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Abstract

Understanding which drivers and barriers exist in the development of a Circular Economy (CE)
is a relevant and timely endeavour. The aim of this paper is to contribute to this debate by
analysing evidence regarding the different factors helping and hampering the development of
a CE. Specifically, this paper focuses on the eco-innovation (EI) pathway towards a CE, and
tries to coordinate available but fragmented findings regarding how “transformative
innovation” can foster this transition while removing obstacles to sustainability. Drawing upon
a new corpus of both academic and non-academic literature, this work offers a framework for
analysis, as well as an evidence-based survey of the challenges, for a green structural change
of the economy. We argue that the combination of the innovation systems’ view with the more
recent “transformation turn” in innovation studies may provide an appropriate perspective for
understanding the transition to a CE. Ultimately, the paper aims to capitalise on these insights

to contribute to the design of policy guidelines and organisational strategies.

Keywords: circular economy; eco-innovation; barriers; drivers; survey



1 Introduction

The circular economy (CE) has emerged as a key approach in the transition to a more
sustainable economic paradigm. It highlights what is to be rejected, the linear ‘take-make-
dispose’ economy, and proposes instead a “(...) system that is restorative or regenerative by
intention and design” (EMF, 2012, p. 7). Furthermore, a CE is not described necessarily as a
disruptive concept, but rather as a workable socio-technical approach for attaining economic
and ecological sustainability. It is depicted as a framework compatible with companies’ and
countries’ needs to reduce input costs, as well as desires to operate in a world with less

unpredictability (WEF, 2014).

Creeping into academic literature since the late 1960s, but only recently entering the policy
agenda, the CE is considered as a motivational and inspirational compass, a desired “end-state”
(Gregson et al., 2015). The CE formally entered the realm of actual public policy in China in
the Cleaner Production Promotion Law of 2002 and the subsequent Circular Economy
Promotion Law of 2009 (Standing Committee of the National People’s Congress - China,
2009). The concept also became the main plank of the EU Action Plan for the Circular

Economy, several years later (EC, 2015a).

Identifying the determinants of this societal transition is challenging (Stirling, 2011). One
reason is that a CE is still a rather underspecified notion, difficult to describe, and comprising
diverse areas, including: sustainable production-consumption systems; closed-loop supply-
chains, and; product-service systems. Thus, despite its status as a transition hypothesis towards
a new socio-technical regime, the CE is still a rather poorly understood notion. In addition, the
methodologies for actually delivering a CE are even more blurred and uncertain. Hence, it is
important to develop a thorough understanding of the factors that foster and hinder the
transition to a CE. The primary goal of this paper is then to map out the drivers that promote

or streamline a CE, as well as the barriers that most frequently derail it, or slow it down. A



second, complementary, goal is to articulate more specifically what the CE concept really
entails; this is done by employing the notion of systemic innovation, which is so central to

modern neo-Schumpeterian studies.

Eco-innovation (EI) has been acknowledged as a particular pathway for increasing efficiency
and competitiveness whilst also having positive impacts on the environment and society (EIO,
2013). El can be used as a transformative process to move away from the status quo, to thus
create a socio-economic system based on the concept of the CE. This El transition towards a
CE is both uneven (as some activities or sectors will change sooner than others) and
destabilising (as pro-CE factors and actors will encourage others to change too). In other words,
El has the potential to trigger a chain of changes and create localised pressures, thus stimulating
complementary adaptations elsewhere, which then come together to form a new techno-
economic system. As innovation enabled the development of an industrial, carbon-intensive
economy, it is plausible that (“transformative”) innovation may now be the vehicle for
triggering a new, “green” transition (Schot and Kanger, 2016). Today, it is both topical and
urgent to understand how, and by which means, innovation is able to facilitate the emergence
of a CE. This paper takes an innovation studies perspective to address the challenges to the CE,
in particular by answering the following two questions: (1) What are the major drivers and

barriers to a CE? (2) What is the role of El in the transition to a CE?

Drawing on contributions from both academic and grey literature, the aim of this paper is to
analyse available evidence regarding the transition towards a CE, using EI heuristics and
trajectories. To structure the debate we offer an integrated and up-to-date conceptual and
empirical approach to dynamic CE studies: the perspective is informed by the innovation
systems view and the more recent “transformation turn” in innovation studies as we move on

to assemble and make sense of a new database of relevant sources, including both academic



papers and policy reports. These two distinct types of sources were used, in a complementary

way, to take stock of progress in policy-relevant research.

The next section of this paper focuses on definitional issues regarding the CE, El, and the
drivers of, and barriers to, the CE. Section 3 then refers to the methodological framework used,
and Section 4 presents the results regarding the identification of drivers and barriers to a CE,
as well as the role of El in this transition. Finally, Section 5 presents some concluding
observations, highlighting the limitations of this research, as well as possible avenues for

further work.

2  The Circular Economy and Eco Innovation under scrutiny

2.1 A more circular economy

The structural socio-economic changes introduced by the Industrial Revolution and two World
Wars changed the way goods were extracted, produced, delivered, consumed and discarded
(Womack et al., 1990). Those changes, named the “First Deep Transition” by Schot and Kanger
(2016), had severe cumulative consequences for the global environment, including climate
change, degradation of ecosystems and depletion of natural capital. Even with significant
environmental improvements, in developed and emerging economies alike, the prevailing
global trends in manufacturing and consumption will continue to be a problem for current and

future generations.

These issues have been addressed in technical and academic literature since the 1960s in
diverse ways. Initial works on the “economics of the coming spaceship earth” by Boulding
(1966), Georgescu-Roegen’s (1971) “ecological economics” or Stahel’s work on the

“performance economy” (Stahel, 1982, 1986; Stahel and Reday-Mulvey, 1981) have raised



fundamental methodological and substantive questions regarding linear economic dynamics in
a context of limited availability, such as the resources of planet Earth. These intellectual
traditions were brought together in a contribution by Pearce and Turner (1990) entitled
Economics of Natural Resources and the Environment, particularly in the chapter titled “The

b

circular economy”. The development of other concepts, such as “industrial ecology” and
“industrial symbiosis”, highlighted the potential efficiency of natural ecosystems in resource

recycling, thus suggesting the application of this same principle to production systems (Ayres,

1994; Frosch, 1992; Frosch and Gallopoulos, 1989).

The CE came of age in the 2000s as a synthetic concept. It encompasses diverse topics
including: product-life extension activities (reuse, repair, recycling) and material efficiency
(Rashid et al., 2013; Golini et al., 2014; Lund, 1985; Allwood, 2014; Lund and Skeels, 1983;
Conn, 1978); product-service systems (Stahel, 1982, 1997; Tukker, 2013); sustainable
consumption and production interactions (OECD, 2008); waste management and networks of
recovery (Greyson, 2007; Liu, 2009; Allwood, 2014; Liu and Bai, 2014; OECD, 1982); closed-
loop supply chains (Gupta and Palsule-Desai, 2011; Ji et al., 2014; Mirhedayatian et al., 2014;
Govindan et al., 2014; Ying and Li-jun, 2012); cleaner production (Geng et al., 2012; Li et al.,
2013; Su et al., 2013); green/regenerative design (Bakker et al., 2014), and; “cradle to cradle”
approaches (Braungart and McDonough, 2002). Most importantly, recent literature has
presented the CE as an analytical template for a new mode of socio-technical organisation,
where the environment and the economy are rebalanced (George et al., 2015; Ghisellini et al.,

2016).

