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Abstract

Worldwide, cities are implementing circular economy (CE) strategies to reduce the resources they consume and their
environmental impact. To understand the CE strategies and sectors cities have been focusing on, we have conducted
an evidence map describing the literature published in the last ten years. The main outputs are a searchable database
comprising 178 publications showing which cities have been discussed, what CE strategy they are focusing on, and the
sectors under review. The results show that most research has focused on European countries. Those efforts mainly con-
centrate on waste and wastewater management, and recycling and recovery strategies are considered the “lower-level”
strategies in the CE taxonomy. It highlights the potential for further research in other cities and regions, looking across
sectors and analyzing strategies that tackle the “higher-level” CE strategies. Higher-level strategies include reducing,
repurposing, remanufacturing and reusing opportunities to achieve the potential attributed to a CE model by govern-
ments across the world.
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1 Introduction

The Circular Economy (CE) is rapidly gaining momentum in political and corporate discourses as a vision and a mechanism
to transition towards a more sustainable future. It has been hailed as one of the solutions to help solve the climate crisis
and reduce the overall environmental impact of the economic activity [1-4]. With CE envisioned as an alternative model
to the unsustainable linear‘take-make-waste economic model [5], cities have been stepping up efforts to accelerate the
transition towards a more circular urban model globally [6-8].

The most recent and most cited definitions of CE agree that the CE is an economic system aimed at keeping prod-
ucts in the economic system for as long as possible, thereby reducing the environmental impact of a linear economy in
which products are made, used, and subsequently thrown away. The literature has proposed different definitions and
outlined multiple CE principles [9-11]. Oftentimes, different stakeholders attribute different principles to it, in line with
specific interests and priorities [12-15]. In one of the most comprehensive reviews to date, 114 different CE definitions
were extracted from literature, showcasing the heterogeneity of CE definitions [14]. CE has also been divided along
three levels: micro-level (product), meso-level (industry park) and macro-level (city or national level) [14]. Often, the CE
is linked to “R frameworks’, based on principles such as reduce, reuse, and recycle: currently, the list of R's stands at 10
[16], ranging from refusing to reducing, reusing, remanufacturing to recycling and recovery. In [17], a comparison of how
the R-frameworks apply to different definitions of CE is given. The highest in the typology ranking R principle (RO refuse)
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also relates to the concept of sustainable consumption and production, also one of the 17 Sustainable Development
Goals (SDGs), aimed at decoupling economic growth from material usage and the environmental consequences that
come with it [18]. Aside from SDG12 on Sustainable Consumption and Production, the progress in transitioning to CE
has also been directly linked to the progress on other goals, including SDG 6 on Clean Water and Sanitation, SDG 8 on
Decent Work and Economic Growth, SDG 11 on Sustainable Cities and Communities, SDG 13 on Climate Change, SDG 14
on Life below Water and Goal 15 on Life on Land [19-21] describes in more detail how the CE and sustainability compare,
finding different goals, motivations but most particularly different stakeholders responsible for achieving sustainability
or CE, with different levels of agency.

With CE being a contested concept, a single universal definition of the CE is probably impossible, as the concept is
also dynamic, constantly evolving [10] and interdisciplinary [22, 23]. In the last decade, the number of articles covering
the topic of CE has increased significantly across a diverse suite of subtopics, and over 1600 reviews have now been
undertaken to show how CE has been conceptualized, what works and what does not, and what the research gaps are.

Along with scholarly interest, national (see, e.g., [24] for an overview of strategies within the EU at the national level)
and supranational governments (see, e.g., [1, 3]), municipal governments have also started incorporating CE strategies,
all with the aim that it could reduce negative environmental impacts [25] and save costs, for example, in the manage-
ment of waste services (see, e.g., [26] and increase revenue, for instance, through the generation of taxes. Reaching the
goals of an ambitious CE agenda has been estimated to increase gross domestic product by 2%, increase employment
opportunities by 1.6% and reduce carbon dioxide emissions by almost 25% by 2030 [27]. At the EU level, it has been
estimated that the CE could generate 700,000 jobs by 2030 [28]. Scholars also examined how cities are approaching
the implementation of CE. For instance, [29] reviewed the CE plans of 89 cities and developed a framework with four
target urban systems (infrastructure, social consumption, industries and businesses, and urban planning) and 21 types
of initiatives. Others reviewed the plans of six cities [7], as did [30, 31].

As the conceptual debate around the circular model itself is unsettled, defining what constitutes a circular city is taxing.
Nevertheless, there are a few attempts in the literature to define a circular city to facilitate both academic debate and
urban application of circular economy model principles. Several scholars have examined how the principles of the CE
model are translated to the city-level and conceptualized the notion of circular cities from several perspectives (e.g., [6,
7,32-34]). Some scholars attempted to define circular cities by organizing the findings in the literature on circular cities
into enablers and challenges, and then, in a workshop, collected opinions around what the definition should entail [6].
They subsequently defined a circular city as being “based on closing, slowing and narrowing the resource loops as far as
possible after the potential for conservation, efficiency improvements, resource sharing, servitization, and virtualization has
been exhausted, with remaining needs for fresh material and energy being covered as far as possible based on local produc-
tion using renewable natural resources” (p. 6). Others define a circular as a city that “practices CE principles to close resource
loops, in partnership with the city’s stakeholders (citizens, community, business and knowledge stakeholders), to realize its
vision of a future-proof city” ([7] p. 176) or a circular city that aims “to eliminate the concept of waste, keep assets at their
highest value at all times, and are enabled by digital technology. It is also framed as a city that “seeks to generate prosperity,
increase liveability, and improve resilience for the city and its citizens while aiming to decouple the creation of value from the
consumption of finite resources” [35, 36]. Similarly, [37] approach city-based on a circular model of development as: “a city
that in provision of urban service deliberately prioritizes and practices circular economy principles to close resource loops
to the highest degree possible, to minimize the need for virgin material and energy resources, to reduce its resource
footprint beyond city borders based on the principles of equitable contribution and common welfare in the transition
to a circular model”. A definition that is proposed by [35]: ...“a circular city embeds the principles of a circular economy
across all its functions, establishing an urban system that is regenerative, accessible and abundant by design. These
cities aim to eliminate the concept of waste, keep assets at their highest value at all times, and are enabled by digital
technology...[a] circular city seeks to generate prosperity, increase liveability, and improve resilience for the city and
its citizens, while aiming to decouple the creation of value from the consumption of finite resources” (p. 7). It includes
technical, economic, and social aspects, and emphasizes the role of digitalization.

