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Abstract
The notion of the circular economy (CE) has recently been put forth as a strategy to
mitigate climate change. It has gained attention in policy circles and in the engineering
and natural science literature. In contrast to the linear model of production, use and
disposal, the point of departure for the CE is the creation and sustention of a regener-
ative system with the goal of minimising resource inputs and emissions. However,
although the emerging literature has discussed the ongoing transition process towards
the CE, mainly from an ecological perspective, the underlying mechanisms of industrial
change including structural tensions have not been discussed. Responding to this gap in
the literature, the aim of this paper is to discuss CE as an evolutionary process and to
propose a conceptual framework that builds on a development block approach.
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1 Introduction

In recent decades, there has been an acceptance that industrial and technological
transformation processes have evolutionary aspects. Following the seminal work of
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Nelson and Winter (1973, 1982), with philosophical foundations dating back decades –
e.g. Marshall (1920), Schumpeter (1943/2000), Penrose (1959), Williamson (1966,
1970), Preston (1975), Klein (1984) and Freeman (1974, 1994) – the view that
industrial development is an evolutionary process has permeated into other research
fields. For instance, in the field of ecological economics and industrial ecology, where
sustainability is a key point of departure, there have been attempts to adopt the core
tenets of evolutionary economics to analyse global environmental systems (e.g.
Norgaard 1981; Boulding 1992; Ring 1997).

Today, an evolutionary view of the mechanisms of industrial transformations is of
the utmost importance in the context of climate change mitigation strategies. Indeed,
there is a political, industrial and academic consensus that the prevailing linear eco-
nomic model, which has long dominated industrial systems, has not paid enough
attention to the natural environment and is therefore unsustainable (Gregson et al.
2015; Sauvé et al. 2016; Schot and Kanger 2018). In this context, the circular economy
(CE) has become an important strategic framework to induce a transition towards
sustainable production and consumption (Korhonen et al. 2018a).

The debate on CE currently engages scholars in the engineering and natural
sciences, particularly within the field of industrial ecology (see, e.g., Morseletto
2020; Murray et al. 2017). Although there is currently no universally accepted defini-
tion and the literature on its implementation is still emerging, there is a general
agreement on the paradigmatic nature of the CE (Kalmykova et al. 2018; Kirchherr
et al. 2017; Winans et al. 2017). Conceptually, the CE has been described as a “multi-
disciplinary concept” (Sauvé et al. 2016), a “trending notion” (Ghisellini et al. 2016)
and an “essentially contested concept” (Korhonen et al. 2018b). The CE has also been
discussed as a strategy to meet sustainable development goals as it envisages a socio-
industrial transformation towards energy and material closed-loop systems and results
in systemic changes that may give rise to the evolution of institutions, industries and
technologies (Millar et al. 2019; Valkokari and Antikainen 2016; WEF, Ellen
MacArthur Foundation,, and McKinsey, and Company 2014). Korhonen et al.
(2018b) define the CE as an economic system that is based on business models which
replace the “end-of-life” concept with reducing – or alternatively reusing, recycling and
recovering – materials in production/distribution and consumption processes.

The CE might also be viewed as a transitional evolutionary approach, and a broad
range of theoretical frameworks can be used to analyse the dynamics of transitions
through evolutionary approaches; sustainability transitions literature, for example,
focuses on the transition towards a sustainable economic-industrial system. These
frameworks include transition management (e.g. Rotmans and Loorbach 2009; Smith
et al. 2005), strategic niche management (e.g. Kemp et al. 1998), the multi-level
perspective on socio-technical transitions (MLP) (e.g. Geels 2002, 2010) and techno-
logical innovation systems (TIS) (e.g. Bergek et al. 2008, 2015). These frameworks
have common theoretical antecedents, with slight differences in their core focuses. For
instance, the MLP is influenced by evolutionary economics, innovation theory and
complex system theory, explaining socio-technical transitions via the interplay of
dynamics at three levels of niches, regimes and landscapes (Geels 2011; Markard
et al. 2012). However, although relevant and useful, the MLP is not easy to
operationalise in the context of CE because transitions towards the CE are characterised
by interactions and dependencies involving multiple sectors (e.g. Prosman et al. 2017)
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which cut across several regimes and niches. As regime and niche levels often come
together and are generally difficult to differentiate from each other (Berggren et al.
2015; Karakaya et al. 2018), it may be argued that the MLP does not provide the
necessary analytical tools to study CE transitions in depth. The other commonly applied
framework is TIS (e.g. Truffer et al. 2008), which focuses on the interconnection
between technological transitions (generation, diffusion and utilisation) and the sys-
temic changes at institutional and organisational levels. However, industrial transfor-
mations – such as the current transition to the CE – are not merely about a specific
technology but also include broader-level transformations that involve a multitude of
technologies and sectors.

Against this background, the aim of this paper is twofold. Firstly, it attempts to place
the envisaged CE transformation within the context of the evolutionary mechanisms
that underlie industrial transformations. It argues that the current CE discourse, which is
mainly based on an ecological view, needs to be complemented with an evolutionary
view of industrial transformation. Secondly, it revisits the development block (DB)
concept (Dahmén 1984, 1988), which refers to positive and negative transformative
pressures during times of structural change. Introduced by Dahmén (1988, p. 5) and
defined as “a sequence of complementarities which by way of a series of structural
tensions, i.e. disequilibria, may result in a balanced situation”, the DB goes beyond the
dichotomies of regime and niche (of the MLP) and the technology-based operationality
of TIS. Thus, we propose that the development block (DB) analytical model can be a
relevant framework to analyse industrial transformations towards the CE paradigm. The
DB framework is useful for two main reasons. Firstly, since the CE is an evolving
system, the DB notion allows for the identification of cross-sectorial interdependencies
during transformation processes which does not follow conventional industrial classi-
fication and cannot be taken as a point of departure for the MLP and TIS frameworks.
Secondly, the two key notions of structural tensions and complementarities, which
form the foundations of DB, show that evolutionary patterns of transformation at
system level might not necessarily lead to sustainable economic development.

The ambition of this paper is not to provide a solution to all the limitations and
challenges of industrial transformation towards the CE. Rather, we attempt to offer a
comprehensive understanding of the nature of the CE as a complex evolutionary
system. Along this line, the paper contributes to the fast-growing CE field of research
by expanding the boundary of application of DB theory to include CE. Previous studies
on DB have mainly discussed ex-post events, i.e. historical industrial change. However,
in our study, we show the applicability of DB in the ongoing transition process towards
the CE, which is an ex-ante situation. Further, the prominent contribution of this paper
is to align the ecological and economic evolutionary patterns of transformation to the
CE.

