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Abstract: Global economies have been characterised by a large dependency of material inflows from
natural stocks, an exponential growth of material stock-in-use in the built environment, and the
extensive disposal of waste material outflows to anthropogenic sinks. In this context, the concept
of the circular economy has emerged, promising to circulate the stock-in-use of materials and
transforming output waste material flows back into useful resources while promoting job and
value creation. These promises have drawn the attention and interest of policymakers and industry,
and gained popularity across society. Despite its apparent emergent legitimacy and diffusion,
a few essential adjustments still need to be addressed so that circular economy initiatives can
actually deliver on their promises without leading to negative unintended effects. First, a complete
entanglement with the existing formal economy is fundamentally needed; this implies valuing the
preservation of natural stocks and pricing material input flows adequately. Secondly, a recognition of
its socio-economic embeddedness is essentially necessary. The decision-making of societal actors affects
material configuration, which in turn affects societal actors; this important feedback loop needs to
be explicitly taken into account in circular economy initiatives. The aim of this short communication
paper is to explore these pervasive challenges in a broad context of sustainable physical resource
management. An integrative framework for recognising the socio-economic embeddedness of the
circular economy in practice and the role of the formal economic system in realising its ambitions
is proposed.
Keywords: circular economy; stocks and flows; socio-economic embeddedness; sustainable physical
resource management; integrative framework

1. Introduction
The circular economy concept is expected to deliver multiple benefits of improved resource
efficiency, reduced primary resource demand, and the provision of new sources of income and
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job creation [1]. Consequently, there has been exponential interest in circular economy initiatives
branded under the circular economy tag in business in the past few years [2]. This movement has
gained considerable traction because of the tireless efforts of the Ellen MacArthur Foundation [3].
Nevertheless, there are claims that beyond recycling [2], the circular economy concept has only
rarely and fragmentally been adopted by business [4]. Conversely, a significant number of barriers
to the implementation of the circular economy have been identified [4]. Interestingly, these barriers
refer mostly to socio-economic aspects and decision-making at multiple levels—e.g., product design,
integration into production processes, perception of sustainability, risk aversion, and unclear
responsibility distribution [4].
In the preparation of this contribution, we have started to scrutinise the literature on the circular
economy concept. In doing so, we have been impressed by the width and ambition of the concept.
However, we have also found that its priorities and its practices have been hitherto largely decoupled
from (1) the socio-economic context and (2) the existing formal economy. We would like to highlight
this further in this short communication. We close this article by delineating an integrative framework
for recognising in practice the socio-economic embeddedness of the circular economy, based on a rich
exchange of experiences and knowledge between us authors (see Appendix A).
2. Conceptualisation of the Global Economy’s Material System
The circular economy is grounded on the concepts of zero waste and industrial symbiosis. There is
no consistent delimitation for this emerging concept. A recent study synthesised 45 circular economy
strategies of varied scope at practical and technical levels [5]. Other previous studies [5–13] have
broadly analysed circular economy strategies in contexts such as resource productivity, waste hierarchy,
resource recovery, and sustainability-driven business models. These strategies are not individually
new, but the concept of the circular economy offers a new framing of these strategies and their
interrelationships [8].
According to an industrial ecology perspective, the circular economy can be defined as closing
the material flow loop efficiently (cf. eco-cycle concept in Sinha et al. [14]) where materials or resources
continuously circulate within the socio-economic system with low or no leakage (e.g., emissions,
flows going out of the system). In contrast, physical resource management strategies predominantly
focus on the outflows from the socio-economic system; to date, global economies are characterised
by significantly large inflows and outflows. However, in the present communication, we propose to
focus on inflows, outflows, stocks, and studying the overarching efficiency in the use of resources in
the system, as illustrated in Figure 1. By expanding the focus from the outflows to inflows and stocks,
flows are expected to be reduced, and stocks are expected to be circulated in the formal economic
system, allowing society to lessen the pressure on the environment by increasing the magnitudes of
the closed loops (see the curved arrow in Figure 1).
Figure 1 shows that the formal economy is the driver of societal activities and thus defines the
magnitude of inflows, outflows, stocks, and efficient use of resources within the socio-economic system.
Therefore, the paper proposes establishing indicators for the circular economy linking the formal
economy to the physical resource flows and use.
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3. Socio-Economic Embeddedness in the Material System
3. Socio-Economic Embeddedness in the Material System
The circular economy has delivered much hope for potential economic benefits and new
The circular economy has delivered much hope for potential economic benefits and new
business opportunities. The expression “circular economy” is appealing to companies, innovators,
business opportunities. The expression “circular economy” is appealing to companies, innovators,
and entrepreneurs struggling to create new businesses and hoping to do so under pressure to improve
and entrepreneurs struggling to create new businesses and hoping to do so under pressure to
environmental performance and social acceptance [13].
improve environmental performance and social acceptance [13].
