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Abstract: Currently, there are many different interpretations in the literature of what a circular
economy is and how it functions. As cities are still facing challenges to become fully sustainable,
the need for a comprehensive analysis of how the circular economy can be implemented in urban
areas is increasing. This article aims at outlining circular cities by their key characteristics and to
further explore and provide a framework for fostering circularity at the city level. In order to achieve
this goal, we performed a systematic review and analyzed key papers published in the field of
circular economy to determine how circular economy practices form circular cities. We discovered
that cities play a focal role in facilitating the transition towards circularity through the closing of
the loops, recirculation, technical innovation, policy elaboration and citizens” support. However,
city policymakers are still uncertain about how a circular city looks like and what its purpose is,
as views are ranging from a strategic ambition to a niche concept of a smart city. Such uncertainty
brings challenges, especially in the transition phase that many cities are in at the moment. This
further implies that circular economy applied at the urban level still needs effort and innovation to
successfully pass the transition phase from the linear economy. Therefore, lastly, we developed a
framework model that can be adapted in other cities to facilitate their transition to circular cities.

Keywords: circular economy; circular cities; sustainability; urban circular economy

1. Introduction

As the world is forced to constantly adapt in the face of global climate change and
emerging external and internal threats, it is urgent to take appropriate actions to sustain
our planet and change our profligate approach towards natural resources [1]. According
to the World Bank, the amount of the world population living in urban zones rose from
14% in 1990 to 54% in 2015, and it will eventually reach 66% by 2050, with a tripled urban
footprint of urban settlements by 2030 [2—-4]. Moreover, cities contribute to 70% of the
global greenhouse gas emissions, although this figure may change depending on how a
city develops and functions [5].

This rapid shift toward urbanization brings about various challenges such as trans-
portation jams, the safety of the citizens, pollution of all kinds—air, noise, water—and
overall, the challenges of the Anthropocene [6,7]. In order to address these concerns, it is
critical for all the cities to adopt a holistic and interdisciplinary approach in their planning,
their governance, consumers’ behaviors, as well as their partnerships and connections, all

Sustainability 2021, 13, 7549. https:/ /doi.org/10.3390/su13147549

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-2284-1375
https://orcid.org/0000-0001-8350-9424
https://orcid.org/0000-0002-5467-9114
https://doi.org/10.3390/su13147549
https://doi.org/10.3390/su13147549
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13147549
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13147549?type=check_update&version=1

Sustainability 2021, 13, 7549

20f21

combined with novel economic thinking. Under such circumstances, it would be crucial
for city managers to encourage technological innovations and initiate new sustainable
economic models. Although disruptive at first, technological shifts are necessary, especially
through digitalization and new power sources.

New solutions can tackle core issues in an innovative way, allowing for active involve-
ment and goals for further improvement [8]. The transition towards sustainability does not
solely depend on technological advancements and policy making but also the involvement
of citizens. Without initiatives coming from the inhabitants of the cities and their support,
advancements in technology and regulatory frameworks become inefficient [9].

An alternative way to the current way cities develops and operate is provided by
the circular economy (CE). The idea of circular economy finds its roots in environmental
and ecological economics, industrial ecology and management and corporate sustain-
ability [10,11]. Starting from 1989, when the concept appeared first in an international
publication, more initiatives and implementation at various scales took place; for exam-
ple, in 1996, Germany implemented a new law, the “Closed Substance Cycle and Waste
Management Act,” to close the waste cycle. Japan adopted a similar policy at an early
stage, whereas China used the concept of circular economy as a development strategy from
2008 [12-15].

Although many aspects of the circular economy were already developed in Europe
(e.g., resource efficiency, waste legislation, etc.), the European Commission approved the
pathway to implement circular economy only in 2015. Today the concept is well accepted
by policy-makers, businesses and academia as a “toolbox” for achieving numerous sustain-
able development targets, such as the SDGs (especially SDG 6-Clean Water and Sanitation;
SDG 7-Affordable and Clean Energy; SDG 8-Decent Word and Economic Growth; SDG
11-Sustainable Cities and Communities; SDG 12-Responsible Production and Consump-
tion) [16], the below 2 °C target of the Paris Agreement or the G7 Alliance for Resource
Efficiency [8,17-20]. Yet, the concept is currently under systematic changes and debates
and still faces many challenges in terms of definitions, assessments, implementation, moni-
toring or management [21].