In addition to this introduction, the paper consists of six sections. In the next section,
we provide an overview of the CE from economic and ecological evolutionary
perspectives by discussing the relevant literature. In section 3, the DB analytical model
is introduced with further discussion on its suitability for understanding evolutionary
aspects of transformation towards the CE. In addition, we illustrate the evolutionary
principles of ecology in relation to the CE, with the goal of proposing a novel
framework for the transformation process towards the CE from an evolutionary
perspective. In section 5, the paper shifts to explaining in detail all the dimensions
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and elements of the proposed framework. Finally, in section 6, we conclude by
highlighting the main contributions of the study and avenues for further research.

2 Circular economy

Although the undercurrents of CE date back more than half the century (see e.g.
Boulding 1966a), the concept has gained potency due to the urgency of mitigating
climate change (Korhonen et al. 2018b). Currently, it is mainly driven by policymakers,
such as the EU, business development bodies, such as the Ellen MacArthur Foundation
(Ellen MacArthur Foundation 2016; WEF et al. 2014), and individual countries, such
as China (Su et al. 2013) or Sweden (Milios and Matsumoto 2019), who have
incorporated it in their industrial policy. However, there is still no consensus on how
to define the CE, and several definitions exist (Morseletto 2020). For instance, Jiao and
Boons (2014) define it as “a holistic concept covering the activities of ‘reduce, reuse,
and recycle’ in the process of production, circulation, and consumption”. Kirchherr
et al. (2017, p. 224) analyse 114 definitions of CE and conclude that the CE is “an
economic system that is based on business models which replace the ‘end-of-life’
concept with reducing, alternatively reusing, recycling and recovering materials in
production/distribution and consumption processes”.

The principles of the CE emphasise closed-loop material flows, by considering
product reuse, remanufacturing, reprocessing and recycling. These are largely
categorised using various frameworks such as the 3Rs (reduction, reuse and recycling)
(Blomsma and Brennan 2017; King et al. 2006), which in turn has influenced national
policies such as China’s 2009 Circular Economy Promotion Law of the People’s
Republic of China or Japan’s 2000 Fundamental Law for Establishing a Sound
Material-Cycle Society (Sakai et al. 2011). Other frameworks include the 4Rs (based
on the European Union’s Waste Framework Directive, EU Directive 2008/98/EC), the
6Rs (reuse, recycle, redesign, remanufacture, reduce, recover) (Sihvonen and Ritola
2015) and even the 9Rs (Kirchherr et al. 2017; Potting et al. 2017; van Buren et al.
2016). The 9Rs principles are categorised within three groups of strategies for
transitioning from a linear to a circular economy: smarter product use and manufacture,
extend use-cycle of products and their parts, and useful application of materials. The
study by Saidani et al. (2019) provide an extensive review on existing measurement
tools to support implementation of CE principles and propose 55 circularity indicators
at the micro, meso and macro system levels.

Some scholars (Geissdoerfer et al. 2017; Korhonen et al. 2018a; Martins 2018;
Murray et al. 2017) address the theoretical foundations of CE in relation to its core
principles. Interestingly, the most referenced theories include the “spaceman economy”
and the “cowboy economy” by evolutionary economist Boulding (1966b), the “fourth
law”/“entropy law” by Georgescu-Roegen (GR) (1971), the “limits to growth” thesis of
the Club of Rome in the 1970s by Meadows et al. (1972), “Only one earth” by
pioneering economist Ward and Dubos (1983), and last but not least the “steady-state
economy” by eco-economist Herman Daly (1996). The common arguments in these
seminal works were crafted to respond to the limited stores of natural resources and the
capacity of the ecological system to absorb the negative environmental impacts of
linear economic development. In this regard, scholars in the research field of ecological
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economics have positioned the CE as the antithesis of neoclassical economics
(Temesgen et al. 2019) and relate it to notions such as bio-economy and green
economy. (see, e.g., D’Amato et al. 2019; Giampietro 2019).

In the engineering field, the CE literature builds to a large extent on industrial
ecology principles and models. For several decades, industrial ecologists and indus-
trialists (e.g. Simmonds 1862; Fischer-Kowalski and Haberl 1998; Parkins 1930;
Graedel and Allenby 1995; Allenby 1998) have pointed to the systemic nature of
industrial metabolism, and to the idea that “waste is food” for industrial processes.
Similarly, the CE literature adopts a systemic approach towards the lifecycle of
materials and products, starting with material extraction, processing, use and disposal.
Indeed, some studies assert that CE principles are framed based on the theoretical
support and guidance of laws of ecology (Commoner 1971), regenerative design (Lyle
1994), a product lifecycle perspective, performance economy (Stahel and Reday 1976;
Stahel 1982; Stahel 2010) and contemporary concepts such as cradle-to-cradle
(McDonough and Braungart 2002).

2.1 The evolutionary nature of the CE

Generally, industrial transformations – such as the envisaged transformation towards
the CE – are about understanding the logic and mechanisms of radical systemic
changes. Assuming that the CE is a transformative mechanism, it is impossible to talk
about the dynamic and evolving aspects of change without taking a system perspective.
As Dosi and Nelson argue (Dosi and Nelson 1993, p. 154), the evolutionary term is
used to explain the characteristics of “the movement of something over time, or to
explain why that something is what it is at a moment in time in terms of how it got
there; that is, the analysis is expressly dynamic. Second, the explanation involves both
random elements which generate or renew some variation in the variables in question,
and mechanisms that systematically winnow on extant variation”.

The CE as an evolving system consists of several levels, scopes and entities. In the
literature, the CE is mainly investigated and discussed according to three scopes of
analysis: macro level (see, e.g., Jiao and Boons 2014; McDowall et al. 2017; Sakai
et al. 2011; Winans et al. 2017; Yong 2007), which analyses how the CE influences
industrial structure at national and global levels; micro level (see, e.g., Chen et al. 2020;
Moreau et al. 2017; Park et al. 2010), where studies focus on products, firms, and
consumers and their preferences (Ghisellini et al. 2015; Sauvé et al. 2016; Bundgaard
and Huulgaard 2019; Kuokkanen and Sun 2019); and the in-between meso level (see,
e.g.,Li 2011; Pan et al. 2014; Govindan and Hasanagic 2018; Baldassarre et al. 2019;
Frei et al. 2020), which is related to local policies and actions, such as those promoting
industrial parks and industrial symbiosis. Irrespective of the level of analysis, responses
to radical changes can be viewed from several stances, including the institutional level,
industrial structure, organisational strategies, and societal values and norms.

