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A B S T R A C T   

Cities account for 75% of resource consumption and 80% of CO2 emissions. With rising urbanization, achieving 
urban sustainability becomes crucial. The Circular Economy (CE) concept has been proposed to reduce resource 
consumption, although its link to sustainability remains unclear from theoretical and practical perspectives. This 
paper provides an in-depth comparative analysis of 57 indicator sets used in academia or practice to measure 
either CE in urban areas or urban sustainability. Indicators were extracted and categorized according to three 
conceptual frameworks, namely: the STEEP categories, the Sustainable Development Goals, and inductively- 
created thematic groups. The similarities among the 57 sets were analyzed to derive clusters. Results show 
that CE represents a subset of urban sustainability, while offering more indicators to assess specific thematic 
groups (e.g., waste). In the discussion, the value added by targeting a CE rather than sustainability is questioned, 
and insights are provided to support actors involved in an urban transition to develop well-informed city targets. 
The results offer theoretical, practical, and methodological contributions, and aid involved actors, especially 
those leading urban transition agendas, to unravel the conceptual link between CE and sustainability, specifically 
at the urban scale.   

1. Introduction: cities and their transition to sustainability 

Over the last century, urban populations have increased consider-
ably, exacerbating the pressure on the natural environment (World 
Economic Forum, 2018). Between 1900 and 2018, the population living 
in urban areas increased from 14% to 55%, with forecasts projecting a 
rise to 68% by 2050 (UN, 2019). This greater urbanization has been 
accompanied by increased resource consumption, global CO2 emissions, 
and waste generation. Forecasts predict that from 2012 to 2025, the 
latter will almost double from 1.3 to 2.2 billion tons (Kaza et al., 2018). 
If responsible and equitable resource management for the current and 
the future generations is considered a target worth pursuing, these un-
sustainable production and consumption practices require urgent 
change. As cities are seen as the engine of global change and the cradles 
for experimentation and innovation (Jacobs, 2016; Soja, 2003), imple-
menting solutions at the local scale may represent a promising pathway 
for a broader transition towards a sustainable society. 

In recent years, various concepts linked to cities and sustainability 
have emerged: green, smart, and circular cities have been planned, 
studied, and assessed worldwide. Notably, the notion of a circular city 

stems from the Circular Economy (CE) concept, which aims to reduce 
resource consumption, i.e., using resources more efficiently through 
value-retention processes and waste minimization (EMF, 2013). As CE is 
viewed as an alternative to a traditional take-make-dispose linear 
economy, it has increasingly received attention in the movement to-
wards sustainability (Hanumante et al., 2019; Rossi et al., 2020). 
However, the interconnectedness between CE and sustainability, the 
ways in which CE contributes to achieving sustainability, and whether 
these two concepts might support or hinder one another have not yet 
been entirely clarified (Schröder et al., 2019b). Notably, while the role 
of cities in promoting sustainability transitions has long been of interest, 
the development of an understanding of the interrelationships between 
urban sustainability and circular urban areas has received relatively 
little attention (Fratini et al., 2019). 

When a city is targeting a CE, several steps should be taken into 
account (Paiho et al., 2020): setting forth a definition of what circularity 
means, specifying the pathways to be followed in the transition, defining 
which targets to reach, choosing which indicators to use, deciding on the 
concrete means while taking into account regulations, enabling services 
of support, and interacting and engaging with stakeholders. Hence, a 
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critical reflection of what a CE in a city entails is pivotal for collecting 
target knowledge (Wuelser et al., 2012) and defining a vision, a first step 
in planning a CE transition (World Economic Forum, 2018). 

An assumption that cities should challenge is, for example, whether a 
transition towards a CE would inherently lead to sustainability and, if 
not, how to make this happen. In this regard, academic research can 
support practitioners by systematically analyzing different approaches, 
perspectives, and practices. To date, the majority of the studies aimed at 
comparing CE to sustainability have focused on practices and policies 
(Calisto Friant et al., 2021; Schröder et al., 2019a). Further in-depth 
research to generate more empirical evidence on the links between CE 
and related concepts such as sustainability is needed (Henry et al., 2021; 
Schröder et al., 2019a). Such a contribution would not only bring 
theoretical insights to the field, but it could also support practitioners by 
orientating them towards more aligned management of resources (both 
tangible and intangible) within the overall scope of reducing in-
efficiencies, avoiding conflicting targets, and enhancing concerted ef-
forts (Kennedy et al., 2011). 

A recent report from the Organisation for Economic Co-operation 
and Development (OECD, 2020) highlighted that cities transitioning 
towards a CE show gaps in five main categories of enabling factors: 
funding, regulatory, awareness, capacity, and policy. Concerning the 
latter (a lack of a holistic vision from policymakers), it is increasingly 
difficult for city policymakers to relate to the ambiguous relationship 
between the concepts of circular and sustainable cities (Prendeville 
et al., 2018), since the concepts are often used interchangeably in the 
same context. It is not rare that city policymakers embed CE plans into 
larger sustainability plans; this observation suggests a connection be-
tween circularity and sustainability but does not sufficiently elucidate 
the nature of this relation. Therefore, the concept of a circular city needs 
critical reflection. This inquiry should result in interpretable insights 
aimed at better guiding and supporting actors, offering actionable 
knowledge and suitable tools (Kirchherr, 2019). 

Based on the considerations presented in the previous sections, two 
main research gaps were identified.  

• First, the concept of a CE, especially applied at the urban scale, has 
been interpreted in several ways. Further research is needed to un-
derstand this conceptual ambiguity and to support urban agents of 
change in their journey through a CE/sustainability transition. To fill 
this gap, this paper aims to provide a comprehensive meta-analysis of 
CE indicator sets used at the macro (city) level, to shed light on how 
the concept of a CE in urban areas has been operationalized. The 
term “operationalization” refers to the act of turning abstract con-
cepts into measurable observations. Indicators represent the focus of 
the study since they are the tools used to measure progress towards 
circularity and because, to be operational, their number in an indi-
cator set can only be limited, thus mirroring what is deemed to be 
relevant in assessing circularity.  

• Second, the conceptual links between CE and sustainability have 
mainly been discussed at a theoretical level, based on qualitative 
arguments and neglecting a quantitative, evidence-based analysis of 
how these two concepts are interrelated at the urban level. There-
fore, the meta-analysis aims to contribute to the development of a 
scientific understanding of the two selected concepts, clarifying what 
counts for each of them, and how important this is in their respective 
overall representations. The goal is to unpack these two concepts and 
highlight differences and overlaps, in order to support practitioners 
in making informed decisions for establishing the transition targets 
of their cities. Urban agents of change might find helpful elements 

here to understand whether CE and sustainability should be inter-
preted as similar, alternative, or complementary concepts. 