The circular city represents a relatively new concept, and as a result, assumptions
about these types of cities are often incorrect and require further explanations to under-
stand their way of functioning. A framework for a circular economy not only reduces the
raw materials used within the system but also brings opportunities for sustainable con-
sumption, waste management and innovation in all fields, as well as human development
and increased well-being for everyone. However, the nature of circular systems mandates
for the collective effort of governments, businesses and consumers likewise. Therefore,
a circular economy should be an integrated part of the cities” and regions” development
plans for achieving healthy circular ecosystems. Nonetheless, the integration of the circular
economy cannot be completed without a critical subject knowledge base that can substanti-
ate every strategic decision for the sustainable development of cities and regions, and this
is why it is important to review the scientific literature in this field. Considering these facts,
this article aims to investigate how circular cities can exist and provide a context for how
they can operate in a more efficient and circular way. Previous works have addressed the
circular economy in cities, focusing on specific issues such as frameworks for renewable
energy [22], water systems [23] or waste management [24]. However, fewer papers have
addressed the creation of an integrated framework for how circular cities can function,
especially in terms of resource flow.

Therefore, we want to provide a possible answer for how the circular economy can be
used effectively as a future city’s ultimate goal and driver and what does a circular city
need in order to flourish. To answer these questions, we will first analyze how efficient
and sustainable circular cities are currently functioning (from a circular economy context)
and then elaborate, based on the results, an integrated framework for circularity in cities.
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2. Cities in the Circular Economy
2.1. A Circular Economy Overview

A circular economy is viewed as a “new engine of green growth worldwide” [20].
The primary concept behind circular practices is the development of systems that go
beyond linear “take-make-dispose” economic models and aim for closed-loop usage of
materials and energy that sustain the value of resources in the economy [25]. In a circular
economy, the economic growth is decoupled from resource use by lowering materials input,
maximizing the usability and minimizing the waste generation [15,26-29]. With this design,
closing the loops aims at solving the problems of resource scarcity, bio-chemical flows and
climate change while having a regenerative and restorative benefit for communities [21,30].
Circularity compared to sustainability is a much newer approach, with a deeper interest in
minimizing the system inputs, enhancing and preserving the natural sources, efficiency in
the management of finite resources and reducing the overall risks. Circularity is also much
radial in its design and can be easily associated with the concept of a “self-sustainable”
regenerative city [31].

Nevertheless, the circular economy does not remain at the stage of efficiency (results
of actions) but exceeds it, adding efficacy (as compared to the effects produced at a strategic,
higher level). The efficacy of the economy naturally generates the balance of resources, the
environment and the well-being of the inhabitants of the earth in a long term, representing
the basis of sustainable development. The circular economy aims at the controlled integra-
tion of degenerative activities (active, extensive by definition) and regenerative activities
(reactive, intensive by definition in order to preserve the natural balance and, within it, of
society, aiming at sustainable development. In addition, these notions can be used in both
a smart and resourceful manner for current and future urban planning. To sum up, the
circular economy is an umbrella-type concept [32] that, when it is put into practice, has
the effect of minimizing environmental impact and stimulating the economy, including
slowing raw material inflows and minimizing waste generation, leading to decoupling
economic growth of natural resource consumption.

A circular economy aims to create products based on consumers’ demands in an
eco-friendly and sustainable fashion. This can be difficult and creates the demand for
sustainable innovation. Through this process of innovation, new high-tech jobs and
technologies can be created to help a circular economy thrive. Furthermore, the shift toward
a circular economy system can empower a community by gaining more independence
with regards to raw materials and can reduce environmental stress [8]. A circular economy
not only reduces the consumption of raw materials but also creates opportunities for
sustainable consumption, waste management and innovation in many fields, as well as
community development and increased well-being.

However, the circular economy is far from being a perfect concept, and there is still
a need to refine circular principles and improve the way they are implemented through
various projects and actions. First, public awareness of the benefits and gains of the
circular economy is not high, especially in developing countries. This may also be a result
of low ecological literacy, but younger generations are more open to reducing resource
consumption, recycling and reuse [28]. Another major challenge for the circular economy
is its implementation in less economically rich areas, where investments in new high-
tech infrastructure are not a possibility. It remains an open question, whether in the
absence of investment in new infrastructure (e.g., renewable energy) to replace incumbent
unsustainable systems, cities can become truly circular [33]. As far as resource flows are
concerned, the Life Cycle Analysis is one of the current instruments used to measure the
flows of resources and their impacts on the environment. Although relevant, Life Cycle
Analysis is not complete if it solely looks at the material component; it should also embody
parts as energy, water or air, for instance. Another tool currently used is the Eco Label,
which emphasizes the compatibility of a product with the environment. This label can
be used as an integrated aspect of circularity indicators. The current system of indicators
is still underdeveloped and fails to capture the wholeness of a city—the definition of
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circularity and circular cities are still not complete; therefore, the monitoring system lacks
comprehensibility [8].

2.2. Circular Consumption and Production

The first core step in a circular economy is the exploration of a region’s natural
resources and the extraction and utilization of those resources in a sustainable manner.
After available natural resources have been analyzed, mining and processing of raw
materials can take place. In the next phase, market research should be conducted in order
to evaluate consumers’ needs. After consumers’ needs have been analyzed, the design
process begins. In the design process, innovation occurs as engineers and developers create
long-lasting, sustainable products that can meet the consumers’ needs. This process can be
very daunting as it requires manufacturers to shift their thinking from a linear process to a
circular one. They have to identify what sustainable materials are needed to ensure the
recyclability of the products and also to assess the eco-friendliest production process that
generates the least amount of waste and pollution.