Yet, despite the growing body of research about CE practices, there remains a gap about the potential of urban
circular transitions and various interpretations of the meaning of CE transitions in cities. Understanding how CE works
within a city, moving from the potential and challenges that products and sectors could provide, could allow to improve
connections in the city, but also allow to uncover gaps in approaches, and assess policy implications of CE viewpoints.

! Search of The Lens.org on 08/06/2021 using title/abstract/keyword/field of study terms matching (“circular economy” AND review);
https://link.lens.org/a5a7xpYLhlh.
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To our knowledge, there is yet no interactive, searchable database of research on CE strategies at a city level, organ-
ized according to CE strategy and per sector, that highlights gaps and clusters of evidence on the topic, explaining the
focus and methods of the literature at a global scale that is openly available. This paper aims to address this gap and
synthesize qualitative evidence of cities' experiences with circular economy and identify central themes around urban
circularity. Our analysis is guided by two questions: (1) What is the nature of the evidence base related to CE in cities?
and (2) What has been the focus of the evidence in terms of sectors of implementation and application and in terms
of developing urban circular strategies? To provide insights into the body of evidence around circular economy model
uptake in cities, we apply an evidence mapping methodology informed by systematic mapping guidance produced by
the Collaboration for Environmental Evidence [38, 39].

As a result, this review provides an overview of urban circular economy transitions’ spatial and sectorial distribution,
by searching the academic literature for case studies on the application of CE within cities, with some additions from grey
literature. The results may contribute to a better understanding of the potential and the abilities to adapt CE practices
and principles in the urban environment based on the existing experience.

This paper is organized as follows: in the Sect. 2, we describe our research design, search process, and coding process.
In the Sect. 3, we report on our review findings, starting with a general overview of the corpus, followed by an overview
of knowledge clusters and gaps. In our discussion and conclusion, we place the research on CE at the city level in the
broader conceptualization of the CE and discuss what further research is needed to support CE transitions at the city level.

2 Materials and methods
2.1 Choice of evidence synthesis method

Evidence mapping facilitates understanding of the landscape of research literature in a specific field for a given period
[39,40] and is a valuable methodology for describing and organizing existing knowledge on the broad research focus and
identifying research gaps. A systematic literature review approach aims to optimize the transparency, repeatability, pro-
cedural objectivity, and comprehensiveness of searching for, screening and data extraction, and coding relevant research
[41]. Evidence mapping differs from a systematic review. It aims not to synthesize study findings but rather describe the
nature of an evidence base: highlighting gaps that warrant further primary research and clusters that are amenable to
complete synthesis, for example, in a meta-analysis or thematic synthesis [39]. Evidence is used is its broadest sense, to
mean empirical literature. Table 3 in Sect. 2.2 provides further detail on the type of evidence we incorporated in this study.

Our evidence mapping exercise is guided by systematic mapping methodology [39] but aimed for a more resource-
efficient process that omits some recommended stages of systematic mapping. Our review conforms to the ROSES
standards for reporting systematic evidence syntheses [42]. More specifically, the research process consisted of six steps:
(1) defining the search strategy and eligibility criteria; (2) carrying out the search; (3) checking the corpus for compre-
hensiveness; (4) preparation of the final corpus; (5) screening of articles; and (6) data extraction. In the section below,
we describe the six steps in detail.

2.2 Defining the search strategy and eligibility criteria

In a first step, we defined our search strategy, including our search engines, search string, period, language, and eligibil-
ity criteria. Following an initial assessment of the materials and methods of other reviews (Table 1), we decided on the
following:

e Databases: Web of Science Core Collection (WoS), Google Scholar (GS), followed by manual additions (see Sect. 2.3).
The WoS collection consists of the following databases: Science Citation Index Expanded (1945-), Social Sciences Cita-
tion Index (1956-), Arts & Humanities Citation Index 1975-), Conference Proceedings Citation Index- Science (1990-),
Conference Proceedings Citation Index- Social Science & Humanities (1990-), Emerging Sources Citation Index (2015-).
We searched Google Scholar as a valuable tool for finding academic and grey literature [43].

e language: English.

e Period: 2010-2020.

e Search string: we defined two strings (Table 2).
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Table 2 Search string and

Engine Search strin
databases for our evidence J J
map WosS ALL FIELDS: (Circular*) AND ALL FIELDS: [(Cit* OR urban OR
municipal®)]
GS All'in the title: circular economy municipal OR urban OR cit*
Table 3 Inclusion criteria
Criteria Description
Relevant literature Any published, or unpublished, traditional academic or grey literature
Relevant population Any city or cities globally. Here, we define cities as urban areas, with the OECD classifying them with

at least 50,000 inhabitants [54]. In our review, we did not exclude cities with less than 50,000 inhab-
itants but relied on the classification of the original authors

Relevant interventions: any study of CE, applying at least one of the 10Rs as put forward in the defini-
tion of [16]. Articles that did not focus on the CE (e.g., articles on sustainable cities, smart cities,
green cities) were excluded

Relevant study design Any case study, impact evaluation, observational study, or experimental or quasi-experimental design
Relevant study type Any qualitative, quantitative, and mixed methods studies

2.3 Carrying out the search

We conducted our search in February 2021, firstly in WoS and then in GS. Additionally, we added publications from
organizations that we knew work with municipal governments to develop CE plans by looking through their websites
and adding their publications manually. The organizations that have publications on CE in cities are the OECD (see, e.g.,
[50]), Circle Economy (see, e.g., [51]), and Metabolic (see, e.g., [52]).

2.4 Checking corpus for comprehensiveness

To ensure that our search was comprehensive, we cross-checked the corpus against a list of articles that we knew were
relevant to the topic of circular cities. A list of these 13 articles is available in the research data for this article at (https://
doi.org/10.5281/zenodo.5207331). All articles were found.

