prog. Hum. Geogr. 40 (1), 88–104.

Hobson, K., Nicolas, L., 2016. Diversifying and de-growing the circular economy: radical
social transformation in a resource-scarce world. Futures 82.

Homrich, A.S., Galvão, G., Abadia, L.G., Carvalho, M.M., 2018. The circular economy
umbrella: trends and gaps on integrating pathways. J. Clean. Prod. 175, 525–543.

Hupfer, A., 2011. Konstruktionsaspekte bei Flugantrieben. Technische Universität
München (TUM), München.

International Energy Agency, 2018. Energy Balance for the World, 2015. (Accessed
1.5.2018. https://www.iea.org/Sankey/#?c=World&s=Balance.

International Reference Centre for the Life Cycle of Products Processes and Services
(CIRAIG), 2015. Circular Economy Literature Review. Polytechnique Montréal and
Université du Québec à Montréal, Montréal (Québec), Canada.

Jackson, T., 2011. Prosperity Without Growth: Economics for a Finite Planet. Earthscan
Publications Ltd, New York.

Joyce, A., Paquin, R.L., 2016. The triple layered business model canvas: a tool to design
more sustainable business models. J. Clean. Prod. 135, 1474–1486.

Jungo, F., 2012. Le principe de précaution en droit de l’environnement suisse avec des
perspectives de droit international et de droit européen. Lausanne. .

Kennedy, E., Fecheyr-Lippens, D., Hsiung, B.-K., Niewiarowski, P.H., Kolodziej, M., 2015.
Biomimicry: a path to sustainable innovation. Des. Issues 31 (3), 66–73.

Kirchherr, J., Reike, D., Hekkert, M., 2017. Conceptualizing the circular economy: an
analysis of 114 definitions. Resour. Conserv. Recycl. 127, 221–232.

Kjaer, L.L., Pigosso, D.C.A., Niero, M., Bech, N.M., McAloone, T.C., 2018. Product/ser-
vice-systems for a circular economy: the route to decoupling economic growth from
resource consumption? J. Ind. Ecol.

Knoepfel, P., 2019. La chasse aux déchets et ses gagnants inattendus. In: Mieg, H.A.,
Häfeli, U. (Eds.), La politique environnementale en Suisse : de la police des forêts aux
écobilans, Zürich.

Knoepfel, P., Nahrath, S., Varone, F., 2007. Institutional regimes for natural resources: an
innovative theoretical framework for sustainability. In: Knoepfel, P. (Ed.),
Environmental Policy Analyses. Learning from the Past for the Future - 25 Years of
Research. Springer, Berlin, pp. 455–506.

Korhonen, J., Honkasalo, A., Seppälä, J., 2018a. Circular economy: the concept and its
limitations. Ecol. Econ. 143, 37–46.

Korhonen, J., Nuur, C., Feldmann, A., Birkie, S.E., 2018b. Circular economy as an es-
sentially contested concept. J. Clean. Prod. 175, 544–552.

Kral, U., Kellner, K., Brunner, P.H., 2013. Sustainable resource use requires “clean cycles”
and safe "final sinks. Sci. Total Environ. 461–462, 819–822.

Langhelle, O., 2000. Sustainable development and social justice: expanding the rawlsian
framework of global justice. Environ. Values 9 (3), 295–323.

Largey, T., 2017. Le statut juridique de l’air. Fondements d’une théorie de l’air en tant que
chose commune, en droit suisse et international. Lausanne, Lausanne.

Laurenti, R., Singh, J., Frostell, B., Sinha, R., Binder, C., 2018. The socio-economic em-
beddedness of the circular economy: an integrative framework. Sustainability 10 (7).

Lazarevic, D., Valve, H., 2017. Narrating expectations for the circular economy: towards a
common and contested European transition. Energy Res. Soc. Sci. 31, 60–69.

