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This review explores Circular Economy (CE) applications in urban contexts and their implications for practice,
and research. By making sense of concrete challenges of implementing the urban circular economy (UCE) and
creating circular value in urban areas, this article addresses an important but under-explored gap in the litera-
ture, providing solid foundations for understanding UCE applications and related value creation. The paper
follows a systematic review following PRISMA guidelines. First through keywords mapping, four main research
axes are identified: waste management, new forms of urbanity, green ecosystems, and circular governance. Those
are then reviewed through a content analysis of 135 articles that make sense of their applications and main
issues. Lastly finding’ implications are examined using various theoretical lenses, including CE classification,
circular business models (CBM), institutional theories, sustainability transition theory (STT), and industrial
ecology (IE). Overall, the article identifies promising but understudied areas, such as economics, business
models, and urban studies, meanwhile research in the “hard sciences” is very active. UCE applications span from
low-value technocratic fixes to more transformative initiatives. While many mitigate urban externalities and
contribute to address global change issues, others aim to reshape urban paradigms but often lack scalability.
Another challenge for cities will be to move towards high-value CE strategies, develop urban CBMs, overcome
systemic barriers, and integrate inclusive governance and resilience into urban design. To achieve a scalable and
regenerative urban future, UCE will need to be advanced through more in-depth research, supportive policies,
and systemic changes in knowledge, behaviors, and urban construction practices.

Introduction

In recent years, the concept of the circular economy (CE) has
garnered increasing attention from researchers, policymakers, and
businesses actors [1,2]. This interest stems from a desire to decisively
shift from linear models of the economy to circular ones [3]. This desire
is rooted in the imperative to reduce the environmental footprint of
human activity, while simultaneously promoting new production and
consumption models that minimize resource consumption and create
economic, environmental, and social added value.

Although there is no universally accepted definition of the CE [4]),
the definition proposed by the Ellen MacArthur Foundation (EMAF) is
often considered as a reference, due to the foundation’s prominent role
in the field [5]. The EMAF [6] defines the CE as a system that addresses
climate and decouples economic activities from resources by avoiding
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making waste from materials and regenerating natural ecosystems; in
such systems, products and resources remain in circulation through
maintenance, reuse, refurbishment, remanufacturing, recycling, and
composting. Its purpose is to contribute to more sustainable patterns of
production and consumption by implementing strategies based on three
main approaches: (1) smarter product use and manufacturing, (2)
extended product or component lifespans, and (3) improved reuse, re-
covery, and recycling of product materials [7,8].

With around 60 % of the world population now living in urban areas,
50 % of global waste, 75 % of global greenhouse gas (GHG) emissions
and security concerns arising from growing resources consumption,
cities have become crucial sites for effectively developing sustainable
policies and improving the quality of life for as many people as possible
[9,10]. In recent decades, many cities, particularly in China and Europe,
have developed strategies to increase sector-specific or general
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circularity. However, these initiatives have sometimes lacked a consis-
tent understanding of what CE and urban circular economy (UCE) en-
tails [11]. During the same period, research on UCE applications has
experienced a rapid growth, accompanied by a diversification and
overlap of related concepts [12].

CE can play an important role in urban areas by ensuring their
competitiveness while contributing to closing the loop of inner pro-
duction and supporting long-term sustainability and resilience [13]. In
addition to positive environmental and economic outcomes, CE con-
tributes to enhancing the quality of life of urban dwellers thereby
generating public value, although it remains a long-term process that
requires stakeholders to learn about the CE, and local authorities to
better integrate it into the decision-making process [14,9].

Although there are studies on the UCE, to the author’s knowledge,
none comprehensively make sense of how CE is implemented in cities.
As shown in Table 1, based on a Google Scholar search, which presents a
non-exhaustive list of literature reviews with a cities perspective, there
is a noticeable gap in research specifically addressing the question of CE
in urban areas. Consequently, reviewing the literature to understand
how CE is implemented represents a meaningful and timely research gap
that warrants attention that might contribute to understanding UCE
applications on a comprehensive perspective, their value for cities and
the mains implications.

Such research responds to an already identified issue which is that CE
potential benefits in urban contexts are often not fully recognized or
understood by local actors [13]. Understanding CE application in urban
spaces is, however, an important aspect of strategic development
because it helps to identify what type of value is generated by which
projects or decisions, which stakeholders benefit from it and how
practitioners might ultimately better allocate their resources and adapt
their decision-making [21,22]. These include consumers, policymakers,
urban planners, and educational institutions, all of whom are instru-
mental in promoting sustainable behaviors, fostering innovation,
shaping circular policies, and creating the infrastructure and ecosystems
necessary for CE development.

Furthermore, in such context where CE becomes a strategic priority
and response to the numerous global crisis faced today [23], under-
standing economic, technological and environmental interactions will
become of first importance as their interplay strongly contribute to CE

Table 1
Non-exhaustive summary of main reviews done on uce.

Authors (year) Title Subjects/Focus

Overview: The smart
sustainable city initiatives
and the circular economy

Dindarian [15] Smart city applications
related to sustainability

and CE

Shahin and Current status and emerging Bibliometric analysis of
Alimohammadlou trends on urban circular UCE publications
[12] economy: a bibliometric
analysis
Murthy and A review on global e-waste Review best practices in E-

Ramakrishna [16]

Tsui et al. [17]

Petit-Boix and
Leipold [18]

Joensuu et al. [19]

Vanhuyse et al. [20]

management: urban mining
towards a sustainable future
and circular economy

The role of urban
manufacturing for a circular
economy in cities

Circular economy in cities:
Reviewing how
environmental research
aligns with local practices
Circular economy practices
in the built environment

The lack of social impact
considerations in
transitioning towards urban
circular economies: a
scoping review

WM and urban mining to
favor CE development

Urban manufacturing role
in CE

Review of cities circular
initiatives considering
environmental research

Understand views of the
literature on CE transition
in cities

Social impacts (culture,
health and fears and
aspirations) of CE in cities
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development, especially through infrastructure and technological ad-
vancements [24]. Since urban areas are central to sustainable transition,
they will continue to play a key role in shaping a circular, sustainable
future. According to Williams [10], the principle of reducing waste and
resource consumption, preserving natural capital and ecosystem, and
designing out negative externalities should gain importance in current
conceptions of closed-loop industrial systems, circular businesses and
cities’ provision systems. Moreover, scholars show also that in order to
accelerate circular transition, coordinated and region-specific ap-
proaches become crucial as local disparities and factors strongly influ-
ence CE public policies[25].

Therefore, these considerations open an important debate about how
cities should implement CE and this review aims accordingly to sys-
tematically analyze the integration of CE in urban context, focusing on
its concrete applications and policy implications. Accordingly, the
research questions (RQ) guiding this study are as follows:

RQ 1: What are the main topics of the academic literature on CE at the
level of municipalities?

RQ 2: What are the CE applications at the level of municipalities?

RQ 3: What are the main implications associated with UCE applications?

To do so, we conduct a keywords mapping of CE literature focused on
urban contexts, based on articles published between 2015 and 2024 and
indexed in the Web of Science (WoS) database. This is followed by a
content analysis of 129 articles which examine the primary applications,
strategic axes, and associated value creation. Finally, the implications
for practitioners, policymakers and research are discussed.

Answering these RQ through a review of the literature helps local
authorities and stakeholders better understand the value CE generates in
urban areas and gain a comprehensive overview of the UCE and policy
stakes associated with its development. For scholars, the contribution of
this paper will be to better frame the particularities of CE in munici-
palities, identify the gap in the literature to raise accurate new research
questions and understand how their research integrates the overall stake
of developing CE in cities.

The remainder of the paper is organized as follows. Section 2 pre-
sents the research framework and methodology. Section 3 presents the
results of the keywords analysis (RQ1) and the findings from the content
analysis (RQ2). Section 4 discusses the practitioners, policy and research
implications (RQ3). Section 5 concludes the paper and discusses its
limitations.

Research framework and methodology

This section outlines the research framework and questions. It also
describes the process of selecting articles as well as their bibliometric
and content analysis.

Research framework

Building on the gap identified in Section 2, this study addresses the
critical need for understanding CE applications in urban areas and their
associated value creation and implications. Despite the growing body of
research on UCE, the issue of value creation has not yet been system-
atically examined and structured. Consequently, the first RQ is:

RQ 1: What are the main topics of the academic literature on CE at the
level of municipalities?

To address this question, the main research topics are identified
through a mapping of the authors’ keywords. This approach provides a
clearer understanding of the research context and its key themes. Sec-
ondly, it is essential to examine the UCE applications themselves.
Therefore, we propose the second RQ:

RQ 2: What are CE applications at the level of municipalities?

Answering this question involves identifying, within the main
research topics, the key axes and applications of the CE in the urban
context. This requires a deeper understanding of what the main CE ap-
plications are and how these applications create value. Once the UCE
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applications are identified and their associated value understood, it
becomes essential to explore the implications for involved policy-
makers, researchers and practitioners. Therefore, we formulate the
third RQ as follows:

RQ 3: What are the main implications associated with UCE applications?

This question is addressed by applying theoretical lenses to frame the
analysis and derive meaningful recommendations accordingly. The
iterative research framework is illustrated in Fig. 1. It begins with the
selection of relevant articles from a scientific database, following the
PRISMA guidelines. The PRISMA guidelines are a standardized set of
procedures designed to enhance the transparency, completeness, and
reproducibility of systematic reviews[26]. This codified process is
reproduced in the present study and depicted in Fig. 1, thereby
strengthening the credibility and replicability of the review.