2.5 Preparation of final corpus

Following our comprehensiveness check, we assembled a library of records for screening in the web-based review man-
agement software EPPI Reviewer [53]. Records were deduplicated to remove multiple copies of the same article using
the built-in deduplication algorithm in EPPI Reviewer.

2.6 Screening records for relevance

The remaining records were then screened for relevance against a predefined set of inclusion criteria (Table 3). Articles
that were excluded did not focus on circular economy per se (e.g., covered low carbon pathways, migration) or covered
CE at product, national or supranational level. Records were screened in full at two levels: title and abstract level and full-
text level. Articles where relevance was not entirely clear at title and abstract level were retained to the full-text screening
stage to be conservative. After the screening was completed, we re-screened 3444 of the 9840 excluded articles (35%) for
quality assurance. We found no discrepancies in the consistency of the application of the inclusion and exclusion criteria.

@ Springer


https://doi.org/10.5281/zenodo.5207331
https://doi.org/10.5281/zenodo.5207331

Review Discover Sustainability (2021) 2:50 | https://doi.org/10.1007/543621-021-00059-2

Table 4 Codebook for our data extraction

Category Code

City Label the city
Country Add the country label
| (intervention/indicator) The R—the strategy—as per [16]
.Refuse

. Rethink

.Reduce

. Reuse

. Repair

. Refurbish
.Remanufacture

. Repurpose

. Recycle

10. Recover

0 N O LD WN =

O

Sector Building on [55]:
1.Extractive industries: agriculture, forestry and fishing (A); mining and quarrying (B)
2. Manufacturing (C)
3. Energy: electricity, gas, steam and air conditioning supply (D)
4. Water and sanitation: water supply; sewerage, waste management and remediation activities (E)
5. Construction (F)
6. Transport and storage (H)
7. Public administration and defence; compulsory social security (O)

8. Social: education (P); human health and social work activities (Q); arts, entertainment and rec-
reation (R); other service activities (S)

9. Other: wholesale and retail trade; repair of motor vehicles and motorcycles (G); Accommodation
and food service activities (1); information and communication (J); financial and insurance activi-
ties (K); real estate activities (L); professional, Scientific and technical activities (M); administrative
and support service activities (N); activities of households as employers; undifferentiated goods
and services; producing activities of households for own use (T); activities of extraterritorial
organisations and bodies (U)

2.7 Data extraction and coding

We used a predefined codebook (including meta-data extraction) to describe the final set of included studies. The
variables chosen to be extracted and levels of coding in the codebook were developed based on the assessment of
a small number of studies assessed during initial scoping.

Our codebook (Table 4) consisted broadly of the following information: (1) a description of the setting—the names
of the cities and countries discussed in the article, along with latitude and longitude coordinates for plotting; (2) the
CE strategy investigated—coded against the 10Rs (refuse, rethink, reduce, reuse, repair, refurbish, remanufacture,
repurpose, recycle, recover) following [16]; (3) the outcome context—a description of the sectors addressed in the
article, with the categorizations based on the Nomenclature of Economic Activities (NACE) codes [55]. NACE codes are
the EU’s industry-standard classification system for production and economic activities. There are 21 main categories
(e.g., construction) broken down into sub-categories and economic activities (e.g., demolition). As all outlined con-
ceptualizations above included in their approach, focus and limitations the R-principles of the CE economy, therefore,
following the suggestions from the literature, we employed the R-principles to guide our analysis.

Where no cities and countries were referenced in the article, we left this information blank. Still, we reported their
latitude and longitude as the central Atlantic Ocean for transparency. Included articles were not critically appraised,
in line with guidance in systematic mapping [39]. We acknowledge limitations in our evidence base and with our
selected methodology. First, in terms of limitations in the evidence base, we focused only on publications available
in English. However, we know of other cities developing CE plans, e.g., cities in Belgium, France, and Spain. Yet, we
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did not actively search for websites of different cities to collate that data, nor did we contact municipal governments
associations in different countries to add to the evidence map. Also, studies done by less-known organizations or
smaller consultancies might not have been picked up in our search. In the included studies, we noted, at times, a lack
of detail on the cities, countries, sectors, and applied R-strategy, which could have led to an under-representation of
results. In addition, our evidence map pointed to a lack of consideration for the higher-level R-frameworks, especially
the RO refuse strategy. However, this strategy might not have been not labelled as CE, but instead, as sustainable con-
sumption and production, or instead of focusing on cities, cover household level initiatives. In addition, the potential
of certain R’s (repair, remanufacture, repurpose) could have been considered at product or sectoral level instead of
at city level. For example, [56, 57] were excluded as they did not focus on city level, but the impacts of more CE in
businesses will have an effect on the CE level of the city.

As for the limitations of our chosen methodology, we employed an evidence mapping process informed by sys-
tematic mapping guidance produced by the Collaboration for Environmental Evidence [38, 39]. We have modified our
methods due to resource constraints since more accurate systematic maps have been shown to require substantial
resources to conduct well [58]. As a result, there is a risk that our final set of included studies may not be as compre-
hensive as could have been obtained through complete systematic mapping. However, our deviations from standard
best practices in systematic mapping are minor. In particular, we did not publish an a priori protocol and searched a
limited number of academic and grey literature resources. We believe our results are likely to be highly relevant and
representative of the true evidence base, directly resulting from the many methodological steps that we have taken
directly from standard systematic mapping and systematic review best practice. In particular, we have transparently
outlined our methods in full and following best practices from ROSES (Reporting Standards in Systematic Evidence
Syntheses, [42]). Our database contains a substantially larger dataset than other reviews [59-61].

3 Results
3.1 Theincluded evidence

Our searches resulted in a total of 44,870 hits across all resources and 10,021 unique records. These were screened
at the title and abstract level and then at full-text level, resulting in a final set of 178 articles that were included in
the evidence map. Figure 1 shows the results of the synthesis process, and the list of the 178 included articles can
be found at (https://doi.org/10.5281/zenodo.5207331).