Lieder, M., Rashid, A., 2016. Towards circular economy implementation: a comprehen-
sive review in context of manufacturing industry. J. Clean. Prod. 115, 36–51.

Lovik, A.N., Müller, D.B., 2014. A material flow model for impurity accumulation in
beverage can recycling systems. Light Metals 907–911.

Lüdeke-Freund, F., Carroux, S., Joyce, A., Massa, L., Breuer, H., 2018. The sustainable
business model pattern taxonomy—45 patterns to support sustainability-oriented
business model innovation. Sustain. Prod. Consum. 15, 145–162.

Lüdeke-Freund, F., Gold, S., Bocken, N.M.P., 2019. A review and typology of circular
economy business model patterns. J. Ind. Ecol. 23 (1), 36–61.

Mace, G.M., Reyers, B., Alkemade, R., Biggs, R., Chapin, F.S., Cornell, S.E., Díaz, S.,

Jennings, S., Leadley, P., Mumby, P.J., Purvis, A., Scholes, R.J., Seddon, A.W.R.,
Solan, M., Steffen, W., Woodward, G., 2014. Approaches to defining a planetary
boundary for biodiversity. Glob. Environ. Change 28, 289–297.

Marti, U., 2011. . Das Vorsorgeprinzip im Umweltrecht: am Beispiel der internationalen.
europäischen und schweizerischen Rechtsordnung, Genève.

Matten, D., 2003. Symbolic politics in environmental regulation: corporate strategic re-
sponses. Bus. Strategy Environ. 226, 215–226.

Merli, R., Preziosi, M., Acampora, A., 2018. How do scholars approach the circular
economy? A systematic literature review. J. Clean. Prod. 178, 703–722.

Meyna, A., Pauli, B., 2010. Taschenbuch der Zuverlässigkeitstechnik. Carl Hanser Verlag
GmbH und Co. KG.

Molland, A.F., 2008. The Maritime Engineering Reference Book. Butterworth-Heinemann,
Oxford.

Montoya, J.M., Donohue, I., Pimm, S.L., 2018. Planetary boundaries for biodiversity:
implausible science, pernicious policies. Trends Ecol. Evol. 33 (2), 71–73.

Moreno, M., De los Rios, C., Rowe, Z., Charnley, F., 2016. A conceptual framework for
circular design. Sustainability 8.

Murray, A., Skene, K., Haynes, K., 2015. The circular economy: an interdisciplinary ex-
ploration of the concept and application in a global context. J. Bus. Ethics 140 (3),
369–380.

Nakajima, K., Takeda, O., Miki, T., Matsubae, K., Nakamura, S., Nagasaka, T., 2009.
Thermodynamic analysis of contamination by alloying elements in Aluminum re-
cycling. Environ. Sci. Technol. 44, 5594–5600.

Netherlands Ministry of Infrastructure and Environment, 2011. Usability of Life
Assessment for Cradle to Cradle Purposes.

Ormazabal, M., Prieto-Sandoval, V., Puga-Leal, R., Jaca, C., 2017. Sustainability in
spanish SMEs: challenges and opportunities of the circular economy. Under review.
at J. Clean. Prod. 185.

Ostrom, E., 1990. Governing the Commons: the Evolution of Institutions for Collective
Action. Cambridge University Press ed, Cambridge.

Ostrom, E., 2009. Understanding Institutional Diversity. Princeton University Press,
Princeton, Oxford.

Pauli, G.A., 2009. The Blue Economy: A Report to the Club of Rome 2009 - 10 Years, 100
Innovations, 100 Million Jobs. Singapore.

Pennington, D.W., Potting, J., Finnveden, G., Lindeijer, E., Jolliet, O., Rydberg, T.,
Rebitzer, G., 2004. Life cycle assessment part 2: current impact assessment practice.
Environ. Int. 30 (5), 721–739.

Philips Lighting, 2018. Light As a Service. http://www.lighting.philips.co.uk/services/
managed-services.