This paper is structured as follows. Section 2 provides the theoretical 
background. Section 3 presents the research design and methodology 
applied. Section 4 reports the results. Section 5 discusses the main 
findings and limitations of the study, together with suggestions for 
future research. Finally, Section 6 presents the conclusions. 

2. Conceptual background 

The concepts of sustainability, sustainable development, and, spe-
cifically, urban sustainability have established themselves within both 
the socio-political and academic spheres (Caprotti et al., 2017; Castán 
Broto, 2017). Scientific approaches specifically targeting urban sus-
tainability have proliferated since the 1990s (Alberti, 1996; Maclaren, 
1996). Despite such recognition, ambiguity is still linked to the concepts 
introduced above (Huang et al., 2015; Merino-Saum et al., 2020). An 
increasing perception that the concepts are too vague to be implemented 
and are beginning to lose momentum could motivate why other ap-
proaches, as the CE one, are receiving increasing consideration (Kirch-
herr et al., 2017). Viewed as an alternative to a traditional 
take-make-dispose linear economy (Reike et al., 2018), CE has received 
growing attention amidst attempts to operationalize and achieve sus-
tainability (Ghisellini et al., 2016; Kirchherr et al., 2017; Rossi et al., 
2020). In the following sub-sections, different related notions are 
introduced (i.e., the link between CE and sustainability and the assess-
ment of CE through indicators), which represent the basis of the meth-
odology presented in Section 3. 

2.1. Introducing the link between circular economy and sustainability 

In order to advance the discussion on the CE, two main steps need to 
be taken. First, a shared understanding and common language would be 
beneficial (Blomsma and Brennan, 2017; Bocken et al., 2017), chal-
lenging the complexity and trade-offs that this popular concept involves. 
For a general understanding, one of the most cited definitions of CE is 
reported, the meta-definition by Kirchherr et al. (2017, p.224): “circular 
economy describes an economic system that is based on business models 
which replace the ‘end-of-life’ concept with reducing, alternatively reusing, 
recycling and recovering materials in production/distribution and consump-
tion processes, thus operating at the micro level (products, companies, con-
sumers), meso level (eco-industrial parks) and macro level (city, region, 
nation and beyond), with the aim to accomplish sustainable development, 
which implies creating environmental quality, economic prosperity and social 
equity, to the benefit of current and future generations”. However, multiple 
definitions of a CE currently exist, implying many interpretations and 
vast room for implementing divergent interventions (Blomsma and 
Brennan, 2017; Kirchherr et al., 2017). Second, it would be equally 
important to link the CE concept to related ideas, such as sustainability 
(Blomsma and Brennan, 2017). Understanding if the pursuit of circular 
targets is moving the system closer or further away from sustainability is 
pivotal in untangling conflictual or synergic goals, finding common 
ground between policies, and aligning efforts towards a sustainable 
system. Knowledge linked to the relationship, similarities, and differ-
ences between these two concepts is key for “conceptual clarity, as well as 
to reveal the interests and goals behind the use of these terms by policymakers 
and companies” (Geissdoerfer et al., 2017, p760). Authors still debate 
whether current interpretations of a CE are indeed in line with creating 
societal and environmental benefits, and therefore if a CE is inherently 
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sustainable, independently of the scale used for the analysis. 

2.2. CE at the macro level 

Research and practice on the CE focus on different levels of analysis: 
micro (single company or consumers), meso (symbiosis or industrial 
associations), and macro (city, province, region, country) (Ghisellini 
et al., 2016). Research at the macro-level is key to understanding system 
interactions and to refining a systemic approach. A systemic shift is 
indeed what many researchers call for, in order to enable a CE transition 
(Kirchherr et al., 2017). In this regard, urban settings are believed to 
offer the testbeds needed in order to understand how to align resource 
flows and actor constellations across different system domains (Frant-
zeskaki et al., 2017). This level of analysis can be justified by the role of 
cities as ideal testing grounds for CE models (World Economic Forum, 
2018), as more than 80% of the global GDP is generated in cities. In the 
wide literature on CE, the question of how CE is applied in urban con-
texts is increasingly being posed (Prendeville et al., 2018). However, in 
spite of the numerous efforts made, barriers to the implementation of a 
CE still exist, and include: cultural, regulatory, financial, technological 
(OECD, 2020), and of course, the issue of finding an efficient and 
pertinent way to track progress and allow for benchmarks and 
comparisons. 

2.3. CE indicators 

The question of how to measure a CE is rapidly evolving in the 
literature (Di Maio et al., 2017; Jacobi et al., 2018). Several authors 
highlight the importance of having well-designed and effective in-
dicators for measuring and monitoring progress towards CE (Di Maio 
and Rem, 2015; Genovese et al., 2017; Pauliuk, 2018). As CE operates on 
three systemic levels (i.e., micro, meso, macro), the tools and indicators 
for measuring CE differ depending on the level of application (Su et al., 
2013). In the supplementary material (Table S.1) an overview of the 
latest research on CE indicators is presented. This is not meant to be an 
exhaustive literature review, but rather an introduction to the most 
relevant streams of current research on the topic. 

Overall, previous studies on CE indicators have paid attention to the 
three systemic levels typically mentioned in the literature. Some of the 
reviewed studies have compared available tools used to measure specific 
aspects of CE, and some have suggested new metrics that could improve 
this process. To the best of the authors’ knowledge, no comprehensive 
analysis exists on macro-level indicators for CE, which focuses on the 
measurement approach, its alignment with sustainability dimensions, 
and involves a comparison with urban sustainability indicators. In sec-
tion 2.4, the specific approach applied is elaborated, notably the use of 
indicators for the assessment and the comparison of concepts. 

2.4. Using indicators for the assessment and the comparison of concepts 

Merino-Saum et al. (2020, p.2) provide an extensive discussion on 
the concept of an indicator and its role in sustainability assessment. As 
explained by the authors, “indicators are multifaceted constructs ideally 
composed of the following interrelated elements: […] a label, […] a unit of 
measurement, […] a definition, […] accessible data, […] a reference point 
[…] and an anchoring in the conceptual framework”. Indicators have been 
used for multiple goals: support for decision-making management, 
advocacy and communication, participation and consensus-building, 
and for research and analysis (Morse, 2015; Parris and Kates, 2003). 
The most predominant use of indicators has been as data providers of the 
variable taken into consideration. However, indicators can also play a 
role as “information” or “message carriers” (Lehtonen et al., 2016), 
communicating arguments, ideas and expectations of the developers of 
the assessment tool (Merino-Saum et al., 2018). In this paper, indicators 
are interpreted as pieces of a puzzle that, viewed together, mirror the 
conceptualization of the very concept that they are measuring. 