However, circular economy strategies do not necessarily result in the decoupling of an inextricable
However, circular economy strategies do not necessarily result in the decoupling of an
link of economic growth and resource consumption [15,16]. Indeed, the circular economy could lead
inextricable link of economic growth and resource consumption [15,16]. Indeed, the circular economy
to increased environmental impacts due to an overall increase in production and the use of products,
could lead to increased environmental impacts due to an overall increase in production and the use
which is described by Zink and Geyer [15] as the circular economy rebounds. The circular economy
of products, which is described by Zink and Geyer [15] as the circular economy rebounds. The
rebounds can partially or fully offset the environmental gains of circular economy by increasing the
circular economy rebounds can partially or fully offset the environmental gains of circular economy
overall demand because of: (1) the insufficient substitutability of secondary products over primary
by increasing the overall demand because of: (1) the insufficient substitutability of secondary
products, in the case of technologically advanced products with rapid innovation cycle, leading to
products over primary products, in the case of technologically advanced products with rapid
additional consumption as a result of reduced prices. For example, uncompetitive refurbished mobile
innovation cycle, leading to additional consumption as a result of reduced prices. For example,
phones merely lead to a reduction in the manufacturing of new phones [17–19]; (2) rebounds as
uncompetitive refurbished mobile phones merely lead to a reduction in the manufacturing of new
a result of a net reduction in the prices of the product and their substitutes when the suppliers
phones [17–19]; (2) rebounds as a result of a net reduction in the prices of the product and their
compete for the buyers in the markets. This leads to the income effects and the substitution effect [15];
substitutes when the suppliers compete for the buyers in the markets. This leads to the income effects
and (3) economy-wide and transformational effects due to changed consumer behaviours and changes
and the substitution effect [15]; and (3) economy-wide and transformational effects due to changed
in market structures [20]. Therefore, achieving an absolute reduction in resource consumption demands
consumer behaviours and changes in market structures [20]. Therefore, achieving an absolute
a concerted effort involving processes of decision-making and agreed actions by actors across globalised
reduction in resource consumption demands a concerted effort involving processes of decisionsupply chains. These processes should focus on developing mechanisms to create competitively fair
making and agreed actions by actors across globalised supply chains. These processes should focus
markets for all of the suppliers by eliminating the ‘free-riders’. Nonetheless, currently, the circular
on developing mechanisms to create competitively fair markets for all of the suppliers by eliminating
economy strategies appear to take these processes for granted and focus on including actors that are
the ‘free-riders’. Nonetheless, currently, the circular economy strategies appear to take these
only immediate to the value chain.
processes for granted and focus on including actors that are only immediate to the value chain.
Further, the key promises of the circular economy to slow and close material loops as well
Further, the key promises of the circular economy to slow and close material loops as well as the
as the use of renewable energy may be unrealistic due to technological limits and socio-economic
use of renewable energy may be unrealistic due to technological limits and socio-economic
constraints. For instance, the 100% recyclability and use of renewable energy to drive resource
constraints. For instance, the 100% recyclability and use of renewable energy to drive resource
productivity depends upon the availability of technological solutions and their economic and
productivity depends upon the availability of technological solutions and their economic and
environmental viability. Nonetheless, current projections for the expansion of renewable technologies
environmental viability. Nonetheless, current projections for the expansion of renewable
to meet such demand are directly in conflict with resource scarcity concerns related to rare-earth
technologies to meet such demand are directly in conflict with resource scarcity concerns related to
rare-earth metals. Further, expected higher consumer costs and or the unavailability of the consumer
market may hamper the adoption of longer lasting products with less environmental impacts overall,
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metals. Further, expected higher consumer costs and or the unavailability of the consumer market
may hamper the adoption of longer lasting products with less environmental impacts overall,
as required in a circular economy (due to slow material cycles). Indeed, current norms of consumerism
characterised by faster technological innovations coupled with fashion-oriented socio-cultural
values [21], market competition [22], and businesses’ demands for rapid turnover [23], especially in
the industrialised countries, are some of the key challenges confronting the businesses aspiring
towards the circular economy. These pose tremendous barriers to create value from (re-)circulating
resources through repairing, remanufacturing, and component recovery, which demand a fundamental
shift in consumer behaviours and expectations. Subsidised energy and virgin material resources
due to government policies focusing on driving economic growth, especially in the developing
countries, further escalate these challenges. In addition, in the current economic system, the social and
environmental externalities go unaccounted for, which worsens these challenges.
Further, some of the unaddressed systemic challenges to the circular economy include a lack
of consumer interest and awareness, hesitant company culture, regulatory, incompatible current
market structures, and slow technological progress towards recovering/recirculating resources [24].
Due to these interrelated challenges, the current scope of the circular economy implementation
includes only selected products, materials, and sectors [5]. This is invariably due to the current
economic structures and institutions that allow (monetary) value creation and recovery from some
selected materials, products, and sectors, but not from others. However, a sustainable management of
physical resources will require a revaluation of externalities to the formal economic system and change
monetary incentives. In our mind, the circular economy in its current approach does not address this
systemic challenge.
This fundamental challenge clearly relates to the formal global economy domain. It raises
an important question as to whether the promises of the circular economy could be realised
without its integration within the formal economic system. Indeed, driving a positive technological,
social, and economic change towards a transition to a circular economy requires the collaboration
of stakeholders across society, addressing business concerns and incorporating sustainability
demands [13]. Therefore, it is imperative to align the ambitions of the existing formal economy with the
concept of the circular economy. The concept in its current form lacks a necessary strong link to and
acceptance by formal economists and lacks embedding the material system in the formal economy.