Once the data is collected, a bibliometric analysis is conducted to
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address RQ1, providing a comprehensive overview of the key thematic
trends. Building on this mapping, the identified topics are structured
into key axes and further examined through a content review of selected
articles to explore concrete CE applications in urban contexts (RQ2). The
findings are then synthesized in the discussion section, where the policy,
strategic, and academic implications (RQ3) are critically analyzed.
Finally, complementary searches are performed to broaden the global
and technological perspectives of the study.

Methodology

Data extraction

To gather articles in a systematic manner which avoid authors’ bias
and ensure a wide coverage of the relevant literature, WebofScience
(WoS) database had been chosen since WoS is one of the major sources

1. Data extraction — Identification of studies via databases

before screening
.

Duplicate records removed (n=0)
Records marked as ineligible by

automation tools (n=0)
Records removed for other reasons (n=0)

Records excluded because retracted (n=
2)

i Records excluded because not eligibly (n
i =37)

Records included in the analysis
following their adequacy

(n=928)

Inclusion

- Article extracted through Exclusion
= WebofScience query 1
_Lf_:’ (n=967)

=

L
=

20 Records screened (title or Exclusion
g abstract) criteria

o (n=967)

(o

1)

\

= Records reviewed for keywords

:_g mapping and analysis

b (n=928)

m

2. Data processing — Identification of keywords
relationships and main themes of'the literature

3. Complementary extraction
— Identification of studies via other methods

= Keyword refinement through Thesaurus file Article extracted from Google Scholar
g Closely related or written keywords (e.g. city Searches Queries: ( “Subsection title™+
vt alld. 1¥1'ba11 governance or policy analysis and “global issues” OR “technical application™)
g —| policies analysis) (n=6)

g

=

)

=

—

=

> Keywords mapping of eligible articles

e (VOSViewer)

~ Thematical reorganization

8 Axes of analysis (n=4)

z

w

=

< -

8 Content review

‘g Articles reviewed (n = 129. from WoS) & (n= 6. from Google Scholar)

5 Identification of the main application and stakes

Fig. 1. Research framework.
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of scientific publications[27].

Query 1: ((TI=(circular*)) AND (TI=(cities) OR TI=(city) OR TI=
(municipalit*) OR TI=(urban)) OR (AK=(circular*)) AND (AK=(cities)
OR AK=(city) OR AK=(municipalit*) OR AK=(urban)) OR (AK=(cir-
cular*)) AND (TI=(cities) OR TI=(city) OR TI=(municipalit*) OR TI=
(urban)) OR (TI=(circular*)) AND (AK=(cities) OR AK=(city) OR AK=
(municipalit*) OR AK=(urban)) AND DT=(Article OR Review)).

The specification used to gather articles is presented in Query 1. The
initial search was conducted mid-December 2024. The search terms used
included the title and keywords containing the term “circular*” to have
articles discussing CE with more flexibility as it encompasses close no-
tions such as “circularity” or “circular city”. Other denominations
related to CE such as “closed loop” were considered but not included
since prior bibliometrics only used terms “circular economy” or “cir-
cular” e.g. [1,27].

We combined this core term with title and keyword terms related to
urban components, such as “urban”, “municipalit*”, “city” or “cities”.
We selected only peer-reviewed articles written in English during the 10
previous years, namely, the period going from 2015 to 2024 (including
early access). The abstracts of the articles were excluded from the search
to avoid retrieving studies that included the search terms without
reflecting the intended focus. This situation can occur, for instance,
when an abstract contains terms such as circular, cities, or urban but
does not actually address topics related to the CE in urban contexts.
Including such records could have resulted in an excessively large and
inconsistent dataset, making screening and analysis inefficient.

Moreover, because the search terms targeted the intersection be-
tween CE and urban contexts, some studies discussing CE issues from
global or technological perspectives may have been omitted, even
though they could contribute valuable insights to the academic debate
on UCE. Therefore, in accordance with the PRISMA guidelines, addi-
tional relevant articles were incorporated using a complementary
method. In this study, this process involved a narrative review con-
ducted through the Google Scholar database, where, for each subsection,

environment@l governance, b, suyater

green infgastructure

& yture-bager tion®
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the terms related to the subsection title were combined with either the
terms “global issues” or “technological applications”.

However, as illustrated in Fig. 1, these additional articles were not
included in the mapping of UCE applications, since they do not directly
inform this research question. Instead, they were used throughout the
review to provide broader perspectives on the identified topics and to
situate the UCE literature within a more global and technological
context.

Data processing.

The initial search in the WoS database yielded 967 articles. In a
subsequent screening step, 37 articles were removed because they did
not align with the objectives of the analysis. These records appeared in
the database as they contained the search terms but were unrelated to
the topic of the UCE—for example, papers addressing circular polariza-
tion in urban space or rural-urban circular migration. In addition, two
retracted articles were excluded. Consequently, a total of 39 articles
were removed, resulting in a final dataset of 928 articles.

Once the articles were gathered, a bibliometric analysis was con-
ducted. In this study, the authors’ keywords retrieved from WoS were
analyzed using VOSviewer and Microsoft Excel. Data cleaning was
performed using thesaurus files to eliminate duplicates and merge
closely related or differently written keywords, as recommended by Van
Eck and Waltaman [28].

After generating the keyword mapping, the terms identified in Fig. 2
were filtered in Excel. For each main keyword within each cluster,
relevant articles were reviewed based on their titles, abstracts, citation
counts (considering publication date), and overall content (see also
Fig. 3).

This approach ensures a systematic, transparent, and reproducible
analysis. It enables, first, a scientifically rigorous mapping of keywords,
and second, a careful selection of articles to retain only those most
relevant to the research questions. By following this structured process,
subjectivity in the identification of sources is minimized, thereby
strengthening the validity and credibility of the review.

refsavaste electrig@hand electroni

digitalisation

urbagumining

construction af demolition wa

food@aste

water mapagement

covig 19

sm@city .

govefipance

culturalg@peritage

urban reg@neration éircvitiesr‘u:\ax
<&

sdgs

urban circulgr economy

trangition

urban sglid waste
compost

urban agriculture

life cycle @assessment

waste migliagement
e city industrial ecology
municipaligelid waste

urban metabolism
£

circular bipeconomy

industrial symbiosis

built engponment

innoation
policy inggruments

living lab

urban egosystem

zerofwaste

Fig. 2. Keywords occurrences and relationships.
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[ Identification of keywords clusters

Keywords clusters identified by VOSviewer

Environmental governance; urban water; green infrastructure; nature-based solution; water management

Digitalisation; reuse; waste electrical and electronics; urban mining; construction and demolition waste

industrial ecology; material flow analysis

Urban agriculture; life cycle assessment; industrial ecology; urban metabolism; circular bioeconomy; urban ecosystem; industrial symbiosis;

City; governance; cultural heritage; urban regeneration; performance assessment; covid 19; community sustainability transition

Urban circular economy; transition; circular cities; sdgs; built environment; urban development; innovation; living lab; policy instruments

Smart city; sustainable city; waste management; urban solid waste; compost; waste to energy; food waste; municipal solid waste

&

[ Content review per keywords

Articles selection criteria

- Times cited on average per year;
- Title;

- Abstract;

- Content

$

[ Identification of key axis and sub-axis

Axes Subaxis

Waste management
types); Wastewater

Municipal Solid Waste; Construction & Demolition Waste; EEE Waste; Cross-cutting (All waste

New forms of urbanity and urban systems

Innovation; Smart City; Built environment; Industrial Symbiosis

Green ecosystems and nature-based

solutions Solutions

Circular Bioeconomy; Urban Agriculture; Green Infrastructure; Water Circularity; Nature-Based

Spatial and public policies

Policy and Regulation; Assessment and monitoring; Urban Planning; Citizen Engagement

$

[ Content integration and analysis

Fig. 3. Summary of content review and axes identification process.

The applications and values of circular economy in urban
contexts

Fig. 3 presents the main clusters derived from the author-provided
keywords, offering insight into the thematic boundaries and in-
terconnections within UCE research. To ensure a comprehensive over-
view of the field, a relatively low occurrence threshold was applied.
Keywords appearing in at least nine publications (approximately 1 % of
the dataset) were included. Generic terms such as “circular economy”
and “bibliometric analysis” were excluded to minimize bias and better
reveal underlying patterns and specific research themes. As a result, six
distinct clusters comprising 48 keywords were identified. This clustering
provides a clearer delineation of the major areas of research and es-
tablishes a foundation for subsequent, in-depth qualitative exploration.
These six thematic clusters form the analytical basis for addressing RQ2,
guiding the examination of how UCE is operationalized across the
literature.

However, although these clusters help identify interlinkages between
keywords and their relative strength such as for instance between urban
mining and waste electrical and electronics (two strongly related topics),
they do not precisely determine the main themes or axes as several
keywords closely related, and supposedly from the same thematic area,
can be found in multiple clusters, as is the case with waste-related topics.

Conversely, some keywords are highly transversal and cannot be
confined to a single cluster perspective.