Besides its academic penetration, the CE has been stressed as an overall strategic framework

by international organisations such as the United Nations and the European Union, as well as



by entities such as the World Economic Forum (WEF),! and non-governmental organisations
such as the Ellen MacArthur Foundation? (EMF). These organisations have actively produced
“grey literature” highlighting the potential of a CE for creating an innovative and sustainable

transition (EMF, 2012, 2013, 2014b; UNEP, 2006; EC, 20153, 2014a).

Drawing on existing literature, the CE can, therefore, be defined as a multidimensional,
dynamic, integrative approach, promoting a reformed socio-technical template for carrying
out economic development, in an environmentally sustainable way, by re-matching, re-
balancing and re-wiring industrial processes and consumption habits into a new usage-
production closed-loop system. The drivers of, and barriers to, such transformative reform are,

therefore, of policy interest.

2.2 Innovation for a Circular Economy

Transition is an inherently innovation-intensive process of reconfiguration and adaptation.
More than just “novelty introduction”, innovation is embedded in a wider social and economic
structure, rooted in a specific historical and territorial context (Freeman, 1987). The connection
between environmental challenges and the innovation agenda can be traced back at least to the
early 1990s. In the first Handbook on innovation economics, management and policy, some
significant attention was devoted to this connection under the heading of “Future challenges of
innovation in a global perspective” (see Skea, 1994). More than two decades later, however,

relevant literature, linking innovation and the environment, has still not been sufficiently

1 1In a report of 2014 entitled Towards the Circular Economy, developed in collaboration with the Ellen MacArthur
Foundation and McKinsey & Company, the WEF stressed the need to re-engineer global supply chains and
regenerate natural assets.

2 The EMF initiated, for example, the “Circular Economy 100” programme to enable cooperation between
companies (e.g. Desso, Michelin, Philips International, Unilever, Renault, Ricoh, VVeolia, H&M, Nespresso among
several others), regions (Danish Business Authority) and universities (University College London), and to assist
in the development of circular commercial opportunities (EMF, 2014a).



developed. In a recent editorial in the Journal of Economic Surveys, in the context of a special
issue concerning “Environmental economics and sustainability”, the organisers, two scholars
from Chinese universities who specialise in institutional economics and urban development,

attempt to summarise the research agenda:

“(...) environmental technological innovation may potentially lead to win-win
situations in which improvements in environmental quality and economic growth
coexist.” (Lin and Zheng, 2016, p. 400).

In the field of innovation studies there are several approaches related to transition and
sustainability. In the context of this paper, “eco-innovation” (EI) will be used as an operative
definition of innovation with ecological and social concerns and effects (Boons et al., 2013;
Carrillo-Hermosilla et al., 2009; Kunapatarawong and Martinez-Ros, 2016; Rennings, 2000).
El is understood as more than just green technology (i.e. devices that provide environmentally
beneficial effects, such as end-of-line interventions - e.g. fume exhaust catalysers), but rather
as a strategic enabler of entire value-chain transformations (Andersen, 2008; Kemp, 2010). As
Clark et al (2016) point out, a full notion of innovation under sustainability constraints implies
recirculation of resources in loops of reuse (through refurbishment and re-manufacturing),
recycling (reconstructing inputs and reshaping outputs) and renewal (using clean energy and
eliminating waste). Such pathways can even have a positive effect on employment
(Kunapatarawong and Martinez-Ros, 2016). El that is pro-CE thereby improves “(...)
environmental performance and resilience across the economy, being at the same time cost-

effective and good for business and society as a whole.” (EC, 2011, p. 3).

For the purposes of this paper the following definition of El is used: new or improved socio-
technical solutions that preserve resources, mitigate environmental degradation and/or allow
recovery of value from substances already in use in the economy. El is understood as a systemic
problem-solving tool for enabling a holistic and transformative departure from the current

unsustainable state-of-play. By combining the neo-Schumpeterian systems view with the



emerging “transformation turn” in innovation studies we aim to bring an explicit (dynamic)

conceptual backdrop to the discussion of CE.

2.3 Focusing on the drivers of, and barriers to, a Circular Economy

Considerable research exists regarding progress towards a CE in countries, sectors and firms
(Bottcher and Miller, 2013; Cuerva et al., 2014; Geng et al., 2009; Ili¢ and Nikoli¢, 2016; Zhu
and Geng, 2013). Specifically concerning barriers to implementing the CE, a report for
Chatham House (Preston, 2012) identified the following: high up-front costs; complex
international supply chains; resource-intensive infrastructure lock-in; failures in company
cooperation; lack of consumer enthusiasm, and; limited dissemination of innovation, across
both emerging economies and developed countries. In other reports, concerning the potential
of the CE, and policy options, Vanner et al. (2014) surveyed the available literature and
analysed the fourteen most relevant studies. They identified a number of factors: insufficient
investment in technology; economic signals that do not encourage efficient resource use,
pollution mitigation or innovation; minor consumer and business acceptance; lack of awareness
and information, and; limited sustainable public incentives. Concerning the CE in SME’s,
Rizos et al. (2015) also used a literature review® and explored two case studies.* He listed six
main barriers for the development of a CE, namely: environmental culture; financial barriers;
limited government support; lack of effective legislation; information deficits; administrative

burdens, and; relatively low technical skills.

In spite of increasing efforts, there is still a need for a thorough identification of the conditions

required for a CE, especially when the concept intersects with EI (EIO, 2016). To advance the

31t lacks information, however, regarding the methodological choices in the identification of that literature.

4 Also unclear are the motivations regarding the choice of two particular cases from a pool of 52 collected by the
EU-funded project The GreenEcoNet.



research agenda on the CE, this paper carries out a systematic exploration of both drivers and
barriers, recycling multiple sources of literature input. Likewise, an innovation perspective on
CE mechanisms is advanced, by analysing the role of technological and non-technological
factors in the creation of a new, circular, techno-economic paradigm. Such a diagnosis can

support policy-making, by moving beyond the linear-industrial model.

Innovation is a splintered phenomenon. As Stoneman (2009, 2010) points out, economics
typically focuses on hard types of innovation, such as R&D-driven products, or cost-cutting
processes. Yet soft types of innovation, concerned with changes in cultural and organisational
artefacts, such as symbols and conventions, are more widespread than previously thought (see
Mendonga, 2014). The International Relations scholar Joseph Nye (1990, 2006) has applied
such hard/soft heuristics (probably deriving such terminology from the hardware/software
distinction). In this context, hard power refers to the ability to force change (through technical
or economic means) while soft power is associated with the ability to bring about change by
attracting others through values and institutional practices that shape their attitudes and
preferences. This conceptualisation may, indeed, be applied to innovation-related factors
steering the current system in the direction of another, more sustainable one. Notwithstanding
their complementary nature, and the obvious fact that they are not always easy to separate in

practice, we apply the hard-soft dichotomy to the CE transition.