When using indicators as conceptual elements, different frameworks 
or lenses can be applied to elucidate the key components and features 
that constitute a particular concept. In this regard, no lens can be used as 
a one-size-fits-all tool suitable for every context. Indeed, indicators can 
be categorized and systematically analyzed through diverse logics (e.g., 
thematic, teleological, systemic) and through either deductive or 
inductive approaches (see: Halla and Merino-Saum, Forthcoming). 
Furthermore, multiple potential frameworks exist for each logic, thereby 
leading to a multitude of potential combinations for the analysis. Three 
conceptual frameworks were selected to employ in the analysis of CE 
and sustainability indicators: the STEEP framework, the Sustainable 
Development Goals (SDGs), and inductively-created thematic groups. 
This choice was based on the following criteria: (i) utilizing frameworks 
with different descriptive levels (or granularities), therefore allowing for 
interpretation at multiple degrees of detail; (ii) combining deductive and 
inductive approaches as a way to warrant comparability with analogous 
studies, while remaining sample-specific; (iii) mixing frameworks that 
stem from both academia and policy practice, in order to reach and to 
resonate with a larger audience. More information about the first two 
frameworks is available in the supplementary material (S.2). In the 
paragraph below, we elaborate on the choice of using inductively 
-created thematic groups. 

To categorize indicators, some scholars suggest that an inductive 
approach avoids the risk of restricting a priori the perspective over the 
data under study, which could leave some elements unrecognized 
(Parchomenko et al., 2019). Although self-made categories might bring 
subjectivity, this is a common approach used in many comparable 
research projects (Feleki et al., 2020; Kaur and Garg, 2019). For 
example, Parchomenko et al. (2019) applied the method of Multiple 
Correspondence Analysis to an assessment of 63 CE metrics and 24 
features relevant to CE, such as recycling efficiency, longevity, and stock 
availability. Elia et al. (2017) proposed a taxonomy based on the 
parameter(s) to be measured using indicators, introducing four cate-
gories: material and energy flow, land use and consumption, and other 
life-cycle-based categories. Finally, the OECD (2020) Inventory of CE 
Indicators collected more than 400 indicators, classifying them into five 
categories (Environment, Governance, Economic and business, Infra-
structure and technology, Social), 33 sub-categories, and 11 sectors. In 
the present paper, a list of 36 thematic groups was inductively devel-
oped, based on the indicators collected from the sample (see Section 3.3 
for further details). 

3. Materials and methods 

The research was performed in four main steps, as depicted in Fig. 1. 

Fig. 1. Steps of the research.  
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3.1. Step 1: sampling indicator sets 

In order to obtain indicator sets that are used to assess CE at the 
urban scale, the Scopus database was used. A research was performed 
using the Google’s search engine, adapting the research keywords in 
English, French, Spanish and Italian. The keywords used in google.com 
and Scopus were (“circular*” AND (“indicator*”) AND (“urban” OR 
“city”). The search was performed in June 2020. Moreover, a snowball 
approach was used, asking organizations whose reports were found 
online whether they were aware of other frameworks at the urban level. 
For inclusion of an indicator set in the final sample, the following criteria 
were applied: the framework clearly states that it measures the circu-
larity of an urban area; the indicators are available (listed in the refer-
ence documents); the set of indicators cover several areas/city functions 
(not only transport or energy, for example); the set was last updated 
between 2005 and 2020. This process led to a sample of 24 indicator 
sets. 

The indicator sets dealing with urban sustainability were imported 
from Merino-Saum et al. (2020). For an extensive explanation of the 
literature search, the interested reader is invited to refer to the original 
paper. Additional exclusion criteria were applied to the urban sustain-
ability sample, to generate a sample comparable to the one obtained for 
CE indicator sets. Specifically, only those indicator sets with the same 
geographical focus as the CE indicators sets sample were retained, to 
allow for better-informed comparisons. In practical terms, a list was 
compiled of all of the countries of the cities for which the CE indicator 
sets were developed. This list was then used to retain indicator sets 
coming from the urban sustainability sample. The complete list of in-
dicator sets is available in the supplementary material (Table S.3). In 
Table 1, an overview of the final sample is provided. 

3.2. Step 2: compiling the indicator list 

Indicators were extracted from the retrieved sets, yielding 1759 in-
dicators. Out of these, 535 come from the CE indicator sets and 1224 
from the urban sustainability indicator sets. Indicators measuring 
exactly the same variable, potentially with a slightly different label/ 
definition, were registered as only one indicator. This approach high-
lighted doubles in the initial catalog (see: Merino-Saum et al., 2018). 
Thus, from a “gross” list made of 1759 entries, a final “net” catalog 
including 930 indicators was obtained. 

3.3. Step 3: screening the indicators 

An increasing level of detail guided the screening of the indicators. 
First, the sets in which each of the 930 (net) indicators was present were 
reported. Deductive and inductive analytical grids (typologies) were 
purposely combined to increase comprehensiveness and methodological 
pluralism while keeping subjectivity at an acceptable level. As illus-
trated in Fig. 2, the analysis moved from a more abstract level to a more 
detailed one; in other words, the process started with the typology 
including the smallest number of categories (STEEP) and progressively 
moved towards those involving a higher level of details, i.e., the SDGs 
and thematic groups. Regarding the intermediary level of description (i. 
e., the SDGs framework) and its role in the overall methodological 
approach, its deductive application to our sample allowed us to identify 
potential gaps that would have otherwise remained hidden if only the 
list of thematic (inductively created) groups was used. The thematic list 

was developed in accordance with an iterative procedure. The research 
team created several preliminary lists that were tested with the in-
dicators from the sample and subsequently revised until a consensual, 
consistent (i.e., avoiding overlaps) and balanced (i.e., simple but not 
simplistic) list was reached. The 36 thematic groups included in the final 
list should be understood as umbrella concepts that are distinct enough 
from each other to allow subsequent analysis. Indeed, within each the-
matic group, multiple interrelated ideas are embedded, which as a 
whole, convey an easily understandable and united signification. The 
list of all of the categories within each framework is reported in Table 2. 
In the assessment of the link between indicators, STEEP categories, 
SDGs, and thematic groups, each indicator could be linked to only one 
thematic group, but to multiple STEEP and SDG categories, as those 
categories pertaining to the latter two frameworks are not necessarily 
mutually exclusive. 

3.4. Step 4: statistical analysis 

First, the focus was set on the number of indicators that the two 
groups had in common. It was recorded whether the indicators were 
used by at least one CE or urban sustainability indicator set. It was then 
calculated how many indicators were only derived from the list 
compiled with the CE indicator sets, and what the overlap was with the 
list of indicators used by the urban sustainability indicator sets. The 
same analysis was replicated at the thematic groups’ level. The thematic 
groups that were assessed by the majority of CE sets were identified, as 
well as those that were assessed by the majority of urban sustainability 
sets. Percentage thresholds were used to identify different groups of 
thematic groups (i.e., core, periferic) based on how frequently they were 
included in the indicator sets. 

