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Abstract: Transition to a Circular Economy (CE) is about structural change and is predicated on
the introduction of transformative eco-innovation (EI). Research on the CE-EI nexus has recently
attracted attention both from an analytical and regulatory perspective. However, in-depth research
exploring EI dynamics within the CE is still marginal, especially concerning the trends and dynamics
of the pro-CE innovation policy and strategy. This paper addresses this gap by taking advantage of the
burgeoning research on CE of the last 20 years and offers a new working synthesis. By implementing
a “(systematic) review of (systematic) reviews”, this paper provides a new comprehensive framework
for understanding pro-circular innovation strategies and, as a complement, argues the need to
advance “circular innovation studies” as an agenda in its own right. Innovations related to recycling
and recovery CE strategies along with business-model innovations and systemic/transformative
innovations are found to be a major current trend in the research, connecting supply and demand
side innovations and also driving other forms of innovation linked to design, product manufacturing,
logistics and reverse logistics and end-of-life management and recovery. Additionally, of note is
that the conceptual understanding of EI dynamics within a CE is still mainly implicit (rather than
explicitly discussed) limiting the possibilities to advance knowledge in the area of innovation for CE:
this is why we propose a “circular innovation studies” agenda.

Keywords: circular economy; innovation; systematic review

1. Introduction

The intense transformations resulting from the first Industrial Revolution and the
deep political and economic changes after the 20th century World Wars have had an
inescapable impact on the world. Technological progress has gone hand-in-hand with
an exponential increase in the use of energy and resources, with more pollution, waste,
biodiversity loss, and other harmful impacts [1,2]. How resources are extracted and used—
and how goods are produced, consumed, distributed and disposed of—has become critical
in managing a long-term sustained socio-economic development that is dependent on the
environmental systems.

The emerging field of the Circular Economy (CE) has highlighted the risks associ-
ated with a predominant “take, make and dispose” techno-economic paradigm [3-5] and
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pointed the way towards a system that is regenerative, restorative and resilient by de-
sign [6]. Moving away from the notion of a linear economy (i.e., extraction, production,
disposal), the CE advocates for rethinking how resources are used and cycled in an in-
tentionally and permanently regenerative system. Although the last decade witnessed a
rise of scientific output on CE [7], refinement of its core principles is still unfinished busi-
ness [8]. This has led to claims of “label proliferation” on what “circular” really is, possibly
hindering progress in the field and emptying “CE” of meaning [9,10]. This evolving debate
has been addressed from a variety of perspectives [3,4,11]. Regardless, CE can be defined
as a “regenerative system in which resource input and waste, emission, and energy leakage
are minimised by slowing, closing, and narrowing material and energy loops. This can
be achieved through long-lasting design, maintenance, repair, reuse, remanufacturing,
refurbishing, and recycling” [4] (p. 759). Across sectors, there has been an increased aware-
ness and emergence of policies to address minimisation of impacts and transition towards
the CE, such as the built environment [12], the agro-food industry [13], manufacturing
(e.g., [14]), plastics [15,16], the fashion industry [17,18], and the management of different
types of waste—from electronics [19-21] to food [22,23] and services [24,25]. Beliefs regard-
ing CE’s value in delivering sustainability have been divided between those skeptical of
the concept and its meaning [26], and those persuaded of the potential that the approach is
capable of realizing [27]. However, according to recent projections, CE operative models,
together with climate mitigation measures, are necessary to support countries in meeting
the Paris agreement of holding the Earth under the 1.5 degrees ceiling [28].

Innovation processes are at the core of societal transformations [29,30], and, as the
CE entered the policy arena in the first decades of the 21st century (see, e.g., the EU’s
action plan for the CE [31]), it has become increasingly intertwined with the innovation
agenda: CE has been considered dependent, at different levels, on the creation and launch
of cleaner products, processes and business models, i.e., the introduction of transformative
eco-innovations (EI) [11,32,33]. El is also difficult to define given that the introduction of
environmental/sustainability considerations into innovation studies has been permeated
by several lexical variations. In the last decades, several terms have been used to connect
innovation to environmental concerns, with interrelated, sometimes only slightly distinct,
definitions, such as “Environmental innovation” [34-36], “Sustainable innovation” [37], or
“Green innovation” [38—40], just to mention a few. At the same time, several frameworks to
classify EI types and dimensions have also been proposed in the literature, ranging from
the exploration of the EI determinants [41] to the analysis of the EI dimensions (design, user,
product service, governance, etc.) [42], as well as degrees of effectiveness of EI [43], and
El indexes and indicators developed to support EI processes at different levels including
sustainable development goals [44]. This definitional complexity is, by itself, an evolving
agenda, and outside the scope of this paper. Nevertheless, the multitude of nuances makes
the process of systemising EI dimensions and dynamics in the specific context of the CE
difficult, needing a clear definition. Drawing on previous research, we adopt here the
definition of EI as “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” [33], or, more specifically, as “any innovation that (a) has
positive environmental impacts, and (b) directly or indirectly avoids natural capital damage,
while delivering cost efficiencies, market enhancement, or regulation considerations, and
(c) results in new or improved goods and services, technological and nontechnological
processes, marketing or organisational schemes, (d) is incremental or radical, and (e)
involves an actor or a plurality of actors” [11].