Table 1 applies this view as a “focusing device” for organising the relevant literature at the CE-
EI intersection. It distinguishes between “harder” factors, more closely related to techno-

economic trajectories, and “softer” ones, having to do with regulatory and cultural issues.

Drivers Barriers
Technical and economic factors Hard drivers Hard barriers
Institutional and social factors Soft drivers Soft barriers

Table 1 — Factors facilitating and constraining the transition towards a CE
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Based on existing literature, several broad factors driving and preventing the CE were
identified in the corpus, in an iterative process, ranging from arguably the “hardest” (technical,
economic) to the “softest” (social, institutional) factors (Table 2). The “drivers” are therefore
factors that enable and encourage the transition to a CE, while the “barriers” are
technical/financial impediments or regulatory/cultural bottlenecks that obstruct transitions
towards a CE (Table 2). Typically, there is not just one important driver or barrier, but rather a
mixture of facilitating and constraining factors, deriving from particular local conditions. The

categories, therefore, should not be understood as mutually exclusive.

Drivers Barriers

Technical availability of technologies that facilitate resource  inappropriate technology, lag between design and
- optimisation, re-manufacturing and re-generation diffusion, lack of technical support and training
5 of by-products as input to other processes,
s development of sharing solutions with superior
s.i consumer experience and convenience
% Economic/ related to demand-side trends (rising resource large capital requirements, significant transaction
5 Financial/ demand and consequent pressures resource costs, high initial costs, asymmetric information,
oy depletion) and supply-side trends (resource cost uncertain return and profit
s Market increases and volatility, leading to incentives

toward solutions for cost reduction and stability)
Institutional/ | associated with increasing environmental misaligned incentives, lacking of a conducive legal

e Regulatory legislation, environmental standards and waste system, deficient institutional framework
S management directives
Q
=
b Social/ connected to social awareness, environmental rigidity of consumer behaviour and businesses
"‘;\ Cultural literacy and shifting consumer pr_eferences (e.g. routines
e} from ownership of assets to services models)

Table 2 — Typology and definition of drivers of, and barriers to, a CE

From an analytical point of view, such a framework allows for an appreciation of both the
dynamics and the inertia of the CE. From a policy point of view, the framework may be of
service to tackle policy-managerial dilemmas. Thus, this analytical and strategic tool clarifies
the conceptual issues involved, while addressing the need to re-discover the non-technological
meanings of innovation (see Hobson and Lynch, 2016; and Wildschut, 2017) laying ground
towards new, imaginative, working paths ahead (see Lowy and Hood, 2004, Granjou et al.,

2017).
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3 Methodological approach

3.1 Research design: Scope and strategy of study

This review uses a dual approach as to minimise biases that would be present if only a single
one was in place. That is, it draws on both a corpus of articles from WoS and Scopus and a set
of contrasting examples of grey literature. Both academic literature and policy reports are used
so as to make the study more complete, balanced, robust and meaningful. Figure 1 presents the

layout of the research.

[ ]
| — Data criteria identification (corpus identification and selection)

- WoS g All years
=

C
8
- Scopus &

Data
base

Academic papers (articles and reviews)
Written in English

Doc
types

STEP 1

- WoS and Scopus Boolean search within title, abstract, and keywords
- With the descriptors “innovation” AND “circular economy”

- 21 articles with 86 unique authors’ keywords

STEP 2

- WoS and Scopus new search including keywords employed at least two times in
the 21 papers.

- New search [“innovation” AND (“circular economy” OR “industrial symbiosis”

OR “industrial ecology” OR “urban symbiosis” OR “eco-industrial park™)]

Search

=> Additional 120 articles found

Corpus of 141 scholarly documents identified published between 1992 and 2015
in 59 journals with 353 authors (considerina authors and co-authors)

|Fina|
COrpus

Il — Conceptual analysis

Avrticle analysis according to:
- CE level (micro, meso, macro)
- El dimensions (taraet. mechanisms and impact) in the CE levels.

Figure 1 — Research design

3.2 The CE-EI nexus in the academic corpus: Some descriptive statistics

A systematic review enables the analysis of the evolution of the knowledge regarding a specific
topic, as well as the identification of trends and changes in a research field (Linnenluecke and

Griffiths, 2013). Such an approach to the literature, guided by specific research questions, and

12



using explicit protocols and criteria, has the added value of ensuring the replicability of the

process, thus contributing to much needed cumulative work in this field (Patala et al., 2014).

The study therefore began by gathering data using a keyword Boolean search of articles in the
Web of Science (WoS) Core Collection and in Scopus. These two databases have long-term
worldwide coverage, including the largest number of peer-reviewed journals, and work best in
combination (Chappin and Ligtvoet, 2014). Although, arguably closer to the research frontier,
conference proceedings have a less systematic coverage, and a limited availability of sources
(on the difficulties regarding these materials, see Michels and Fu, 2014). Therefore, only peer-
reviewed “finished” articles in indexed academic journals were included (professional journals

were also left out).

In the first phase, the search used only the descriptors “innovation” and “circular economy”.’
This identified 21 articles. A second search was then conducted, using authors’ keywords that
had been employed at least twice in these 21 articles. Based on this set of new descriptors®, a
total of 141 papers were then identified. The articles were then read in full, focusing on the
consideration of drivers of, and barriers to, the CE, as well as the role of El in the development

of the CE.

The final corpus covers a time span between 1992 and 2015. The number of relevant research
articles appears to have grown considerably in the second half of the 2000’s (Figure 2), with

the most recent years providing the highest number of publications (20 papers).

> (“innovat*”AND (“circular economy” OR “circular-economy” OR “circul* economy*”)

® (“industrial symbiosis”, “industrial ecology”, “urban symbiosis” and “eco-industrial park”)

13



80

60 —

40 —

20 —

1996-2000 2001-2005 2006-2010 2011-2015

Figure 2 — Number of CE-EI articles per five year period
Note: Elaborations on Scopus and WoS

The articles came from 59 journals. The top five journals are revealing (Table 3). They make

up more than half (54.5%) of the corpus, and focus on engineering and environmental sciences,

as well as governmental policies and strategies for addressing these challenges.

Journals Focus of the journal Share of total
articles in corpus

Journal of Journal dedicated to the study of the field of industrial 25.5%
Industrial Ecology | ecology. Accounts for the role of industry in addressing

the challenges of environmental problems. Focuses on

research on product life-cycles, including extraction,

production, use and waste management.
Journal of Cleaner | Transdisciplinary research focusing on the adoption of 19.9%
Production cleaner production and sustainability developed by

industries, governments and universities. Its research

scope covers: innovation and creativity; the

implementation of new, cleaner structures and; the

implementation of prevention oriented governmental

policies.
Journal of Focuses on research on aspects of environmental 3.5%
Environmental management and environmental problems.
Management
International Focuses on research on sustainable development. Thisis | 2.8%
Journal of an interdisciplinary journal, covering research on
Sustainable environmental sustainability, economic sustainability,
Development and and/or social and cultural sustainability.
World Ecology
Minerals Focuses on mineral processing and extractive metallurgy | 2.8%
Engineering research, with good coverage of sustainable development

research.