For this reason, the literature was reviewed before defining the
overarching axes of the study. As illustrated in Fig. 3, which outlines the
process of identifying the axes and their underlying sub-axes, the con-
tent of a selection of articles corresponding to each keyword (identified
in Figs. 2 and 3) was reviewed and summarized. Articles were selected
based on a screening of their titles and abstracts, considering citation
counts relative to publication date. The final inclusion was determined
by evaluating the content of each article, considering its relevance,
novelty, and methodological rigor. Consequently, the analysis was
conducted on 129 articles from the initial database, complemented by
six additional articles obtained through complementary searches, as
described in Section 3.

Once the insights from the literature were synthesized, the analysis
was reorganized along four axes, as presented in Fig. 3. These axes
represent the main directions identified in the literature. Each axis is
further divided into sub-thematics, corresponding to the subsections,
which present concrete UCE applications and the types of value they
generate. These are summarized in Table 2. The following subsections
address RQ2 by providing a detailed examination of each axis, high-
lighting key applications and insights from the literature.
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Table 2

Main axes, applications and value created by CE in urban areas.
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Axes Subaxes

Applications

Value created

Waste Management Municipal Solid

Waste

Construction &
Demolition Waste

EEE Waste

Cross-cutting (All
waste types)

Wastewater
New forms of urbanity Innovation
and urban systems
Smart City

Built environment

Green ecosystems and
nature-based solutions

Industrial Symbiosis
Circular Bioeconomy
Urban Agriculture
Water Circularity
Green Infrastructure

Nature-Based

Solutions
Spatial and public Policy and
policies Regulation
Assessment and
monitoring

Urban Planning

Citizen Engagement

Incineration, Gasification, Flameless Oxy-
combustion
Composting (centralized/decentralized)

Food waste reduction & redistribution
Urban mining

Building refurbishment

Use of construction excavated soil and
waste
Urban mining

Digitalization, blockchain, IoT and Al
solutions
Smart city integration

Recycling, reuse, stormwater management
Sludge valorization
Urban and social innovation

Urban Living Labs

Cultural assets and civic engagement
Circular-oriented innovation policies

Smart systems for waste collection, sorting,
recycling

Spatial zones for CE initiatives; digital
management of urban flows

IoT; machine learning; autonomous
systems; data-driven CE

Municipalities as facilitators; platforms for
citizen participation; Behavioral change
Green supply chains, CBM; AL; Automation
Smart Tourism

Reuse of materials in construction;
discontinuation policies
Cultural heritage reuse

Nature-Based built solutions

Waste and by-product exchanges; heat
recovery; EIP

Valorization of bio-resources; integrated
urban systems

Hydroponics, vertical farming, rooftop
farming, aquaponics

Wastewater reuse; storm/rainwater
capture; decentralized systems

Green roofs, wetlands, pervious surfaces,
tree cover

Bioconnectivity; GI; CBM

UCE frameworks, CBM promotion; (non)
digital platforms

LCA; MFA/MEFA; public disclosure; CE
indicators

CE-integrated land use; IS; FDI; CE
incentives

Co-design, participatory spaces

Energy recovery; reduced landfilling; economic viability

Reduced landfilling; soil regeneration; UA competitiveness; environmental
awareness; local nutrient recovery; circular food systems

Economic savings, social benefits; waste minimization

Material recovery; GHG reduction; raw materials resilience; urban
regeneration; job creation; social wellbeing; old building valorization;
economic revenue

Regenerates disused buildings; sustains local economies; material lifespan
extension.

Low environmental impact alternatives; material lifespan extension; reduced
landfilling

Supply chain resilience; product life extension; economically profitable; job
creation; resource depletion limitation

Efficient separation & treatment; stakeholder engagement; job creation;
improved traceability and flow control

Redesigns supply chains; predictive urban metabolism; reduces virgin
material use

Urban water security; Reduced water imports

Generates bioproducts; new economic activities; circularity in water sector
Transition to knowledge-based cities; economic growth, competitiveness,
attractiveness, improved quality of life; citizen empowerment

Co-learning and creation; stakeholder engagement; scaling of niche
innovations; institutional change; society learning; low-cost high-quality
research; CE experimentation

Adequation between knowledge and policies; urban regeneration
Economic agglomeration; innovation; SDG alignment; environmental
performance

Less landfilling; reduced emissions; lower operational costs; diversified and
risk mitigated supply-chains

Resource efficiency; optimized infrastructure investment; citizen
empowerment

Predictive maintenance, waste reduction; social well-being; economic
revenue; touristic attractiveness; informed planning

Policy legitimacy; active citizenship, compliance

Reduced material footprint; innovation-driven business models

Touristic attractiveness; sustainability in transport, energy, and waste
improvement

Resource efficiency, better governance; resources recovery; cost reduction;
material efficiency; sustainable resource management

Social, environmental, and economic value; underutilized spaces
revitalization; city identity and cultural cohesion enhancement

Biodiversity, building insulation, better water management; environmental
performance; social well-being

Resource consumption reduction; carbon footprint; local welfare; economic
revenue

Resource recovery; reduced emissions; new CBM; tech innovation conversion;
economic development

Food security, resource efficiency, GHG reduction, social inclusion, local
empowerment, reduced logistics

Water conservation, urban resilience, reduced infrastructure needs, creation
of economic value from low-value flows

GHG reduction, biodiversity, air purification, microclimate improvement,
stormwater control

Regenerative urban systems, social well-being, public engagement, ecosystem
restoration; biodiversity conservation

Environmental performance; regulatory clarity; SDG alignment; market
transformation, resource efficiency

Informed decision-making; systemic evaluation; Environmental performance;
governance effectiveness, transparency

Innovation, infrastructure optimization; Economic competitiveness, job
creation

Social innovation, behavioral change; CBM demand

Note: the abbreviations used can be found in the table of abbreviations in the appendix.

The challenge of waste management in cities

WM is one critical issue for cities, as growing demographics, ur-
banization, and industrialization pressure existing systems, leading in
case of poor management to negative economic, social, environmental,
and technical consequences [29]. The waste streams having garnered
substantial attention in literature are municipal solid waste (MSW),

construction and demolition waste (CDW), and electrical and electronic
equipment waste (EEEW). Cities stand at the forefront of these chal-

[30].

lenges but also offer different solutions and opportunities resulting CE
applications, reframing waste not merely as a byproduct, but as a
resource, fostering new practices like urban mining or waste recovery

The circular applications to municipal solid waste.
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MSW represents the first major category of waste generated in urban
areas, largely due to high population density and the concentration of
human activities. Commonly referred to as garbage, it consists of non-
hazardous disposable materials produced by households, institutions,
and enterprises. Within linear economic systems, MSW is traditionally
managed through landfilling.

A classic solution to substitute waste landfilling is the incineration of
waste to produce energy (WTE). Colangelo et al. [31] compare three
WTE technologies, namely incineration, gasification, and flameless oxy-
combustion, while integrating carbon pricing, and find that while
gasification currently appears most sustainable, oxy-combustion may
become more attractive as carbon pricing increases. Similarly, [32]
suggest that WTE systems can satisfy between 1.4 % and 3.6 % of
electricity demand in global cities under economically viable conditions.
Nonetheless WTE processes still pose pollution and toxicity risks, and
may hinder the circular re-entry of materials into production cycles
[33,34].

Moreover, even within landfilling practices, research shows that
certain CE principles—such as the recovery of energy, heat, and elec-
tricity from emitted gases like methane and carbon dioxide—can be
applied. These practices contribute to climate change mitigation,
generate positive socioeconomic outcomes, and support energy pro-
duction. However, such applications require careful assessment and
further investigation, as they remain associated with notable environ-
mental impacts [35,36].

A promising alternative to WTE and landfilling is composting which
implies the separation of organic and non-organic waste and which is
inexpensive and easily adoptable by communities [33]. Its positive ef-
fects should not be underestimated, as decentralized composting can
divert up to 50 % of waste from landfills, treat waste in a more envi-
ronmentally responsible manner, restore soil health through circular
nutrient cycles, and promote environmental awareness [37]. Decen-
tralized composting can be integrated into urban agriculture (UA),
improving at low-cost farmers competitiveness, nutrients recovery from
MSW and enhances circularity and urban food systems on a small
geographic scale [38,39]. Moreover, community-based composting ini-
tiatives serve as platforms to build a new imaginary and sensibilize to CE
transition, practices and care, scaling up sustainable transition [40].

Food waste within MSW has also gained scholarly attention. Appli-
cations in the realm see food waste potential to supply important
quantities of nutrients for local UA developing a circular system at local
scale [41,42]. Moreover, food WM policies impact has been studied by
Parsa et al. [43] in city of Bristol, showcasing that among seven options
studied (food waste reduction, redistribution, animal feed, anaerobic
digestion, composting, incineration, or landfilling), this is the reduction
of food waste in households, food services and hospitality, as well as it
redistribution in supply sector that provide the better environmental,
social and economic outcomes.

Urban mining for construction and demolition and electrical and elec-
tronic equipment wastes.

A growing concept associated with the urban circular economy
(UCE) is urban mining, which in the literature is applied almost exclu-
sively to CDW and EEEW. According to reviews of current and future
perspectives on urban mining, the concept involves viewing end-of-life
stocks of CDW and EEEW as reservoirs of valuable resources that can
be “mined” and recovered in the future. In this way, urban mining serves
as a potential source of employment, energy, materials, and well-being,
while simultaneously addressing high resource consumption rates and
related environmental challenges [30]. Urban mining aligns therefore
strongly with United Nation Sustainable Development Goals (SDG) and
tackles two important sources of waste in urban areas which are EEEW
and CDW while benefiting from the last technological advances [44].