The production process involves using recycled and repurposed materials gathered
primarily from local, sustainable natural resources and manufacturing that is done in
factories that utilize clean renewable energy. In order to reduce pollution and waste,
all stages of one production process must be thought of from a circular and sustainable
perspective. Each step must be conducted in such a way that nothing is wasted from the
materials used to the energy spent on producing the end product [34].

As these products have been developed from a recyclable and reusable perspective
from the beginning, it makes the products easier to be used and repurposed. However,
consumers must also change their behavior in how they use products. For example, instead
of using a product once and simply throwing it away, they must consider alternative
options. Some of these options include gifting their products to others who may need them,
repurposing these items or recycling them if they no longer serve any purposes.

There are many different ways that consumers can repurpose their used products.
Various ways that these products may be repurposed are as simple as taking an old
container and turning it into a gardening pot or using pulverized used rubber tires as turf
in a playground to prevent injuries from falling. There are also many organizations and
initiatives around the world that collect used products in order to repurpose them as gifts
or for profit, furthering the ability of a circular economy to function.

If a product is no longer able to be reused or repurposed, the last consumer option in
a circular economy would be to recycle the product. This stage becomes easier again as the
products were developed from the beginning to be recyclable. However, much depends
on consumers to also act in an eco-friendly manner and for local governments to provide
efficient recyclable collection containers and to have efficient recycling centers to properly
repurpose the products there.

To sum up, a circular economy requires improved collection and processing of recycled
products, investments in infrastructure, sustainable design trends and the optimization of
a product’s life cycle, among many other aspects. At the same time, it requires sustainable
education, consumers encouragement and public participation, ecological market devel-
opment and the promotion and encouragement of reuse and repurposing. Therefore, a
circular economy cannot function on the reliance and choices of any one individual or
organization but rather on the actions of the entire community. Otherwise, the circular
economy lacks systemic validity and relevance and can be easily discredited as its goals
are unachievable [21].

2.3. Circular Cities: Fundamental Aspects

As cities are expected to host 66% of the world’s population by 2050 [35], decision-
makers are taking action in the field of sustainability, and the circular economy is one of
the models that is gaining momentum. To date, it is more complicated to understand a
circular economy by looking at it in its entirety and more difficult to imagine how to create
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a circular economy by observing it from this perspective. A circular economy requires
many different stakeholders to work together in order to function efficiently. The circular
economy practices can be implemented in every part of a functioning economy, at micro-,
meso- and macro-levels (micro refers to processes in a factory, for instance, meso- refers
to industrial park or city level and macro- refers to regional, national or continental level
for instance). In this section, we will discuss the meso level, a level in which the circular
economy is based on the city’s intrinsic characteristics and sectors and not all of those
parts can be created and implemented at the same time [8]. This is why it is critical to first
understand how a circular economy functions in an urban context.

At the moment, the majority of cities around the world function in a traditional, linear
economic model. They focus their economic activities on commercial products, which
are developed as single-life, non-reusable with the aim of serving a singular purpose for
immediate convenience [36]. Moreover, cities lack smart and efficient energy and water
systems, sharing platforms and operate on inefficient data transmission networks [37]
resulting in various pollution issues and resource depletion, as well as more financial
capital [38]. Additionally, human effort and time are and will be consumed as the transition
from traditional to smarter and circular cities requires more effort [39]. However, such a
struggle creates opportunities to rethink the current system and make it less vulnerable,
more sustainable and competitive in resource efficiency, waste management and production
patterns at different levels.

In the context of urban development, the circular economy can ensure competitiveness,
autonomy and multisectoral resilience in the face of upcoming economic and environ-
mental challenges of cities and long-term sustainability. This is achieved by preserving,
increasing and (re)using the intrinsic and extrinsic value of all resources. The circular
economy involves a circular and rational management of all resources (land, water, en-
ergy, infrastructure, goods, etc.). Moreover, the implementation of a circular economy can
enhance sustainable growth and economic recovery within the planetary boundaries by
restoring natural systems, reducing the negative impacts of climate change and maintaining
the minimum use of raw materials. Therefore, the circular economy could be an integrated
part of cities” and regions’ development plans for closing material loops and a hub for
healthy circular ecosystems.

The transition towards a circular economy in cities entails large-scale collaboration
between all stakeholders involved; this includes industrial parks as producers, consumers,
policy makers and citizens. Moreover, circularity cannot be taken out of the modern
digitalized environment as urban spaces are hubs not only for physical products and
materials but also data coming from daily activities [7]. In order to fully consider these
aspects, cities require an undergoing process of redesign and rearrangement in terms of
infrastructure, layout and behavioral patterns, each fully designed to each individual needs.
Cities can act as a collaborative platform, which, with an adequate design, can map out
synergies to progress linearly to a circular economy.