2.1.1 Institutional level

Policy bodies and the decisions they make are vital components of the CE system, since
they shape the national and international standards that aim at reconfiguring the whole
industrial structure (Yong 2007; Sakai et al. 2011; Jiao and Boons 2014; McDowall
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et al. 2017; Winans et al. 2017). Hence, the industrial system could also encompass
radical and systemic innovation as the main driver for reaching CE principles and
ambitions (Zheng and Chen 2011; Valkokari and Antikainen 2016; Linder and
Williander 2017; de Jesus and Mendonça 2018; Kinnunen and Kaksonen 2019). In
such a system, there is constant incentive and stimulation from both market and
legislative forces to search for innovative and creative solutions, such as cleaner
technologies, business models and institutional capacity (de Abreu and Ceglia 2018;
Ranta et al. 2018), as well as environmentally oriented policy instruments (de Aguiar
et al. 2017; Ferronato et al. 2018; Geissdoerfer et al. 2017; Milios 2017). However, the
dominant institutional system and privileged policy prescriptions have been established
for the linear industrial-economic system. Thus, new standards and regulations might
be the outcome of path dependency in institutional rules, which makes it difficult to
implement radical changes (Campbell-Johnston et al. 2019; García-Quevedo et al.
2020). For instance, non-conducive legal systems and misaligned incentives can create
negative mechanisms that hinder the transformation to the CE (Pajunen et al. 2013;
Carly A. Fletcher et al. 2018). A case study by Su et al. (2013) looked at national
strategies in China, concluding that weak economic incentives, poor enforcement
ability of legislation and limitations of the existing government’s management system
are some of the institutional challenges faced by CE implementation in China. A
similar study by Ilić and Nikolić (2016) examined the waste management system in
Ljubljana Municipality, Serbia, where they noted the need for a sustainable financial
model, the availability of governmental funds and changing tariffs in municipalities.
The institutional challenges are not only limited to national boundaries. For instance the
implementation of closed-loop material system in economies is influenced by both
global and domestic CE policy objectives (Geerken et al. 2019). Similarly, the study by
Bukhari et al. (2018) shows the interdependency of implementation of the national
programme for textile and clothing recovery in France and international bans on
importing used textiles in the African market. Moreover, the institutional adaptation
to the CE may develop at different timeframe, meaning that some countries are early
adopters and others are followers. Marcela and Morales (2020) argue that the transition
path created by European countries is followed by nations in Latin America without
revisiting the path and its suitability to their cultural and political context.

2.1.2 Industrial and organisational structures

Industrial transformation creates radical changes in dominant industrial structures and
economic relationships. Hence, a resistance to new structures may be encountered in
industrial relations and inter-organisational relationships (e.g. supply chains). Since the
appearance of new entities and relationships requires fundamental changes in the
industrial structure that encourage businesses which traditionally work as separate units
to become engaged in complex exchanges of resources such as material, water, energy
and by-products (Mathews and Tan 2011; Pan et al. 2014; Ghisellini et al. 2016;
Saavedra et al. 2018). The CE introduces a closed-loop value chain via the exchange of
products, the adoption of cleaner production technologies and higher interdependencies
among the actors (see, e.g., Baldassarre et al. 2019; Ciulli et al. 2019). Consequently,
during this evolutionary process, some parts of the system become obsolete, such as
technologies, infrastructure or former industrial relationships. An example is green
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supply chain and closed-loop supply chain practices, that introduce new configurations
as well as relationships among the main actors, ranging from suppliers, manufacturers,
transporters, warehouses and retailers to customers, remanufacturers, recyclers and
retailers of the second market (Genovese et al. 2017; Lieder and Rashid 2016; Masi
et al. 2017; Nasir et al. 2017; Patala et al. 2020; Witjes and Lozano 2016; Zeng et al.
2017). The study carried out by de Abreu and Ceglia (2018) shows the link between
relationships among actors and their organisational capacity within the National Indus-
trial Symbiosis Programme (NISP) in the UK. Based on their study, co-ordinating the
network is one of the main challenges in the new industrial structure, which can be
overcome via the availability of information, logistics infrastructure, changes in con-
sumer behaviour and encouraging regulations. However, as with all long-established
systems, the dominant linear industrial foundations play as lock-in mechanisms for the
transformation to the CE in various areas. For instance, at the supply chain level, the
lack of an infrastructural system for reverse logistics is the main bottleneck for feeding
closed-loop production systems with recovered raw materials (Govindan and
Hasanagic 2018; Frei et al. 2020). Also, from a system perspective, the lack of viable
product design methodologies (Andrews 2015; Moreno et al. 2016; De Los Rios and
Charnley 2017) and the absence of feasible business models (Rizos et al. 2016; Stål and
Corvellec 2018) are identified as the primary operational and strategic issues (Franco
2017).

The transformation towards the CE mandates firms to change their organisational
structure, capabilities and strategies. In this regard, the CE literature on strategic
management at firm level primarily focuses on the transformation of embedded linear
dominant business models (Bocken et al. 2016; Bocken and Short 2016; Lewandowski
2016; Winans et al. 2017). Also, in recent years scholars have further analysed the role
of business models to enable the transition to the CE (Hofmann 2019; Rosa et al. 2019;
Centobelli et al. 2020; Chen et al. 2020). The radical change in firms’ existing business
models is in line with the dynamic capability of companies to adapt to new changes in
the system (Teece et al. 1997). The study by Khan et al. (2020) explores the dynamic
capability of incumbents identifying the business opportunities enabled by CE princi-
ples. However, the high risk of changing an incumbent business model may create
paradoxical tensions in CE decisions. Indeed, the principles of the CE influence the
way firms create, deliver and capture value in their business model (Bocken et al. 2016;
De Angelis and Feola 2020). This new business model requires managers and other
employees to be engaged in the process of changing the organisational culture and
encouraging the company to take advantage of the opportunities offered by the CE
(Rizos et al. 2016; Stål and Corvellec 2018; Ünal et al. 2018). In this context, the
dilemma of choice between exploring new opportunities or exploiting existing business
resources and activities can be explained by an evolutionary perspective. The dilemma
of choice is noticeable in the study by Whalen et al. (2018) which describes the
challenges of the Swedish ICT “gap exploiter” sector in implementing the CE business
activities of repairing, refurbishing and remanufacturing. The business of gap exploiters
is dependent on the engagement of OEMs who have a lack of interest in changing the
dominant design of their products to be suitable for re-utilisation activities. On the other
hand, the high cost of reverse logistics, high taxes on labour and the lack of sufficient
volumes make the business model of generating, delivering and capturing value from
ICT reuse less attractive for gap exploiters.