Table 3 — Top five journals where most articles were published.
Note: Descriptions are taken from the journals’ blurb and publishers’ websites.

Overall, the articles are very broad in terms of thematic range. For example, the two first

articles in the corpus were published by Davelaar and Nijkamp (1992) and by Ausubel (1992).

14



The first paper empirically analysed the Dutch manufacturing sector from the viewpoint of
urban symbiosis, questioning whether a causal relationship exists between spatial localisation
and the innovation potential of these firms. The second paper, on the other hand, refers to the
insights gathered during the Colloquium on Industrial Ecology held in 1991, and thus provides
an overview of this discipline. These two early, and very different, articles show that diversity
existed from the outset. However, they also articulate an already maturing discussion, regarding

new holistic economic strategies and the potential for closing economic loops.

3.3 Grey corpus: The structure of the sample

As organisational and industrial practice can, in some cases, be ahead of academia in exploring
new concepts, it seems prudent to put the academic corpus into perspective with the help of a
different source. The tactic here is to use “grey literature”, i.e. technical contributions not
published as papers validated by normal scholarly procedures, but still professional and
research-based. This includes reports and policy papers made by government organisations,
“think tank™ institutions and private companies (Schopfel, 2010). Such grey works act, firstly,
as a type of “control sample” for the academic literature. Secondly, they are also useful as
examples of engaged discourse, oriented towards translating academic ideas into policy

approaches and agendas.

The grey literature consists of over 40 works published between 2006 and 20157 that generally
discuss the CE and/or EI concepts. The reports come from prominent actors, such as the United
Nations Environment Programme (UNEP), the United Nations Department of Economic and

Social Affairs (UNDESA), the World Economic Forum (WEF), the European Commission

7 To facilitate the search (conducted online) the target period, ranging from 2006 to 2015, was chosen as this
decade had been previously identified in the academic literature as the most prolific regarding these topics.

15



(EC), the Eco-Innovation Observatory (EIO), the Organisation for Economic Co-operation and
Development (OECD), the Ellen MacArthur Foundation (EMF), and several other institutions

and enterprises.

The identification criteria of the grey sample included reports mentioned in the academic
literature (which, for example, identified quite a few EU-related publications). From these
initial sources, other reports were then identified through a “snowball” method, using the
references in the previously identified publications. This was followed by a wide search on the
internet for publications in two languages (English and French), after which another snowball
procedure was carried out. The final corpus of grey publications included reports, website
published texts and press releases, totalling 43 publications, from 21 different organisations.
The number of publications increased substantially in the 2010s, whilst those addressing both

El and the CE also increased during this period (Figure 3).

40

= CE & El
30

El

20 ——

mCE

W e,
0 T

2006-2010 2011-2015

Figure 3 — Growth of grey literature mentioning the CE, El and both concepts together, in the periods between
2006-2010 and 2011-2016.
Note: n=43

Almost all the publications mention innovation, as well as innovation’s role in overcoming
economic and social problems. Nevertheless, an explicit environmental concern is not always
apparent. The publications that address both the CE and EI comprise 44% of the sample, but

cluster only in the years 2014 and 2015. The publications addressing both concepts scarcely

8 Therefore, only when environmental or sustainability-concerned innovation was identified were the publications
categorised as mentioning El.
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quote academic sources, and instead cite previous EU reports or communications, and,

especially, Ellen MacArthur Foundation reports.®

3.4 What is being studied by academia and institutional actors: Comparisons and
contrasts

As expected, both types of literature have complementarities (summary in Table 4). The
extraction of information from multiple types of documents and sources, resulting from

different perspectives and agendas, was sought so as to ensure a methodologically robust study.

Academic literature Grey literature
Time span 1992-2015 2006-2015
Focus = Engineering solutions = Economic benefits and costs
= Environmental studies = Social sciences
Geography = Cases identified around the world = More focused in developed countries cases
Target audiences = Academic = Governmental agencies
= Governmental agents = Enterprises
Outcome = Adding to the available knowledge- = Promote enterprise achievements and case
base on the CE studies
= Recommendations or guidelines for = Recommendations or guidelines for the public
the public policies policies

Table 4 — Complementarities between the two sources of literature on CE and El

The geographical origin of the CE phenomenon examined in the two bodies of literature is also
useful for building a picture of the global distribution of the concept’s practical application.
The country of origin of each relevant CE example® within the literature sources was recorded.
Each article/report, from both the academic and grey literature, cited several CE examples from
different countries, and a total of 33 nations where covered across all the sources. Figure 4
shows the countries locations where examples of CE where identified (red for the academic

examples, and blue for the grey literature examples). Each circle represents the country capital,

9 Highlighting the autonomy of the “grey sample” there are only two cited papers from our academic corpus,
Lombardi and Laybourn (2012) and Paquin and Howard-Grenville (2012) in the report to the EU by Vanner et al.
(2014).

10 When recorded as “relevant” it is considered that the example was actually described and not only mentioned,
including the institution/enterprise developing it, as well as the location.
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and its relative size indicates the number of examples cited from that country. The rising role
of China is prominent: its government appears actively involved in CE implementation; and
the academic corpus includes several examples of Chinese CE activities, typically as a top-
down political objective for economic development. Europe, Japan, Canada, Australia and the
US also show developments in CE, although with a different perspective, as it is considered

more as a bottom-up tool in the definition of environmental policies (Ghisellini et al., 2016).

ol
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Figure 4 — Global distribution of CE examples mentioned in the academic (red) and institutional (blue)

literature (colour reproduction on the web)

Source — elaborations on the academic and grey corpus

Note — The number of times a country was mentioned, and the coordinates of its capital city, were entered into
gpsvisualizer.com in order to generate the map. Each circle represents a country, focusing on the capital city. The
relative size of the circle represents the number of times an example in that country was mentioned.

Re-aggregating the collected data, per continent,* it is possible to observe the differences
between the two types of literature (Table 5). In the academic papers, Europe accounts for most
examples, and this is even more the case in the grey literature, possibly indicating the source
of research funds, as well as the demand for solutions. The grey literature seems generally more
focused on examples from economically developed countries, which contrasts with the
academic literature, where more examples from emerging economies, such as Brazil, Mexico

and India, can be found. Examples from Africa are conspicuously absent.