A “transformation turn” in how innovation is conceptualised (systemic, holistic and
encompassing, not merely end-of-pipe competitiveness-driven tweaks) and its contribution
to triggering a “deep transition” (a fundamental and sustained socio-technical realignment),
this time towards circularity, is required [45,46]. In addition, existing research exploring EI
dynamics within the CE is still marginal, especially concerning the trends and dynamics
of the pro-CE innovation policy and strategy [47]. From a scholarly perspective, cross-
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fertilisation between the fields of innovation and CE is also largely absent. While the
ever-growing body of the CE literature has tended to highlight the role of innovation,
specific research which addresses CE innovation dynamics is lacking. Moreover, the
exponential rise in CE contributions makes it even more difficult to have a synthetic, clear
picture of circular innovation studies. To bridge this gap, this research undertakes a “review
of reviews” to synthesize the most recent contributions on the CE-EI nexus, so as to shed
some light on the dynamics, gaps and opportunities.

Through a systematic literature review, this paper places EI within a CE framework.
We strive to chart and bring out the meaning of the most recent developments at the
intersection of EI and CE, identify key gaps and areas of future work.

The research questions addressed are as follows:

How has CE innovation research evolved since 2010?

e  What is its distribution? (core academic outlets; core contributors, geographical
dispersion, etc.)

e How are innovation dynamics conceptualised in CE research? How are types of
innovation defined and unpacked?

Our paper contributes to the debate on innovation and circularity by extracting the
major findings available in the extant “meta-research”. That is, it maps the research
advances brought about by the published reviews that are relevant to understand the
interaction between EI and CE. As far as we know, this is the first effort made in that
direction. This differs from traditional systematic reviews and is, at the same time justified
by the very growth of the systematic literature, now in itself too abundant to apprehend.
Our paper strives to identify prominent CE strategies where progress on EI has been made,
and points to areas where future studies could best be directed attempting to encapsulate
the major lessons learned, and derive some strategic implications. In so doing, we argue
the need to advance “circular innovation studies” as an agenda in its own right.

This paper is structured as follows. Section 2 focuses on the methodological choices
concerning the literature selection and corpus identification and covers definitional ques-
tions establishing the nexus between CE scope and key innovation patterns. Section 3
synthesises the results from the literature analysis. Section 4 discusses main outcomes, lim-
itations and avenues for further research. Section 5 closes with some concluding remarks.

2. Materials and Methods
2.1. Choice of Evidence Synthesis Method

A systematic review can be characterised as a clear and replicable methodology
focused on scoping, evaluating and synthesising evidence from a set of previous studies as
to enable a set of qualitative and quantitative assessments on the evolution of a specific
body of research [48-50]. This approach enables the study of the literature reflecting trends,
weighting factors, recognising networks and identifying knowledge gaps.

Similarly to other systemic reviews [49,51,52], and to ensure consistency of the process,
we develop a multi-step approach, including the following: (i) a clarification of the research
questions (Section 1 of this paper); (ii) the establishment of an analytic framework to
analyse the data (Section 2.2); (iii) the delimitation of the corpus according to a number of
markers (Section 2.3,Section 2.4,Section 2.5,Section 2.6); (iv) a quantitative description of
the evidence (Section 3); and (v) a synthesis of research results (Sections 4 and 5).

2.2. Coding Scheme

In the CE field, systematic reviews have been increasingly used to address con-ceptual
questions related to definitional matters [9,51], sectoral specificities [53] and business set-
ups [54-56], social aspects [57], as well as indicators and assessment techniques [58—60].
However, from an innovation perspective, contributions have been rather limited [11].
We hereby provide some coordinates into how the CE and EI have been understood and
convert these lessons into a coding scheme.
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To classify CE approaches, we use the classification of Kalmykova et al. [27] who
mapped a variety of existing approaches defining 45 implementation levels of CE strategies,
aggregated by 9 stages of the value chain (Table 1). This taxonomy has the advantage of
being empirically derived while retaining a conceptual focus.

Table 1. Strategies for implementing CE.