China and Japan were the first to implement the concept of the circular economy,
whereas the model has been applied ever since also in European cities. Examples of
the Japanese model have been used in industrial ports such as Dunkerque (France) and
Kalundborg (Denmark) [31]. Various circular city experimentations were also conducted in
Almere, Amsterdam, Birmingham, Dusseldorf, Genoa, Ghent, Ljubljana, London, Utrecht,
etc. through waste management systems, local food systems, industrial symbiosis experi-
ments, material recycling or various strategic plans for circular economy businesses and
institutions [31]. At the moment, many cities have already embraced the circular economy
concepts and have developed their circular strategy. Through projects, such as EU Horizon
2020 R2pi projects (2016-2019), centred on circular business models and Horizon 2020 CLIC
projects (2017-2020) focused on cultural heritage and landscape regeneration and adaptive
reuse as drivers of circular economy, more cities are encouraged to become future-oriented,
circular cities [31].
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As far as production and consumption are concerned, different from a linear economy
that focuses on taking precious natural resources to create non-renewable products, a
circular economy at the city level functions on recycling and eliminating waste as much as
possible. For example, both urban symbiosis and industrial symbiosis are key activities
for CE success in cities as they are based on the synergistic opportunity arising from
geographic proximity through the transfer of physical resources [40]. These tools are
more important as the industry must rethink its profligate approach to resources [16]. The
geographical proximity within the urban contexts can facilitate byproducts exchanges
among different stakeholders so that the overall wastes can be minimized [40]. This would
also facilitate sharing of labor, capital and infrastructure, as well as opportunities for
efficient transportation systems and technological spill-overs. Additionally, the minimal
and efficient use of raw materials, resource allocation, domestic competitiveness and equal
distribution would improve the environmental quality and the overall well-being of the
citizens [14,41].

Introducing waste as a resource in the system makes smart recycling both cost-effective
and robust. One of the main advantages is that CO, emission is substantially reduced as a
result of fossil fuel resource substitution. The reduced amount of organic solid waste used
as fuel compared to the original fossil resources used makes the recycling system more
robust because it is not influenced by the changes both in the amount of waste generated
and the demand for recycled wastes. Additionally, if a significant amount of waste has the
potential to be recycled, the number of incinerators for conventional waste treatment can
be reduced [42].

The terms circular and smart cities are often used interchangeably in practice, but
this is not the case. Smart cities rely on technology and do not always utilize resources in
a sustainable fashion as circular cities do. In a smart city, far more attention is normally
placed on how to develop smart systems for a city to operate in a more efficient way.
However, it is not necessary for smart cities to function in a sustainable way to still be
considered ‘smart.” The focus is placed rather on smart design of energy systems, water
systems, public transport, waste management, health care, education and infrastructure
via cutting edge-technologies and high-speed data transmission. In a smart city, IoT (the
internet of things) is fully utilized in order to connect all of the working parts of a city. In
general, smart cities can operate in an efficient manner via technological innovation but
are not required to function in a sustainable way by definition. However, they can operate
in both an efficient and renewable way by incorporating the core principles of a circular
economy. By utilizing the core concepts of a circular economy, these cities can function in a
way that operates efficiently

To sum up, the circular economy principles at the city level can create an impor-
tant opportunity to reduce urban waste production and resource consumption towards
closed-loop systems [43]. Urban areas represent a fertile environment for implementing,
demonstrating and replicating innovative circular solutions as they present a high concen-
tration of resources, capital, data and talent over a small geographic territory [44]. In many
ways, a circular city is not a new idea and still requires much effort to exist, and it is not
possible to create a circular city in one day. However, the scope of the circular economy has
improved from the original concept, as it has assimilated a broader efficiency orientation
aside from waste and resources; therefore, the circular economy now also embeds land
management, soil protection and even public procurements [14]. The focus needs to be
applied to each of the different aspects of a circular economy first in order to create a fully
functioning circular city over time.

3. Research Method

This study aims at defining circular cities and outlining their core aspects by means
of content analysis of the most influential publications in the field. In order to achieve
this target, we analyze key papers in the field of circular economy (CE). The goal is to
examine how circular economy practices shape circular cities and to propose a framework
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model that can be adapted in other cities to facilitate their transition to circular cities. The
following sections detail research methods.

We have performed a systematic review according to a predefined search strategy
respecting the process stages as suggested by Kitchenham (2004) [45]: (1) planning—
justification and protocol; (2) conducting the review—identification of research, selection
of primary studies, study quality assessment, data extraction and monitoring and data
synthesis; and the final stage; (3) reporting the review results. The selection procedure is
similar to that followed by Mainela, Puhakka and Servais (2015) [46] in their review and
research agenda pertaining to the concept of international opportunity in entrepreneurship.
We propose the following protocol for relevant literature identification (Figure 1):

(1) Topics of interest: publications in the field of CE, circular cities

and urban circular economy

(2) Publications in peer reviewed journals

(3) Chronological order: from 2008 to 2020

Figure 1. Protocol for SE literatures identification.