Pineda, A., Tornay, C., Huusko, H., Delgado Luna, I.P., Aden, N., Labutong, N., Faria, P.,
2015. Sectoral Decarbonization Approach - Science Based Targets. CDP, WRI, WWF.

Popper, K.R., 1968. The Logic of Scientific Discovery, 5 ed. Hutchinson and CO LTD,
London.

Raworth, K., 2013. Defining a Safe and Just Space for Humanity, State of the World 2013:
Is Sustainability Still Possible?.

Rebitzer, G., Ekvall, T., Frischknecht, R., Hunkeler, D., Norris, G., Rydberg, T., Schmidt,
W.P., Suh, S., Weidema, B.P., Pennington, D.W., 2004. Life cycle assessment part 1:
framework, goal and scope definition, inventory analysis, and applications. Environ.
Int. 30 (5), 701–720.

Rechberger, H., Brunner, P., 2002. A new, Entropy based method to support waste and
resource management decisions. Environ. Sci. Technol. 36 (4), 809–816.

Rees, W.E., Wackernagel, M., 2013. The shoe fits, but the footprint is larger than earth.
PLoS Biol. 11 (11).

Reike, D., Vermeulen, W.J.V., Witjes, S., 2017. The circular economy: new or refurbished
as CE 3.0? — exploring controversies in the conceptualization of the circular
economy through a focus on history and resource value retention options. Resources.
Conserv. Recycl. 135, 246–264.

Reiser, D., Pforr, C., 2018. The SAGE International Encyclopedia of Travel and Tourism.
SAGE Publications, Inc, Thousand Oaks.

Ritala, P., Huotari, P., Bocken, N., Albareda, L., 2018. Sustainable business model
adoption among S&P 500 firms: a longitudinal content analysis study. J. Clean. Prod.
170, 216–226.

Rockström, J., Steffen, W., Noone, K., Persson, A., Chapin, S., Lambin, E., Lenton, T.M.,
Scheffer, M., Folke, C., Schnellhuber, H.J., Nykvist, B., De Wit, C.A., Hughes, T., van
der Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P.K., Costanza, R., Svedin, U.,
Falkenmark, M., Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J., Brian, W.,
Liverman, D., Richardson, K., Crutzen, P., Foley, J., 2009. Planetary boundaries:
exploring the safe operating space for humanity. Ecol. Soc. 14 (2).

Running, S.W., 2012. A measurable planetary boundary for the biosphere. Science 337
(6101), 1458–1459.

Sabag-Munoz, O., Gladek, E., 2017. One Planet Approaches - Methodology Mapping and
Pathways Forward. WWF, Swiss Federal Office for the Environment, Metabolic.

Sauvé, S., Bernard, S., Sloan, P., 2016. Environmental sciences, sustainable development
and circular economy: alternative concepts for trans-disciplinary research. Environ.
Dev. 17, 48–56.

Schaltegger, S., Wagner, M., 2011. Sustainable entrepreneurship and sustainability in-
novation: categories and interactions. Bus. Strategy Environ. 20, 222–237.

Schroeder, P., Anggraeni, K., Weber, U., 2018. The relevance of circular economy prac-
tices to the sustainable development goals. J. Ind. Ecol.

Shukuya, M., 2013. Exergy. Springer.
Stahel, W.R., Reday-Mulvey, G., 1981. Jobs for Tomorrow: the Potential for Substituting

Manpower for Energy. Vantage Press.
Stead, J.G., Stead, W.E., 2008. Sustainable strategic management: an evolutionary per-

spective. Int. J. Sustain. Strateg. Manage. 1 (1), 62–81.
Steffen, W., Richardson, K., Rockstrom, J., Cornell, S.E., Fetzer, I., Bennett, E.M., Biggs,

R., Carpenter, S.R., de Vries, W., de Wit, C.A., Folke, C., Gerten, D., Heinke, J., Mace,