The transformation to a circular economy: framing an evolutionary... 481



Another example is the connection between the transition of business models and
the diffusion of green technologies and practices. Bidmon and Knab (2018) state that
dominant business models are a critical barrier where resources have been deployed
according to the dominant logic, and lead to path dependencies and fear of
cannibalisation. It is worth noting that the research focus on the concept of circular
business models is relatively recent (see, e.g., Vermunt et al. 2019; Salvador et al.
2020). However, the idea of product-service systems (PSSs) (Mont 2002; Tukker 2004;
Tukker and Tischner 2006) as a resource-efficient way of creating value propositions
has gained significant attention from scholars in recent decades. Tukker’s (2015)
review study showed that PSSs have the potential to contribute to achieving resource
efficiency in the CE. Other studies suggest that PSSs and CE based business models
can be complementarities (Kjaer et al. 2019); integration of PSSs at manufacturing
sectors can enables closed-loop supply chain of materials and products (Kühl et al.
2019). Further, the case study by Sousa-Zomer et al. (2018) has followed Witjes and
Lozano’s (2016) study, arguing that the shift towards PSSs might provide a basis for
companies to move to circular business models. Similarly, the study by Linder and
Williander (2017) looked at the business model of small bicycle firms adding leasing
options to guarantee the return flow of their products by exploring the product-service
offering model. However, this study indicated that this radical change often involves
practical challenges and is perceived by firms as a source of financial risk. In the rental
and performance selling business model, the product ownership stays with manufac-
turers and in the supply chain which hinders a short sell-and-buy process. Tukker
(2015) has pointed to another evolutionary aspect of the residual value within reusing
the product, arguing that lease and rental systems are not appropriate for products that
retain little value after usage. Moreover, the study by Rizos et al. (2016) identified eight
potential barriers for small and medium-sized enterprises to adapt to the CE principles:
company environmental culture, a lack of capital, a lack of government support/
effective legislation, a lack of information, administrative burden, a lack of technical
and technological know-how, and a lack of support from the supply and demand
network.

2.1.3 Societal norms and behaviours

Market forces do not merely control the transition process; throughout history, the
normative and behavioural aspects of society have always been a game changer.
Transition studies have discussed the concept of cultural lock-in, explaining that
social behaviour is embedded in the dominant consumption system. Societal actors
are the profoundly relevant components of the CE system; their values and preferences
have a direct and indirect influence on the degree to which CE goals can be accom-
plished on a system level (Guo et al. 2017). Thus, it can be argued that understanding
societal expectations and changes is at the heart of the transition towards the CE
(Stahel 2010; Ghisellini et al. 2016; Milios 2017). Social awareness is growing rapidly
and is becoming a critical parameter affecting consumers’ purchasing decisions
(Elzinga et al. 2020). The key role of consumers in the development of markets is
also studied by Van Weelden et al. (2016). In their work, they identify the barriers that
prevent customers from buying refurbished mobile phones: a lack of awareness,
understanding the concept, availability and the thrill of newness. The concept of
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circular design is one of the proposed solutions in changing consumer behaviour
(Daae et al. 2019). Real examples of companies such as Patagonia Worn Wear shows
customers feel they have complete control when choosing refurbished worn Patagonia
garments. Korhonen et al. (2018b) also highlight the importance of societal actors’
decisions as influenced by cultural factors on the flow of secondary material. They
highlight that the definition of material flow is temporal, spatial and cultural. Thus, the
CE should be placed in and considered within the temporal, spatial and cultural
contexts. Additionally, the role of governments in growing social awareness and a
radical mind shift on sustainable consumption needs more in-depth impact analysis,
since the evolution of consumers’ behaviour can be seen as an outcome of the
dominant legal framework. In this regard, Dalhammar (2019) proposes a hierarchy
of consumption behaviours in the CE to help the development of European Union law.
He looks at various roles played by consumers in Europe, the effect of Directive
1999/44/EC on certain aspects of the sale of consumer goods and associated
guarantees, and the Swedish laws which allow consumers to make tax deductions
for certain repairs. Likewise, the study by Bocken et al. (2017a) addresses the
importance of policy strategies, such as consumption reduction and waste prevention,
to achieve long-term CE goals.

3 Development block

As indicated earlier, the development block (DB) framework of industrial change was
developed by the Swedish evolutionary economist Eric Dahmén (1950). DB intro-
duces a set of concepts that connect evolutionary economic theory with industrial and
technical change analysis. The theoretical foundation of DB is Schumpeterian dynam-
ics. It is closely related to business cycle theory (Keynes 1937), and centres on the
transformation of industries, companies and technologies. DB also has similarities to
the concepts of salient, reverse salient and critical problems (Hughes 1992,Hughes
1983). DB analyses industrial transformations and the causal mechanisms behind
them by capturing the evolution of essential aspects of an industrial system which is
not necessarily related to or peculiar to a certain industry or technology (Carlsson
1997). In suggesting the DB framework, Dahmén (1984) used a Schumperterian
approach and discussed industrial transformation as a series of introductions of forces
– such as new technologies, regulations, actors, products, market and services – to the
prevailing system. Transformation forces create imbalances, which result in tensions
and uneven development within and between industries (Dahmén 1984). As a result,
disturbances occur within existing structures and old parts of the system. Accordingly,
the dual character of the transformation process can be viewed as a historical process
of sequential movements between the two extreme situations of possibility and
necessity, where transformations affect more than one industrial sector containing
transformative pressure (Dahmén 1988). This pressure is labelled as positive when
there are possibilities for economic and industrial development. Negative
transformative pressure, on the other hand, exists when there are strong
requirements to adjust and adapt. Dahmén (1988, p. 5) defines DB as “a sequence
of complementarities which by way of a series of structural tensions, i.e. disequilibria,
may result in a balanced situation”.
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3.1 The components of DB

As shown in Fig. 1 below, DB consists of conceptual elements with several compo-
nents to investigate the industrial transformation. These include complementarities,
transformation pressure, structural tension and entrepreneurship activities, as well as
institutional dynamics. Complementarities are dependencies among interrelated actors
in a development block. The actors include companies, institutions, industries, entre-
preneurs and other organisations which are complementary in the development of an
economic/industrial system (Novotny and Laestadius 2014). The coherent development
of complementarities in development blocks could be required for the transformation
process (Dahmén 1988). The lack of balance between the development of complemen-
tarities, i.e. pre-mature stages and missing-complementary stages, as well as the joint
effects of inner and outer transformation pressures, create tensions (positive and
negative) within the industrial system. Nuvolari (2019) defines complementarities as
clusters of technologies linked together that mutually stimulate each other. The case
example is ICT evolution in which the DB could be structured around the co-evolution
of semiconductor-computer-software-networking equipment. Novotny and Laestadius
(2014) present Dahmén’s examples of transformation pressures as “(a) appearance of
new markets; (b) exploitation of new raw materials and energy; (c) disappearance of
old products/services (old markets); and (d) closure of old sources of raw materials and
energy”. As a result, tensions can arise between available resources and the capabilities
required to take advantage of new business opportunities (Carlsson 1997). Thus, the
imbalance stage of the system is driven by transformation pressures and discontinuities
in the development pace of different complementarities.