11 Using the UN M49 composition of macro geographical (continental) regions (UN Statistics division, 2013).
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Distribution of examples in Distribution of examples in the

Continents the academic literature grey literature
Europe 45% 68%
Asia 30% 17%
Northern America 15% 16%
Oceania 6% 0%
Latin America and the Caribbean 4% 0%
Africa 0% 0%

Table 5 — CE global dispersion per continent
Source — elaborations on the corpus

4 Circular economy and eco-innovativeness: Boom versus doom

4.1 Enabling and constraining factors in the El-led transition to a CE

This section analyses the transition to a CE from the perspective of innovation and inertia. The
analysis begins with the research papers, which are then complemented by inputs from the grey
literature later on in each subsection.. Some interesting patterns emerge. As Figure 5 suggests,
taken together, softer CE drivers appear to be the factors most referred to in the academic
literature. Institutional and regulatory drivers seem to be the single most present type of CE
drivers among scholarly papers, which seems to point to the potential entrepreneurial role of
policy in this field, as well as the role of corporate middle management. Figure 6 addresses the
issues of barriers and shows that harder factors are paramount. Technical bottlenecks stand out
as the perceived source of the greatest challenges. It is worth further examining these initial

findings, as they reinforce the relevance of a systems view in this field.
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Figure 5 — Most mentioned CE drivers in the academic literature
Note: n=141
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Figure 6 — Most mentioned CE barriers in the academic literature
Note: n=141

Hard drivers and barriers

Technical factors

Moving towards a new mode of sectoral organisation, and new business templates, inevitably
has profound social and economic implications. However, it is also dependent on technical
knowledge, as: “(...) how we make things dictates not only how we work but what we buy,

how we think, and the way we live.” (Womack et al., 1990, p. 11). Changes are often perceived
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as triggered by the rise of new technologies: the steam engine impelled the industrial
revolution; and, the development of computers, digital communication and microchips
launched the 20™ century information revolution (Johnson and Suskewicz, 2009). In the same

way, technical capacities are now fundamental in the transition to a CE.

The availability of technical solutions is an essential condition for balancing product durability,
efficiency, and quality, as well as for designing optimal product life-cycle scenarios for new
products and processes (for example, products intended to be rented and restored numerous
times require in-depth knowledge about ongoing enhancements and the optimisation of part
replacement).!? In product life extension “(...) what determines the “possibility’ of reuse for a
material is the extent of knowledge that has led to technological innovation for reuse. (...) The
reuse potential increases as technological options increase, enabling more material recovery.”*3
In recycling and waste management, the use of by-products as inputs for other
processes/products is also dependent on technical capacities.!* Likewise, the availability of
information and communications technologies (ICTs) is considered a facilitator in the

dematerialisation of the economy.'® A CE seems, therefore, to be dependent on a broad array

of technologies in order for it to gain widespread penetration.

As the availability of technical solutions is a condition for adaptability, and thus the
development of a CE, technological challenges are considered to be a key barrier to transition
(Figure 5 and 6). Technical barriers include not only factors concerning the existence of

appropriate technology (technological thresholds),® but also technology gaps (such as the lag

12 (Bakker et al., 2014; Mont, 2008). To enable an easier reading, and to distinguish the two types of literature,
the academic corpus’s references are gathered in footnotes.

13 (Park and Chertow, 2014, p. 47).

14 (Riding et al., 2015; Wen et al., 2007; Yu et al., 2015).
15 (Dewick et al., 2007).

16 (Geng et al., 2014; Yu et al., 2014a).

21



between processes and product development, and the lag between invention and production),’

and the lack of sufficiently educated/specialised personnel.®

These barriers are not only stressed by the academic, but also by the grey, literature (EMF,
2012, 2013, 2015a; Vanner et al., 2014; WEF, 2014). The latter also adds warnings regarding
the fact that “enormous technical hurdles need to be surmounted to accelerate innovation and
ensure widespread application of resource efficient and waste-reducing technologies,

especially those related to energy.” (UNDESA, 2011, p. 19).

Overall, and despite available technical solutions, even more technological innovation seems
to be needed to enable a CE. Moreover, existing solutions are only very slowly entering the
market, due to barriers linked to investment deterrents and market problems. It is not only
science and technology that need to be “re-wired”: organisational and marketing assets also

need holistic innovation.

Economic/Financial/Market factors

Even though, in some cases, technical solutions are already “out there”, they often have limited
practical application due to economic and market limitations (Figure 6). Obstacles, such as
high initial costs and market uncertainty, limit new investments.® Moreover, prevailing socio-
technical systems are often characterised by inertia and lock-ins, aggravated by strong path-
dependencies that are difficult to overcome.?® For instance, regarding eco-industrial parks in

China, Zhu et al. (2015, p. 459) emphasise that “(...) conflicts with financial gains, lack of a

7 (Gao et al., 2006; Kaenzig and Wiistenhagen, 2010; Pajunen et al., 2013; Vernay et al., 2013; Watkins et al.,
2013).

18 «¢(_..) lack of technical support and training (...).” (Geng et al., 2010b, p. 1506).

13 (Jones et al., 2013; Matus et al., 2012; Reh, 2013; Sanyé-Mengual et al., 2014).

20 (Markard et al., 2012).
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technical workforce, and lack of research funding are all barriers within China for promoting
sustainable industrial development.” New ways of overcoming financial barriers, arising from
high upfront investment costs, emphasise the need for new financial tools, i.e. green financial
innovation.? In addition, it should be noted that SMEs have particular difficulties in financing

the innovation involved in the transition to a CE.?

Economic, financial, and market drivers are, nonetheless, important factors for powering the
transition to a CE (Figure 5). As resource consumption, dependence, depletion and volatility
continue to rise, the need to decouple revenues from material input, and to improve resource
performance, is an important incentive that encourages enterprises and industries to generate
new solutions.?® Drivers stemming from the marketplace “can motivate manufacturers to
initiate their sustainable purchasing efforts”.?* They can also change perceptions of the
environment, from a source of costs, to something much more positive, ripe with business

opportunities.?

The grey literature emphasises the importance of economic drivers. Current trends related to
price volatility and increasing resource consumption?® are stressed as promoters of new, more
sustainable and circular, economic models (Preston, 2012). As for barriers, the grey literature
underlines market failures, namely imperfect information, and investment costs (EMF, 2015a).
Financial barriers, related to the cost of developing and implementing innovation, as well as

the difficulty in overcoming linear economic lock-ins, are significant, constraining the adoption

21 (Mathews and Tan, 2011).

22 (Geng et al., 2010b).

23 (Geng et al., 2010b, 2014).

24 (Zhu and Geng, 2013, p. 11).

25 (Jones et al., 2013; Maurizio Catulli, 2012; Sanyé-Mengual et al., 2014).

26 These amounted to around 65 billion tonnes of raw materials in 2010, with estimations pointing to 82 billion
tonnes by 2020 (EMF, 2012).
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of new circular business models, especially in countries with financing difficulties and many

small enterprises (Rizos et al., 2015).

Soft drivers and barriers

Institutional/Regulatory factors

In the academic corpus, “soft” institutional and regulatory drivers are extensively named as
factors facilitating a CE (Figure 5). The emphasis is on public policy measures (e.g. legal
frameworks, taxes, incentives, infrastructure development) addressing market failures, as well
as the establishment of a conducive environment for innovation and entrepreneurship.
Government is considered to play a leading role in promoting an institutional framework?’
“(...) by reforming existing laws, enacting new regulations, promoting the application of new
environmental technologies, and organising public education.”?® The importance of
institutional/regulatory drivers in the implementation of a CE is analogous to the role of laws
and taxes in boosting environmental-friendly technical change (Porter and Linde, 1995). That
is, policy can have a double role: it modulates behaviour in a dynamic way, since its effects are

not so much direct as they are indirect, i.e. by triggering reactions that are desired in themselves.