Our final map database was converted into an interactive evidence atlas (a geographical information system for
visualization of studies across geographical space) using the Open-Source tool EviAtlas [62]. The project website
(https://www.sei.org/projects-and-tools/projects/urban-circularity-assessment-framework/) hosts the evidence atlas.
Figure 2 presents a snapshot of the evidence atlas.

3.2 Number of articles and study setting

The evidence shows a steadily increasing trend in publications over the decade (Fig. 3), perhaps indicative of some-
thing approaching the start of exponential growth. In addition, looking at country focus, we see that the number
of articles focusing on the EU has increased substantially since 2015. This could be since the European Commission
then put the CE forward as one of its political priorities [1].

A total of 45 countries and 103 cities (mentioned by name) are represented in the map (Fig. 4a and b, respectively).
The most frequently studied country was China (n=26 of 178), followed by the Netherlands (n =20 of 178). A rela-
tively small number of studies did not report the study country in any way (n=15 or 8% of 178). The most frequently
studied cities were European, followed by Asia and South America. Amsterdam (n=16 of 178) and Beijing (n=9 of
178) were the most frequently reported cities. In the evidence atlas, 15 articles did not report a city, one article covers
40 cities in the People’s Republic of China [63], one paper assesses employment opportunities for 43 cities in the EU
[64], and one article details CE in 89 cities across the world [29]. The median and the mean number of cities covered
in an article are 1 and 2.87, respectively.
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Database results:
WoS Core Collection (n = 9,815)
Google Scholar (n = 240)
Manual additions (n = 14)

Records identified from bibliographic
database searches R
(n = 44,870)

Records after duplicates removed Duplicates removed

(n=10,021) (n=48)
HBoREds af;(e;:;glri:gnd RESRG Excluded titles and abstracts
(n=181) (n =9,840)
Articles retrieved at full text Unretrievable full texts
(n=181) (n=0)
Excluded full texts
Articles after full text screening Excluded on:
(n=178) g Editorial (n=1)
Not on city (n=1)
l Sharing economy, not CE (n=1)

Articles / Cities included in the
evidence map
(n=178/n =480)

Fig. 1 PRISMA flow diagram illustrating the search results and the articles excluded or included at each stage of the review process

3.3 The study sector and R-frameworks

The waste and wastewater industry was the most studied sector (n =96 of 178), followed by construction (n =42 of
178) (Fig. 5).

The most-reported ‘R’ was ‘recycle’ (n=102 of 178), followed by ‘recover’ (n =60 of 178), with very few articles
focusing on ‘rethink’ (n =2 of 178) or refuse (n=1 of 178) (Fig. 6a). Figure 6b shows the number of articles reporting
multiple‘R’s in the same manuscript. Some 54 articles did not report an 'R} while 45 and 49 articles reported one or
two 'R’s, respectively. Few articles reported more than 2‘R’s together (n =30 articles of 178). The most commonly co-
reported ‘R’'s were ‘recover’and ‘recycle’ (n =39 of 178), with far fewer combinations for other combinations (Fig. 6¢).

3.4 Heat maps

Figure 7 shows the spread of evidence in the final included studies across two dimensions: country and sector
(Fig. 7a), sector and ‘R’ (Fig. 7b), and country and ‘R’ (Fig. 7c). These figures demonstrate where knowledge clusters
(dark regions with higher numbers of studies) and knowledge gaps (lighter or empty regions with lower numbers of
studies) exist. These clusters and gaps may represent subtopics where further research, including primary research
and meta-analyses, is warranted in the form of systematic reviews.

Figure 7a indicates that the evidence from China is focused on the waste and wastewater industry, while other
countries have a more even distribution across sectors (e.g., the UK). There is also an indication of a slightly more
significant number of studies in Asia focusing on construction than other regions. Figure 7b demonstrates a strong
focus on recycling and recovery in the waste and wastewater sector, while'R’s are more evenly distributed for other
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Review

authors: Petit-Boix, A; Leipold, S

year: 2018

title: Circular economy in cities: Reviewing how environmental research aligns with
local practices

journal: JOURNAL OF CLEANER PRODUCTION

city: Exeter

Link to paper
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Fig.2 Snapshot of the interactive evidence atlas available at (own website—to be added)
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Fig. 3 The number of articles included in the evidence map by publication year
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Fig.5 Sectors examined
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sectors. Figure 7c suggests a strong focus on recycling and recovery in China, while much of Europe has a more even
spread across ‘R's, except for Italy, which also focuses on recovery, recycling, and refurbishing.

Overall, the evidence points to knowledge clusters in the following industries and countries: waste and wastewater in
PR China and the Netherlands; and the construction industry in the Netherlands. Associated with the waste and waste-
water industry are the R-frameworks of recycling and recovery and the recycling n construction and demolition industry.
There is also a knowledge cluster on recycling and recovery of resources in China and Italy.

4 Discussion

Applying systematic evidence mapping to the aspects of CE in cities has enabled us to find more cities and countries
than previously discussed in the literature. The most extensive study to date is the one of [29] that covers 89 cities, while
our analysis has expanded that range to 103 cities in 45 countries worldwide. Some of our findings align with what other
researchers have pointed out: a prevalence of the narrow focus on recycling and waste management practices leads to
knowledge concentrations in specific sectors, certain lower-level R-frameworks, and certain sectors countries and cities.

Overall, our analysis shows that there is still quite a narrow focus on recycling and waste and energy recovery, which
confirms the conclusions by [14, 65]. As reported in other studies, the literature on CE focused on PR China initially and
has seen a shift to Europe, and to a lesser extent, to the US in more recent years [9, 59]. This distribution can be explained
partly by PR China formally accepting a national CE strategy already in 2002 [66], and the European Union only did so
from 2015 [1]. Similarly to [67], we confirm that a narrow focus on the waste sector still prevails. Not surprisingly, these
tendencies are established predominately in countries with high material and energy demand and consumption, where
resources are continually wasted [68]. As developing nations grow economically, it will be essential to decouple economic
prosperity from material and energy consumption, which has not been proven by the CE [69-71]. In terms of city focus,
we would also encourage more spatially diverse research to include cities other than extensively studied Beijing and
Amsterdam, providing essential insights into different contexts and different underlying enabling or disabling condi-
tions within the cities.