CE Strategies

Value Chain Stage

Implementation Levels

Definition

CE Strategies focused on materials sourcing renewable

»  Diversity and Cross sector Linkages energy production as well as energy production from
*  Energy prodpchon/ Energy autonomy by-products and /or residual wastes; material
*  Green (public) procurement substitution to renewable options; green procurement;
1. Materials sourcing e Life cycle assessment improved standardized method to better quantifies
. Matel"lal substitution environmental impacts; better taxation system not only
. Taxatlon. o of inputs with negative externalities (aggravate) as well
¢ Taxcredits and subsidies as inputs with less environmental externalities (like
bio-based materials reducing).
e Customization/ built to order CE Strategies focused on design to reduce harmful
. Design for disassembly/recycling substances use/waste /extended
2. Design e Design for modularity life/disassembly /repair/refurbishment or recycling.
e  Eco-design Focus is on design to limit environmental impacts during
e Reduction the whole lifecycle.
. N Energy eff1c1ency. . CE Strategies focused on reduced material
3. Manufacturing N Material productivity input/consumption and energy efficient processes
e Reproducible and adaptable manufacturing P P 8y P '
o e  Optimizing packaging CE Strategies focused on efficient packaging and
4 Distribution and sales . Redistribute and resell extended product life (like resale).
. Community involvement
e Ecolabelling
* Productasa sgrvme/pay-per—use CE Strategies focused on environmental
e  Product labelling o . .
. certification /labelling; new business models;
5. Consumption and use e  Re-use . .
. product-service-systems; sharing and
e Sharing platforms S
. . . dematerialization models.
. Socially responsible consumption
e  Stewardship
. Virtualize
e  Extended producer Responsibility CE Strategies focused on take-back systems and
e Incentivized recycling extended producer responsibility to a post-consumer
6. Collection and disposal e  Logistics/infrastructure building stage of a product’s life cycle; as well as recycling,
. Separation namely enabling facilities to post-consumer optimum
e  Takeback and trade-in systems separation, collection and disposal.
. Byproducts utilization
e  Cascading materials
N Downeycling CE Strategies focused on using byproducts as raw
. Element/substance recovery LS . .
e Energy recovery materials; .cascadmg materlals and components .
7. Recycling and recovery e Extraction of bio-chemicals (downeycling/upcycling). Elemgnt/substance/mate.nal
: . recovery; exchange and/or sharing of resources, services
e  Functional recycling ?
. . ¢ and by-products between companies (e.g.,
e  High quality recycling . : .
. I industrial symbiosis).
e  Industrial symbiosis
. Restoration
. Upcycling

8. Remanufacture

Refurbishment and remanufacture
Upgrading, maintenance and repair

CE Strategies focused on maintenance/upgrading and
replacing components by reusable substitutes.

9. Circular inputs

Bio-based materials

CE Strategies focused on regenerable inputs.

Source: Adapted from [27].

For EI, we built on, and adapted, de Jesus and Mendonga (2018), as it encompasses
a broad scope of themes from more technological aspects to “non-technological” and
“softer” aspects [33,46] (Table 2). It also acknowledges that the nature of the change can
range from incremental (i.e., introduction of small novel improvements, novel value in
a specific context) to radical (disruptive change, completely new innovation) [61]. It
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accommodates not only the narrower conventional innovation types—product/service,
process, organisational and marketing [62]—but also broader and holistic approaches
where innovation is more than a single change but a socio-technical transformation, at a
macro-level when talking about “systemic innovation” [47,63,64], adding a new category
to the micro-level when focusing on “business-model innovation” [65,66].

Table 2. Aims and mechanisms of EI.

Focus

Key Types of Innovation (Targets)

Narrow Focus

Organisational

-novel organisational method focused on improving organizational
structures in business/workplace organisation, learning processes,
institutional frameworks, etc.

Goods or services
-New product/Service. Tangible or intangible.

Process
-a novel or meaningfully improved production or delivery method

Marketing
-significant changes in product placement, product promotion or
pricing, sales and aftersales support

Holistic focus

At a micro scale (business)

Business-model innovation
-changes in an organization’s value proposition and operating model.

“Systemic” innovation

At a macro scale (a city/country)  -institutional changes at a sectoral and cross-sectoral, city and

trans-regional, national and cross-border levels

Nature of the change (mechanisms)

Technological

-focus on technological innovation

Nontechnological

-focus on nontechnological innovation

Incremental

-gradual change or redesign of organisations, processes, products, sales, etc.

Radical

-introduction of completely new innovations, “novel value”

Source: Based on [11,61,67].

2.3. Defining the Literature Corpus

The literature searches were conducted in two of the world-leading databases of
academic journals, Scopus and Web of Science (WoS) [68]. Scopus includes a larger number
of journals [69], although it has a more “European focus” and a more limited chronological
coverage [70]. WoS was the first bibliometric database coming into existence and still has a
larger global coverage and covers a greater timeframe; however, it has a lower number of
indexed journals [71]. The combined usage of both databases reduces potential limitations
of each database, while other databases were excluded given resource constraints. For
practical purposes, we only considered documents written in English.

2.4. Data Collection, Screening and Quality Assurance

Figure 1 summarises the data assemblage process. In a first step, we used the de-
scriptor [circular* AND innovat*] and focused on the period 2010 to 2020. After merging
WoS and Scopus databases and a duplication check, a total of 2392 unique documents
were identified. This query was, however, very broad (possibly including several not CE
related documents), so a filtering was conducted, using the descriptor [“circular economy”
and innovat*]. This second query (after merging WoS and Scopus databases and another
duplication check) yielded 1173 documents. This second query had the advantage of
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providing a more focused dataset, but it may have potentially missed important articles
from the first query. To avoid this limitation, we then proceed to compare the two queries.
Overall, 1118 documents were found in both queries and were automatically accepted. The
remaining papers (1274 from Query I and 55 from Query II) were screened on title and
abstract for relevance (focus on CE, 1st round screening criteria) (Table 3). From those 1274,
170 were retained, making the new total therefore 1288 papers.