In spite of its role as a driver of change, institutional/regulatory barriers are also one of the
most important factors limiting the development of a CE. An “optimal” mix of taxes, rules,
infrastructures and educational set-ups promotes the CE. At the same time non-conducive legal
systems and misaligned incentives are not only hurdles, but also contribute to making the

incumbent paradigm more entrenched. For example, existing environmental policies influence

27 (Andrews and deVault, 2009; Bergquist et al., 2013; Carrillo-Hermosilla et al., 2010; del Rio et al., 2010;
Eckelman and Chertow, 2009; EMF, 2012, 2015b; Gao et al., 2006; Geng et al., 2012; Heyes and Kapur, 2011;
Huesemann and Huesemann, 2007; Koéhler et al., 2011; Levénen, 2015; Maurizio Catulli, 2012; Naveh, 1998;
Nguyen and Ye, 2015; Pajunen et al., 2013; Subhadra, 2011; Tong and Yan, 2013; Vivanco et al., 2014; Watkins
etal., 2013, 2013).

28 (Geng et al., 2009, p. 233).
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the definition as to what is, and what is not, waste (i.e. materials are often categorised as waste
too quickly even if they, or their components, could still be reused), thus possibly hampering
the development of industrial eco-parks and symbiotic relations.?® Another example of
conflicting policies is the promotion of product efficiency and, at the same time, the
replacement of old appliances, which sometimes carries the risk of overshooting, i.e. over-
investment in new infrastructure that utilises more resources in its construction than it will ever
save over its lifetime.®® The enforcement of environmental regulations is another issue, as it is

considerably more difficult to enforce than to promote laws.?

Adequate promotion and support of R&D, education and training, so as to increase general
awareness and create the required skill base, is another necessary condition of the CE. In China,
for example, public education on sustainable development is considered to be insufficient,
resulting in too little public involvement in environmental protection.®? Similarly, the contents
of the CE are still poorly covered in university curricula, and training courses for improving
industry’s capacity in this area are rare.®® Addressing this issue thus can also help to reduce

barriers related to technical feasibility.

The role of policies and regulations in the establishment of a CE is also emphasised in the grey
literature. As the CE discourse entered political and business agendas, an institutional and
legislative framing of such initiatives emerged (Vanner et al., 2014). The political discourse
stresses that a CE “(...) requires dedicated public policies and new forms of cooperation

between enterprises and public actors.”** (IAU, 2013, p. 16) In this respect, governments’ role,

29 (Zhang et al., 2010).
30(Mont, 2008).

31 (Geng et al., 2010b).
32 (Gao et al., 2006).
33 (Geng et al., 2010b).

34 In the original (...) suppose également des politiques publiques dédiées et de nouvelles formes de coopération,
entre entreprises et acteurs publics.”
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in establishing a welcoming environment for EI and entrepreneurship (for example, regarding
financial instruments), as well as in providing a solid education system (thus promoting more
social participation in these issues, as well as improving stakeholder confidence and long term
viability), is emphasised (EMF, 2012, 2015b). For example, and illustrating the perception of
the importance of a regulatory and institutional framing of a CE, the EU 2015 Action plan
“(....) establishes a concrete and ambitious programme of action, with measures covering the
whole cycle: from production and consumption to waste management and the market for
secondary raw materials”, covering not only legislative efforts but also funding tools (EC,

20154, p. 2).

Social/Cultural factors

Finally, trends such as social sensitivity to environmental problems, shifting customer
preferences (from ownership to services models), and business perception of reputational gains,
are considered social drivers of a CE (Figure 5). Demand-side factors are decisive in generating

momentum toward greener practices, and more sustainable choices.

Customers’ desire for, and cultural acceptance of, circular business models, including “product
service systems”, “performance-based contracting”, “product as a service”, and “servitization”
(i.e. provision of a service rather than ownership), is seen as only increasing slowly, resulting
in slow diffusion of CE models. Consumer habits and businesses routines are only changing

very slowly because of inadequate awareness and information regarding the CE concept and

the possible choices available. This inertia is an important barrier.

35 (Andrews and deVault, 2009; Geng et al., 2010b; Maurizio Catulli, 2012).
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In the grey literature corpus, inadequate investment in the education of consumers about
circular business models is emphasised as a key gap. To address this issue, the EU refers to the
need for new “(...) ways of supporting co-creation by developing, experimenting and
demonstrating new business models together with end-users, taking into consideration their

needs (...)” (EC, 2015b, p. 75).

4.2 Systemic El for a CE: An integrated assessment

In order to map the main arguments identified, sections of the original texts were used as
explanatory illustrations of the key characteristics of the two types of literature (summarised in
Table 6). Overall, the CE is characterised by a “reframing” of the sustainability discussion
agenda and action, focused on economic viability and appealing to governments and the private
sector, through the offering of general economic benefits and business-specific solutions.
Boosted by global trends related to resource volatility and ever more stringent regulatory
frameworks, the CE appears nevertheless hampered by technical and institutional factors. A
broad transformation is seen as contingent on more than just science and technology; i.e. a
transformative change is based on a systemic approach to CE-friendly EI.

On the whole, the academic literature still seems focused on the role of technological
innovation in the transition towards a CE. EI is understood as essential in overcoming “hard”
technical aspects from solid wastes issues, to air pollution, water contamination and noise.3®
For example, technological developments in chemistry may involve the development of non-
toxic or biological materials capable of substituting oil-based plastic packaging.®” Other
technological developments underscored include the capturing of waste, and the reintroduction

of by-products as resources in the supply chain, thus reducing material inputs and

36 (Geng et al., 2014; Yu et al., 2014a).
37 (Grundmann et al., 2013; Matus et al., 2012; Reh, 2013; Wen et al., 2007).
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environmental impacts.®® El is also considered to be key for expanding the available knowledge
base and promoting cooperation between actors.3® The large number of eco-industrial parks,
where industrial symbiosis has been developed, underline just how crucial El has proven to be
for creating new ways of sharing services and re-utilising by-products among diverse industrial
processes or actors.*® Even concerning financial barriers, transformational innovations are seen
as instrumental for overcoming economic barriers, given large capital requirements and high
initial costs.*! Financial innovation remains, nevertheless, a rather neglected area in innovation
studies (Martin, 2016). As for addressing “soft” barriers, institutional and social innovations,
encompassing the efforts of several actors (government, organisation and industries), are
considered essential in a CE.*? Nevertheless, the promotion of new business models and
consumer awareness of the benefits of a CE is still perceived as lacking.*® This may be related
to the fact that innovation studies have often been near-sighted regarding new forms of
innovation, favouring an analysis of the incumbent and most visible actors (e.g. manufacturing,
high-tech, big firms, etc.) while somewhat overlooking citizens, consumers and civil society
influences (Stirling, 2011). A hybrid approach to innovation, considering it to be not only led
by large enterprises and public-private partnerships, but also by “grassroots” innovation
movements, more centred in civil society, is scarcely addressed in science-push, top-down

policy and multilateral events such as the Rio+20 (Ely et al., 2013).