In the early phase, all the relevant circular economy papers published between 2010
and 2020 have been identified in the ISI Web of Science database. We searched for the
topics: “circular economy,” “urban circular economy” and “circular cities” in the Web of
Science, we analyzed results according to publication years, and we taking into account
the characteristics presented in Table 1.

A number of 264 papers were identified, and most of them have been published in
journals of Environmental Science, environmental studies and Environmental Management.
The first selection was made based on the content of abstracts, the representativeness of
which was also weighed on the basis of the authors’ names (by excluding papers with
similar content) and geographical area. In so doing, 155 most representative articles were
selected and grouped according to the different topics of interest for our review. Regarding
the selection process, we want to add that the following selection criteria were used:
(i) papers published between 2008 and 2020; (ii) articles that present/analyze/explore at
least one concept or one study case of circular economy applied in urban settings; (iii)
articles that discuss, analyze or propose future directions for the development of circular
cities. Review articles, non-indexed studies, book chapters and other reports were excluded.
In addition, studies without full text or duplicate articles were excluded as well.

Secondly, we have selected only such materials published in journals with an ISI-
impact factor of over 1.00 in the 2020 ranking so as to ensure the quality of materials.
Only 53 papers provide a clear understanding of the circular economy and circular cities
within their contents (Appendix A). Thus, these papers were selected for further analysis.
Moreover, we have selected only research articles rather than books and book chapters, as
a wider literature area would affect the quality of the content analysis.

For the content analysis we propose three types of coding: (1) open coding, (2) axial
coding and (3) selective coding to construct our theories. Firstly, we have identified
and sorted the relevant literature in the field. Secondly, we have extracted innovation-
related paragraphs from the materials to be coded according to the typical methodology.
Finally, we have formulated a research agenda for the future. The analysis was developed
using the content analysis procedure that belongs in grounded theory [55]. As noted, we
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have analyzed our materials using three types of coding: open coding, axial coding and

selective coding.

Table 1. Main limits and challenges of the transition to circular cities.

Principles of CE Limits or Challenges at the City Level References
Design Closing the loop of product life cycle through greater recycling and reuse. Renzulli et al., 2016 [47]
Implem.ented policies fail to bring 51gn.1f%cant reductions in resource Kalmykova, Rosado and
. consumption as they only address the efficiency of use but do nothing to - .
Reduction Patricio, 2016, Lee, Quinn and
reduce the demand for resources. .
Reuse Increasing the consumer demand towards the reuse of products Rogers, 2016, Prendevrile and
& ) P Cherim, 2018. [33,48,49]
and materials
Low compliance by the users for the application of the Ferronato, Ragazzi, Portillo,
Recycle selective collection. Lizarazu and Torretta, 2019,
Reinforcement of local markets of recycled materials. Joensuu et al., 2020. [50,51]
In cities that have been built without considering the endogenous energy Baragan-Escandon and
option, the buildings do not incorporate passive or active energy systems. Terrados, 2016,
Renewable Energy Creating efficient management of energy and materials for the Barragan-Escandon,
development of urban infrastructure that reduces the constant Terrados-Cepeda and
requirement of these inputs Zalamea-Leon, 2017. [22,52]
Sustainable Cities are facing scarce resources and insufficient infrastructure capacity,
consumption and which require innovations in consumption and production systems to Cohen and Munoz, 2016. [38]
production improve quality of life for all.
The lack of experience and information among public
Ecological public procurement authorities. Alhola, Ryding, Salmenpera and
glcatp A dominant emphasis on price rather than quality. Busch, 2019, Georghiou et al.
procurement

The lack of interaction with markets and a lack of competence among
procuring organizations.

2013. [53,54]

Open coding allowed us to break the data into pieces and label all relevant data regard-
ing our subject. We have discovered codes describing specific phenomena (properties) that
were gathered under a category. The next step has been axial coding, aimed at refining and
differentiating categories that had resulted from the open coding [56]. The methodology
used was originally proposed by Strauss and Corbin (1990) as it allowed us to discover
and establish structures and relationships between all types of data labels (phenomena,

concepts and categories).