Data collection (Boolean search within title, abstract, and keywords) - March 2021
Databases: Timespan: Doc Type: Language:
-Wos 2010 - 2020 Academic papers English
-Scopus (articles/reviews)

8 Query I Query I1

g “eirewlar® AND innooat™” “acircular economy” AND innovat*”
o] 2392 docs 1173 does

Comparing Query I'to IT- 1118 papers were in both Queries
remaining papers (1274 from Query [ and 55 from Query IT) where screened on
title and abstract for CE Focus (170 retained)

Total of 1288 docs

1st screening
- CE Focus

O
R
uE‘ E 320 of 1288 were a review or a survey
s 3
B
- Co-authors independently screened 320 papers for Innovation Focus.
- o
=
B
53
@ g
= E
g -
o~

'

Final Corpus: Corpus of 69 papers published between 2010 and 2020

Figure 1. Data collection procedures. * was used to find wildcards in an exact word. For example, in
“innovat*” to find "innovation” as well as “innovating” or “innovator”.

Given the size of the dataset, we crucially opted for a new angle of analysis, limiting
the pool of papers to those aiming at synthesis, namely “reviews” or “surveys” (including
systematic reviews, bibliometric reviews, scoping reviews, literature reviews, etc.) [72].
The use of a (systematic) review of (systematic) reviews has been used in other research
areas (namely in health sciences) where there are also too many studies to analyse when
making decisions or answering specific research questions [73]. The possibility to consider
and synthesize existing studies in a single place has the benefit of allowing a deeper
comparison of the findings of different reviews strengthening the evidence-based decision
process [74]. The application of this perspective to our study was made considering
that (i) there have been a proliferation of reviews and surveys concerning CE in the last
years [51,75] and (ii) that the role of a review paper is inherently a synthesis of the state of
art in a specific subject, providing an essential step in the scientific process of knowledge
accumulation [76,77]. One of the novelties of the present paper is, therefore, to be the
most recent synthesis of the syntheses on the CE-EI intersection. Focusing on reviews
and surveys, a total of 320 documents were retained for screening of relevance (I1st and
2nd round screening criteria) (Table 3). A total of 251 articles were excluded in this round,
resulting in a total of 69 papers relevant for our review.
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Table 3. Inclusion and exclusion criteria in the 1st and 2nd Screening.

Inclusion Criteria Exclusion Criteria

1st Screening criteria

Papers that presented at least one of the following focuses:

CE conceptual or theoretical definition

Empirical description or illustration of CE models Papers that did not focus on CE:
and applications at several levels (national, urban,
industry, etc)

Descriptive or normative perspectives on CE
challenges and future developments

CE policy developments and implications

CE research gaps and future developments

O  Definition
O  Description
O Or illustration

2nd Screening
Innovation Focus

Papers that focus on the conceptual and/or empirical
definition/description/demonstration of one or more
types on innovation within a CE approach namely:

Technological innovation/Nontechnological
Organizational innovation
Product innovation

Service innovation

Process innovation
Business-model innovation
Disruptive innovation
Radical innovation
Design-driven innovation
Social innovation
Responsible innovation

Papers that do not:

O Analytically define

O  Empirically/ Conceptually
characterise and or illustrate

O Measure any type of innovation as
defined in the inclusion criteria

Source: Inspired by [52,61,78].

2.5. Quality Assurance

Following systematic research guidelines and to ensure transparency, the deployment
of numerous and recursive safeguards was a constant throughout the data harvesting and
the screening process [79-81]. After each screening round, the main results and coding
grid were revisited, and the inclusion of papers discussed focusing on those where there
was uncertainty on relevance. A random subsample of 15% of the papers was analysed by
the different authors in order to identify discrepancies in the analysis, ensure consistency
of the coding system, compare results and reach consensus. This process pointed to a high
level of agreement and consistency of the criteria applied by different reviewers.

2.6. Analysis of the Full Texts

Our final dataset of 69 articles was analysed on two levels: (i) a descriptive analysis
focused on broad/ bibliometric trends (number of publications per year, authors, citations,
etc.; (ii) a deeper content analysis focused on reflecting on innovation dynamics within,
by linking circularity strategies with identified innovation patterns. Section 3 presents
our findings.

3. Results-Trends of the Pro-CE Innovation Research
3.1. Research Dynamics on the EI-CE Nexus

Taking the number of publications as a (partial) measure of knowledge production, it
is noticeable that the review articles focusing explicitly on innovation and CE are a recent
strand of the literature, starting around in 2016. This finding converges with increasing
policy and academic attention to the area of CE and coincides in time with the publication
of the European Commission 2015 Circular Economy Action Plan where the role of EI is
stressed: “(...) new technologies, processes, services and business models which will shape
the future of our economy and society. Hence, support of research and innovation will be a
major factor in encouraging the transition (...)” [31].
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In the following years, the number of published papers grew steadily, reaching the
highest number of reviewed publications (26) in 2020, that is, over a third of the articles in
the sample (Figure 2). It should also be stressed that the number of papers in 2020 could
be underestimated: on one hand, databases sometimes have delays updating information
on the datasets; and on the other hand, 2020 was impacted by the Covid-19 crisis and
consequent adjustments of academia to new conditions (digital classes, new conference
formats, etc.) that may have affected publication efforts.

30

20

10

0
2016 2017 2018 2019 2020

Figure 2. Number of papers per year on circularity and innovation. Source: elaborations on the
corpus. Note: performance for later years can be underestimated, given to database updating.