To compare the two groups (urban sustainability and CE), the 
coverage of each category of the three typologies was calculated by 
dividing the number of indicators linked to that specific category by the 
total number of indicators of the set analyzed. Since most of the distri-
butions of the variables were non-normal, the non-parametric Two- 
sample Wilcoxon rank-sum (Mann-Whitney) test was performed. The 
numerical results of the tests are reported in the supplementary material 
(S.4, S.5, and S.6). The statistical analysis was performed with STATA 
16.1. 

Finally, three hierarchical cluster analyses (HCA) of the indicator 
sets were performed based on their coverage of the STEEP categories, 
the SDGs, and the thematic groups. HCA is a technique used to classify 

Fig. 2. The screening of indicators was performed using three different typol-
ogies as analytical grids to characterize the 930 indicators. 

Table 1 
Description of the sample.  

Set group N Average # of indicators (min - max) 

Circular Economy 24 22 (8–39) 
Urban sustainability 33 36 (8–103)  
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items according to factors (cluster variates) and separate them into 
groups (clusters). In the present case, individual indicator sets were the 
items, and the values of coverage of the three typologies (STEEP, SDGs, 
thematic groups) were the cluster variates. Since cluster analysis is 
influenced by the type of cluster variates used (Pastor and Erbacher, 
2019), three independent analyses were performed to produce insights 
from different approaches and triangulate them. The hypothesis was 
that two main clusters could be identified: one containing only CE in-
dicator sets, and one containing only urban sustainability indicator sets. 
This finding would mirror the fact that consistency exists in how the 
parameters are covered by the indicator sets belonging to each of the 
two groups. The consistency of the assessment was elicited a posteriori, 
identifying the location of each indicator set in the resulting dendro-
gram. For the statistical analysis, STATA 16.1 was used, applying Ward’s 
linkage and L2 dissimilarity measure. 

4. Results 

This chapter presents the research findings, following the order 
presented in the methodology: from the identification of shared or 
unique indicators, to the comparison between CE and urban sustain-
ability indicator sets, and finally to the cluster analyses. An extended 

discussion of these results is provided in Section 5. 

4.1. Identifying common and specific indicators in CE and urban 
sustainability measurement initiatives 

Of the 930 indicators compiled from the sample, only 86 (~9%) were 
used to measure both CE and urban sustainability concepts (i.e., they are 
present in at least one CE indicator set and at least one urban sustain-
ability indicator set). In contrast, 281 (~30%) indicators are unique to 
the CE group, and 563 (~60%) are unique to the group of urban sus-
tainability. In Appendix A, the top 5% indicators used in CE sets (panel 
a) and urban sustainability (panel b) are reported. Some of the most 
common indicators present in both groups are CO2eq emissions, 
municipal solid waste generated, and the percentage of municipal waste 
recycled. 

4.2. Comparing the groups in terms of coverage of the STEEP categories 

Fig. 3 depicts the coverage of the STEEP categories by the two groups 
of indicator sets. The CE indicator sets clearly cover the Environmental 
category extensively. The results of the Mann-Whitney test indicate that 
only the values for the Social and Environmental categories are 

Table 2 
List of the STEEP categories, the SDGs, and the thematic groups used in this analysis. Between brackets, the number of indicators of the combined sample related to 
each category. Thematic groups are listed in alphabetic order.  

STEEP SDGs Thematic groups 

Social (560) SDG1 No poverty (76) Air pollution (32) 
Technological (231) SDG2 Zero hunger (31) Biodiversity (12) 
Economic (250) SDG3 Good health and well-being (108) Businesses (8) 
Environmental (523) SDG4 Quality education (70) Communication & Connectivity (5) 
Political (83) SDG5 Gender equality (21) Demographics (15) 

SDG6 Clean water and sanitation (70) Disaster vulnerability (8) 
SDG7 Affordable and clean energy (62) Education & Culture (47) 
SDG8 Decent work and economic growth (170) Employment (25) 
SDG9 Industry, innovation and infrastructure (169) (Conventional) Energy (31) 
SDG10 Reduced inequalities (44) (Renewable) Energy (22) 
SDG11 Sustainable cities and communities (313) GDP & Added value (18) 
SDG12 Responsible consumption and production (291) Green House Gases (GHG) (13) 
SDG13 Climate action (42) Health & Wellbeing (50) 
SDG14 Life below water (37) Housing (40) 
SDG15 Life on land (63) Income/poverty (29) 
SDG16 Peace, justice and strong institutions (68) Inequalities (37) 
SDG17 Partnerships for the goals (33) Land and soil use (17) 

Leisure & Urban infrastructure (34) 
Local products (9) 
Material resources consumption (51) 
Participation/engagement (17) 
Personal safety (9) 
Public finances (12) 
Research & Development (5) 
Role in global networks (11) 
Sustainability/circularity awareness (15) 
Sustainable/circular initiative (70) 
Sustainable/circular labels & R&D (13) 
Tourism (7) 
(Conventional) Transport (26) 
(Sustainable) Transport (42) 
Trust in authorities (12) 
Urban Green/blue areas &urban ecosystems (35) 
Urban planning (21) 
Waste production and management (82) 
Water (50)  
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Fig. 3. Raincloud plots and boxplots showing the distribution of coverage of the 5 STEEP categories by CE indicator sets (in green) and urban sustainability indicator 
sets (in blue). The asterisks show the significant differences, based on the Mann Whitney test (Significance levels *: p  <  0.05; **: p  <  0.01; ***: p  <  0.001). 
Raincloud plots after Allen et al., 2019.. 
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Fig. 4. Raincloud plots and boxplots of SDG coverages. X-axis: coverage of the SDGs (proportion of indicators in each set) by CE indicator sets and urban sus-
tainability (US) indicator sets. Significant difference levels based on the Mann-Whitney test *: p  <  0.05; **: p  <  0.01; ***: p  <  0.001). Graphs are ordered 
horizontally according to the overall coverage of the SDGs (smallest to biggest), which is reflected by the adjusted x-axis. This allows to see even the very narrow 
distributions of the coverage of some SDGs. Raincloud plots after Allen et al. (2019). 
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Fig. 5. Percentage of indicator sets that contains at least one indicator covering a specific thematic group. The black vertical bar represents a 50% threshold.  
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Table 3 
Results of the Two- sample Wilcoxon rank-sum (Mann-Whitney) test. The test compares the coverage of thematic groups between the two groups of indicator sets (CE 
and urban sustainability (US)). For all variables, N(CE)  =  24 and N(US)  =  33. Values reported are means, medians, standard deviation, z value, significance level (*: 
p  <  0.05; **: p  <  0.01; ***:p  <  0.001), and small size effect coefficient p^US,CE. Effect size coefficient p^US,CE= U/(nUSnCE) (Grissom and Kim, 2012).  