We continued our coding procedure with selective coding. Selective coding represents
a prosecution of axial coding at a higher level of abstraction. At this point, the development
and integration of axial coding are compared to other groups that focus on possible concepts
or variables of interest. It might imply a search for further examples and evidence for
the core categories that will help with the development of case stories [56]. Finally, after
completing this process, we divided the relevant articles into three general categories.
(i) definitions and core aspects, (ii) exploratory studies and (iii) case studies, as illustrated

in Figure 2.
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Definition and core aspects

Joensuu, Edelman & Saari, 2020, Zhang et al., 2008,
Gretzel et al., 2015, Hollands, 2015, de Jong et al., 2015,
Angrisano, et al., 2016, Barragan-Escandon, Terrados-

Cepeda, & Zalamea-Leon, 2017, Song et al., 2017,

Esmaeilian et al., 2018, Hens, et al., 2018 Marin & De
Meulder, 2018, Prendeville & Cherim, 2018, Alhola et al.,
2019, Mendoza et al., 2019, Nizetic et al., 2019, Saeumel,

Reddy, & Wachtel, 2019, Willam, 2019.
[33,39,51,22,53,57-67]

Exploratory studies

Hanssens, Derudder, & Witlox, 2013, Savini, 2020, Wei,
et al., 2014, Zanella et al., 2014, Chen, Gu, Cassidy, &
Daganzo, 2015, Sun, et al., 2017, Boix & Leipold, 2018,
CIRCULAR CITIES Yu, Zhao, Fu, & Li, 2018, Barthel et al., 2019, Ferronato,
Ragazzi, Portillo, Lizarazu, & Torretta, 2019, Sodiq et
al., 2019. [24,36,50,67-74]

Case studies

Lazarevic, Kautto, & Antikainen, 2020, Heurkens &
Dabrowski, 2020, Nika et al., 2020, Obersterg, Arlati &
Knieling, 2020, Veenstra, Wang, Fan, & Ru, 2010,
Molina-Moreno et al., 2018, Cohen & Munoz, 2016,
Ezzat, 2016, Kalmykova, Rosado, & Patricio, 2016, Lee,
Quinn, & Rogers, 2016, Renzulli et al., 2016, Yu, de
Jong, & Cheng, 2016, Godfrey & Oelofse, 2017, Koop &
van Leeuwen, 2017, Ragazzi et al., 2017, Ribic, Voca, &
Ilakovac, 2017, Schneider et al, 2017, De Medici,
Riganti, & Viola, 2018,, van Leeuwen, de Vries, Koop,
& Roest, 2018, Zeller, Towa, Degrez, & Achten, 2018,
Ferronato & Torretta, 2019, Gravagnuolo, Angrisano, &

Girard, 2019 [23,29,31,38,48,49,75-89]

Figure 2. The reviewed studies on circular economy and circular cities. References in Definition and core aspects: [22,33,39,
51,53,57-67]; References in Exploratory studies: [24,36,50,67-74]; References in Case studies: [23,29,31,38,48,49,75-89].

4. Results of the Review

The analysis reveals that there are several broad definitions for circular cities. An
analysis of the papers published on circular cities (Figure 2) shows the fact that relevant
articles on the topic of circular cities have been published in journals in the category of
environmental, sustainable and engineering science. The search was carried out on the
Web of Science using the keywords: “circular cities,” “circular economy” and “urban
circular economy” for searching for the topic category. The review covers those journal
articles published between 2008 and 2020, as this period of time has shown the highest
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ISI-impact-related articles about the circular economy, circular cities and smart cities. Prior
to 2008, there were approximately 2-3 related published articles per year, with the most
published articles between 2016 and 2020.

Successful implementation of the circular economy agenda requires effort at different
levels-micro, meso and macro-level. The focus of this paper is the meso-level as it is
focused on cities, although many lessons, practices or indicators from the other levels
provide highly relevant information for fostering circularity at the city level.

A major conclusion that can be drawn from the selected papers is that circular cities
are based on circular economy fundamentals [33]. Cities can be seen as “a complex, het-
erotrophic artificial ecosystem in which resources are produced and consumed by a variety
of activities, initiated by interdependent actors across multiple sectors and scales” [90]. As
a hotspot for economic activity, cities play a focal role in facilitating the transition towards
circularity as stakeholders are geographically close and can aid the closing of the loops,
recirculation, technical innovation, policy elaboration and citizens’ support. However, city
policymakers are still uncertain about how a circular city looks like and what its role is;
views range from a strategic ambition to a niche concept of a smart city or even a tool to
be used towards an (unknown) end. The uncertainty brings challenges, especially in the
transition phase that many cities are in at the moment [87].

Another key finding is that circular cities are still facing challenges to be fully sustain-
able and operated in a complete circular economy. Currently, circular economy practices
cannot be further promoted and require both technological and managerial improvement.
As some products are still being developed using toxic materials, the toxic matters can still
be released through the recycling and repurposing process. Worldwide, cities are facing
scarce resources and insufficient infrastructure capacity that obviously require innova-
tions in consumption and production systems to improve the quality of life in an urban
setting [38].

In terms of energy systems, a vast majority of cities have been built without consid-
ering the endogenous energy option; thus, the buildings do not incorporate passive or
active energy systems [52]. Creating efficient management of energy and materials for the
development of urban infrastructure that reduces the constant requirement of these inputs
remains a challenge for the circular cities of the future [22].