Structural tensions can be repeated over time in different settings and analysed on
different levels. One approach is to analyse tensions at a company, industry, or
institutional level. Another approach analyses tensions at technical, organisational
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Fig. 1 The components of the development block analytical model and their main relationships

A. Chizaryfard et al.484



and societal levels. Different industries might not develop at the same pace; some
industries are pioneers while others lag far behind (Erixon 2011). Dahmén (1988)
emphasises the fact that factors such as institutional condition (e.g. government regu-
lation) might cause a delay in achieving a balance and eliminating structural tensions.
He labelled these factors as the quality of entrepreneurial activities and institutional
factors (Dahmén 1988). Figure 1 shows the conceptual elements in the DB as well as
their relationships.

Scholars that apply the DB analytical model generally focus on specific periods or
places of the industrial development process to identify the driving forces of the
transformation. For example, Novotny and Laestadius (2014) show structural tensions
created by product and process innovations that can be interrelated and complementary
to form a new development block in the wood-based biomass industries. Similarly,
Enflo et al. (2008) identify two main development blocks in the electricity generating
sector in Sweden by proposing a quantitative approach. The case study by Haley (2018)
focuses on TIS and the structural tensions created by the diffusion of technologies. He
argues that the elimination of structural tensions created by the diffusion of renewable
energy requires the complementarity technologies to come along and fill the technical
gaps. By the same token, Andersen and Markard (2020) put emphasis on the suitability
of DB and the concept of transition tension to unfold the interdependency of multi-
technologies during transition process.

The DB as an analytical model can facilitate identifying and explaining the pathways
of industrial transformation from an evolutionary perspective in the context of the CE.
Indeed, the CE as an evolving system can be viewed as a dynamic structural tension
that initiates transformation pressures within the prevailing industrial system. Thus, the
concepts of DB could help to distinguish different mechanisms of the transformation
process, the most relevant and powerful DBs within the system, and the role of positive
and negative transformative pressures on structural tensions. Moreover, the DB con-
ceptual model enables a clarification of the level of different tensions and the interac-
tions of different complementarities within the socio-technical system. In DB, political
and other institutional factors are key driving forces during transformation processes.
By focusing on different institutional circumstances, we can see that the transformation
to the CE is coupled with different structural tensions in different political and
institutional contexts.

The implementation and formation of CE principles in China and Europe can serve
as an example of how different institutional settings (e.g. different environmental policy
priorities and sustainable development agendas) result in different schemes for trans-
formation to the CE. China’s CE perspective was developed around issues of pollution
and in the context of China’s rapid economic growth; in contrast, the European Union
focuses more on business opportunities along with resource efficiency implications.
Thus, the Chinese government created transformation pressure by adopting a top-down
approach and passing a different set of incentives and penalties at national, regional and
industrial cluster levels. By contrast, European nations emphasised a bottom-up ap-
proach, elaborating on the competitiveness of European industries, innovative technical
and business solutions for environmental challenges such as climate change, and, most
importantly, social awareness of consumerism phenomena. Thus, in a European insti-
tutional context, the structural tensions and complementarities are related to the co-
evolution of the CE strategies listed by Kalmykova et al. (2018). These include
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industrial incentives for using renewable energies, environmental regulations and
penalties for cleaner production/technologies, material exchange industrial platforms
and networks at regional, national and local levels, creating zero-waste industrial
systems by incentivising transparency and a secure material database, and consumption
awareness (e.g. product/process redesign with incentives for repair and product label-
ling requirements) (Gregson et al. 2015; Demirel and Danisman 2019).

4 An analytical framework

The basic principles of CE manifest itself in the interconnection between the dynamics
of economic and ecological development. This connection has, particularly, been
explored in depth in the CE literature from an ecological point of view, focusing on
the throughput of energy and material to meet the demands of industrial-economic
development (Lieder and Rashid 2016; Prosman et al. 2017; Kalmykova et al. 2018;
Reike et al. 2018a). The CE emphasises the importance of closing technical and
biological loops in a cyclical system of material and energy flows rather than linear
flows. Ring’s (1997) terminology of evolutionary strategy captures the evolutionary
pattern of economic and ecological development. As presented in Fig. 2, the evolu-
tionary pattern relies on the flows of basic elements such as energy, material, informa-
tion, space and time. Similarly, Boulding (1981, 1992), one of the earliest contributors
to evolutionary economics and one that is often cited in the CE debate, also noted the
importance of these elements. Valentinov (2015) addresses the same basic elements
that need to be taken into consideration when explaining evolutionary processes in the
field of economic development: time, energy, human know-how and material. Thus,
the evolutionary process can be analysed by measuring the changes in the flows of the
mentioned elements in both the socio-economic and ecological systems. It can be
argued that the CE may be seen as an evolutionary strategy, which involves the flow
of the same basic elements. This is because it is deeply rooted in the notions of closing
the flow of material, reducing the need for virgin raw material and keeping material
inside the loop. At the same time, the CE envisions energy-efficient industrial systems
and the generation of renewable energies, and above all the regeneration and extension
of economic value through innovative business models. Time and space are key
dimensions to unlock the evolutionary pattern of environmental and economic devel-
opment. The environmental and social impacts of economic actions become visible
throughout the time and often in unexpected geographical spaces. Time illustrates the
gradual increase in complexity of the system and the need for conservation of the
resources and ecological restoration. In summary, CE addresses how to sustain the
complex evolving environmental and economic systems, which are inherently
interconnected.

Therefore, based on the discussions in the previous sections, we present here an
evolutionary framework of transformation processes in the CE context. The framework
is the integration of evolutionary aspects of transformation to the CE from economic
and ecological perspectives. The framework consists of two main parts:

& The three-dimensional space of the evolutionary transformation to the CE;
& The evolutionary dynamics of the transformation to the CE.
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The first part is presented in Fig. 3 and shows the three dimensions, representing the
ecological and economic evolutionary cornerstones of the CE. The flows of basic
elements largely build on the work carried out by Boulding (1981, 1992) and Ring
(1997), on the idea of evolutionary strategies, ecological principles, including the flow
of energy and material in the ecosystem, and the fact that economic value, cultural and
social aspects develop in an evolutionary pattern. The two other dimensions of the
framework are generated based on DB and Dahmén’s (1988) original idea of dynamics
of structural tensions and complementarities during transformation processes. These
two approaches make it possible to identify and analyse interdependencies and inertia
at different levels of the economic system during the transformation to the CE.

4.1 Flows of basic elements in the CE

The topology and intensity of flows of energy, material, economic value chains and
societal values in the CE system are the key elements. They define the state of the
system at different stages of the transformation process, concerning both temporal and
spatial dimensions. These are the main ecological principles that explain the evolution-
ary patterns of development in the system, which is the foundation of the CE from an
ecological perspective. The assessment of flows of essential elements can be used to
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show the sequences of imbalance and relatively balanced stages of the CE system, and
thus to track transformations over time and space.