When it comes to articles focusing on the applications and potential
of urban mining specifically to CDW, research highlights the potential to
reduce raw material extraction, transportation, carbon dioxide emis-
sions, and landfill dependency e.g. [45,46]. In this context, rather than
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viewing the built environment as merely functional, urban mining re-
positions it as a material stock to support CE goals, closing the loop of
heavily polluting construction activities [47,48]. Refurbishment of old
buildings is discussed by Luciano et al. [46] whose material flow anal-
ysis suggests that it can value disused buildings, contributing to urban
regeneration and cities’ material stocks. Another application proposed is
to use urban biowaste and excavated soil since they have low environ-
mental impact but still good performances and availability [49].

EEEW presents similar potential. In London, its recycling contributes
to urban resilience and diversified supply chains [50]. Furthermore,
local EEEW mining helps to reduce reliance on raw materials and cuts
down on environmental damage [51,52] and strengthens cities resil-
ience and sustainable [53]. According to Shittu et al. [54] 97 % of small
EEEW from an urban mine in the United Kingdom was reusable and that
there lifespan could be thus extended. Peir6 et al. [55] further empha-
size that extracting and separating electronical components such as hard
disk drives is economically profitable and should be promoted.

The new applications for waste management through digitalization and
smartness.

In the literature, WM issues are often linked to digitalization and
smart technologies, underscoring the importance of digital applications
in advancing circular waste practices. A review of digitally oriented
circular initiatives in European cities highlights that digitalization takes
multiple forms, including monitoring devices (such as Global Posi-
tioning Systems, smart grids, and trackers) to control waste and mobility
flows, as well as policy-oriented applications designed to improve
communication and stakeholder participation. These initiatives collec-
tively promote multi-level, decentralized, and participatory governance
[56,571. In his analysis of sustainable transition of Tampere, Anttiroiko
[58] distinguishes three layers to the transition, among them digitali-
zation which is considered by the author as an enabler of smartness of
cities which make better sense of data while improving urban meta-
bolism or flow management. Other applications include Al and robotics
for precision sorting and recycling, reducing landfilling while generating
new jobs [59]and blockchain-based traceability for waste streams and
stakeholder accountability [60]. Additionally, Internet and Communi-
cation Technology (ICT) tools improve CDW management by enhancing
data integration and modeling[61].

Finally, Lekan and Rogers [62] discuss the social effects of digitali-
zation in socio-ecological transformation of urban areas and argue that
such tools empower, connect and integrate citizens in their commu-
nities, favor knowledge exchange, sustainable practices but presents also
the risk of reinforcing existing urban social inequalities. Moreover, WM
remains a crucial component of urban development, which cannot be
dismissed by smart cities’ ambitions [63]. Indeed, a review of the
literature highlighted that smart technologies can completely transform
cities’ waste and supply chain’s flow for instance by developing inte-
grative processes and rethinking the supply chain[64]. Developing
digitalization in WM corresponds to a need of economic and techno-
logical requirements and can contribute to reduce the consumption of
virgin materials by 25 % in 2030 [65]. Esmaeilian et al. [63], propose a
WM framework based on smart city approach that is structured around
three axes, namely infrastructure for the collection of product lifecycle
data, data-based business models (BM) to prevent waste generation, and
intelligent sensor-based infrastructure for upstream waste separation
and collection.

Wastewater management amidst water issues.

In the context of UCE, wastewater management emerges as a major
challenge. As Li et al. [66] note, climate change is expected to increase
pressure on cities by reducing water availability and intensifying
flooding, while also directly affecting wastewater infrastructure through
overflow, breakage, and corrosion. This underscores the urgent need for
urban areas to implement adaptation strategies. According to a review of
city-level CE actions, approximately 59 % of cities are undertaking
stormwater management initiatives, 56 % are investing in wastewater
reuse, and 54.7 % are upgrading treatment systems. These efforts aim to
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enhance water reuse and recycling, manage rain and meltwater runoff,
and facilitate nutrient recovery and wastewater circularity [67]. More-
over, another potential in wastewater CE lays in the valorization of
sludge which can be used in materials and energy recovery through
biorefinery, biogas and the recovery of nutrients, heavy metals, enzymes
bioplastics and other composites [68]. Kehrein et al. [69] advocate for
the development of “water resource factories”—facilities that leverage
advanced technologies to treat wastewater as a source of economic
value, thereby simultaneously contributing to CE goals and mitigating
water stress. Other solutions for wastewater treatment stem out of
nature-based solutions (NBS) like trickling filter, constructed wetlands
and algal ponds that can treat wastewater while being environmentally
and economically performant [70]. In sum the implementation of CE
principles in wastewater management through the development of reuse
and reclamation increases water availability, mitigates the risks for
human health, and deliver valuable resources while reducing energy
consumption [71].

Rethinking cities in light of urban circular economy

The transition toward sustainable urban futures hinges on the
development of innovation and smartness into cities and the reconsid-
eration of their built environment.

Innovation as necessary drivers.

Urban innovation plays a pivotal role in transforming industrial
cities into knowledge-based economies. Taking the case of the cities of
Helsinki, Melbourne and Hsinchu, innovation enhances economic
competitiveness and attractiveness, improve the quality of life and foster
cultural development [72]. Moreover, by studying in Chinese cities the
relationship between urban innovation capability and cities’ CE per-
formance, Chen et al. [73] show that innovation improves livelihoods,
clean energy development, industrial structures, and agricultural pro-
ductivity. Social innovation also emerges as a relevant dimension.
Grounded in cultural assets and civic engagement, it bridges gaps be-
tween formal policy and grassroots knowledge [74,75]. Moreover,
innovation is often catalyzed by circular-oriented policies that foster
governmental involvement and economic clustering, creating favorable
environments for experimentation and innovation [76,77]. Innovation
aligns therefore with SDG of decarbonizing the cities, especially thanks
to the role of research and education institutions which contribute to
develop and integrate new technologies but also develop new forms of
governance and social participation [78].

Urban living labs and built environment reconsiderations.

Urban living labs (ULL) serve as experimental arenas within cities to
co-create and test innovative circular solutions. ULL are spaces within
cities where urban communities can experiment, develop, and imple-
ment innovative solutions paving the way to the transition of cities and
CE innovative systems [79,80]. They span a wide range of domains,
including WM, service innovation, and sustainable construction e.g.
[81,82]. In Tampere, ULL have demonstrated their capacity to foster co-
learning and transformation although the timeframe for bringing about
concrete institutional changes and urban transformation remains long.
[82]. A case study in Rotterdam shows that ULL contribute to the
diffusion of CE-oriented services by bringing niche innovations into
established practices, leading to a better transition of urban areas while
tackling the critical scalability issue [83]. Finally, ULL can also be linked
to universities and favor the learning of students, offering to society at
low-cost, high-quality and transdisciplinary research [81,84].

The built environment is another key component in the transition
toward circular cities. However, a review of the existing research reveals
a predominant focus on recycling, which offers a too narrow perspective
that does not fully address UCE transformation complexity [85]. The
circularity of the construction sector consist mainly of the reuse of ma-
terial coming from end-of-life buildings such as residential building, as
studied by Arora et al. [86,87] who argue that material stock analysis of
all components of building and not only metals components can serve to
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optimize the assessment and management of urban materials potenti-
ality as second resources and be reused to develop new low-cost build-
ings. For Isoaho and Valkama [88], the application of circular policies in
urban fields predominantly focus on innovation policies while discon-
tinuation policies, namely informational, economic, contractual, regu-
latory, and ownership-based policy instruments could more efficiently
contribute to resource efficiency of built environment. Another aspect of
the built environment in literature relates to how NBS contribute to CE
in urban space. An analysis of stakeholders’ perceptions of NBS through
semi-structured interviews in European cities suggests that built envi-
ronment is one application of NBS which promote biodiversity hotspot
and isolate buildings[89]. In other studies, on NBS, Pearlmutter et al.
[90]; 2020) assess the inputs of practices such as green buildings sys-
tems, materials and sites that contribute to close water cycle and
maximize greywater reuse in cities, mitigate negative effects of con-
struction activities as well as indoor and outdoor dwellers actions.

Finally, cultural heritage can be reused and adapted to support the
CE by reconnecting citizens with their heritage and regenerating
underutilized or abandoned spaces, creating environmental, economic,
and social value within cities [91,92]. Another contribution of cultural
heritage lies in its positive association with the creative and circular
dynamics of cities, which enhances both well-being and economic per-
formance [93]. Nonetheless, despite these promising environmental and
social opportunities, a review of circular plans from 190 European cities
reveals that, although nearly all incorporate considerations of the built
environment, only seven explicitly include cultural heritage. This
omission represents a missed opportunity to align CE ambitions with
heritage preservation and community identity [94].

Smart city applications for circular cities.

Although digital tools are promoted in WM [63]; see also Subsection
5.1), the intersection between CE and smart city concepts extends
beyond WM to include issues related to infrastructure, CBM
manufacturing and supply chain management or governance as reveal
by a bibliometric analysis done by Santibanez Gonzalez et al. [95].