Thematic group Mean CE Mean US Mdn CE Mdn US Sd CE Sd US z p p^US,CE 

Air pollution 0.03 0.07 0.00 0.05 0.05 0.06 − 3.441 <.001*** 0.24 
Biodiversity 0.00 0.01 0.00 0.00 0.01 0.01 − 0.497 .772 0.48 
Businesses 0.01 0.01 0.00 0.00 0.02 0.02 − 1.408 .188 0.42 
Communication & Connectivity 0.00 0.01 0.00 0.00 0.01 0.02 − 1.974 .074 0.40 
Demographics 0.01 0.01 0.00 0.00 0.02 0.03 − 1.703 .116 0.41 
Disaster vulnerability 0.00 0.01 0.00 0.00 0.01 0.02 − 1.806 .094 0.41 
Education & culture 0.01 0.06 0.00 0.06 0.02 0.06 − 4.202 <.001*** 0.19 
Employment 0.02 0.04 0.00 0.04 0.03 0.03 − 2.001 <.05* 0.35 
(Conventional) Energy 0.06 0.04 0.02 0.03 0.13 0.06 − 0.330 .748 0.48 
(Renewable) Energy 0.04 0.02 0.00 0.00 0.07 0.03 0.401 .691 0.47 
GDP & Added value 0.02 0.02 0.00 0.00 0.03 0.04 0.552 .585 0.46 
Green House Gases (GHG) 0.03 0.03 0.03 0.02 0.03 0.03 − 0.176 .865 0.49 
Health & Wellbeing 0.02 0.06 0.00 0.06 0.03 0.06 − 3.318 <.001*** 0.25 
Housing 0.01 0.04 0.00 0.03 0.02 0.04 − 3.511 <.001*** 0.24 
Income/poverty 0.02 0.05 0.00 0.04 0.04 0.05 − 3.141 <.01** 0.27 
Inequalities 0.01 0.04 0.00 0.03 0.02 0.05 − 2.588 <.01** 0.32 
Land and soil use 0.02 0.01 0.00 0.00 0.04 0.03 − 0.106 .923 0.49 
Leisure & Urban infrastructure 0.01 0.04 0.00 0.03 0.02 0.05 − 3.836 <.001*** 0.24 
Local products 0.01 0.01 0.00 0.00 0.02 0.02 − 0.548 .660 0.47 
Material resources consumption 0.12 0.00 0.11 0.00 0.11 0.01 5.063 <.001*** 0.16 
Participation/engagement 0.01 0.02 0.00 0.00 0.02 0.03 − 1.588 .112 0.39 
Personal safety 0.00 0.03 0.00 0.00 0.01 0.03 − 3.619 <.001*** 0.27 
Public finances 0.00 0.01 0.00 0.00 0.00 0.04 − 2.570 <.05* 0.38 
Research & Development 0.01 0.01 0.00 0.00 0.03 0.02 − 0.910 .380 0.45 
Role in global networks 0.00 0.01 0.00 0.00 0.01 0.02 − 0.082 .999 0.50 
Sustainability/circularity awareness 0.02 0.01 0.00 0.00 0.03 0.01 1.256 .207 0.43 
Sustainable/circular initiative 0.15 0.01 0.1 0.00 0.15 0.02 4.626 <.001*** 0.18 
Sustainable/circular labels & R&D 0.02 0.01 0.00 0.00 0.04 0.02 1.126 .224 0.44 
Tourism 0.00 0.01 0.00 0.00 0.00 0.02 − 1.752 .207 0.44 
(Conventional) Transport 0.00 0.04 0.00 0.04 0.00 0.03 − 5.036 <.001*** 0.15 
(Sustainable) transport 0.02 0.06 0.00 0.06 0.07 0.05 − 4.329 <.001*** 0.18 
Trust in authorities 0.00 0.01 0.00 0.00 0.01 0.02 − 0.977 .445 0.45 
Urban Green/blue areas & Urban ecosystems 0.03 0.06 0.00 0.05 0.06 0.04 − 2.790 <.01** 0.29 
Urban planning 0.01 0.03 0.00 0.03 0.02 0.04 − 3.288 <.001*** 0.28 
Waste production and management 0.25 0.06 0.20 0.04 0.17 0.05 5.196 <.001*** 0.10 
Water 0.07 0.08 0.03 0.07 0.10 0.07 − 1.551 .122 0.38  
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significantly different. Indeed, in comparison to the urban sustainability 
indicator sets, the CE indicator sets cover the Environmental dimension 
significantly more, while they cover the Social dimension significantly 
less. In terms of coverage of Technological, Economic, and Political 
categories, the two groups do not show significant differences. 

4.3. Comparing the groups in terms of coverage of the SDGs 

Fig. 4 shows the coverage of the SDGs by the CE and urban sus-
tainability indicator sets. There is no significant difference between the 
coverages of CE and urban sustainability indicator sets for ten of the 
SDGs. The coverages of SDG1 No poverty, SDG3 Good health and well- 
being, SDG4 Quality education, SDG5 Gender equality, SDG9 Industry, 
innovation and infrastructure, SDG10 Reduced inequalities, SDG12 
Responsible consumption and production, SDG17 Partnerships for the goals, 

appear to be significantly different between the two indicator sets 
groups. Among these cases, only SDG12 Responsible production and 
consumption is covered more by CE indicator sets. 

4.4. Comparing the groups in terms of coverage of the 36 thematic groups 

The results show that CE indicator sets do not cover three of the 36 
thematic groups (Tourism, Conventional transport, and Public finances; 
see: Fig. 5). Only six thematic groups can be identified as core CE the-
matic groups (i.e., are covered by at least 50% of the CE indicator sets). 
In the urban sustainability sub-sample, these are 16 core thematic 
groups. In the CE sub-sample, 30 thematic groups are only sporadically 
covered (i.e., less than 50% of the indicator sets contain at least one 
indicator related to that thematic group). For example, Personal safety, 
Communication & Connectivity, and Disaster vulnerability are covered 

Fig. 6. Cluster analysis based on the coverage by CE and urban sustainability indicator set of the STEEP categories (a), the SDGs (b) and the thematic groups (c). The 
sets measuring urban sustainability are labeled “US_#” (in blue). Those measuring Circular Economy in urban areas are labeled “CE_#” (in green). 
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by only one CE indicator set (i.e., only one set out of 24 contains at least 
one indicator linked to those thematic groups). 