Concerning the resource flows in cities, based on our analysis, we can affirm that the
currently implemented policies fail to bring significant reductions in resource consumption
as they only address the efficiency of use but do nothing to reduce the demand for re-
sources [48]. Increasing the consumer demand towards the reuse of products and materials
remains a major challenge to be addressed [33,49]. Moreover, cities are facing increasingly
scarce resources and insufficient infrastructure capacity, and this generates an imperious
need for innovations in consumption and production systems in order to improve the
quality of life for all [38].

5. Recommendations and Further Directions for Circular Cities

Boosting circularity means added circular knowledge at the base of the new /revised
urban and regional policies. Such knowledge must advise and transform the actual strate-
gies, plans of action and programs and also the management models. It means also added
circular knowledge for the urban and regional authorities which manage or are responsi-
ble for key sectors such as energy, food, water, waste, education, health, mobility, urban
planning and public procurement. Local authorities may lack the information or capacity
to implement CE solutions due to a lack of (i) indicators and targets, (ii) awareness of the
actual alternative circular options and economic benefits, and (iii) the existence of skills
gaps in the workforce and lack of CE programmes at all levels of education (e.g., in design,
engineering, business schools). Without an evaluation framework or support from the
industry, CE initiatives cannot succeed in urban areas [18].

Based on previous research and the conclusions drawn from the analyzed articles,
we concluded that a holistic approach to the flow of resources in the circular cities of
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the future is needed. This approach is based on the idea that, in addition to the cycle of
high-quality raw materials (already characterizing the linear economy), there must be a
circular economy within the capacity of our planet and in terms of human rights and needs.
Starting from the various challenges identified related to the transfer of responsibility when
we aim to recover the material value through recycling, new issues arise, such as increasing
CO;, emissions or releasing toxic substances into the environment.

Our proposed framework to address this issue is illustrated in Figure 3. As it was
stated in the results section, circular cities require innovative systems of production and con-
sumption in order to attenuate the crisis of increasingly scarce non-renewable resources [38].
Circular cities also need innovation for resolving the challenge of creating efficient manage-
ment systems of energy and materials [22]. Therefore, whether we are talking about energy
systems, resource management, municipal waste or circular urban design, innovation
remains an essential factor that conditions the improvement of all these pillars. For these
reasons, Figure 3 proposes a model that explains how innovation contributes to the imple-
mentation of the circular economy in cities. As cities hold a variety of technological and
human resources in such a condensed space, they have the potential to become a cradle of
innovation for an urban circular economy that is based on the 10 Rs of the circular economy
(Refusal, Rethink/Redesign, Reduction, Reuse, Repair, Reconstruction, Remanufacturing,
Re-offer, Recycle, Regeneration and Recovery).

Increased cicrcularity

Circular
economy

lower consumption of natural resources
lower pressure on the environment
increased quality of life

@9 000060800 e 8w e

Linear economy oo
(degenerative)

Refusal

4 Innovation in basic technologies

Innovations in activation techonologies*
Innovation in product design
Innovation in marketing and sales
Innovation in acquisitions
Innovation in the value model(revenues)
Innovation in business models

Reconstruction Re-offer/Conversion Regeneration

Reduction Repair Remanufacturing Recycle Recovery(energy)

(*)Enabling technology: Equipment and/or methodology that, individually or in combination with associated technologies,
provides the means to generate important leaps in user performance and capabilities

The scale of circularity and the impact of innovation

Figure 3. The scale of circularity and the impact of innovation in cities.

Figure 4 further presents how innovation, once its presence in a city is facilitated, can
enable circular management of materials and resources that take into account the supply
circle needs of a city as well as demand cycle needs. The proposed model presents a holistic
view of innovative resource management in circular cities, which is based on the principle
that in a circular economy, resources can be recovered in a system that is continuous and
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long-lasting. Instead of losing their value after the use phase, resources are kept through
cycles of reuse, repair, remanufacturing or recycling [91].

Innovation, Knowledge, Intelligence

Functions,

INEES

Distribution Chains Material dlsfrlbu‘tlon chains
for recycling

S

< N4y 7 \
Consumers ( general ) Material recovery
! T

\4
Sanitation and rescz‘\)/z:ztbele
detoxification ¢
collection
|

N4

Caption

- Reduction of tributary resources or effluent waste by transition fo circular economy
- Actors of the process (product chain)

@ 3 @ R - Rethink/Redesign @‘ R3 - Reuse RS - Reconstruction O R7 - Re-offer/Conversion \‘I RQ - Regeneration
RO - Refusal

ct' R2 - Reduction x R4 - Repair oo R6 - Remanufacturing L\ R8 - Recycle (:) RIO - Recoverylenergy)

Figure 4. The model for resource management circular cities.