Other strands of research on the CE and smart cities emphasize that
the role of public governance in the smart and circular transition of
urban areas is shaped by three key dimensions: relationality, whereby
municipalities act as facilitators; spatiality, which refers to the desig-
nation of specific spaces for CE development; and digitalization, which
enables cities to improve data utilization and flow management [58]. A
review of digital applications across various European cities highlights
that, in addition to WM, urban flows include water and energy moni-
toring, vehicle traffic surveillance via cameras, web platforms for goods
and services sharing, and sensors for public transport tracking—all
contributing to optimized urban metabolic flows and increased circular
efficiency [57].

In the tourism sector, the introduction of ICT helps cities to leverage
their cultural and historical components by fostering tailored and effi-
cient visitor experiences, and by contributing to dwellers’ quality of life
through more sustainable transportation, energy consumption, and
waste generation, enhancing cities’ touristic attractiveness[96]. The
development of smart city will also necessitate to develop a data-driven
ecosystem which consists of applying in cities development various
autonomous and collaborative objects and systems, offering a macro
level management perspective for decision-makers [97].

However, CE and smart initiatives cannot succeed without social
awareness. As noted by Lewandowska et al. [98] and Vardopoulos et al.
[96], civic engagement is vital to aligning with the “smart people”
dimension of smart city framework. Moreover, when assessing whether
CE (measured by material circularity) contributes to smart city sus-
tainability performance measured by air pollution, Dinca et al. [99] find
that air pollution declines more in cities displaying better CE imple-
mentation, use of renewable energy, investments in education and
policies effectiveness. The smart transition, especially regarding climate
change adaptation and water management, though often costly, must be
more thoroughly explored. As Koop and Van Leeuwen [100] argue, long-
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term value creation in cities may not necessarily come from cutting-edge
technologies, but rather from the effective implementation of existing
solutions, supported by robust citizen participation and governance.

Developing green ecosystems and nature-based solutions within urban
areas

The third axis includes articles related to integrating the CE into
urban areas through green ecosystems and NBS. The unifying theme is to
integrate is to envision cities as systems that optimize material and
resource flows, reflecting the natural world, where residuals are valo-
rized rather than treated as waste [101]. Urban green ecosystems are
closely linked to several global challenges, including the pressures of
climate change, the instability of global supply chains—which compel
cities to enhance their resilience—and the growing need for healthy,
green spaces. However, these ecosystems often face disadvantages, as
they occupy land that generates less direct economic value compared to
commercial or industrial uses, making them relatively less competitive
[102,103].

Green ecosystems applications in cities.

A first development of green urban systems takes the form of In-
dustrial symbiosis (IS). IS research is largely based on case studies which
demonstrate that IS improves environmental conditions of surroundings
areas while generating economic value [104]. In this transition, the role
of territories play a crucial role in developing CE and industrial ecology
(IE), as local contexts are strategic [101]. Nonetheless, a review IE, CE,
and energy-water-food nexus reveals that the two last are at various
scales, while IE is applied rather within industrial parks [105]. This
finding aligns with total site integration analysis suggesting that inte-
grated processes enhance the synergies between urban and industrial
sites by minimizing waste and maximizing end of life recovery and waste
valorization through heat production [106].

Developing green ecosystems implies developing industrial systems
and CBM that mitigate pollution and maintain material and energy flows
within local environment, improving local wellbeing and attractiveness
[107]. According to [108], Eco-industrial parks (EIP) support the sys-
temic IE approach by optimizing energy and material exchanges from
by-products and waste across various industries within the parks. IS can
also be applied at the level of a whole city as projects in Guiyang (China)
where improving industrial solid waste exchanges, traditional recycling,
heat exchange and recovery from municipal waste, resulted in both a
reduction of resources consumption and carbon footprint [109].
Conversely, smaller structures at the single facility level can also trigger
the development of new CBM as well as the engagement of local com-
munities, maintaining and regenerating natural, manufactured, finan-
cial, human, and social capitals [110].

Research on IS focuses on the manufacturing sector which generates
important quantity of waste but can also intensively benefit from them
[104]. In industry, imitating the ecological system, as IS suggests, con-
tributes to carbon neutrality [111]and yields economic benefits [112].
Nonetheless, Neves et al. [104] show also that non-industrial sectors
garnered the interest of researchers, those are for instance the built
sector, urban ecosystem, green, circular bioeconomy and urban farming.

Circular bioeconomy is defined as an economic model that uses
renewable and biological resources to produce food, materials, and
energy within circular schemes. Cities, due to their proximity and di-
versity of resources, land types, and companies, are well-positioned to
reduce costs and enhance exchanges in this domain [113]. An assess-
ment of urban bioeconomic potential shows that cities offer a promising
context for resource extraction from waste and biomass, environmental
stewardship, and the development of new technologies and BM [114]. In
this model, waste repurposed from one activity to another follows IS
principles. Examples include using coffee silverskin from roasting pro-
cesses in bakery products [112]or recycling EEEW using microbial
processes that reduce chemical use and carbon emissions [115]. Other
approaches draw directly from nature’s regenerative principles,
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advocating for green infrastructure (GI) that enhances biodiversity and
local ecosystems, mitigates climate change impacts, brings nutrients and
resources, and improves overall urban environmental quality[116].

Urban agriculture.

Another contribution to the sustainable and circular transition of
cities is the development of UA. As Opitz et al. [117] note, even in the
Global North, food security has become a critical issue, particularly in
urban areas that often lack access to high-quality food. This concern can
be addressed through UA, which can help meet household-level food
needs but still requires stronger promotion and integration throughout
peri-urban areas. The role of UA in enhancing food security appears to be
more significant in wealthier countries than in developing ones,
particularly in supporting access to nutritious food for less affluent cit-
izens [118].

A study of its role in promotion the CE in two Nordic cities reveals
that UA helps to reduce resources consumption [119]. In another paper,
Skar et al. [120] review the various UA applications (e.g. aquaponics,
indoor, vertical or rooftop farming, community gardens,...) and
conclude that UA applications plays a crucial role in creating more
sustainable cities by integrating various resource streams and improving
food consumption patterns. Finally, in addition to its contribution to
new BM and climate change adaptation, UA also can empower
marginalized groups and promote social inclusion when developed
through social and solidarity economy [121,120].

Hydroponic agriculture and vertical farming are two UA applications
that have garnered significant attention in the literature. Hydroponics
consists of soilless cultivation, where plants grow using a controlled
mixture of water and nutrient solutions. Experiments with hydroponic
systems in urban areas show that they can align with CE principles,
contributing to enhanced local resilience, food security, and water and
resource efficiency [122]. Another study, while emphasizing the need
for further research, suggests that hydroponic UA could utilize waste-
water for cultivation, thereby increasing the economic value of low-
value materials and reinforcing urban CE value creation[123]. Vertical
farming, on the other hand, involves the use of controlled indoor envi-
ronments with vertically stacked growing systems. For Martin et al.
[124], given the substantial quantity of waste generated in cities, ver-
tical farms systems present numerous opportunities to exploit them,
resulting in important reduction of GHG emissions due to positive syn-
ergies and reduced logistic. However, in some cases, it may lead to
increased material and water depletion. Finally, another strand of
literature explores the implementation of UA in various urban spaces
such as rooftops, emphasizing the potential for GHG emission reductions
and improved household resource efficiency [125,126].

Green infrastructure and nature-based solutions.

GI and NBS are key components in the literature on UCE, fully
enshrined in the development of new applications and ecosystems
aiming to develop regenerative, circular and resilient cities. Although
closely related, GI is often considered a subset of NBS [127]. Literature
defines NBS as approaches inspired by nature that aim to reintroduce
natural elements into urban areas, whereas GI refers to the spatial or-
ganization of interconnected urban environments to support the
implementation of such NBS [128].

GI applied in water contexts is often referred to as blue-green
infrastructure, or blue infrastructure. This includes systems like for
instance wetlands, dry wells, green roofs, pervious pavements, retention
ponds or other that play a role in stormwater management and waste-
water treatment while being cost-effective and adapted to urban envi-
ronment [129]. NBS such as green roofs and vertical greening systems
help close water cycles by capturing rainwater and using greywater for
irrigation, thereby increasing net water use efficiency [90]. Moreover, as
discussed in Subsection 3.1, some NBS contribute to wastewater treat-
ment and the purification of water for reuse. However, NBS related to
wastewater management, such as irrigating crops with treated effluent,
using greywater for toilet flushing and other specific activities, or pro-
ducing biogas from sludge water, extend beyond simple water
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purification. They generate broader value by enabling the reuse of
wastewater nutrients, the production of renewable energy, and the
promotion of resource circularity, offering a more integrated and sys-
temic perspective on urban water management [130,131].

Additionally, GI contributes to urban water supply by integrating
storm and rainwater into broader urban water management schemes
[132]. Water management through NBS further supports the develop-
ment of circular cities by creating regenerative and accessible urban
spaces that provide flood and drought protection, the WFE nexus, and
enhance water purification. Collectively, these interventions improve
water quality, regulate microclimates, promote biodiversity, enhance
social well-being, and increase energy efficiency [133]. When address-
ing water security, Hong and Park [134] analyzed the water metabolism
of South Korean water stressed city of Paju and found that water recy-
cling strategies are more effective than rainwater harvesting for
reducing water imports, but also that to absorb increasing water de-
mand, combined strategies are more sustainable than relying primarily
on the expansion of the water supply infrastructure. [135]. Decentral-
ized water systems, including technologies like water-aware appliances,
rainwater harvesting, greywater recycling, and urban drainage solu-
tions, can enhance neighborhood resilience and reduce dependency on
centralized services and must be recognized as a long-term socio--
technical challenge [136,135].