H. Desing, et al. Resources, Conservation & Recycling 155 (2020) 104673

13

http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0270
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0275
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0275
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0280
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0280
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0280
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0285
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0290
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0290
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0290
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0295
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0295
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0295
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0300
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0300
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0305
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0305
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0305
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0310
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0310
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0315
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0315
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0320
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0320
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0320
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0325
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0325
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0330
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0330
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0335
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0335
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0340
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0340
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0345
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0345
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0350
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0350
https://www.iea.org/Sankey/#?c=World%26s=Balance
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0360
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0360
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0360
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0365
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0365
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0370
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0370
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0375
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0375
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0380
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0380
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0385
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0385
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0390
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0390
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0390
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0395
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0395
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0395
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0400
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0400
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0400
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0400
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0405
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0405
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0410
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0410
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0415
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0415
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0420
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0420
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0425
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0425
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0430
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0430
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0435
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0435
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0440
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0440
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0445
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0445
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0450
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0450
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0450
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0455
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0455
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0460
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0460
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0460
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0460
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0465
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0465
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0470
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0470
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0475
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0475
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0480
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0480
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0485
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0485
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0490
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0490
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0495
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0495
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0500
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0500
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0500
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0505
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0505
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0505
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0510
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0510
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0515
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0515
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0515
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0520
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0520
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0525
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0525
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0530
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0530
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0535
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0535
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0535
http://www.lighting.philips.co.uk/services/managed-services
http://www.lighting.philips.co.uk/services/managed-services
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0545
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0545
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0550
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0550
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0555
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0555
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0560
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0560
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0560
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0560
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0565
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0565
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0570
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0570
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0575
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0575
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0575
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0575
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0580
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0580
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0585
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0585
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0585
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0590
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0590
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0590
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0590
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0590
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0590
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0595
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0595
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0600
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0600
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0605
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0605
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0605
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0610
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0610
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0615
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0615
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0620
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0625
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0625
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0630
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0630
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0635
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0635


G.M., Persson, L.M., Ramanathan, V., Reyers, B., Sorlin, S., 2015. Sustainability.
Planetary boundaries: guiding human development on a changing planet. Science
347 (6223), 1259855.

Stephan, P., Schaber, K., Stephan, K., Mayinger, F., 2009. Thermodynamik - Band 1:
Einstoffsysteme. Springer, Berlin, Heidelberg.

Stubbs, W., Cocklin, C., 2008. Conceptualizing a sustainability business model. Organ.
Environ. 21 (2), 103–127.

Szargut, J.T., 2003. Anthropogenic and natural exergy losses (exergy balance of the
Earth’s surface and atmosphere). Energy 28 (11), 1047–1054.

Tallacchini, M., 2000. A legal framework from ecology. Biodivers. Conserv. 9 (8),
1085–1098.

Teece, D.J., 2010. Business models, business strategy and innovation. Long Range Plann.
43, 172–194.

Telenko, C., O’Rourke, J.M., Conner Seepersad, C., Webber, M.E., 2016. A compilation of
design for environment guidelines. J. Mech. Des. 138 (3).

Thomas, P., Packham, J., 2007. Ecology of Woodlands and Forests: Description, Dynamics
and Diversity. Cambridge University Press, Cambridge.

United Nations, 1972. Stockholm Declaration of the United Nations Conference on the
Human Environment.

United Nations, 2018. Transforming Our World: the 2030 Agenda for Sustainable
Development. https://sustainabledevelopment.un.org/post2015/
transformingourworld.

United Nations Environmental Program, 2006. Circular Economy: an Alternative Model
for Economic Development. UNEP DTIE, Paris.

Urbinati, A., Chiaroni, D., Chiesa, V., 2017. Towards a new taxonomy of circular economy
business models. J. Clean. Prod. 168, 487–498.