The results shown so far in relation to the 36 thematic groups were 
based on a binary logic (i.e., if an indicator set contained at least one 
indicator covering a specific thematic group). In Table 3, the relative 
importance that each thematic group receives on average in the two set 
groups (i.e., the percentage of indicators covering a specific thematic 
group) are reported. Seventeen thematic groups show significant dif-
ferences between CE and urban sustainability indicator sets groups. 

4.5. Cluster analysis 

Fig. 6 shows the three dendrograms obtained through the cluster 
analysis based on the coverage by the indicator sets of the STEEP cate-
gories (a), the SDGs (b), and the thematic groups (c). In the first two 
dendrograms (“a” and “b”), a similar pattern can be identified. On the 
right side of dendrogram “a”, cluster a.1 is composed of urban sustain-
ability sets, whereas on the left side the clusters a.2 can be divided into a 
mixed sub-cluster (a.2.1), and a CE sub-cluster a.2.2. The dendrogram in 
panel “c” appears to be slightly different. Two main clusters can be 
identified: c.1 includes only CE indicator sets, and c.2 contains all of the 
urban sustainability sets and twelve CE indicator sets. 

5. Discussion 

The concept of a CE, especially applied at the urban scale, has been 
interpreted in many ways. These different perspectives might hinder the 
success of transition (urban) agendas. This research aimed at shedding 
light on this conceptual ambiguity and supporting urban agents of 
change in their journey through a CE/sustainability transition. In the 
discussion, the focus is first on the comprehensive meta-analysis of CE 
indicator sets used at the macro (city) level, to understand how the 
concept of a CE in urban areas has been operationalized (sub-section 
5.1). Furthermore, an elaboration on the comparison between the con-
cepts of CE in urban areas and urban sustainability is presented to clarify 
the conceptual boundaries between them, and how they articulate with 
each other (CE as a similar, alternative, or complementary concept to 
urban sustainability; sub-section 5.2). Finally, the limitations of the 
research are acknowledged, and avenues for further investigation are 
suggested (sub-section 5.3). 

5.1. Operationalizing the CE in urban areas 

In this sub-section, the results of the analysis of CE measurement 
initiatives are discussed in two main points: i) the focal areas of CE 
measurement initiatives, and ii) consistency among initiatives. 

The results show that CE is mainly focused on environmental issues. 
This standpoint is supported by the analysis of the most frequent in-
dicators (see Appendix A), the STEEP categories (see: Fig. 3), the SDGs 
(see Fig. 4), and the thematic groups (see Fig. 5). Although marginally, 
CE indicators are also used to assess aspects of a CE such as health and 
well-being, participation, and inequalities. All the CE indicator sets 
contain at least a small percentage of indicators covering social aspects. 
In line with scholars advocating for the social dimension to be increas-
ingly taken into account by circular perspectives (Moreau et al., 2017), 
the results suggest that evidence of these approaches exists, though they 
have not yet been mainstreamed. The incorporation of indicators other 
than those linked to the environmental dimension is advocated in the 
literature, arguing for a systemic perspective to monitor circular stra-
tegies. Recalling the definition of CE (Kirchherr et al., 2017) proposed in 
Section 2.1, a CE should help “to accomplish sustainable development, 
which implies creating environmental quality, economic prosperity and social 
equity, to the benefit of current and future generations”. Without incorpo-
rating suitable indicators, it remains unclear to which degree it could be 
possible to track the progress of a CE transition in those areas (an 
exception is made for the environmental one). The risk is that indicators 

are cherry-picked to fit specific goals, showing biased results, which do 
not necessarily contribute to broader sustainability goals (Pauliuk, 
2018). Regarding technological aspects, the results show that this 
category is marginally covered by CE indicator sets, while from a tran-
sition perspective, a future CE requires considerable investments in 
technology and infrastructure (Prendeville et al., 2018). The question 
arises as to whether the technological aspect of a CE, offering the needed 
infrastructure for the transition, is actually underrepresented in practice, 
and only mentioned in theoretical approaches and urban visions that 
have not yet been translated into measurement tools. 

Based on the sample analyzed in this research, a shared perspective 
on the core elements of a circular city (i.e., what is essential to measure) 
might still be far from being reached. Two insights support this state-
ment. First, concerning the 535 indicators extracted from the CE sub- 
sample, repetitions were only found in 168 cases, suggesting that the 
measurement initiatives predominantly use several different indicators. 
Second, the results (see: Fig. 5) indicate that most thematic groups are 
targeted by only a few (between 4% and 50%) indicator sets. Only six 
out of 36 thematic groups are covered by at least 50% of the CE indicator 
sets. In practical terms, these results suggest that when assessing the 
circularity of urban areas, there is great variability in what is deemed to 
be important and informative. Peculiarities of indicator sets might be 
beneficial for an assessment (considering local characteristics and 
needs), and a specific focus on core thematic groups might not represent 
an issue per se, since it could simply mirror a very narrow yet efficient 
circumscription of targets. However, the extant risk is that important 
aspects needed by cities for a holistic transition are not adequately 
covered, as a holistic transition depends on the recognition of the 
interlinkages among barriers at different levels (Salmenperä et al., 
2021). 

Many scholars call for a minimal degree of consistency with other 
assessments, to allow benchmarking to, and synergies with, other urban 
realities (Merino-Saum et al., 2020). This consistency could potentially 
be achieved through challenging and rethinking the processes of indi-
cator selection. Although the roles of several urban actors in a CE 
transition are often acknowledged (Prendeville et al., 2018), there is a 
possibility of broadening the consulted actors to involve agents of 
change that are active in other urban realities, as their expertise on 
common challenges and best practices could represent a valuable 
contribution. The stabilization around a few key thematic groups in CE 
indicator-based initiatives would contribute to the building of a more 
robust conceptual foundation on which the CE notion could rely. 
Regarding the development of new assessment frameworks, there is a 
risk of needing a substantial amount of resources, while multiple expe-
riences around the globe can already inform the assessment methodol-
ogy and provide suitable indicators. The use of core indicators in 
different assessment exercises has the significant potential of allowing 
for a comparison between the different urban realities and informing a 
more robust discussion on the respective results obtained. This puts the 
emphasis then on those core issues that our societies are facing in the 
transition towards sustainability. Additional insights about the issue of 
assessment consistency will be discussed at the end of sub-section 5.2, 
based on the results of the cluster analyses performed with both CE and 
urban sustainability indicator sets. 