Beyond water management, NBS and GI offer additional benefits. A
global survey across 17 cities found that involving citizens in NBS ini-
tiatives increases their understanding and motivation to adopt sustain-
able behaviors, supporting the circular transition [137]. Furthermore,
an assessment of potential benefits related to tree coverage increasing,
another form of GI reveals both socioeconomic and environmental
benefits thanks to pollutants removal, carbon sequestration, interaction
with nature and stormwater management [138]. Another aspect of NBS
and GI is their contribution to circular and regenerative cities (where
urban stocks and flows are self-renewing) through bioconnectivity
which is the set of application and infrastructure aiming to connect
human and nature while supporting their co-evolving development
[116]. Furthermore, the installation of GI, such as wetlands, urban
forests, and other reflective surfaces, contributes to urban cooling,
which, particularly in the context of global warming, enhances both
urban quality of life and the resilience of energy systems [138,139,129].

Although NBS serve various purposes, their implementation is often
monothematic. Greater benefits could be achieved by applying a CE
framework that integrates multiple ecosystems. The European Cooper-
ation in Science and Technology Action initiative exemplifies this ho-
listic approach by combining five dimensions, namely the built
environment, urban water, resource recovery, urban farming, and so-
ciety, to promote a “resourceful” city [128]. These cities aim to be
resilient and sustainable by developing self-reproducing sociocultural
systems. In such cities, the role of NBS, and especially GI, is critical, as it
supports the implementation of urban sub-systems that emulate natural
ecosystems wherever possible [140].

Circular governance approaches and applications

Circular city as driver of sustainable development.

This axis gathers articles advocating that circular policies are a
component of sustainable transition strategies. Circular cities are seen as
attractive solutions to by countries constrained by financial pressures
and growing uncertainties that hinder green transition [141]. In a
literature review investigating how UCE contributes to SDG, Cervantes
Puma et al. [142] found that applying policy and regulatory framework
generates co-benefits for achieving urban carbon neutrality, aligning
with the 2030 Agenda, particularly through impacts on consumption,
resource efficiency, and regenerative practices. Moreover, several other
studies suggest that CE applications contribute to meet SDG ambitions
and growing concerns related to resources scarcity [143]and WM-
related issues in developing countries [144]. Another positive aspect

10

City and Environment Interactions 28 (2025) 100261

of CE policies identified by Stavropoulos et al. [145], is their positive
association with urban competitiveness, as they increase the attrac-
tiveness of greenfield foreign direct investment (FDI) and contribute to
the creation of circular jobs.

Circularity assessment and performance monitoring.

CE is often assessed and monitored by methods such as life cycle
assessment (LCA) and material flow analysis (MFA). These tools help
identify systems with the greatest potential for environmental
improvement. They also provide a holistic understanding of the envi-
ronmental impacts and benefits of circular strategies, both pre- and post-
implementation, thereby supporting better practices and informed
decision-making [146,147]. Moreover, researchers frequently use these
tools to evaluate CE practices in sectors like construction, UA, or WM e.
g.[148-150].

LCA regroups methods used to measure at the product, territorial or
organizational level the environmental performance of a product,
supply-chain activity, actors or others by measuring the resources
necessary and their impacts across all the life-cycle stages [151].
Conversely, MFA or material and energy flows analysis (MEFA), when
including energy flows, bounds the analysis within a defined space and
timeframe. It assumes that inputs equal outputs (according to thermo-
dynamic laws) and maps material evolution within a system to under-
stand outcomes (e.g. waste, products, GHGs) and identify where new
policies or strategies might improve CE performance [152,150].

However, both approaches have limitations. As Saadé et al. [147]
note, LCA in built sectors is often embedded in broader project contexts
which include transport, energy, and biodiversity issues which,
requiring thus complementary indicators like MFA or other CE in-
dicators for a more comprehensive picture. Papageorgiou et al. [146]
also advocate that coupling MEFA with LCA might better inform
decision-makers and enhance understanding of urban systems. More-
over to Ventura [151], LCA assesses environmental performance at the
object level, being unable to measure the transition in its globality;
therefore the author proposes that to assess the transition, what matters
is to compare the different scenario to choose the better path. Further-
more, the socio-economic complexity of urban systems requires new
data sets and frameworks [153].

Another important component of municipality governance is the
performance assessment of CE in municipalities. Municipal performance
monitoring of CE differs from LCA and MFA by focusing on governance
effectiveness and outcomes rather than product or system-level impacts.
These indicators are often co-created by a range of stakeholders with
diverse interests, making them locally adaptable and fostering greater
buy-in for implementation [154,155]. Nonetheless, Radu and Lux [156]
argue that municipalities underutilize CE performance disclosures
compared to the private sector, missing an opportunity to improve
transparency and public awareness of circular strategies.

Circular economy implementation through urban planning.

Implementing CE at the municipal level presents new governance
challenges. Although urban planning considerations in CE literature
remain underexplored, particularly regarding social dimensions [157],
the academic literature is not inexistent. To develop CE through policy-
making, Turcu and Gillie [158] propose a shift from “governing plan-
ning” to “governance planning”; which means setting policy objectives,
implement and monitor them while considering a multilevel and
stakeholder-driven approach. The importance of multi-level governance
is reinforced by a qualitative case study done in six European cities
which identified key governance challenges including the absence of
integrated legal and political frameworks, limited public awareness, and
technological barriers, necessitating therefore a multi-stakeholders
approach to tackle the complexity and variety of the processes
entailed by the circular transition [159].

Besides multi-stakeholder approaches, spatial dimension of the UCE
also gained some traction. A case study in Glasgow identified four CE-
relevant urban systems: natural/ecological systems (e.g., green/blue
infrastructure for bio-regeneration); built/property systems (managing
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land/buildings); energy/mobility systems (grey infrastructure for CE
utility services); and socio-productive systems (businesses and actors
affecting consumption/production) [160]. Urban planning necessitates
both bottom-up and top-down approaches, but also a horizontal inte-
gration of industrial, social, infrastructural and cultural systems as
whole [161]. Moreover, to bring circularity within cities the concept of
circular development underscores the need to align spatial governance
with CE, arguing that market transformation must be accompanied by
policy reform and land-use changes to support circular infrastructure,
co-location of industries, and ecological regeneration[157]. It highlights
the importance of devoting, in spatial and urban governance, spaces for
low-value circular activities such as for instance the co-location of in-
dustries for IS, UA or and ecological regeneration, often hindered by the
economic pressure of high cost of urban land as well as infrastructure
fostering circular applications [162]. Therefore, the value proposed by
the strategies applied here lays in their contribution to socio-technical
and ecological transition aligning thus with the similarly named the-
ory [160,161]. Indeed, understanding the socio-spatial dynamics in the
CE help to integrate the diverse and multi-levels systems of urban life,
making of the city an ideal place to overcome systemic lock-ins [163].

The stakes of circular and sustainability transition through UCE.

CE has gained prominence on the political agenda of many cities
globally and the stakes of this transition have been widely discussed in
the literature. In review of six European cities, Prendeville et al. [164]
identify policy implications, long-term vision, and the role of knowledge
and experimentation as critical for circular development; however, they
also highlight a lack of consensus on what constitutes a circular city and
a reliance on bottom-up approaches from businesses and communities
despite that may lead to mismatches when CE is poorly understood.
Moreover most of the research and UCE application focused on WM and
wastewater management, as well as recycling and recovery strategies
even though those are often considered “lower-level” strategies, mean-
ing they are not necessarily the most efficient or value-generative
[165,20].

When discussing the drivers of the transition, scholars emphasize the
importance of a multi-dimensional approach that is both emancipatory
and technocratic. It includes a technocratic agenda focused on opti-
mizing urban flows, improving resource efficiency, and promoting IE; a
business-oriented agenda driven by CBM and digital solutions; a holistic
agenda aimed at restoring the ecological integrity of cities; and an
activist agenda advocating for the democratization of urban flows [163].
For other researchers, an explanation to the focus on lower options such
recycling rather than reducing lays in linear mindset and limited scope
of municipal mandates, the lack of suitable technologies and high-costs
of recycled materials [165].

Another point emphasized in literature on UCE transition is the
importance of social dimension. Despite being necessary to make CE
truly transformative, social dimension has been neglected in an impor-
tant part of the literature which focused on employment and governance
aspects although CE impacts on culture, health and citizens’ consider-
ations are also necessary[20].

Integrating citizens makes of them actors and drivers of innovation,
it implies for cities to develop places enabling them to invent new cir-
cular approaches and reappropriate their surrounding environment
[75]. In such citizen-centered contexts, cities can become spaces for
shaping new imaginaries that support transformative pathways and
create both environmental and inclusive value through CE [166]. Citi-
zens are political actors, subject to behavior change which shape circular
cities through commercial or political activities but they also are subject
to the condition of their environment which implies some re-
sponsibilities to municipalities and commercial actors in terms of
infrastructure, WM schemes, or solutions provided [167].