Energy flows The CE principles demand the efficient use of energy and the generation
of renewable energy. Therefore, the circularity state of the system can be realised by
showing energy flow and the availability of renewable energy sources (e.g. Bobba et al.
2018). However, this goal needs to be considered from a system perspective. In some
instances, industrial activities towards the diffusion of renewable energy technologies
are not always from a systemic point of view, which might end with the reverse effects
of extensive use of energy in other parts of the system. One of the most relevant
examples is the diffusion of solar photovoltaic systems (Corcelli et al. 2018;
Domínguez and Geyer 2017; Gönen and Kaplanoğlu 2019). Solar panels contain rare
earth metals, and it is recommended from economic and environmental points of view
that these are recovered at the end of the panels’ useful life. However, so far, this
power-generation technology has been associated with energy-intensive mining activ-
ities during production and a waste management challenge after the lifecycle of the
panels (Cyrs et al. 2014; Xu et al. 2018).

Material flows Similar to energy flows, closing the material loop is a big step in the
transformation towards the CE (Gaustad et al. 2018; Ryen et al. 2018). Thus, this
element reflects the state of material flow within the system and possible outflow areas
(e.g. Reh 2013; Jackson et al. 2014). The possibility of keeping materials in the cycle of
usage as long as possible is the goal of the CE; however, this idea should be
implemented along with a reduction in the use of virgin materials, an increase in the
use of bio-based materials and the elimination of reusing intense energy materials
(Grundmann et al. 2013; Matus et al. 2012). In this regard, the circular design approach
is the primary stage that promotes the production of reusable and energy-efficient
materials/products (Bocken et al. 2016).

Change in economic value Transformation to the CE is expected to contribute to
economic development via the generation of new economic values. The transformation
towards closed-loop value chains should always be considered in CE transformation
studies (e.g. Makov and Font Vivanco 2018; Zacho et al. 2018). One of the challenges
in reusing materials and products is the price positioning, which requires different
measurements of economic values. Business activities such as repairing,
remanufacturing, refurbishing and recycling are value-adding processes which con-
sume energy, time and other resources. However, this fact is not very clear to
customers, who cannot relate the price of reused materials/products to the added values
(Cavalcanti et al. 2018). On the other hand, the existing tools of price positioning are
not easily able to give economic value to something which conventionally could not
have any value in the dominant linear socio-economic system (e.g. Fletcher et al.
2018). This change in economic value results in competition between actors and the
creation of innovative business models which make it possible to capture new eco-
nomic values (Heyes et al. 2018; Perey et al. 2018). The creation of circular economic
value is ongoing and changes over time, which is the main driver in circular economic
development.

A. Chizaryfard et al.488



Societal values Actors within society play a significant role in the transformation
towards the CE. Thus, it is vital to understand and analyse changes in their
behaviours and preferences, i.e., the phenotypes of driving circular values are key
elements in industrial transformation studies on CE (e.g. Guo et al. 2017; Ferronato
et al. 2018). The engagement of social actors facilitates CE principles; for instance,
in the context of reverse logistics, incentivising consumers to return old products
involves establishing a new cultural behaviour. On the other hand, the normative
aspects of consumerist behaviour have drawn the attention of scholars to rebound
effects in re-selling and the circularity of economic value, which might increase the
overall amount of industrial production (Makov and Font Vivanco 2018). Thus, the
complexity of cultural lock-in can challenge the environmental implications of the
CE.

4.2 System complementarities

This dimension shows the evolutionary approach of economic and industrial change
in transformation process towards the CE. This can be only understood at a system
level, which indicates the co-evolution of entrepreneurs, innovators, industrialists,
social actors and policymakers. Systemic complementarities show the boundary of
interdependencies and interactions among entities at micro, meso or macro level. It
should be noted that the concept of systemic complementarities is adapted from the
Dahmén’s (1988) original ideas on DB. The concept of complementarity in DB is
limited to certain interdependencies at micro level during industrial transformation;
however, in the context of the CE we have expanded the boundary of applications
for this concept to the system level. Hence, this dimension enables us to explain the
dynamics of interdependencies among different parts of the CE system during
transformation processes (e.g. development of technologies, business models, in-
frastructures and institutional structure).

Micro level At this level, the nature of interdependencies in the transformation
process are in the form of the development of a single product (e.g. Niero and
Olsen 2016), production process (e.g. Lacasa et al. 2016) or an individual firm’s
business model (e.g. Heyes et al. 2018). Thus, essential complementarities at this
level can range from new design strategies (e.g. Bocken et al. 2016; De Los Rios
and Charnley 2017), innovative materials (Todeschini et al. 2017) and production
technologies (Quina et al. 2018; Schalkwyk et al. 2018) to business models
(Lewandowski 2016; Perey et al. 2018). These complementarities enable changes
in the structure of products to be disassemblable, bio-degradable and produced
energy efficiently. Thus, without those developments, new business models and the
production process cannot be successfully implemented. The study by Vanegas
et al. (2018) illustrates the essential requirements of the appropriate design of the
disassembly process and manufacturing end-of-life products. In the same manner,
organisational and institutional capacities are necessary for the development of new
business models, such as financial management, administrative capabilities and the
development of new partnerships and industrial collaborations (de Abreu and
Ceglia 2018; Ilić and Nikolić 2016).
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Meso level The typical units of analysis at meso level are industrial changes in supply
chains (e.g. Pan et al. 2014; Park et al. 2010), industrial parks/symbiosis (e.g. Prosman
et al. 2017), and regional policies and industrial actions (e.g. Jiao and Boons 2017;
Silva et al. 2017). Hence, different types of complementarities at this level facilitate the
transformation process through the development of industrial networks, collaborations
and infrastructural facilities. The CE requires new industrial relationships and needs a
new configuration of the supply chain to close the loop of materials (Jabbour et al.
2016; Masi et al. 2017). It opens up opportunities for new forms of industrial collab-
orations to exchange and share resources. It depends on actors’ interests and their trust
in new business activities, and on the emergence of new processes and actors (e.g.
Lieder and Rashid 2016). Circular business models, technologies and even new
regulations cannot be successful without a systemic change in dominant industrial
infrastructures, relationships, transparent data sharing and industrial platforms to con-
nect actors.

Macro level Here, the unit of analysis explains the industrial transformation at macro-
economic level, and structural changes on a national, multinational or global scale (e.g.
Jackson et al. 2014). Therefore, the complementarities investigated at this level are
defined as synchronised national, regional and international legislation (e.g. Yong
2007; Gregson et al. 2015; Ranta et al. 2018). The implementation of CE principles
requires support from institutions and policymakers. For instance, conflicting export
and import regulations with regard to industrial/household waste, the definition of
secondary material, or guidelines and standards that hinder the implementation of
reverse logistics between countries. The case study carried out by Bukhari et al.
(2018) explains the evolution in institutional policy in African countries that changed
the market dynamics and restricted importing waste from Europe. Ambiguity in the
definition of secondary materials and their economic value can delay growth in market
demand and mislead the pricing mechanisms (e.g. Zink and Geyer 2017). Also, societal
infrastructure (e.g. Liu et al. 2009; Atlason et al. 2017) can be discussed at macro-
economic level, demonstrating that social acceptance and awareness are the slowest
evolving aspects of socio-industrial transformation.