38 (Chen et al., 2012; Dong et al., 2013b, 2007; Ness, 2008).

39 (Yu et al., 2014a).

40 (Chertow and Ehrenfeld, 2012; Liu et al., 2012; Mathews and Tan, 2011; Shi et al., 2010; Shi and Yu, 2014;
Yu et al., 2014a).

41 (Mathews and Tan, 2011).

42 (Cerceau et al., 2014; Chen et al., 2011, 2012; Davelaar and Nijkamp, 1992; Dong et al., 2013a, 2014, 2007;

Geng et al., 2010a; Langen, 2005; Liu et al., 2014; Ness, 2008; Niza et al., 2009; Patala et al., 2014; Ruiz Puente
et al., 2015; van Berkel et al., 2009; Yu et al., 2014b).

43 (Albu, 2011).

28



Main arguments Illustration from the academic Illustration from the grey literature perspective
identified literature

Elasa “(...) what determines the ‘possibility’ of reuse for ~ “Systemic eco-innovation is at the heart of this paradigm
a material is the extent of knowledge that has ledto  shift.” (EC, 2015c, p. 4)

transitional technological innovation for reuse.” (Park and X L
pathway Chertow, 2014, p. 47) “It aims to move societies from the extract, consume, and

dispose system of today's resource use towards a more
“(...) capacity of eco-innovations to provide new circular system of material use and re-use with less total
business opportunities and contribute to a material requirements overall.” (EIO, 2012, p. 20)
transformation towards a sustainable society.”
(Carrillo-Hermosilla et al., 2010, p. 102)

Government’s  “(...) appropriate conditions and measures should “Stimulating the circular economy requires extensive
role is one of the bfz arrgnged by governments to prompt the policy support (...)” (EC, 2014b, p. 3)
. R diffusion of new sustainable goods and
essential drivers technologies, starting from the beginning of the
transition phase.” (Barbiroli, 2011, p. 25)

“(...) governmental agencies should play a leading
role by coordinating different initiatives, enacting
appropriate regulations (...)” (Geng et al., 2010b, p.
1507).

“Fiscal and regulatory policies have an impact in
shaping the structure and processes of industrial
ecosystems.” (Pizzocaro, 1998, p. 231).

44 In the original: “s inspire des principes de fonctionnement des écosystémes naturels qui fonctionnent en boucle
fermée, en minimisant les pertes d’énergie et de matiéres”.



an important  and environmentally acceptable residue utilisation.”  regulations prevent the use of certain animal products as
barrier (Pajunen et al., 2013, p. 154). feedstock.” (EMF, 2015b, p. 102).

“Regulation could be perceived as the more
challenging barrier to overcome (...)” (Riding et
al., 2015, p. 63).

“Regulatory and bureaucratic issues are still key
obstacles (...)” (Zhu et al., 2015, p. 457).

Table 6 — Main arguments identified in the academic and grey literatures
As for the grey literature, in addition to underlining the importance of technological innovation,

it also emphasises the need for more comprehensive innovation schemes “(...) from product
design to new business and market models, from new ways of turning waste into a resource to
new modes of consumer behaviour” (EC, 2014a, p. 2). This literature stresses an EI approach
towards the development of a CE sensitive to the “interaction between actors in the system
(businesses, governments, knowledge institutes, social groups), institutions (rule, laws,
routines) and technologies” (Bastein et al., 2013, p. 93). A more complete view of innovation,
which can be labelled as “systemic”, would leverage both streams of analysis, and suggest
innovation trajectories rooted in inter-related developments and sectors (see Fagerberg et al.,
2004). The drivers of sustainability-inducing change are many and, although this dynamic is
not explicitly explored in the present paper, their interaction is non-trivial (Cecere and
Martinelli, 2017). One implication is that, as Costantini et al. (2017) show, portfolio approaches
to policy that take into account spillover effects from the outset, tend to generate more effective

outcomes.

Particularly in EU reports, the importance of a “systemic” EI approach towards a CE is already
clear. The CE transition is considered contingent “on adopting a systemic approach to eco-
innovation that encompasses value and supply chains in their entirety and engages all actors
involved in such chains” (EC, 2015b, p. 73). The EU has, in fact, been one of the most active
players in the development of a CE, directing its environmental agenda to include more circular
considerations. The EU’s CE agenda is nowadays part of wider efforts to make the European
economy more sustainable whilst, at the same time, boosting the EU's competitiveness,

creating business opportunities, jobs and opportunities for social integration and cohesion. The
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2015 EU Circular Economy Action Plan stresses the EU's commitment, whilst also recognising

the linkages between implementing the CE and EI (EC, 2015a). In the most recent EU report,

concerning progress on key initiatives of the 2015 Action Plan (EC, 2017a, 2017b), the

(systemic) impact of European Commission strategy can already be seen, not only at the EU

level but also at the country level. Table 7 shows an implementation of our framework using

this literature.

EU

Portugal

Technical

Economic

Institutional

Social

“(...) calls have also been launched in 2016, within the
framework of the Public Private Partnerships on
"Factories of the Future", "Sustainable Process Industries"
and "Bio-based Industries" to help develop and deploy the
necessary key enabling technologies to support EU
manufacturing across a broad range of sectors.” (EC,
2017b, p. 12)

“January 2017 (...) a platform is launched, bringing
together the Commission, the European Investment Bank
(EIB), financial market participants and businesses to
increase awareness of the circular economy business logic
and improve the uptake of circular economy projects by
investors.” (EC, 2017b, p. 7)

“The Horizon 2020 Work Programme 2016-17 invests €
650 million in a Focus Area on "Industry 2020 in the
circular economy" which grants funds to demonstrate the
economic and environmental feasibility of the circular
economy approach (...)” (EC, 2017b, p. 12).

“The actions delivered by the Commission since the
adoption of the Circular Economy Action Plan include
several legislative proposals (...) establishing an
ambitious long-term path leading towards waste
prevention and recycling” (EC, 2017b, p. 3).

“(...) the Commission adopted a revised version of its
guidance on the Unfair Commercial Practices Directive
(...) which includes specific elements to make green
claims more trustworthy and transparent. (...) Misleading
claims can result in consumers losing confidence in labels
and in companies being discouraged from making truthful
and relevant claims, altogether hampering the circular
economy.” (EC, 2017b, p. 9)

“(...) several initiatives were launched in 2015
specifically targeting resource efficiency through
eco-innovation in industry, serving as “living labs”
to pilot technologies, sharing of best practices and
providing a platform to raise awareness on circular
economy and the future of the industry.” (EC,
2017a, p. 7)

“The support of the EU funding has significantly
contributed to improve the implementation of the
EU environmental law and policy and Portugal.
(...) [The "Sustainability and Efficiency in the Use
of Resources" (POSEUR)] aims to anticipate and
adapt to the global changes in the field of energy,
climate change and more efficient use of resources
(...)’ (EC, 20174, p. 25).