Scholars and practical implications

In line with the literature review, several implications can be drawn
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for both research and practice to answer RQ3. The CE, CBM, socio-
technical transitions (STT), urban studies and IE theories offer valu-
able frameworks for understanding the literature, identifying future
research directions and developing a comprehensive understanding of
what UCE applications are and how leveraging the creation of value.

Strategies prioritization and value creation in a global context (circular
economy strategies)

First the applications discussed can be scrutinized according to
Morsoletto’s classification of CE targets (2020). The latter presents 10
targets for CE grouped around three objectives: 1) smarter
manufacturing and products use; 2) prolonging of products and com-
ponents lifespan; 3) making better use of used products and materials.
An important part of the applications studied in Section 5 focus on
making better use of used products and materials, for instance through
WM. Nonetheless, as noted by Campbell-Johnston et al. [165] and
Vanhuyse et al. [20] such applications of lower-order may not neces-
sarily be the most circular or value-generating strategies, due to the
entropy associated with recycling processes, resource degradation and
high costs [168,7]. As Potting et al. [8] suggest, other levels of circu-
larity can avoid waste generation and create more value. Moreover, the
question of WM in terms of urban strategic orientation needs to be
carefully considered in relation to its contribution to carbon neutrality.
Indeed, MSW and it treatment represent an important cause of GHG
emissions that requires prioritizing circular strategies that mitigate these
emissions through waste minimization and better conditions for effi-
cient recycling [169]."

Therefore, although prioritizing high-value strategies yield positive
and desirable outcomes, lower strategies still have crucial stakes that
urban policies cannot dismiss. Indeed, CE transition offers interesting
opportunities to tackle both global issues and the required shifts in socio-
economic systems [23]. Such consideration also opens a new question
on the role CE policies have regarding CE contribution to global issues
and public policies that follow. In that regard, UCE strategies become
not solely a local strategy but encompass more global stakes related to
climate changes and global issues mitigation (water and resources
scarcity, supply-chains disruption...), implying that local factors and
policies have broader impacts on sustainable public policies [25,66].
They thus bring economic, social, and environmental added value to
societies by playing a central role in promoting the SDG and Agenda
2030 principles and offering local solutions to global challenges [142].

Another part consists of applications related to NBS, GI and re-
considerations of the built environment that can be classified as aiming
to increase the value emanating from the products or urban environment
by improving their use and providing holistic value to citizens, busi-
nesses, and ecosystems. Although potentially more positive, such ap-
plications remain confined to niche sectors such as UA and suffering of
small diffusion. These observations bring to light important implications
for both researchers and decision-makers regarding the strategic prior-
itization of CE applications and the value they generate in urban
contexts.

When such applications are not directed at specific BM but rather at
the use of infrastructure, or digital infrastructure, the theory of the
urban commons can explain how sharing infrastructure or NBS gener-
ates collective value. This is achieved by socializing neighborhoods,
producing urban goods and services, and increasing both the quality of
life and available space for lower-income households [170].

For researchers, the prevalence of applications focused on end-of-
pipe solutions, while necessary, may not fully align with the higher-
value circular strategies. This points to a gap in exploring and promot-
ing upstream interventions, such as smarter manufacturing and strate-
gies to extend product and infrastructure lifespans, all while fostering
new urban behaviors and forms of urbanity that generate greater sys-
temic value. Additionally, how UCE applications benefit society is also
crucial for understanding how UCE will be positive for citizens. Future
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research should therefore integrate holistic assessment frameworks that
include environmental, economic, and social value dimensions, while
identifying optimal solutions among diverse pathways.

The same applies to decision-makers and business actors, for whom
applying the assessment methods proposed in Subsection 5.4 could help
prioritize strategies based on the full range of existing options, as out-
lined by Ventura [151]. These insights underline the importance for
practitioners of adopting strategies that go beyond mere recycling and
reuse. Instead, they should aim to preserve the value of materials,
components, and infrastructure across their full life cycles. The other
way to create value will also be to transmit value to citizens by enabling
them to grasp the value offered by UCE applications. Such strategies
apply not only to infrastructure and WM policies but also to new legis-
lation and economic and social policies that can drive a broader para-
digm shift in urban areas.

The crucial stake of urban CBM (circular-business models theories)

This critique and the need to develop new circular strategies align
with a broader issue identified in the review: research often neglects
CBM strategies and emerging economic practices, apart from exceptions
like digital solutions and UA. Most examined applications focus on
developing systems and policies to support UCE at the macro or meso
scale, while specific CBMs and micro-level dynamics remain underex-
plored. This may be explained by another point identified in the review:
a lack of practitioner knowledge about CE and a prevailing linear
mindset that overlooks the systemic shift required [165,164].

However, CBM research remains crucial. As Purushothaman et al.
[171] note, circular strategies transition will necessitate crucial com-
ponents such as the use of new technologies (AI blockchain, and IoT),
specific resource, manpower as well as financial, and government sup-
port. Moreover, as Lewandowski [172] argues, “the global shift from one
model of economy to another also concerns smaller companies on a
micro-level”. In such context, cities given their characteristics (prox-
imity, resources, agent diversity...) and the availability of all the re-
sources, technologies, knowledge as well as a critical mass for creating a
supporting demand, appears ideal places to develop circular strategies,
at all company-scale, and support their growth.

In the review some opportunities such as facilities or industrial parks
to gathering diverse CBM [108,110]or ULL and urban innovation to
generate grassroots initiatives or CBM are identified [76,74]. The op-
portunities offered by digitalization to create, capture, and deliver cir-
cular value is also highlighted, though it still requires CBM innovation
and systemic change beyond technology [173]. At the same time, some
activities, especially those not generating sufficient economic returns,
face viability challenges in competitive and high-cost urban environ-
ments [162].

Consequently, in further research, deepening drivers and barriers to
CBM development and value creation in urban areas considering the
specificities and functions of cities appears promising and necessary.
Moreover, among CBM, product service systems show potential to
deliver value via circular schemes through tangible and intangible ac-
tions on either persons or things [174]. The specificities of such appli-
cations could be deepened in urban context by researchers, as some
seminal studies pointed out that such applications could deliver value in
housing [175]Jor MSW management [176]. This value creation process
will also strongly rely on consumer practices that can prompt practi-
tioners to adapt their CBM but that are weakened by current consumers
habits, resulting in an objective to changes mentalities but also create
more positive conditions [177]. Moreover, the CBM theory offers several
underlying orientations such as, among others, resources-based views
theory stressing the role of expertise, infrastructure, or relationships in
leveraging a competitive advantage and the diffusion of innovation
theory, that suggests that social systems, and factors like trialability, or
observability affects adoption rates and behavior changes [171]that
propose promising avenues for more thorough research in urban
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contexts.

For decision-makers, this underscores the importance of supporting
ecosystems that enable CBM development by facilitating the conditions
(space, incentives, infrastructure) to the experimentation and creation of
new CBM tailored to urban specificities and aligned with higher-value
circular strategies. Additionally, addressing micro-level practices and
stimulating demand through public procurement, citizen engagement,
and consumer behavior is essential to scale UCE practices, foster
grassroots initiatives, enable urban innovation, advancing CBM devel-
opment and fully leveraging the transformative potential of the CE and
value creation process. By aligning research, innovation, and urban
policy, stakeholders can participate alongside decision makers in a more
inclusive, viable, and systemic approach to circularity. The urban scale,
far from being a constraint, offers fertile ground for pushing circular
transition when the diversity of actors and scales involved is meaning-
fully engaged. Achieving this will also require better understanding and
knowledge among citizens and companies, an outcome that can be
influenced through specific policies and educational initiatives.

Systemic lock-ins to overcome (socio-technical transition theory)

From those findings we can derive that UCE faces systemic lock-ins
which can be analyzed through STT lens. This framework emphasizes
that sustainable transition requires systemic changes not only techno-
logical but also societal, political, infrastructural, and BM evolutions and
interactions occurring across various actors according to the multi-level
perspective (MLP) [178,179]. MLP sees the transition as interactions
between three levels [178]. In urban contexts, the first level, niche
innovation, consists of various applications which are still at early stages
of development and implementation, constrained by limited adoption,
or by institutional and infrastructural inertia. The second level: socio-
technical regimes, is conditioned by cities through their organization,
legislation or land use and strongly influences the development of UCE
applications and their potential to scale and reach a systemic level of
diffusion. The third level, the socio-technical landscape (climate, de-
mographic, resource scarcity...), intensified in cities, will play a crucial
role by providing exogenous conditions that push cities toward more
circular practices. Moreover, within STT framework, intermediaries are
crucial since they facilitate collaboration, aligning visions, and pro-
moting learning across levels [180]. This is particularly relevant for
cities, as they host a diversity of stakeholders, including firms, in-
stitutions, and local communities, underscoring their importance in
sustainable transition.

For researchers, the identification of systemic lock-ins within urban
contexts and the multi-dimensional nature of UCE underlines the
importance of advancing both theoretical and empirical applications of
STT and MLP. Researchers are encouraged to further investigate how
these interactions apply in different urban settings, considering local
governance structures, socio-economic conditions, and infrastructural
constraints. Integrating intermediaries and stakeholders in STT dy-
namics emerges as a promising research avenue to build effective
roadmaps to catalyze change at the urban level.