4.3 Circular tensions

The notion of tensions in industrial transitions was discussed decades ago by scholars
such as Joseph Schumpeter (1939) and Dahmén (1950) to capture frictions when
incumbents encounter challenges related to the evolution towards a new system. As
indicated earlier, for instance, Dahmén (1988) argued that transformation processes
create tensions within companies, industries and institutions that are driven by trans-
formation pressures, either positive (opportunities) or negative (necessity), to adjust or
adapt, and are due to a lack of coherent development of complementarities. We argue
that the sources of these tensions and the way they are detached are different in the
context of the CE. We propose that tensions in the transformation towards the CE do
not necessarily have negative connotations. This means that tensions can exist within
technical developments, organisational innovations, industrial structures and regulatory
systems that aim to achieve the CE. We call these frictions circular tensions. These can
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occur due to competition and resistance between linear and circular economies as well
as unsystematic attempts towards the CE. Similarly, circular tensions can be identified
from institutional-industrial and organisational-technical to ethical, normative and
behavioural perspectives. Furthermore, evolutionary notions, such as path dependen-
cies, industrial inertia and lock-in, can provide guidance to identify the sources of
circular tensions.

Institutional-industrial CE envisions structural change in institutions and industries
which does not follow a smooth process and does not result in harmonious advances of
all elements within the system. Institutions tend to adopt CE-based regulations and
structures according to the particularity of their geopolitical, industrial and social
context. Different degrees of capabilities allow industries to explore different aspects
of CE; some traditional industries might witness the effect of path dependency and
lock-in through transformation more than emerging industries. All these differences can
result in circular tensions, i.e. uneven developments within and between institutions
and industries. Other sources of circular tensions can be linear market-related criteria
and limitations (e.g. Peck et al. 2015), mal-investments (e.g. Korse et al. 2016; de Jesus
and Mendonça 2018) or unsynchronised policies and regulations (Ilić and Nikolić
2016; Fletcher et al. 2018; García-Quevedo et al. 2020). Also, circular tensions relate
to bottlenecks, such as a lack of required industrial infrastructure and capacity for the
development of new production approaches. Moreover, traditional institutions and
regulatory systems are influenced by dominating industrial systems which shape the
regulation (e.g. tax systems, governmental subsidiaries) to be in favour of their
development (see, e.g., Kinnunen and Kaksonen 2019). Consequently, changing some
parts of institutional systems will result in misalignment with dominant parts and the
creation of circular tensions.

Organisational-technical circular tensions can occur due to the implementation of
conflicting organisational and technical innovations (see, e.g., Franco 2017; Linder and
Williander 2017). For instance, the development of technologies to remanufacture
products can hardly fit into existing linear organisational structures. Similarly, lock-in
mechanisms, such as dominant linear technologies and design methodologies, hinder
the diffusion of innovative circular business models. Further, historically technological
change is an evolutionary process, following incremental improvements in existing
technological systems. However, such incremental changes lead to circular tensions
and time lag in the transformation process. Lastly, firms’ business models create
circular tensions when faced with the dilemma of choice between capturing new
circular values and exploiting linear values at the same time (e.g. Rizos et al. 2016;
Stål and Corvellec 2018).

Ethical, normative and behavioural circular tensions are inherent to transforma-
tion towards the CE; for instance, the dynamics of consumers’ behaviour and the inertia
caused by normative values and ethics in society create circular tensions (e.g. Liu et al.
2009). The CE may increase societal awareness and constantly expose new circular
values, but sometimes these values are biased or controversial and result in circular
tensions. One example is the development of markets for reused products via exporting
to less developed countries without considering the dynamic of change in customers’
behaviour and the lack of appropriate waste management systems locally.

The second part of the framework, Fig. 4, shows the dynamics of the interactions
among the three evolutionary dimensions (flows of basic elements, circular tensions
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and systemic complementarities). In general, the transformation process consists of
several transition stages that may result in changing the state of CE systems. This is
driven by an uneven development of complementarities due to different system scopes
as well as by transformation pressures within the system (i.e. CE development blocks).
Thus, during the transformation process, the system experiences several imbalances
due to the circular tensions. The types and degrees of circular tensions created and
resolved depend to a large extent on the quality of entrepreneurship and institutional
factors of the system. The system reaches a provisional balance stage when some parts
of the system manage to change their industrial composition, firm structures, market
arrangements and entrepreneurial skills. The state of the CE transitioning system can be
measured by focusing on the circularity of the basic elements of the system, which are
the flows of energy, material and economic value chains, and the evolution of societal
values. Furthermore, we can study the dynamic pattern of change in the CE’s economic
and ecological dimensions via this part of the system.

5 Discussion

The CE notion should be viewed as the nexus of ecological dynamics, such as material
and energy flows, and evolutionary economic and industrial processes, where tensions
and complementarities are central, as shown in Fig. 5.

The flow of materials within the boundary of the CE is highly dynamic and does not
follow a single direction. Fellner et al. (2017) and Moreau et al. (2017) argue that the
possibility of reducing the consumption of primary raw materials is limited, and point
to the inadequate availability of secondary materials for the current volume of industrial

Fig. 4 The evolutionary dynamics of the transformation towards the CE
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production. Moreover, the quality and quantity of material recovery influence the actual
flow of available secondary resources to the industry.

Balancing renewable resources flow and recycling of materials is deeply rooted in
the CE vision. It is worth mentioning that scholars (e.g. Georgescu-Roegen 1977) refer
to the “fourth law” and the increase of entropy in closed systems to ground the
argument against the possibility of completely closing the energy and material flow
loops. Critics of the “fourth law” (e.g. Ayres 1999) argue that the earth is an open
system receiving the flow of infinite solar energy which can be used for closed-loop
activities, since solar energy is not only renewable energy but an infinite energy source
(Ghisellini et al. 2016; Korhonen et al. 2018b). However, Xia and Yang (2007) state
that the “economic process is just a process to change valuable natural resource (low
entropy) into waste (high entropy)”. Moreover, the idea of designing much longer-
lasting products (reuse, remanufacture and recycling) would not always contribute to
appropriate ecological flows of material and energy. Even long-lasting products that do
not break down quickly at the end of their lifecycle consume more useful energy and
release more entropy (Korhonen et al. 2018a).