“From 2013 to 2015 several national plans were
revised (waste, water), placing strong emphasis on
efficiency and meeting EU targets in the most cost-
effective way, and new types of policies were
introduced (e.g. Green Taxation Reform). It can be
specially highlighted the Green Growth
Commitment, a national strategy adopted with the
purpose of reorienting the country's economic
development which is now focusing on the circular
economy.” (EC, 20174, p. 6)

“In 2016, the Ministry of the Environment has
created a working group to further develop the
green taxation reform approved in 2014. This work
should aim to deliver more incentives to green
behaviour (...)” (EC, 20174, p. 24).

Table 7 — European Commission strategy as a driver for overcoming CE barriers - The Portuguese example as an

application

The analytical challenge, however, is to grasp and direct “systems innovation” towards not

only corporate but also social “circular” practices. This would be tantamount to what Schot and
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Steinmuller (2016) refer to as “transformative innovation”. This “transformation turn” in
innovation studies may yield a working frame to make sense of the recent discussions on the
regulation of risky technologies (Bonnin Roca et al., 2017), the governance of access to
emergent knowledge (Gans et al., 2017), the enhancement of inducements for up-stream
innovation (stimulating the local generation of local inputs, e.g. Chakraborty and Chatterjee,
2017) and the facilitation of competitive diffusion of critical green downstream solutions (such

as storage technologies, see Fabrizio et al., 2017, and Stephan et al., 2017).

As for the corporate world, although “(...) in the driver’s seat in the transition to a circular
economy” (EC, 2014b, p. 2), it nevertheless seems to be slow in adjusting its own business
models and environmental considerations. Examples, such as Coca-Cola using renewable,
plant-based materials in packaging (Coca-Cola, 2015) or Nestle/Nespresso’s collecting and
recycling used Nespresso capsules (EMF, 2012, 2014b, 2015a) are still exceptions. Also, both
academic and grey literatures are consistent regarding warnings as to the ambiguous value of
circular business models and EI’s environmental credentials. Critical considerations regarding
the “goodness” of innovation must guide the integral analysis of the process of transition.
Innovation is not enough. Systemic, transformative, and effectively sustainable, innovation is
the pre-requisite for genuine sustainability, as some pioneering examples around the world are

already demonstrating (Box 1).
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Box 1. El pathway toward CE implementation: Samsg, an example of systemic El CE

Transition is more than focusing on unique pathways, or “silver bullets”. Relevant cases such as pilot projects and
demonstration markets can be interpreted as fundamental sign posts of new values and modes of organising that do not
depend on single factors but rather on complex societal processes engaging many actors and sectors in holistic ways
(Huguenin and Jeannerat, 2017).

The Danish island of Samse stands as a pioneer example of a successful “green community”. Samse was, till the end of
the 20th century, entirely dependent of imported oil and coal (Brandt and Svendsen, 2016). In 1997 the island won a
competition to be a “Renewable Energy Island” (REI). A 10-year plan followed to develop a self-sufficient energy
supply base, running on renewable energy. By 2005 wind, solar and biomass fulfilled that goal (Nielsen and Jargensen,
2015). More recently (October 2015) Samse launched the “Full Circle Island” project, an initiative intended to make
the island the first “circular” community.

What are, therefore, the conditions that allowed those accomplishments? The success of the REI project and the island’s
aspirations regarding circularity has been credited to the convergence of a set of factors of different nature. The key was
the systemic integration, and mutual reinforcement, of many elements.

Initially, the transition process relied on hard factors (our terminology; see Sperling, 2017). It was facilitated by
technological drivers (wind turbines, district heating plants and solar thermal plants). National funding of costly
infrastructures was a fundamental economic driver as well, accompanied by a variety of incentive schemes for
renewable energy adoption, which succeeded in nudging household choices.

But soft factors also contributed to support the process (see Brandt and Svendsen, 2016). On the one hand, visions
articulated at the national level were an institutional driver, providing clear guidelines and coherence to the project. On
the other hand, local popular involvement, effective communication and a vibrant cultural context emerged as social
drivers too (for another, also Nordic, case on the importance of the role of cultural resources and the social basis of
ecological change see Kaltenborn et al., 2017).

5 Conclusions

Which factors are helping, and which factors are hindering the CE? Within the sustainability

transition debate, and using an innovation studies perspective, this paper attempts to provide

some insight regarding soft and hard factors, as well as the broader role of eco-innovation (EI)

in the transition to a circular economy (CE). In order to provide checks and balances in the

analysis, two types of literature sources were contrasted: academic (WoS and Scopus papers)

and grey (reports and policy papers). The systematic review of the academic literature enabled

a scientific identification of some facts, as well as the assessment of the most important CE

barriers and drivers. The grey literature provided a form of “sensitivity analysis”, an alternative

type of content that was used to appraise the information gathered through the academic review.
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Globally, the CE was found to be driven particularly by “soft” (i.e. social, regulatory or
institutional) factors. Public agencies have a crucial role in institutional framing, from
infrastructures to legal set-ups, as well as in R&D support and increasing social awareness. At
the same time “hard” barriers, related to the availability of technical solutions and financial
factors, can hamper expansion of the CE. Even when CE solutions are already technically
feasible, their practical implementation is often limited by economic and market limitations.
El is considered to be an essential pathway for overcoming barriers to a CE transition. Although
academic literature still focuses mostly on technologically-based innovation, grey literature

sources (and in particular EU reports) increasingly refer to systemic innovation.

Underlining the heterogeneity of the issue, a key conclusion is that the innovation system’s
view should not be lost when considering the transition towards a CE. A multidimensional,
multi-actor CE is argued for, requiring not only technological innovation but also broad
institutional change in markets, public policies and social practices. As Schot and Kanger
(2016, p. 25) state: reinventing “(...) the way we innovate (...)” is the key for this transition.
In innovation studies of transition this novel “transformation turn” perspective paves the way
to a more dynamic conceptual, empirical and policy approach to CE. This paper argues El is a

centre-piece of this emerging research program.

Regarding policy implications, institutional framing is in itself a driver, but it also carries risks
for a CE. A coherent strategic roadmap is therefore essential for avoiding mismatches and
contradictory incentives. The focus on the promotion of systemic El is also of paramount
importance. The challenge is, nonetheless, to direct “innovation systems” towards CE-inducing

productive and social practices.

The unavoidable methodological and database limitations of this paper point to avenues for

further research. First, whereas this paper adopted an interpretation-rich and hands-on approach
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to bibliographic data, other techniques (such as text mining) may be able to take this research
further. Second, the CE framework requires more empirical content, so as to bring forward
evidence of its actual “transformational” value (Schot and Kanger, 2016). Third, more
information is required regarding heterogeneity in implementation of the CE, so as to address
interactions and linkages, as well as trade-offs and mismatches, between technological and
socio-institutional systems (Stirling, 2011, p. 83). Finally, a deeper understanding is needed
regarding the specific El tools required for achieving a (“transformative” and “systemic”) CE
“transition”. In this sense, the insights that are wired up in this paper aim to help facilitate the

development of policy guidelines and organisational strategies.
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