In addition, the lack of consideration for higher-level R-strategies, combined with a narrow sectorial focus of the CE
uptake in cities, challenges the CE model’s potential to contribute to sustainable societies. Without a system perspective
and lack of understanding of rebound and spill over effects, together with crosscutting relationships between sectors and
actors, the CE in cities could lock in all stakeholders (the public sector, businesses, citizens, civil society, and academia) in
pathways that will fail to generate the transformative power of CE. Our analysis demonstrates that instead of focusing only
on end-of-life stages (e.g., recycling and energy recovery), cities need to embrace and prioritize closer and more narrow
loops (including refusing and rethinking consumption and production), which are yet to be addressed. These higher R’s
also call for changing consumer behaviour, which presents one of the major challenges for local policymakers to date [72].

5 Conclusions
With circular economy rapidly becoming a political and an industrial priority, more cities are embarking on circular

economy model trajectories; our systematic map of the scientific and grey literature shows what research has been
undertaken in the past decade on this topic. It allows, among others, policymakers, including municipal governments,
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Fig.6 a The 'R’ reported across the included articles, b the number of articles co-reporting multiple ‘R's, and ¢ which R’s were most com-
monly co-reported

to find examples of cities in their own country or of cities with similar sizes, similar sectoral approaches, and similar
strategies. Overall, our evidence map contains publications covering 44 countries and some 105 cities worldwide, with
most publications covering recycling and recovery and the waste and wastewater industry. Such interpretation is quite
a narrow interpretation of what the CE could mean at the city level.
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Therefore, our evidence map identifies several knowledge gaps and calls to take a broader perspective (multiple sector
and R-frameworks) and tackle higher-level R-frameworks in cities. To reduce the material and energy consumption and
therefor the environmental impacts of cities, moving towards the reduce, rethink and refuse R’s in the R-frameworks, the
sharing economy and transition theory could provide additional insight. Only then will the CE live up to its ambitions
and its transformative promise.

Authors’ contributions FV—conceptualisation; methodology; coding of the dataset; formal analysis; writing original draft and reviewing draft.
NH—visualisation; reviewing draft. MH—reviewing draft. All authors read and approved the final manuscript.

@ Springer



Discover Sustainability (2021) 2:50 | https://doi.org/10.1007/543621-021-00059-2 Review

Funding This work was supported by Vinnova under Grant (2019-03237).

Data availability The research data for this article is available at: https://doi.org/10.5281/zenodo.5207331.

Code availability The codebook utilised for our dataset is described in Sect. 2.7 and Table 4.

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

18.
19.

20.

21.

22.

23.

European Commission. Action Plan for the Circular Economy. Communication From the Commission to the European Parliament, the
Council, the European Economic and Social. No. Query date: 2020-11-12; 14:55:46. 2015.

European Commission. The European Green Deal. European Commission, Brussels, COM(2019) 640 final. 2019.

European Commission. A new Circular Economy Action Plan. For a cleaner and more competitive Europe. 2020. https://eur-lex.europa.
eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN. Accessed 14 Nov 2021.

European Council. Climate change: what the EU is doing. Mar 2021. https://www.consilium.europa.eu/en/policies/climate-change/.
Accessed 25 Mar 2021.

Chizaryfard A, Trucco P, Nuur C. The transformation to a circular economy: framing an evolutionary view. J Evol Econ. 2021;31(2):475-504.
https://doi.org/10.1007/s00191-020-00709-0.

Paiho S, et al. Towards circular cities—conceptualizing core aspects. Sustain Cities Soc. 2020;59: 102143. https://doi.org/10.1016/j.scs.
2020.102143.

Prendeville S, Cherim E, Bocken N. Circular cities: mapping six cities in transition. Environ Innov Soc Transit. 2018;26:171-94. https://doi.
org/10.1016/j.eist.2017.03.002.

Remgy H, Wandl A, Ceric D, van Timmeren A. Facilitating circular economy in urban planning. Urban Plan. 2019;4(3):3. https://doi.org/10.
17645/up.v4i3.2484.

Homrich AS, Galvao G, Abadia LG, Carvalho MM. The circular economy umbrella: trends and gaps on integrating pathways. J Clean Prod.
2018;175:525-43. https://doi.org/10.1016/j.jclepro.2017.11.064.

Korhonen J, Honkasalo A, Seppala J. Circular economy: the concept and its limitations. Ecol Econ. 2018;143:37-46. https://doi.org/10.
1016/j.ecolecon.2017.06.041.

. Moraga G, et al. Circular economy indicators: what do they measure? Resour Conserv Recycl. 2019;146:452-61. https://doi.org/10.1016/j.

resconrec.2019.03.045.

. Corona B, Shen L, Reike D, Carreén JR, Worrell E. Towards sustainable development through the circular economy—a review and critical

assessment on current circularity metrics. Resour Conserv Recycl. 2019;151: 104498. https://doi.org/10.1016/j.resconrec.2019.104498.
Hartley K, van Santen R, Kirchherr J. Policies for transitioning towards a circular economy: expectations from the European Union (EU).
Resour Conserv Recycl. 2020;155: 104634. https://doi.org/10.1016/j.resconrec.2019.104634.

Kirchherr J, Reike D, Hekkert M. Conceptualizing the circular economy: an analysis of 114 definitions. Resour Conserv Recycl. 2017;127:221-
32. https://doi.org/10.1016/j.resconrec.2017.09.005.

. Mayer J, Bachner G, Steininger KW. Macroeconomic implications of switching to process-emission-free iron and steel production in

Europe. J Clean Prod. 2019;210:1517-33. https://doi.org/10.1016/j.jclepro.2018.11.118.
Potting J, Hekkert M, Worrell E, Hanemaaijer A. Circular economy: measuring innovation in the product chain. The Hague: PBL Publishers;
2017.

. Vanhuyse F, Fejzi¢ E, Ddiba D, Henrysson M. The lack of social impact considerations in transitioning towards urban circular economies:

a scoping review. Sustain Cities Soc. 2021. https://doi.org/10.1016/j.5¢5.2021.103394.

UNGA. Transforming our world: the 2030 agenda for sustainable development. A/RES/70/1. 2015.