The main outlets for this research are the Journal of Cleaner Production (16 papers),
the Sustainability journal (9), followed by Ecological Economics (2), Management Decision (2)
and Journal of Industrial Ecology (2) (Figure 3). Overall, the first two journals concentrate
36% of the sample papers, standing out as the major platforms for integrative/reflexive
contributions that focus on the interaction between innovation and circularity. These
core journals offer a transdisciplinary channel for “sustainability research and practice”
(as described in the front-matter of the Journal of Cleaner Production) and “sustainability
and sustainable development” (the Sustainability journal). The other journals range from
ecological economics and industrial ecology to management as disciplines.

Journal of Cleaner
Production

Sustainability

Ecological
Economics

Management
Decision

Journal of Industrial
Ecology

0 5 10 15 20

Figure 3. Number of papers per journal. Source: elaborations on the corpus.
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3.2. Citations and Focus of Key Contributions

The five most cited articles are mostly concerned with the conceptual definition
of CE [82], the technological/nontechnological eco-innovation enables and hurdles for
the transition [33,83], as well as the role of circular business-model innovation in the
transformation [66,83,84] (Table 4).

Table 4. Top five most cited documents.

Title Authors Source Title Date Total Citations WOS Highly .Clteid
Papers/Academic Field
Towards a consensus on the Prieto-Sandoval, V.; Jaca, C.; Journal of Cleaner . .
circular economy Ormazabal, M. Production 2018 168 Engineering

Implementation of Circular
Economy Business Models by
Small and Medium-Sized
Enterprises (SMEs): Barriers
and Enablers

Rizos, V.; Behrens, A.; van
der Gaast, W.; Hofman, E.;

Ioannou, A.; Kafyeke, T.;
Flamos, A.; Rinaldi, R; Sustainability 2016 157 Environmental /Ecology
Papadelis, S.;
Hirschnitz-Garbers, M.;

Topi, C.
Lost in Transition? Drivers
and Barriers in the . . . . .
Eco-innovation Road to the de Jesus, A.; Mendonca, S. Ecological Economics 2018 127 Economics/ Business
Circular Economy
Sustainable business-model Geissdoerfer, M.; Journal of Cleaner 2018 124 Eneineeri
innovation: A review Vladimirova, D.; Evans, S. Production ngineenng
Exploring Industry 4.0 Nascimento D.L.M.,
technologies to enable Alencastro V., Quelhas Journal of Manufacturin
circular economy practices in O.L.G., Caiado R.G.G., s 2019 104 Engineering

a manufacturing context: A
business-model proposal

Garza-Reyes J.A., Lona L.R.,

Technology Management
Tortorella G.

Source: elaborations on the corpus; citations as of March 2021.

The most influential papers are quite recent (from 2016 onwards), but all of them
are considered “highly cited” in the WoS, meaning that those papers received enough
citations to place them in the top 1% of a specific academic field [85]. These papers seem
therefore to be informing further research, presumably on the linkage between EI and CE.
The importance of the engineering academic field, when talking about CE and EI, is also
put on evidence, even if papers on the Environmental /Ecology and Economics/Business
fields were also “highly cited”.

3.3. Nature and Scope of the EI/CE Research

A conceptual paper provides a structure to organize observations; a theoretical paper
provides an explanation of a set of observed phenomena based on logical derivations; as for
empirical papers, focus is on deriving predictions based on specific assumptions, usually
using mathematical terms [86]. In the sample, the importance of conceptual contributions,
or even purely theoretical papers, points to an ongoing debate of the interaction between
CE and EI. However, more recent contributions show a growing focus on empirical studies
as reflected in Figure 4.

In terms of scope, most of the sample reflects a global focus (with papers focusing
on examples from different continents); however, its dispersion in terms of scope is quite
uneven (Figure 5). Notwithstanding, it is also striking that for those articles in the sample
that refer to a specific geographical region, the pattern is rather polarised: Europe is the
area of choice; the visibility of the Global South is found wanting.
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== Empirical == Theoretical Conceptual

10 Conceptual

Empirical

/\_,,/ Theoretical _

o
2016 2017 2018 2018 2020

(a) (b)

Figure 4. (a) Number of papers per year divided by nature of the research; (b) Overall % of papers per nature of the research.

Source: elaborations on the corpus.

Africa 0.0%

Asia 1.4%

Latin America

@ and Caribbean | 1.4%

Europe 35.1%
T T - North Amer-

ica 1.4%

N/A 60.8%

Figure 5. Geographical focus of the examples mentioned on the sample. Source: elaborations on the corpus.