5.2. Insights from the comparison of CE in urban areas and urban 
sustainability 

Looking at the thematic groups covered by at least one indicator in 
the two indicator lists (CE and urban sustainability), it appears that the 
concept of a CE in urban areas is nested into the concept of urban sus-
tainability (see Fig. 5). No thematic group is unique to the CE sub- 
sample, while three thematic groups (Tourism, Conventional trans-
port, and Public finances) are only covered by indicator sets belonging to 
the urban sustainability sub-sample. This represents a surprising finding, 
since a reasonable amount of information is available on what is 
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necessary for a circular tourism sector (Manniche et al., 2017; Rodríguez 
et al., 2020), or on the need to assess trends in both conventional 
(oil-based) and sustainable (renewables-based) mobility for circular 
cities (Christis et al., 2019; Gravagnuolo et al., 2019; Lee et al., 2016). 
This would imply that the CE, alone, might not accompany our societies 
towards broad sustainability (Henry et al., 2021). 

In comparison with urban sustainability sets, CE indicator sets 
clearly focus less on social aspects, a difference widely highlighted in the 
literature on sustainability and CE in general (Geissdoerfer et al., 2017; 
Murray et al., 2017). The use of STEEP categories as a research lens adds 
a layer of detail. In fact, even though previous literature has highlighted 
a difference of focus between urban sustainability and CE, those studies 
predominately considered only social and environmental issues, while 
the analysis performed here allows a broader range of issues to be taken 
into account (namely political, technological and economic). Regarding 
technological aspects, the results show that no significant difference can 
be identified in comparison with urban sustainability sets. In addition, it 
appears that policy/regulative aspects are neglected in CE indicator sets. 
However, this shortcoming is not only inherent of CE indicator sets but is 
a feature shared with the indicator sets focusing on urban sustainability. 

Using the SDGs lens allowed us to go one step further and to offer 
insights to those actors currently targeting SDGs in their agendas. CE 
indicator sets only cover SDG12 to a higher extent than urban sustain-
ability indicator sets. This is in line with what is shown in the literature, 
where SDG12 Responsible Consumption & Production is considered the 
SDG with the highest affinity to the concept of the CE (Dantas et al., 
2021; Fatimah et al., 2020; Schröder et al., 2019a). Schröder et al. 
(2020) identified gaps and issues relating CE to SDG1 No poverty, SDG3 
Good health and well-being, SDG4 Quality education, SDG5 Gender 
equality, SDG10 Reduced inequality, SDG17 Partnerships for the goals. In 
the sample, significantly different coverages between CE and urban 
sustainability indicator sets were found for all of these SDGs. Regarding 
the SDGs mostly linked with the use of natural resources (SDG6, SDG13, 
SDG14, SDG15), no significant difference can be highlighted between 
the two set groups. Hence, the higher focus of CE indicator sets on 
environmental issues might be highly driven by those covered by SDG12 
Responsible consumption and production (for which a significant different 
coverage was found), which is often linked to both economic and 
environmental aspects (Mccormick and Leire, 2020) 

A noteworthy aspect of the results is that indicator sets used to assess 
a CE offer additional indicators for covering specific thematic groups. 
For all the thematic groups covered by the CE sub-sample (with the 
exception of Disaster vulnerability, Personal safety, and Research & 
Development), the list of indicators used by CE indicator sets contains at 
least one indicator (281 in total) that was not used in the urban sus-
tainability sub-sample. This primarily applies to Sustainable/circular 
initiatives (61 additional indicators), Waste production and manage-
ment (57), and Material resources consumption (47). This implies that 
CE sets could provide indicators to deepen the level of assessment of 
certain thematic groups that might only be measured superficially when 
using urban sustainability indicator sets. Examples of these indicators 
are, respectively: Green products purchasing rate of the government, 
Waste from Electrical and Electronic Equipment (WEEE) generated, 
Total raw material productivity. 

The results of the cluster analyses offer additional insights on the 
issue of consistency among indicator sets that are (supposedly) used to 
assess the same concept, either a CE in urban areas or urban sustain-
ability. Integrating urban sustainability indicator sets into the cluster 
analysis offered us an external point of reference to better elicit differ-
ences among CE indicator sets. As the three chosen typologies are linked 
to each other, but not redundant, the insights derived from the cluster 
analyses offer a slightly different but generally consistent picture. First, 
there is an overall consistency in how CE in urban areas and urban 
sustainability are assessed (i.e., two separate clusters arise, with 
reasonable segregation of CE and urban sustainability sets). However, in 
all three dendrograms, it is possible to identify indicator sets belonging 

to one group as closer (and therefore more similar) to indicator sets of 
the other group. The question arises as to whether some indicator sets 
are simply labeling similar concepts under different names, creating a 
conceptual fuzziness. For instance, in the case of the clustering based on 
the STEEP framework (Fig. 6, panel a) the indicator set “CE6”, which is 
positioned among the urban sustainability indicator sets, covers aspects 
related to the social dimension in a way that is more similar to the 
average of the urban sustainability indicator sets, rather than the 
average of the CE indicator sets. Details on the provided examples can be 
seen in the supplementary material (S.7, S.8, and S.9). As another 
example, the location of set “US1” in Fig. 6 panel b, far from the other 
urban sustainability indicators, might be determined by its divergent 
coverage of SDG1 No poverty, SDG3 Good health and well-being, and 
SDG12 Responsible consumption and production. Additionally, the vicinity 
of some indicator sets might mirror the specific visions or approaches of 
the indicator sets’ developers. For example, the indicator sets “CE3”, 
“CE5”, “CE6”, “CE9”, “CE13” are found in clear proximity in the sub- 
cluster c.2 (Fig. 6, panel c). Regarding their origin, they all come from 
instances in which one actor (a Dutch consultancy focused on circu-
larity) was involved. These sets are also found in separate clusters dis-
similar to the core CE indicator set group c.1. This distance might be due 
to their coverages of thematic groups like Participation/engagement, 
Inequalities, Health & Well-being, Employment, Urban green/blue 
areas, and Air pollution, which are considerably more similar to the 
average of the urban sustainability indicator sets. Hence, the influence 
of the vision of one actor might be traceable in the choice of indicators 
made in the development of several indicator sets. In line with the 
argument presented in the previous paragraph, the analysis of the 
dendrograms highlights a certain degree of inconsistency in how the CE 
has been measured through the different indicators sets. 