4. Circular Economy as an Essential Bridge for Linking Material and Socio-Economic Systems
According to Korhonen et al. [7], the context of the unit of analysis of the circular economy initiatives
in industrial production systems and networks can be divided into two levels: the organisational culture,
learning, responsibility, and the overall worldviews and visions are the themes of the first level; and the
empirical physical flows of materials and energy make up the second level. These could also be seen
as material and socio-economic aspects of the circular economy initiatives, and they are reflected in
the definition of the circular economy concept by Korhonen et al. [7]: “circular economy is a sustainable
development initiative with the objective of reducing the societal production–consumption systems’ linear material
and energy throughput flows by applying materials cycles, renewable and cascade-type energy flows to the linear
system . . . ” (material structure); “ . . . the circular economy promotes high-value material cycles alongside
more traditional recycling, and develops systems approaches to the cooperation of producers, consumers, and other
societal actors in sustainable development work” (socio-economic structure).
From a systems thinking perspective, there is not only a causal link from the socio-economic
to the material aspects of the circular economy implementation, but also a feedback loop in this
relation—the institutional aspects affect the material aspects that in turn feed back to the institutional
aspects. In cases in which the circular economy initiatives fail or are poorly implemented, it appears to
be missing an important link between the material and the institutional aspects, which needs to be
explicitly accounted for by different stockholders in order to harness the full potential of the circular
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economy.
In other words, connecting material flows and the socio-economic drivers that result
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Figure 2. The circular economy concept for systems integration, where socio-economic and material
Figure 2. The circular economy concept for systems integration, where socio-technical and material
structures incorporate new actors and systems (with the green border), and support new interactions
structures incorporate new actors and systems (with the green border), and support new interactions
among them (in the green dotted lines) and new processes (with the green border). Adapted and
among them (in the green dotted lines) and new processes (with the green border). Adapted and
modified from Binder [27].
modified from Binder [27].
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The main key message of this short communication is trying to fill the gap of current knowledge
and practice, arguing that the circular economy shall be:
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can be organised
stock andflow
flow analysis
diagrams and
[33] or
causal loop
diagrams
[23]. Strategies
for
management
the The
depicted
material
goals are
developed.
into physical
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on material
instruments
for internalising
and environmental
are [23].
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and stocksand
canpolicy
be organised
in stock
and flow social
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[33] or causal externalities
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Finally,
the
legitimacy
of
the
circular
economy
initiative
into
the
formal
economy
is
Strategies for physical resource management achieving the depicted material flow goals are developed.
sought.
Mechanisms and policy instruments for internalising social and environmental externalities are
We hope that this short communication paper triggers a constructive discussion with businesses
considered. Finally, the legitimacy of the circular economy initiative into the formal economy is sought.
and academia on the fundamental importance of recognising the socio-economic embeddedness of
Wecircular
hope that
this short communication paper triggers a constructive discussion with businesses
the
economy.
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Appendix A
At the KTH Royal Institute of Technology in Stockholm, a research group working on sustainable
production/consumption systems was established in 2011 as part of the Division of Industrial Ecology.
The group comprised the Ph.D. students Rafael Laurenti from Brazil, Jagdeep Singh from India,
and Rajib Sinha from Bangladesh under the supervision of Professor Björn Frostell. The three students
were assigned research tasks as follows and according to their interests: Rafael Laurenti worked
with sustainable design, Jagdeep Singh worked with sustainable waste management, and Rajib Sinha
worked with the systems modelling of production–consumption systems. For almost five years,
the group worked together with joint research advisory meetings with a common focus on systems
thinking [34–37] and life cycle thinking [38]. A common focus for the whole group gradually became
something we named physical resource management. Physical resource management we defined as
the understanding and control of flows and stocks of energy and materials in different system scales
in the global economy, from individuals to the global economy itself. The research efforts resulted in
three individual, but connected Ph.D. theses [39–41].
Gradually, encountering the emanating concept of the circular economy, the group has been
struck by the similarities in the aims, objectives, and approaches between the concepts of physical
resource management and the circular economy. It is almost so that the two concepts could be placed
above one another, but for one thing. The approach that has been used here had a specific objective
of quantifying physical resource flows and stocks at different system scales in the global economy.
This in order to facilitate an evaluation of different approaches in order to improve the performance of
the physical resource metabolism in different subsystems of the economy. Here, we had a vision of
connecting physical resource accountings to the formal economy and thus influencing the prioritisation
of different modes of action.
In 2017, Dr. Laurenti was offered a postdoc position in the research group of Professor Claudia
Binder at the École polytechnique fédérale de Lausanne (EFPL). Her research interests had also for
many years been devoted to the physical resource metabolism of cities. A special interest of Professor
Binder was something she named social MFA, which examined the interdependency of the physical
resource metabolism of socio-ecological systems and its social expressions [26,27,42]. This contribution
has been shaped by the discussions among these researchers.
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