A greater density of examples focusing on innovation within a CE are traceable to
Europe. This agglomeration may be related to the large weight attributed to structural
change and environmental performance in the priorities established in the CE 2015 Action
Plan and related funding to research and development in the area [31] and historically
the prominence of CE research in Europe. Reviews (in English) of the CE-EI literature
is less apparent in other latitudes (e.g., Africa and the Americas) or nearly so (Asia).
More than answers, these observations point to several other questions concerning the
differences in understanding on CE and innovation concepts (Global North/South) as well
as considerations on research impact of linking CE with a country’s innovation agenda (an
area where further research is needed).
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Nen-technologica

3.4. Key Types of Innovation in CE: Main Dynamics of the Pro-CE Innovation Research Programme

With regards to the way innovation dynamics is portrayed in the sample (In this
section, as references originate directly from the corpus analysis, they have been grouped
during the analytical process to reflect clusters of the literature addressing different CE
‘strategies’.), there seems to be a focus on incremental progress, that is, the paced intro-
duction of novel improvements/value in a specific context (rather than radical disruptive
change) [61] within the bounds of a known technological trajectory (Figure 6). However,
the split in the sample between technological focus (around 52%) and nontechnological
innovation (47%) is remarkably even. The sample also suggests a predominance of re-
search in the area of business-model innovation (23.8%), with a focus on product/service

packages (Figure 7).
NiA
Radical innovation
Technological
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Figure 6. (a) Main innovation mechanisms in the corpus; (b) Main impact in the corpus. Source: elaborations on the corpus.
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Figure 7. Main types of innovation in the corpus. Source: elaborations on the corpus.

We also classified the sample according to CE strategy areas. Two main CE strategies
focused on “Recycling and recovery” (28%) and “Consumption and use” (21%) seem to be
prevalent in the sample of papers, although a relatively large fraction of the sample (14%)
does not focus on specific CE strategies (designated as N/A—Not Applicable). Remaining
strategies as proposed in the analytical framework include “Circular Inputs” (8%); “Design”
(8%), “Collection and disposal” (5%), “Remanufacture” (5%), “Materials sourcing” (4%),
“Manufacturing” (4%) and “Distribution and sales”(3%) (Figure 8).
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1- Materials sourcing

2- Design

3- Manufacturing

4- Distribution and sales
5- Consumption and use
6- Collection and disposal
7- Recycling and recovery
8- Remanufacture
9-Circular inputs

N/A

0.00% 10.00% 20.00%

Figure 8. Main CE strategies (organised according to stages of the value chain). Source: elaborations
on the corpus.

The next subsections review how innovation is considered within the two main CE
strategies (Sections 3.4.1 and 3.4.2), discussing how an important part of the sample does
not specifically align with any of the mentioned CE strategies (Section 3.4.3), and reflecting
about remaining, less mentioned, CE strategies (Section 3.4.4).

3.4.1. Recycling and Recovery—Rewiring Production

The majority of papers from the sample are linked to strategies related to recycling and
recovery. A set of papers focus specifically on the use of wastes and byproducts, namely in
the agriculture, forestry and fishing sector [87-89]; the construction sector [90,91] and the
clothing/textile sector [14,18].

Within this same strategy, another set of papers focus on technology and process
innovations related to material composition and material recovery, with a focus on electric
and electronic devices/metals and critical raw materials [92-94] as well as nutrient recovery
from wastewater [95-98].

Another area addressed within this strategy is linked to industrial symbiosis, i.e.,
collaborations between companies focusing on sharing of services and byproducts is an-
other subject approached [99,100] where the emphasis is on inter-organisational innovation
and networks.

In the CE recycling and recovery strategies most papers in the sample focus on
the technological side of the innovation process (Figure 9) which differs from overall
findings where there is a more balanced split between technological and nontechnological
innovations. Additionally, this group has a significant sectoral focus, but innovation
dynamics tend not to be described in detail [18,98,99,101].

Opverall, Recycling and recovery strategies are associated with product/service innova-
tion, as well as technology and process innovation (Figure 9). Product/service innovation
is linked with product recycling and end of life management [92,93]. The area of technol-
ogy/process innovation relates more to recycling processes and technologies to upgrade or
recover high-value-added marketable secondary materials [88,97]. Several papers stress
the role of compliance and regulations in driving EI in CE recycling and recovery strate-
gies [88,90], while acknowledging that a solely regulatory focus is insufficient to move in
the direction of a regenerative system [90].
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Figure 9. (a) Main types of innovation per “Recycling and recovery” CE strategy (value chain); (b) Main mechanisms of
innovation per “Recycling and recovery” CE strategy (value chain). Source: elaborations on the corpus.

3.4.2. Consumption and Use—New Business Models

Around 21% of the sample address CE strategies related to “Consumption and use”.
Even if we use classification from Kalmykova et al. [27], examples on “Consumption and
use” strategies in our sample are mainly focused on “New Business Models”. The specific
focus was on product-service-systems, i.e., shifting from a product-ownership-based to a
function-based consumption [25,102,103], sharing and dematerialization models [83,104],
and business-model innovations [54,66,84,105-109].

This subset of the sample is less sectoral driven and more focused on stakeholder per-
ceptions and challenges and limitations for circular business models and business-model
innovation for CE [54,105,110]. From a business organisation perspective, several papers
mention firms’ low awareness of the CE potential, considering it too costly and risky, espe-
cially SMEs [111]. On the user/demand side, user willingness to participate and/or adopt
circular business models is also addressed, bridging the gap between supply/demand side
innovation and stressing the need to engage stakeholders along the process of transfor-
mation [112-115]. In this area, research of a nontechnological nature prevails (Figure 10).
Furthermore, the relevance of this topic suggests a growing research interest in the nexus
between business models, innovation and CE.