Two main points now merit attention. The understanding that CE 
indicator sets cover social issues, even if marginally, might represent a 
positive starting point for including more focus on those issues - a focus 
which many actors would like to see present in CE discussions. However, 
adding emphasis on social issues from a CE perspective might bring this 
concept even closer to sustainability in general, and urban sustainability 
in particular, when focusing on urban areas. Thus, the real benefit of 
targeting a CE in comparison with fostering a sustainability transition 
would not be evident. If social aspects are deemed important for the 
evolution of the CE perspective, they should focus on social aspects 
specifically related to core CE thematic groups, such as Waste generation 
and management, Material resource consumption, and/or Circular ini-
tiatives. By doing so, they would offer an innovative perspective, since 
urban sustainability approaches do not focus on the social aspects of 
such challenges/issues. CE perspectives should not try to indiscrimin-
ately integrate all of the social issues that urban sustainability ap-
proaches generally take into account. One of the problems related to the 
CE approach is that it often aims at broadening its scope by replicating 
what is already embedded within the urban sustainability discourse. 
One key challenge for future set developers in the field of CE will be to 
build indicator sets that are both multidimensional (i.e., which tackle 
circularity features by simultaneously considering several sustainability 
dimensions) and concept-specific (i.e., which do not excessively open up 
the scope, thereby amalgamating CE to the broader notion of sustain-
ability). If CE adopters aim to sustain the concept as up-to-date and 
innovative, they need to differentiate it from existing approaches (i.e., 
urban sustainability). 

As for practical recommendations for cities engaged in shaping their 
visions for a transition towards a CE, a clear understanding of what is 
being targeted is pivotal to avoid aiming at narrow goals that might not 
be moving cities towards broader sustainability. The CE concept is being 
widely used nowadays, but there is a risk of using this concept as an 
alternative, and not as a means, towards sustainability. Much care is 
needed to compare sustainability and circularity targets and coherently 
explain city transition plans that are motivated by targeting circularity 
rather than sustainability. If CE in urban areas is to be seen as a means 
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towards urban sustainability, then CE approaches should be translated 
into more concrete, focused, and practical operationalization than urban 
sustainability, the latter being potentially interpreted as a broader, 
guiding theoretical framework. 

5.3. Limitations and further research 

It is important to acknowledge some limitations inherent to this 
research. The sample of retrieved CE indicator sets represents a limited 
amount of data sets (24). As it is reasonably expected that more assessors 
will define ad-hoc sets of indicators for measuring CE and urban sus-
tainability in the future, a second iteration of the present study could 
help to determine how the results stand up to the test of time, in order to 
understand the degree to which they remain consistent even when more 
indicators are added to the sample. Also, studies performed on updated 
versions of the sample used here might elicit trends of change in the way 
the selected concepts are assessed through time. Second, the analysis of 
the indicators is subject to a certain degree of subjectivity. Although the 
researchers applied the same approach to the analysis of all 930 net 
indicators, a different assessment from other research teams might have 
produced different results. However, the size of the sample of the in-
dicators corrects for this potential bias. Similar approaches are reported 
in the literature and their limitations are acknowledged (Ahvenniemi 
et al., 2017; Merino-Saum et al., 2018). 

Regarding ideas for further research, many avenues could be 
explored. First, indicators could be screened according to typologies 
directly related to the CE literature (for instance the 10R-strategies; 
Potting and Hanemaaijer, 2018) or typologies (Moraga et al., 2019). 
The underlying idea is to better elicit which aspects of the CE are inte-
grated into the sustainability concept. Further research could focus on 
comparing different concepts using the same approach that has been 
proposed here, namely using indicators as proxies for their conceptu-
alizations (e.g., green and circular urban areas). In-depth case studies 
could also be performed, focusing on cities that have developed both 
circularity and sustainability strategies, to see how these concepts are 
operationalized when the city context remains unvaried. Finally, there is 
potential of engaging assessors and practitioners involved in the CE 
transition to discuss how the findings of this research might help them 
have a clearer and more informed overview of the goals of their CE 
strategies. This could help them to align their efforts and to avoid 
negative interferences between different projects and policies, as the 
overall goal of these commitments should be a systemic transition to 
sustainability. 

6. Conclusions 

Several urban areas around the globe have implemented CE assess-
ments and policy planning. The overall goal of this research was to 
enquire how the concept of a circular urban area has been operation-
alized through the use of assessment tools, in comparison with the case 
of sustainable urban areas. For this objective, an approach was imple-
mented based on the analysis of indicators used by different assessors at 
the urban scale and multiple perspectives were applied to explore the 
research questions. 

The results show that the concept of CE, when using indicators as a 
proxy for its conceptualization, is embedded in the broader concept of 
urban sustainability. However, considering a CE, there is a more detailed 
focus on certain thematic groups (e.g., waste) and an analysis of several 
of their different aspects. This is reflected by the use of a multitude of 
different indicators. In broad terms, a CE focuses more on environmental 
issues, while urban sustainability covers social aspects in a more 
extended way. Notably, CE indicator sets do cover some social aspects. If 
CE adopters aim to maintain the concept as up-to-date and innovative, 
then they should clearly differentiate it from existing approaches (i.e., 
urban sustainability), without limiting themselves to replication of those 
perspectives. Finally, the results show that there is a general consistency 

in how indicator sets belonging to the CE and urban sustainability 
groups measure the respective concepts. However, even with a limited 
sample, some indicator sets that aim at assessing CE are found to be 
more similar to those measuring urban sustainability (in terms of STEEP 
categories, SDGs, and thematic groups covered). 

The contributions of this research are manifold. This work advances 
our knowledge on the concept of the CE from theoretical, practical and 
methodological perspectives. First, by analyzing how the concept of CE 
in urban areas has been operationalized, insights are offered on how this 
concept has been interpreted, and what is targeted when aiming at a 
circular urban area. Second, by comparing the aspects of sustainability 
that the CE and urban sustainability focus on, insights are offered on the 
relation between these two multi-faceted concepts and light is shed on 
their overlap as well as on their differences. This can have practical 
relevance for those actors involved in urban transitions: they might 
critically revise their urban agendas to question the suitability and po-
tential of the CE approach in supporting a broader sustainability tran-
sition. Third, from a methodological perspective, an approach is refined 
that proposes the use of indicators as the unit of analysis to elicit pe-
culiarities of concepts such as CE and urban sustainability. It was 
analyzed how these concepts are made operational through metrics, 
which is de facto a way to delimitate the concepts themselves (Mer-
ino-Saum et al., 2020). Developing an indicator set necessarily involves 
trade-offs between potential metrics. Indicator set developers must 
decide what counts and what does not count (each indicator has an 
opportunity cost: if it is included in the final set, it means that other 
candidate indicators are excluded). In more qualitative conceptualiza-
tions, such constraints do not exist, which leads to broader definitions. 
Hence, by looking at indicators, it can be elucidated how a concept is 
operationalized in practical terms. 

Overall, this research informs the debate on the differences and 
overlaps between the concepts of CE and urban sustainability, and is 
expected to support urban communities in finding a match between 
targeted CE objectives and selected indicators. 
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Appendix A 

List of the top 5% indicators used in the Circular Economy (CE) in-
dicator sets sample (panel a) and in the urban sustainability (US) indi-
cator sets sample (panel b). 

References 
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