When the CE is approached from an evolutionary perspective, it is almost impos-
sible to avoid the substantial role of time and space. Thus, applying the systemic long-
term approach to assessing the short-term, mid-term and long-term environmental
impacts of circular efforts and their contribution to global net sustainability will become
a big issue (Korhonen et al. 2018a; Schroeder 2018). The history of implementing
environmentally friendly practices tells us that there is a tendency to displace/shift (e.g.
geographically or temporally) the problem or simply change the nature of the initial
problem. Thus, there is a need for a systematic and evolutionary perspective to
understand these impacts, such as the “boomerang effect”, by taking into account
proper system boundaries and the systemic and evolving nature of the problem. In
the same way, overlooking the dynamics of societal factors and their influence on the
transition process to the CE might result in negative effects on consumption and on the
economic scale of the CE, such as the “rebound effect”, i.e. the net increase in the
production and overall consumption of resources, and the creation of waste (Bocken
et al. 2017a; Zink and Geyer 2017).

The evolutionary and dynamic aspects of economic values and new market dynam-
ics are also reflected in CE principles. The CE generates new economic value through
new mechanisms to create, deliver and capture circular values. It retrieves the value
(material and embedded energy) that is added to the products through value chains by
value retention activities (Reike et al. 2018a). In essence, the dynamic flow of
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economic value is in line with the scarcity of natural resources, as well as with the
quality and availability of secondary materials which create the dynamics of market
demands and prices (Reike et al. 2018b). Nevertheless, the current pricing mechanism
is non-completed, which means that it mainly concerns the time value of acquiring and
not the time value of the formation of the natural resources. Furthermore, government
intervention and normative aspects of society can reshape the pricing mechanism of
natural resources and economic value, known as endogenous evolution in the CE
(Jiang and Chen 2010). Moreover, current pricing mechanisms of natural resources
encourage industrial actors to leverage the price based on resource depletion. Thus, the
CE paradigm can bring changes in pricing mechanisms, which are the powerful triggers
for reducing natural resource consumption via technological innovation and the
utilisation of secondary materials.

The other two dimensions of the framework are based on the evolutionary concepts
of structural tensions and complementarities from DB theory, explaining the dynamics
of industrial transformation. We have discussed these two concepts in the context of
the CE, and have explained the particularity of systemic complementarities and
circular tensions. One example of a circular tension could be the conflicts between
available production technologies and business models with circular design ap-
proaches. Similarly, systemic complementarities can be identified when, at meso
level, infrastructures are not suitable or sufficiently developed for fostering the
implementation CE strategies such as zero-waste production systems or closed-loop
material supply chains. Moreover, each transformation process ends with the elimi-
nation of structural tensions and the emergence of key complementarities within the
system. Also, from the ecological dimension, the state of the CE system transitioning
can be measured by focusing on the achieved degree of circularity of the basic
elements of the system, which are the flows of energy, material and economic value
chains, and the evolution of societal values.

The three dimensions covered by the proposed framework – i.e. flows of basic
elements, circular tensions and systemic complementarities – can be used to set the
boundaries of future transformation studies in the context of the CE from either the
ecological (flows of essential elements) or economic (systemic complementarities and
structural tensions) perspectives. In this way, researchers in the CE field can consis-
tently determine the boundaries of their studies concerning evolutionary and systemic
aspects of CEs, which is an essential element for referencing existing knowledge by
researchers, practitioners and policymakers. Hence, the framework may act as a guide,
showing the most relevant entities, variables, relationships and levels of interaction
that are compatible with the objectives of the study or action. Once the boundaries of
problems and the aims of the study are set, the entities and the critical relationships
between entities can be easily identified within the three-dimensional framework.

6 Final remarks and avenues for future research

This paper aimed to discuss the transformation towards the CE from an evolutionary
perspective, proposing the DB (Dahmén 1950) as an analytical framework. The CE is
an approach based on the need to mitigate climate change and calls for actions to
transform the dominant linear economic system, which is pushing biological limits as a
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consequence of massive resource consumption and environmental pollution. In the
industrial policy debate and in the engineering sciences, this is billed as a paradigmatic
shift from the linear model towards a circular one. It acknowledges the fact that
economic development cannot progress without considering fundamental laws and
principles of ecology.

However, in this paper we have argued that in order to realise the full adoption
potential of the CE, it is important to consider and integrate the evolutionary patterns of
industrial change. Although absent in the CE debate, this is not new (Costanza and
Daly 1987,Costanza et al. 1997; Daly 1991). As already argued by Boulding (1966a) in
his essay “The Economics of the Coming Spaceship Earth”, and later by Boulding
(1992) in “Towards a New Economics”, an industrial system is an open, dynamic,
evolving system that is not isolated from natural ecosystems. Moreover, the ecological
principles and evolutionary patterns of system development, as discussed by Ring
(1997), are reflected in the CE, starting from the notion that economic development
cannot progress without considering the fundamental laws and principles of ecological
evolution.

The linear production model has left a heritage of an unsustainable socio-economic
system. As a sustainable alternative, the CE has gained popularity among politicians
and businesses due to its vision of a regeneration of economic values in materials, the
elimination of environmental damage and the creation of social benefits. The global
industrial-economic system is in an ongoing transition process, and the CE is not
achievable by individual attempts to change a firm’s business model. In order to be
fully realised, the CE involves a systemic change throughout the firm, industry or
economy, and requires a radical shift in societal values, norms and behaviours. Thus the
CE is also about understanding and overcoming tensions that might bring transforma-
tive pressures. This is where the DB framework comes in.

Although the emerging CE literature within the engineering and natural sciences
has enriched our understanding, both conceptually (e.g. Masi et al. 2017; Prieto-
Sandoval et al. 2018) and empirically (e.g. Mathews and Tan 2011; Bocken et al.
2017b), the importance of viewing this transition in the context of industrial and
economic transformation processes has not yet been addressed satisfactorily. The
transition towards the CEcannot be successful if the structural tensions on the prevail-
ing system are not fully understood. Similarly to what has been experienced with
previous radical industrial changes, the transformation towards the CE will certainly
feature path dependencies (Partha and David 1994; Arthur 1989, 1990), path creation
(Garud and Karnoe 2001; Stack and Gartland 2003), and inertia or lock-in (Liebowitz
and Margolis 1995).

This paper is among the first attempts to discuss the CE from an evolutionary
perspective in the context of industrial transformation. Thus, it needs to be considered
in the light of further conceptual and theoretical improvements. To this end, we suggest
that future studies apply the framework and the evolutionary theory in different
empirical contexts of CE implementation. Specifically, we encourage case studies
focusing on different political and institutional contexts. Further, the concepts of
circular tension and systemic complementarities can be applied to various scopes to
identify unpredictable dependencies and tensions within and between the dominant
linear and emerging circular economic systems.
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