Schroeder P, Anggraeni K, Weber U. The relevance of circular economy practices to the sustainable development goals. J Ind Ecol.
2019;23(1):77-95. https://doi.org/10.1111/jiec.12732.

Suarez-Eiroa B, Fernandez E, Méndez-Martinez G, Soto-Onate D. Operational principles of circular economy for sustainable development:
linking theory and practice. J Clean Prod. 2019;214:952-61. https://doi.org/10.1016/j.jclepro.2018.12.271.

Geissdoerfer M, Savaget P, Bocken NMP, Hultink EJ. The circular economy—a new sustainability paradigm? J Clean Prod. 2017;143:757-68.
https://doi.org/10.1016/j.jclepro.2016.12.048.

Norouzi M, Chafer M, Cabeza LF, Jiménez L, Boer D. Circular economy in the building and construction sector: a scientific evolution analysis.
J Build Eng. 2021;44: 102704. https://doi.org/10.1016/j.jobe.2021.102704.

Murray A, Skene K, Haynes K. The circular economy: an interdisciplinary exploration of the concept and application in a global context.
J Bus Ethics. 2017;140(3):369-80. https://doi.org/10.1007/s10551-015-2693-2.

@ Springer


https://doi.org/10.5281/zenodo.5207331
http://creativecommons.org/licenses/by/4.0/
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://www.consilium.europa.eu/en/policies/climate-change/
https://doi.org/10.1007/s00191-020-00709-0
https://doi.org/10.1016/j.scs.2020.102143
https://doi.org/10.1016/j.scs.2020.102143
https://doi.org/10.1016/j.eist.2017.03.002
https://doi.org/10.1016/j.eist.2017.03.002
https://doi.org/10.17645/up.v4i3.2484
https://doi.org/10.17645/up.v4i3.2484
https://doi.org/10.1016/j.jclepro.2017.11.064
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.1016/j.resconrec.2019.03.045
https://doi.org/10.1016/j.resconrec.2019.03.045
https://doi.org/10.1016/j.resconrec.2019.104498
https://doi.org/10.1016/j.resconrec.2019.104634
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.jclepro.2018.11.118
https://doi.org/10.1016/j.scs.2021.103394
https://doi.org/10.1111/jiec.12732
https://doi.org/10.1016/j.jclepro.2018.12.271
https://doi.org/10.1016/j.jclepro.2016.12.048
https://doi.org/10.1016/j.jobe.2021.102704
https://doi.org/10.1007/s10551-015-2693-2

Review Discover Sustainability (2021) 2:50 | https://doi.org/10.1007/543621-021-00059-2

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.
51.

52.
53.

54.
55.

56.

European Commission. European circular economy stakeholder platform—strategies for CE. https://circulareconomy.europa.eu/platf
orm/en/strategies. Accessed 15 July 2021.

Circle Economy. The circularity gap report 2021. Platform for Accelerating the Circular Economy (PACE), Amsterdam. 2021. https://www.
circularity-gap.world/2021. Accessed 5 Sep 2021.

Burneo D, Cansino JM, Yiiguez R. Environmental and socioeconomic impacts of urban waste recycling as part of circular economy. The
case of Cuenca (Ecuador). Sustainability. 2020;12(8):8. https://doi.org/10.3390/su12083406.

Aguilar-Hernandez GA, Rodrigues JFD, Tukker A. Macroeconomic, social and environmental impacts of a circular economy up to 2050: a
meta-analysis of prospective studies. J Clean Prod. 2021;278: 123421. https://doi.org/10.1016/j.jclepro.2020.123421.

Cambridge Econometrics, ICF, and Trinomics. “Impacts of circular economy activities on the labour market’, presented at the EU Circular
Economy Stakeholder Forum. Mar 2018. https://circulareconomy.europa.eu/platform/en/knowledge/impacts-circular-economy-polic
ies-labour-market. Accessed 15 July 2021.

Petit-Boix A, Leipold S. Circular economy in cities: reviewing how environmental research aligns with local practices. J Clean Prod. 2018.
https://doi.org/10.1016/j.jclepro.2018.05.281.

Williams J. Circular cities: strategies, challenges and knowledge gaps. Circular Cities Hub. Sep 2016. http://circularcitieshub.com/wp-conte
nt/uploads/2017/06/Circular-Cities-Strategies-Challenges-and-Knowledge-Gaps-Page.pdf. Accessed 7 Jun 2019.

Williams J. Circular cities. Urban Stud. 2019;56(13):2746-62. https://doi.org/10.1177/0042098018806133.

Bolger K, Doyon A. Circular cities: exploring local government strategies to facilitate a circular economy. Eur Plan Stud. 2019;27(11):2184-
205. https://doi.org/10.1080/09654313.2019.1642854.

Fratini CF, Georg S, Jergensen MS. Exploring circular economy imaginaries in European cities: a research agenda for the governance of
urban sustainability transitions. J Clean Prod. 2019;228:974-89. https://doi.org/10.1016/j.jclepro.2019.04.193.

Levoso A, Gasol C, Martinez-Blanco J et al. Methodological framework for the implementation of circular economy in urban systems. J
Clean Prod. 2020; 248:119227. https://doi.org/10.1016/j.jclepro.2019.119227.

Ellen MacArthur Foundation. Cities in the circular economy: an initial exploration. 2017. https://www.ellenmacarthurfoundation.org/
publications/cities-in-the-circular-economy-an-initial-exploration. Accessed 8 Mar 2021.

Ellen MacArthur Foundation. Circular economy in cities: project guide. 2019. https://emf.thirdlight.com/link/xj9mg8hcbvd5-bropux/@/
preview/170. Accessed 14 Nov 2021.

Papageorgiou A, Henrysson M, Nuur C, Sinha R, Sundberg C, Vanhuyse F. Mapping and assessing indicator-based frameworks for moni-
toring circular economy development at the city-level. Sustain Cities Soc. 2021;75: 103378. https://doi.org/10.1016/j.5¢s.2021.103378.
CEE. Guidelines and standards for evidence synthesis in environmental management. Version 5.0. 2018. https://environmentalevidence.
org/information-for-authors/. Accessed 1 July 2021.