Organizational
innovation

Product / Service
innovation

Process innovation
Technological

Marketing innovation | 0.00

Bus:ni‘snsomer: Non-technological
Systemic/transforma 4.55%
tive EI :

Na | 0.00

0.00% 20.00% 40.00% 60.00%

(a) (b)

Figure 10. (a) Main types of innovation per “New Business Models” CE strategy (value chain); (b) Main mechanisms of
innovation per “New Business Models” CE strategy (value chain). Source: elaborations on the corpus.
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3.4.3. Papers Not Adhering to Specific CE Strategies

An important set of papers (around 15% of the sample) did not focus on any of the
specific CE strategies proposed in the analytical framework (designated as N/ A—Not Ap-
plicable). This set of papers provides a more general conceptual approximation to the EI
and CE connection, without a specific topical focus. A more detailed review pointed to
three distinct foci: (a) the conceptual definition/ definitional limitations of the CE concept,
mentioning the importance of EI in transition to a CE [3,82,116]; (b) a specific innovation
pathway, usually at a firm /business level, but only marginally linking it to the CE, for instance
focusing on how CE related innovations (in a broad perspective) are linked to turnover and
employment growth [117], or on how important are innovation networks and collabora-
tion in the European raw material sector [118] or even on nature-inspired innovation as an
innovation strategy only very tangentially mentioning CE [119]; (c) an exploration of the
interconnection between EI and CE [120] and the need to have a systemic multidimensional,
multi-actor systemic innovation approach to CE [11,32,33], addressing concepts like “circular
ecosystem innovation” [47,121], or the triple helix concept emphasising the importance of
building synergies across different stakeholders to enhance economic and social change on
a systemic scale [122,123]. This latter subset was the most prominent one, explaining why
“Systemic/transformative EI” was so mentioned (Figure 11).

Organizational innovation

Product / Service innovation

Process innovation

Marketing innovation

Business model innovation

Systemic/transformative El

N/A

0.00% 10.00% 20.00% 30.00% 40.00%

Figure 11. Main types of innovation in papers that do not focus on any of the CE strategies. Source:
elaborations on the corpus.

3.4.4. Other CE Strategies

An important part of the sample includes a variety of CE strategies, which individually
account for 1 to 10% of the sample, but that taken together adds up to one third of
the sample. Papers related to “Circular Inputs” (8% of the sample) points to ongoing
discussions concerning the definition of the bio-economy [124-126], and bio-economy
business models [110]. They also cover renewable biomass products, alternatives to current
petroleum-based materials, new materials (e.g., biodegradable polymers from agro-food
waste residues [127], fungal mycelium [128] or applications of fish waste [89]) and their
possible applications in several sectors, namely packaging, textile, leather and automotive
industries just to mention a few.
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Design, circular design and specific design strategies are covered within the strategy
“Design” (around 8% of the sample). This part covers aspects such as “designing out
waste”, implementation of design and its role in industrial products, processes and organi-
zations [129-131]. It should also be noted that the review suggested interrelations between
strategies related with “Design” and strategies focused on “Collection and disposal”’—
which take up only 5% of the sample—especially on how extended producer responsibility
or take-back systems could enable a continuous flow of products, components and material
for remanufacture or recovery [132,133], as well as on strategies related with “Distribu-
tion and sales”—3% of the sample—focused on efficient packaging design strategies and
sustainable supply chains [134].

Remanufacture strategies are under-represented in the sample (5%), and most of the
contributions focus on refurbishment, while a number of those have a sectoral focus on
automotive (remanufacturing) [135], construction (refurbishment) [91] and textiles [18].

“Materials sourcing” and “Manufacturing” strategies are also closely connected, rep-
resenting 4% of the sample, respectively. The first set has a stronger focus on cross-sector
linkages, namely concerning energy production [136,137], life cycle assessment, green
procurement, taxation, as well as the role of finance in a CE [138], while the second set
concentrates on energy efficiency and material productivity [101,139-141].

4. Discussion

The CE concept has been stressed as a socio-technical template for replacing old
linear unsustainable economy by a more restorative and regenerative system. Such a
transition towards economic and ecological sustainability is about structural change and is
pre-conditioned on the introduction of transformative innovation. While growing research
on the CE literature has highlighted the role of innovation, research exploring EI dynamics
within the CE is still marginal. How has CE innovation research been evolving for the past
ten years? The present research constituted an exploratory study focusing on systematising
main trends from the published reviews relevant to understand the interaction between EI
and CE.

The review highlighted that while the connections between EI and CE are stressed and
the need for systemic innovation is emphasized as an enabler for the transition towards the
CE, detailed in-depth analyses of EI practices and dynamics are still largely absent in the
corpus of the CE literature. The analysis points to the fact that most of the contributions are
recent and have followed the major features of the conceptual definition of CE. Innovation
is presented, in several cases also as a broad concept, without specific references to how
innovation is conceptualised, what the key processes and who the stakeholders driving
innovation are, or even the direction and objectives of the innovation processes in a CE.
The reviewed contributions acknowledge important gaps related to how EI can contribute
to the CE [123]; how to direct innovation systems to CE practices [135], as well as on how
innovation and transference of knowledge on CE solutions across different regions could
be deployed [97].