The proper functioning of the framework illustrated in Figure 4 at the city level implies
the creation of new business models and innovative product designs that use non-toxic
materials that can be cycled endlessly. By applying circular principles and strategies,
companies can achieve the greatest economic and social values while reducing the negative
impact on the environment. Based on this model, the urban circular economy contains both
primary circular strategic approaches and secondary circular strategies. Primary circular
strategies include prioritizing renewable sources, extending the life of products, using
waste as raw material and taking into account new business models. Supporting secondary
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circular strategies includes the collaboration of urban agents for value creation, design for
the future and integration of digital technologies.

In this way, a circular economy can also create job opportunities in cities—in short,
circular jobs, which we can classify as primary employment and employment that supports
circular jobs. Together they create direct circular employment opportunities. Additionally,
indirect circular jobs are also added, which are not actually circular but still facilitate the
circular economy.

6. Conclusions

In summary, the circular economy is a key element towards the transition to a regen-
erative, inclusive and equitable world, whereas, applied at local and regional levels, can
enhance the transition to circular urban areas and can address the many systemic crises.
Moreover, the implementation of a circular economy can enhance sustainable growth and
economic recovery within the planetary boundaries by restoring natural systems, reducing
the negative impacts of climate change and maintaining the minimum use of raw materials.
A circular economy utilizes natural resources in a sustainable way to develop societies that
make use of those resources in a renewable way. An economy that functions in a circular
style involves all aspects of an economy, including electricity, water supply, transportation,
housing, product development, construction, packaging, agriculture, etc.

This paper contributes from a theoretical point of view to the development of the
concept of circular cities primarily by highlighting the current challenges that still remain
to be solved, resulted from the analysis of the literature, that are specific to the transition
phase to circularity. Secondly, this paper elaborated, based on the results, an integrated
framework for circularity in cities and lastly provided suggestions for fostering innovation
and circular resource management in cities.

The process to develop a circular economy is a daunting one, and it should be carried
out step-by-step rather than attempting to fulfil all of its aspects at once. In reality, it is
difficult to create a circular economy as it requires a complete restructuring of current
linear systems. However, if attempts are made to focus on taking steps to tackle individual
aspects of a circular economy; it is possible to create a fully functioning circular economy.
Additionally, cities can provide a fertile environment for implementing, demonstrating
and replicating innovative circular solutions. Cities could be uniquely positioned to drive
a global transition towards a circular economy because of their high concentration of
resources, capital, data and talent over a small geographic territory and could greatly
benefit from the outcomes of such a transition [44].

A circular city is a city that functions through the usage of circular economy practices.
As previously mentioned, a circular economy is difficult to achieve all at one time, and
therefore, a circular city must also attempt to take their restructuring process in stages.
For example, a circular city could first focus on creating intelligent and sustainable energy
systems and then move on to smart water systems, etc. In addition, these circular cities
can also start introducing new sustainable jobs to help build the necessary infrastructure
to create a circular city. If a city takes these steps in stride, it will eventually become
a fully functioning circular city that functions on intelligent and sustainable usage of
natural resources.

Circular cities can benefit and often require smart technologies to function in a sus-
tainable way that fulfills the requirements of a circular economy. Smart technologies can be
used to improve resource efficiency to create intelligent electrical, transportation and water
systems, etc. [92]. In addition, smart technologies can help to create new jobs and develop
innovative products that can be easily recycled or repurposed without generating waste or
releasing CO; or toxins into the atmosphere.

However, we must not forget to mention the limitations of our paper. The literature
review we conducted might have missed out on several articles, case studies or exploratory
studies that are viable for the scope of our research. Such limitation might be caused by the
query construction for our approach, as we selected publications based on the literal use of
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the concepts “circular economy,” “urban circular economy,” and “/” or “circular cities.”
While using these exact keywords, without a wildcard, we could have missed publications
containing terms that are semantically different but with the same meanings.

Based on the results of this paper, we propose several research directions in the field
of circular cities. Firstly, future research should take into consideration the fact that, as
mentioned in the results section, a lot of policies aimed at circularity fail to achieve a
significant reduction in resource consumption since they only tackle efficiency of use but
do nothing to reduce the demand for resources. Given this finding, new frameworks that
propose new ways to reduce the resource demand of cities could be developed in order to
improve the metabolism of the cities in terms of resources intake. Secondly, this paper has
found out that innovations in consumption and production systems represent a necessary,
topical necessity for cities in the transition to circularity. As cities will continue to face
increasingly scarce resources, future papers should propose new theoretical models that
focus particularly on sustainable consumption and production models that can improve
the quality of life for all in cities. Considering the near future, CE initiatives and actions
applied at the urban level can significantly contribute to the transition towards a sustainable,
regenerative, inclusive and just circular economy. While it is true that most of the urban
and peri-urban areas contribute to resource consumption and waste generation, as well
as to global GDP, they are also an important source of innovation and socio-economic
transformation.
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Yamaguchi, Y. and e . and Building Engineering
urbanization in China
Murayama, T.
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