James KL, Randall NP, Haddaway NR. A methodology for systematic mapping in environmental sciences. Environ Evid. 2016;5(1):7. https://
doi.org/10.1186/s13750-016-0059-6.

Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E. Systematic review or scoping review? Guidance for authors
when choosing between a systematic or scoping review approach. BMC Med Res Methodol. 2018;18(1):143. https://doi.org/10.1186/
s12874-018-0611-x.

Haddaway NR, Bernes C, Jonsson B-G, Hedlund K. The benefits of systematic mapping to evidence-based environmental management.
Ambio. 2016;45(5):613-20. https://doi.org/10.1007/513280-016-0773-x.

Haddaway NR, Macura B, Whaley P, Pullin A. ROSES for systematic review protocols. Version 1.0. 2018. https://doi.org/10.6084/m9.figsh
are.5897269.v4.

Haddaway NR, Collins AM, Coughlin D, Kirk S. The role of google scholar in evidence reviews and its applicability to grey literature search-
ing. PLoS ONE. 2015;10(9): e0138237. https://doi.org/10.1371/journal.pone.0138237.

Michelini G, Moraes RN, Cunha RN, Costa JMH, Ometto AR. From linear to circular economy: PSS conducting the transition. Procedia CIRP.
2017;64:2-6. https://doi.org/10.1016/j.procir.2017.03.012.

Nobre GC, Tavares E. Scientific literature analysis on big data and internet of things applications on circular economy: a bibliometric study.
Scientometrics. 2017;111(1):463-92. https://doi.org/10.1007/5s11192-017-2281-6.

Ruiz-Real JL, Uribe-Toril J, De Pablo Valenciano J, Gazquez-Abad JC. Worldwide research on circular economy and environment: a biblio-
metric analysis. Int J Environ Res Public Health. 2018;15(12):12. https://doi.org/10.3390/ijerph15122699.

Sassanelli C, Rosa P, Rocca R, Terzi S. Circular economy performance assessment methods: a systematic literature review. J Clean Prod.
2019;229:440-53. https://doi.org/10.1016/j.jclepro.2019.05.019.

Luis EC, Celma D. Circular economy. A review and bibliometric analysis. Sustainability. 2020;12(16):16. https://doi.org/10.3390/su121
66381.

Carriere S, Rodriguez RW, Pey P, Pomponi F, Ramakrishna S. Circular cities: the case of Singapore. Built Environ Proj Asset Manag.
2020;10(4):491-507. https://doi.org/10.1108/BEPAM-12-2019-0137.

OECD. The circular economy in cities and regions: synthesis report. Paris, France: OECD; 2020. https://doi.org/10.1787/10ac6ae4-en.
Circle Economy. The Amsterdam City Doughnut: a tool for transformative action. 2020. https://www.circle-economy.com/resources/
the-amsterdam-city-doughnut-a-tool-for-transformative-action. Accessed 5 May 2021.

Metabolic. Circular Boulder. 2019. https://www.metabolic.nl/publications/circular-boulder/. Accessed 5 May 2021.

Thomas J, Graziosi S, Brunton J, Ghouze Z, O'Driscoll P, Bond M. EPPI-Reviewer: advanced software for systematic reviews, maps and
evidence synthesis. London, UK: UCL Social Research Institute. 2020. https://eppi.ioe.ac.uk/cms/Default.aspx. Accessed 1 Mar 2021.
Dijkstra L, Poelman H. Cities in Europe. The new OECD-EC definition. OECD. 1, 2012.

EUROSTAT. NACE Rev. 2: statistical classification of economic activites in the European Community. Luxembourg: office for official publica-
tions of the European Communities. 2008. https://ec.europa.eu/eurostat/documents/3859598/5902521/KS-RA-07-015-EN.PDF. Accessed
1 Mar 2021.

Ghisellini SP. Circular economy transition in Italy. Achievements, perspectives and constraints. J Clean Prod. 2019. https://doi.org/10.
1016/j.jclepro.2019.118360.

@ Springer


https://circulareconomy.europa.eu/platform/en/strategies
https://circulareconomy.europa.eu/platform/en/strategies
https://www.circularity-gap.world/2021
https://www.circularity-gap.world/2021
https://doi.org/10.3390/su12083406
https://doi.org/10.1016/j.jclepro.2020.123421
https://circulareconomy.europa.eu/platform/en/knowledge/impacts-circular-economy-policies-labour-market
https://circulareconomy.europa.eu/platform/en/knowledge/impacts-circular-economy-policies-labour-market
https://doi.org/10.1016/j.jclepro.2018.05.281
http://circularcitieshub.com/wp-content/uploads/2017/06/Circular-Cities-Strategies-Challenges-and-Knowledge-Gaps-Page.pdf
http://circularcitieshub.com/wp-content/uploads/2017/06/Circular-Cities-Strategies-Challenges-and-Knowledge-Gaps-Page.pdf
https://doi.org/10.1177/0042098018806133
https://doi.org/10.1080/09654313.2019.1642854
https://doi.org/10.1016/j.jclepro.2019.04.193
https://doi.org/10.1016/j.jclepro.2019.119227
https://www.ellenmacarthurfoundation.org/publications/cities-in-the-circular-economy-an-initial-exploration
https://www.ellenmacarthurfoundation.org/publications/cities-in-the-circular-economy-an-initial-exploration
https://emf.thirdlight.com/link/xj9mg8hcbvd5-bropux/@/preview/1?o
https://emf.thirdlight.com/link/xj9mg8hcbvd5-bropux/@/preview/1?o
https://doi.org/10.1016/j.scs.2021.103378
https://environmentalevidence.org/information-for-authors/
https://environmentalevidence.org/information-for-authors/
https://doi.org/10.1186/s13750-016-0059-6
https://doi.org/10.1186/s13750-016-0059-6
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1007/s13280-016-0773-x
https://doi.org/10.6084/m9.figshare.5897269.v4
https://doi.org/10.6084/m9.figshare.5897269.v4
https://doi.org/10.1371/journal.pone.0138237
https://doi.org/10.1016/j.procir.2017.03.012
https://doi.org/10.1007/s11192-017-2281-6
https://doi.org/10.3390/ijerph15122699
https://doi.org/10.1016/j.jclepro.2019.05.019
https://doi.org/10.3390/su12166381
https://doi.org/10.3390/su12166381
https://doi.org/10.1108/BEPAM-12-2019-0137
https://doi.org/10.1787/10ac6ae4-en
https://www.circle-economy.com/resources/the-amsterdam-city-doughnut-a-tool-for-transformative-action
https://www.circle-economy.com/resources/the-amsterdam-city-doughnut-a-tool-for-transformative-action
https://www.metabolic.nl/publications/circular-boulder/
https://eppi.ioe.ac.uk/cms/Default.aspx
https://ec.europa.eu/eurostat/documents/3859598/5902521/KS-RA-07-015-EN.PDF
https://doi.org/10.1016/j.jclepro.2019.118360
https://doi.org/10.1016/j.jclepro.2019.118360