From a geographical point of view, the scope of the research has been largely limited to
Europe and to a lesser extent the US. The review also highlighted a number of clear sectoral
foci (automotive, construction, textiles, etc.) and emphasis on CE dimensions related to (1)
recycling and recovering and (2) new business models. This split is also representative of
the two main types of EI studied, namely technology and process innovation and softer
types of organisational, value creation and cultural innovation.

New business models are generally presented as vehicular instruments of CE tran-
sition, connecting supply and demand side innovations while driving other forms of
innovation linked to design, product manufacturing, logistics and reverse logistics, and
end of life management and recovery. Even though contributions in the field of new
business models constitute a focal theme in the CE literature, several knowledge gaps were
identified in the analysed sample. Main issues pointed to the need for further conceptual
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development, in-depth assessment of practical implementation and review of challenges to
implementation from an innovation perspective [3,108,115].

The review also suggests that further research is needed to better define the role
of diverse stakeholders in processes related to innovation [123]. The role of consumers
and retailers is largely undeveloped [112], as well as the assessment of uncertainty and
risks in circular business models in areas such as financing, consumer acceptance, circular
material supply and others—see, for example, [3,138]. de Jesus et al. [32] highlight limi-
tations of adopting a narrow approach to innovation in CE and highlight the need for a
“multidimensional, multi-actor systemic innovation approach”. This also relates to how
barriers and drivers to innovation are portrayed in CE where “soft’ factors of innovation
related to business organisation, policy culture and actor networks are hampered by ‘hard’
barriers related to finance or business models. This creates some imbalance between lack
of understanding of innovation processes and a focus on a more static vision of conven-
tional barriers to innovation which fails to acknowledge network constellations and policy
landscapes shaping innovation processes.

From the nature of the research, it is also important to emphasise that conceptual
understanding of EI dynamics is mainly implicit rather than explicitly discussed, compro-
mising opportunities to advance knowledge in the area of innovation for the CE.

Finally, the review also identifies gaps with regards to metrics and assessment frame-
works for innovation. Assessment tends to be mostly qualitative (e.g., leadership), with
some contributions focusing on measuring outputs of innovation such as firm performance
metrics through financial revenue rather than approaches to assess innovation dynamics
and processes [3,110,118].

Notwithstanding, this research also has some methodological limitations. Initial
searches of CE and innovation resulted in a high number of contributions that were filtered
out through a number of subsequent phases. The scope has been restricted to review papers
to provide foundations for a meta-analysis of innovation and CE, but a broader analysis
could enrich the preliminary results gathered here. Moreover, analytically, even though the
CE strategies used appear suited, it still raises questions as to whether a contribution can
be assigned to a specific strategy because most of them are deeply intertwined with cross-
cutting areas running through the different contributions. To minimise these limitations,
several quality checks were deployed to validate the criteria and codification exercise’s
coherence, but further research could improve on the validity of the methodology.

Further research pathways should also further address the need to overcome the pre-
dominant approach of treating innovation as an afterthought (required but not discussed)
and deepen the knowledge on innovation dynamics within a CE. Moreover, stronger
links can be built with other emergent research streams, of which bioeconomy and open
innovation are examples [142,143].

This also implies understanding to what extent innovation processes in the CE are
distinctive, and require tailored approaches, with a focus on more multi-dimensional,
value-network-oriented processes. Such efforts could operationalise a “circular innovation
studies” research agenda, which we can canvas as an interdisciplinary area of applied
and policy-relevant research that addresses the opportunities and challenges of sustained
transition toward a CI through EI

5. Concluding Remarks

Circularity and innovation have been attracting attention in scholarly publications.
The number of papers published has increased heavily in the last five years, especially
in Europe, reflecting not only the academic but also the political and economic inter-
est in the area. Not surprisingly, the innovations related to recycling and recovery CE
strategies are in the centre of the corpus, along with business-model innovations and
systemic/transformative innovations.
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Notwithstanding the methodological limitations, which invite the need for careful
analysis, our paper opens the debate on what we really know about innovation dynamics
within a CE by synthesising major findings available in published reviews.

In light of our findings, the innovation strategies identified in our research reflect the
fact that there is a strong recognition of the importance of innovations in the transition
to a circular economy, at the same time underlining a significant knowledge gap on
the understanding of the actual and precise interactions between EI dynamics and CE.
Therefore, where should research go from here? What could possible methodological,
theoretical and empirical avenues be?

For one, the conceptual understanding of EI dynamics in CE is mainly implicit rather
than explicitly discussed. This fragmented knowledge, in terms of both terminology
and empirical focus, stresses the importance of research streams focused on addressing
innovation systematically in the CE context. This is also linked with the importance of
understanding if (and which) innovation processes in the CE are distinctive, and require
tailored approaches.

On an empirical side, we would suggest that the next generation of research should
explore how pro-CE EI could be assessed. This corpus was conspicuously silent concerning
CE innovation proxies. This would also point to other research areas, namely on how
innovation systems’ circularity can be assessed. Monitoring innovation systems dynamics,
with a particular emphasis on their “circular” activities, could enable a glimpse on CE
implementation and also support the identification of policy implications.

If some conclusions can already be gathered, it must be underlined that they are
provisional and, hopefully, a stepping stone to a full-blown agenda. Above all, what seems
clear is the need for more studies and analysis of further sources in order to establish
“circular innovation studies” as a research programme in its own right.
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