For decision-makers, those findings highlight the need to move
beyond isolated technological solutions, toward a systemic change
across institutional, regulatory, and infrastructural dimensions. Urban
policies should be designed to actively support niche innovation, its
scaling and diffusion, while also addressing regime-level constraints that
hinder systemic circular practices. Addressing this challenge involves
revisiting land use policies, WM regulations, procurement strategies,
and long-term infrastructural investments to create enabling conditions
for circular initiatives [159,162]. It also requires the integration of in-
termediaries (EIP, ULL, digitalization, and public-private platforms...)
and stakeholders (citizens, firms, non-governmental organization...) to
facilitate this transition, particularly in complex urban environments.
Finally, it remains important to align policies and institutional reforms
with a reflexive governance approach that promotes experimentation,
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monitoring, and adaptive learning. Such approaches will help cities to
refine their strategies and long-term impact of UCE initiatives.

Governance and institutional challenges (institutional and urban political
ecology theories)

The sustainable transition of cities, and associated value creation,
requires the integration of regime-level changes and a critical exami-
nation of governance roles through urban and political science frame-
works. Institutional theory postulates that organizations shape their
behavior according to regulations, social norms, structures and con-
straints from relevant institutions. It helps to understand why some
applications might thrive better than others in cities, since these are also
institutions shaping local behavior and decision-making [181,182]. A
review of sustainable transition through institutional theory reveals that
proactive governance, high level of institutionalization, and coercive
changes contribute significantly to cities transition [183]. Additionally,
linking CBM and institutional theories, Arranz and Arroyabe [181]
highlight the role of consumption policies, more efficient in fostering
CBM development than production policies, emphasizing the lever role
of institutional policies such as regulation and information instruments.
Although the literature addressed consumption dimensions by stressing
the importance of knowledge, new imaginaries and citizen participa-
tion, it remains relatively underexplored. Nevertheless, it remains cen-
tral to CE’s transformative potential, as value creation is contingent
upon meeting authentic and evolving societal demands. Further
research is thus needed to examine the role of institutional drivers and
barriers within cities and understanding how these dynamics shape
urban transition.

The Urban Political Ecology (UPE) framework examine the in-
teractions between various actors operating within capitalist and
structuralist environment [184]. This lens offers an explanation to the
prioritization of some applications and identifies some critical stakes
related to UCE. Indeed, according to UPE, if UCE remains predominantly
a tools for corporate and political elites, it risks becoming a technocratic
fix within urban governance that fails to treat the negative aspects of
economic activities without reconsidering the whole system [185]. With
such perspective, the prioritization of WM, digitalization to improve
efficiency, uneven land-use allocation, and lack of higher order CBM.
This view also underscores the need to reinforce social components of
UCE and democratize the transition and its shaping imaginaries.

For decision-makers, these findings highlight their role in shaping
UCE development. Their decisions regarding infrastructure, institutional
arrangements, and urban metabolism directly affect the performance
and inclusivity of circular initiatives. It matters therefore to improve
their understanding of UCE, identify the dynamics and build holistic
frameworks for circular cities while making the transition truly demo-
cratic [40].

Developing cities as regenerative and resilience places (IE and resilience
theories)

A final important theoretical perspective engages resilience and IE
theories. These theories discuss respectively cities’ adaptation to exog-
enous shocks (climate change, resources scarcity) and the development
of closed energy and resources metabolisms. Resilience and self-
sustaining principles impregnated urban theories under different
frameworks such as circular cities or circular urbanism redesigning
cities not just as consumers of resources but as dynamic agents capable
of regeneration[186]. To this end, some of the applications studied by
the literature reflect this perspective. For instance, WM and green
ecosystem (subsections 5.1 and 5.3) include applications such as urban
mining, UA, localized food waste systems and others. These initiatives
contribute to enhancing urban resilience by reducing reliance on global
supply chains, generating local value, and, particularly in green eco-
systems, aligning with higher-order strategic objectives. This rethinking
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of urban metabolism also aligns strongly with IE theory which strongly
influenced academic thinking on CE. Indeed, according to Saavedra
[1871, without the existence of IE concepts and tools, the evolution of
the CE concept would not have been possible. This interlinkage explains
a certain focus on material and energy exchanges and recovery to
maximize symbiotic linkages within systems rather than addressing
complex socio-technical dynamics and institutional transformations
[188].

Although IS, WM, and data-driven applications will continue with
the advancement of digital technologies [57], this emphasis on meta-
bolic efficiency and regeneration must be coupled with social learning
and participatory governance to avoid technocratic traps, and be applied
through higher order strategies and a systemic reconsideration of urban
functioning when possible. For researchers, this calls for further research
on the implementation of regenerative and resilient applications while
integrating interdisciplinary and social elements. The relationship be-
tween urban IE and CBM could also be deepened to develop new ap-
plications aligned with higher-order strategies. Similarly, practical
implications would involve designing circular plans which surpass
technocratic efficiency and see resilience and urban regeneration also as
social and economic tools.

Conclusion and limitations

The purpose of this review is to understand what CE applications
within urban environments are and what are the stakes associated in
terms of value creation and implementation. To achieve this, keywords
were mapped through a bibliometrics analysis to identify the main axes
of research. Afterwards, the main applications were reviewed. The value
creation perspective is important because it makes sense of the relevance
and potential impact of UCE applications or policies. This perspective
supports researchers, firms, and civil society in making informed de-
cisions and trade-offs, providing clarity on what CE in urban areas
entails.

This article shows that UCE literature is structured around four axes:
1) WM, 2) new forms of urbanity, 3) green ecosystems and 4) circular
governance. Different analytical lenses such as CE classification, CBM,
STT, IE, institutional theory and others are used. The main applications
and the related value are summarized in Table 2. Overall, the value
proposed by CE varies across the axes. Some applications still function as
technocratic fixes, operating within lower-value order CE strategies.
They mitigate the adverse impacts of urban activities, addressing global
challenges through local applications and generating multiple forms of
value. However, they do not necessarily aim to transform prevailing
urban paradigms, lifestyles, or consumption practices. The reasons
might be systemic lock-ins, institutional and policy orientations, or
limited consumer demand.

Conversely some other applications fully aim to bring higher-value
order objective into urban areas, developing new circular systems
despite also suffering from the issue of being rarely scalable at city-wide
level. However, in the absence of grassroots demand, even lower-value
applications propose an important contribution to urban challenges and
deliver a holistic and desirable value. Nonetheless, the development of
new CBM and a broad-based shift in urban knowledge, behavior, and
consumption patterns will be critical for driving the UCE transition
forward, creating systems and applications aligned with this objective.

From the keywords and content analyses, it appears that there re-
mains significant room for further investigation. Business and economics
as well as urban studies research areas appear relatively underexplored.
Studying their role in the development of urban practices to address all
the CE objectives and at higher scale of implementation appears prom-
ising and necessary. Similarly, identifying the barriers and drivers of
UCE, behavioral attitudes, and urban organization will support the
development of urban neighborhoods that catalyze UCE development,
CBM creation, and sustainable social habits.

Key recommendations for researchers and practitioners identified in
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the review include:

- Prioritizing high-value circular strategies: Shifting focus from end-of-
pipe solutions to upstream strategies like smarter manufacturing,
extending products and infrastructure lifespan, new consumption
habits and product use;

- Advancing urban CBM: Promoting research on micro-level dynamics

and support experimentation with CBM suited to urban contexts,

particularly product-service systems, identify CBM’ drivers and
barriers;

Overcoming systemic lock-ins: Apply STT frameworks to identify and

address institutional, infrastructural, and behavioral barriers. Sup-

porting niche innovations and intermediary actors to foster systemic
change;

Strengthening governance and institutions: Developing inclusive

governance frameworks that integrate citizen participation, knowl-

edge exchange, and regulatory alignment to ensure socially
embedded and democratically driven UCE transitions.

- Pursuing resilience and regeneration objective: continuing to
research and to implement IE and resilience into urban design to
create self-sustaining systems which adapt to urban challenges while
integrating new perspectives on value creation and social
dimensions.

Several limitations should be acknowledged. The first relate to the
methodology. Indeed, as the review applied is systematic and the search
criteria fixed, it may omit some important articles or subjects if those
were not referenced accordingly. Additionally, despite the application of
selection criteria, article inclusion ultimately depends on the author’s
judgment, introducing potential bias. Another limitation lies in the
theoretical lens adopted. The review focuses on value creation through
UCE applications, drawing on selected theoretical frameworks. It offers
thus a partial view and may overlook other relevant aspects or
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alternative explanations that other perspectives could provide.

Nonetheless, given the comprehensive scope of the review, which
draws on a substantial body of articles, applies a systematic and repro-
ducible methodology, and engages with widely accepted theoretical
frameworks, we believe the insights are valid and useful for decision-
makers, researchers, and economic and social actors. Moreover, the
value creation perspective helps to concretely understand how CE is
implemented in urban settings and how these insights can guide cities’
transition. The task now falls to the actors of this promising field, still
partially unexplored, to deepen the research, design roadmaps and
policies and identify the most actionable measures for advancing the
transition toward sustainable urban futures.
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BM Business Model

CBM Circular Business Model
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CE Circular Economy
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EIP Eco-Industrial Park

EMAF Ellen MacArthur Foundation

FDI Foreign Direct Investment

GHG Greenhouse Gas

GI Green Infrastructure
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MFA Material and Flows Analysis
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RQ Research Question

SDG United Nation Sustainable Development Goals
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UA Urban Agriculture
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