Discover Sustainability (2021) 2:50 | https://doi.org/10.1007/543621-021-00059-2 Review

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

Lieder M, Asif FMA, Rashid A. A choice behavior experiment with circular business models using machine learning and simulation mod-
eling. J Clean Prod. 2020;258: 120894. https://doi.org/10.1016/j.jclepro.2020.120894.

Haddaway NR, Westgate MJ. Predicting the time needed for environmental systematic reviews and systematic maps. Conserv Biol.
2019;33(2):434-43. https://doi.org/10.1111/cobi.13231.

Alhawari O, Awan U, Bhutta M, Ulkii MA. Insights from circular economy literature: a review of extant definitions and unravelling paths
to future research. Sustainability. 2021;13:1-22. https://doi.org/10.3390/su13020859.

Prieto-Sandoval V, Jaca C, Ormazabal M. Towards a consensus on the circular economy. J Clean Prod. 2018;179:605-15. https://doi.org/
10.1016/j.jclepro.2017.12.224.

Reike D, Vermeulen WJV, Witjes S. The circular economy: new or refurbished as CE 3.0?—exploring controversies in the conceptualiza-
tion of the circular economy through a focus on history and resource value retention options. Resour Conserv Recycl. 2018;135:246-64.
https://doi.org/10.1016/j.resconrec.2017.08.027.

Haddaway NR, et al. EviAtlas: a tool for visualising evidence synthesis databases. Environ Evid. 2019;8(1):22. https://doi.org/10.1186/
s13750-019-0167-1.

Wang N, Lee JCK, Zhang J, Chen H, Li H. Evaluation of urban circular economy development: an empirical research of 40 cities in China.
J Clean Prod. 2018;180:876-87. https://doi.org/10.1016/j.jclepro.2018.01.089.

Stavropoulos S, Burger MJ, Dufourmont J. Urban circular policies and employment through greenfield FDI. Sustainability. 2020. https://
doi.org/10.3390/su12041458.

Ghisellini P, Cialani C, Ulgiati S. A review on circular economy: the expected transition to a balanced interplay of environmental and
economic systems. J Clean Prod. 2016. https://doi.org/10.1016/j.jclepro.2015.09.007.

Su B, Heshmati A, Geng Y, Yu X. A review of the circular economy in China: moving from rhetoric to implementation. J Clean Prod.
2013;42:215-27. https://doi.org/10.1016/j.jclepro.2012.11.020.

Merli R, Preziosi M, Acampora A. How do scholars approach the circular economy? A systematic literature review. J Clean Prod.
2018;178:703-22. https://doi.org/10.1016/j.jclepro.2017.12.112.

Wiedmann TO, et al. The material footprint of nations. Proc Natl Acad Sci. 2015;112(20):6271-6. https://doi.org/10.1073/pnas.1220362110.
Giampietro M. On the circular bioeconomy and decoupling: implications for sustainable growth. Ecol Econ. 2019;162:143-56. https://
doi.org/10.1016/j.ecolecon.2019.05.001.

Giampietro M, Funtowicz SO. From elite folk science to the policy legend of the circular economy. Environ Sci Policy. 2020;109:64-72.
https://doi.org/10.1016/j.envsci.2020.04.012.

Schandl H, et al. Global material flows and resource productivity: forty years of evidence. J Ind Ecol. 2018;22(4):827-38. https://doi.org/
10.1111/jiec.12626.

Dawkins E, André K, Axelsson K, Benoist L, Swartling AG, Persson A. Advancing sustainable consumption at the local government level:
a literature review. J Clean Prod. 2019. https://doi.org/10.1016/j.jclepro.2019.05.176.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.jclepro.2020.120894
https://doi.org/10.1111/cobi.13231
https://doi.org/10.3390/su13020859
https://doi.org/10.1016/j.jclepro.2017.12.224
https://doi.org/10.1016/j.jclepro.2017.12.224
https://doi.org/10.1016/j.resconrec.2017.08.027
https://doi.org/10.1186/s13750-019-0167-1
https://doi.org/10.1186/s13750-019-0167-1
https://doi.org/10.1016/j.jclepro.2018.01.089
https://doi.org/10.3390/su12041458
https://doi.org/10.3390/su12041458
https://doi.org/10.1016/j.jclepro.2015.09.007
https://doi.org/10.1016/j.jclepro.2012.11.020
https://doi.org/10.1016/j.jclepro.2017.12.112
https://doi.org/10.1073/pnas.1220362110
https://doi.org/10.1016/j.ecolecon.2019.05.001
https://doi.org/10.1016/j.ecolecon.2019.05.001
https://doi.org/10.1016/j.envsci.2020.04.012
https://doi.org/10.1111/jiec.12626
https://doi.org/10.1111/jiec.12626
https://doi.org/10.1016/j.jclepro.2019.05.176

	Circular cities: an evidence map of research between 2010 and 2020
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Choice of evidence synthesis method
	2.2 Defining the search strategy and eligibility criteria
	2.3 Carrying out the search
	2.4 Checking corpus for comprehensiveness
	2.5 Preparation of final corpus
	2.6 Screening records for relevance
	2.7 Data extraction and coding

	3 Results
	3.1 The included evidence
	3.2 Number of articles and study setting
	3.3 The study sector and R-frameworks
	3.4 Heat maps

	4 Discussion
	5 Conclusions
	References