Valero, A., 2006. Exergy accounting: capabilities and drawbacks. Energy 31 (1), 164–180.
van den Bergh, J.C.J.M., Grazi, F., 2015. Reply to the first systematic response by the

global footprint network to criticism: a real debate finally? Ecol. Indic. 58, 458–463.
Van Leewuen, C.J., Hermens, J.L.M., 1995. Risk Assessment Of Chemicals. Springer.
Veleva, V., Bodkin, G., 2018. Corporate-entrepreneur collaborations to advance a circular

economy. J. Clean. Prod. 188, 20–37.
Wackernagel, M., Onisto, L., Bello, P., Linares, A.C., Falfán, I.S.L., García, J.M., Guerrero,

A.I.S., Guerrero, M.G.S., 1999. National natural capital accounting with the ecolo-
gical footprint concept. Ecol. Econ. 29 (3), 375–390.

Wallace, M.G., Cortner, H.J., Moote, M.A., Burke, S., 1996. Moving toward ecosystem
management: examining a change in philosophy for resource management. J.
Political Ecol. 3 (1).

Weber, M., 1997. The Methodology of the Social Sciences. Free Press, New York.
Winans, K., Kendall, A., Deng, H., 2017. The history and current applications of the

circular economy concept. Renew. Sustain. Energy Rev. 68, 825–833.
World Business Council for Sustainable Development, 2017. CEO Guide for the Circular

Economy. https://www.wbcsd.org/Programs/Energy-Circular-Economy/Factor-10/
Resources/CEO-Guide-to-the-Circular-Economy.

World Business Counsil for Sustainable Development, Boston Consulting Group, 2018.
The New Big Circle. pp. 1–42.

Yunus, M., Moingeon, B., Lehmann-Ortega, L., 2010. Building social business models:
lessons from the grameen experience. Long Range Plann. 43 (2–3), 308–325.

Zink, T., Geyer, R., 2017. Circular economy rebound. J. Ind. Ecol. 21 (3), 593–602.
Zott, C., Amit, R., 2010. Business model design: an activity system perspective. Long

Range Plann. 43, 216–226.

H. Desing, et al. Resources, Conservation & Recycling 155 (2020) 104673

14

http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0635
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0635
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0635
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0640
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0640
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0645
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0645
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0650
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0650
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0655
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0655
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0660
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0660
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0665
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0665
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0670
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0670
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0675
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0675
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://sustainabledevelopment.un.org/post2015/transformingourworld
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0685
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0685
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0690
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0690
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0695
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0700
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0700
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0705
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0710
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0710
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0715
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0715
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0715
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0720
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0720
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0720
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0725
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0730
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0730
https://www.wbcsd.org/Programs/Energy-Circular-Economy/Factor-10/Resources/CEO-Guide-to-the-Circular-Economy
https://www.wbcsd.org/Programs/Energy-Circular-Economy/Factor-10/Resources/CEO-Guide-to-the-Circular-Economy
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0740
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0740
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0745
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0745
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0750
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0755
http://refhub.elsevier.com/S0921-3449(19)30579-8/sbref0755

	A circular economy within the planetary boundaries: Towards a resource-based, systemic approach
	Introduction
	Existing definitions and approaches of CE
	Cascading, resource-based framework and definition of CE
	Conceptual construction of the framework
	Epistemological status and utility of our framework and definition
	Normative basis of the framework: current international consensus
	Physical and environmental restrictions on resources
	Identification of a sustainable resource base
	Ensure an effective resource utilization

	Definition

	Discussion
	Resource management and governance questions
	Towards a systematic socio-economic integration of Earth capacity
	From compartmentalization towards integration
	From short-sighted and free market coordination towards prioritization of long-term sound management of resource base
	From end-of-life towards life-cycle thinking

	Business as a driving force of the transition?

	Conclusions
	Declaration of Competing Interest
	Acknowledgements
	Supplementary data
	References




