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Abstract

:

As the world continues to urbanize, identifying and implementing new urban development models and strategies is necessary to face sustainable development challenges. To this end, the circular economy model can be implemented in cities in order to operationalize and achieve human sustainable development managing simultaneously, in a systemic perspective, the social inequalities issue and the ecological and economic crisis. Today there are many cities that are defining themselves as a “circular city” but, to date, a clear definition of this does not exist. In the transition towards the circular city, tools (such as evaluation, governance, financial, business tools) play a fundamental role. The aim of this paper is (after an analysis of the concept of the circular city and its implementation, starting from literature, official documents and reports) to identify and analyze tools for implementing the circular city model. In particular, a set of indicators to assess (positive and/or negative) impacts of projects and initiatives of the circular city agenda is identified.






Keywords:


circular economy; circular city; health city; port city; impact indicators; multidimensional indicators












1. Introduction


We live in a world of growing cities. They are home to an ever-increasing percentage of the world’s population (today 55% of the world population). According to Eurostat [1], 72% of the European population currently lives in cities and metropolitan areas and it is foreseen that, by the year 2050, this percentage will reach 80%. As the world continues to urbanize, sustainable development challenges will be increasingly concentrated in cities and this is where we need to find new solutions. They increasingly require identifying and implementing new models and development strategies.



Current economic and urbanization trends place significant pressure on urban resources, systems and infrastructures, and demand new approaches in governing, financing and monitoring urban performances. Identifying and implementing new development models and strategies is necessary to face many challenges related to the overall increase in costs.




2. The Circular Economy Model


The circular economy offers a perspective to reduce the costs coming from the transformation of the agglomeration economies into agglomeration dis-economies and to operationalize sustainable development principles.



The current economy can be largely considered as linear: virgin materials are taken from nature and used to produce goods, which are then consumed and eventually disposed of. In a world characterized by finite resources (as also highlighted during the Paris Climate Conference—COP21—and Marrakech Climate Change Conference—COP22), this model cannot work in the long run, and there is evidence that it is reaching its limits.



We need to move towards a more virtuous economic model and, at the moment, we are only at the beginning of this journey.



The circular economy model, based on the principle that in nature nothing is “waste” and everything can become a “resource”, is proposed to operationalize sustainable development principles. The circular economy can be defined as “restructuring the industrial systems to support ecosystems through the adoption of methods to maximize the efficient use of resources by recycling and minimizing emissions and waste” [2]. It refers to how resource flows can be closed [3].



To date, 114 definitions of the circular economy exist in literature [4]. The United Nations have introduced as goal 12 of the 2030 Agenda [5] and in the paragraphs 71–74 of the New Urban Agenda [6], the outcome document of the Habitat III conference (October 2016), the notion of the circular economy as a general development model that produces impacts on natural and social contexts, while generating new economic wealth. This stimulates an indefinite enlargement of the lifetime of resources and their use values and promotes circuits of cooperation among different actors.



The United Nations Environment Programme (UNEP) in 2016 recognized the role of the circular economy to achieve sustainable development. The circular economy represents “a tangible set of solutions for reaching sustainable patterns of production and consumption” [7,8]. It affects the economy, jobs and the environmental system.



The European Commission has adopted a package for supporting the European Union’s (EU) transition to the circular economy, including legislative proposals aimed at stimulating the European route towards the circular economy [9]. The objective of this package is to boost economic growth, making it more sustainable and competitive in the long term. It considers a circular economy as a means of contributing to innovation, growth and job creation [9].



According to the Ellen MacArthur Foundation’s definition, the circular economy, that provides multiple value-creation mechanisms, is based on three principles: preservation and enhancement of natural capital; optimization of resources by circulating products, components, and materials; fostering system effectiveness by revealing and designing out negative externalities [10]. The Ellen MacArthur Foundation also identifies six business actions to support the aforementioned three principles: regenerate, share, optimize, loop, virtualize, exchange [10].



In the general interpretation, a circular economy is mainly referred to as waste cycle management. However this approach should be overcome and transferred from a sectorial approach (waste management) to the comprehensive city organization, its economy, its social system, its governance in order to improve urban productivity [11,12,13,14]. It can be recognized as a general development model, able to turn the linear urban metabolism into a new urban circular metabolism, in which input and output flows are “closed”.



The circular economy produces sustainable growth, good health and decent jobs and, at the same time, is able to save the environment and its natural resources. The shift from a linear economy to a circular economy (through an integrated action) represents a great contribution to the achievement of the Sustainable Development Goals (SDGs), with particular reference to SDG no. 12 about responsible consumption and production [15].



The aim of this paper is to identify and analyse approaches and tools for operationalizing the circular city model. After an analysis of the concept of the circular city and its implementation starting from literature, official documents and reports (Section 2.1), a set of indicators to assess the performance of the circular city is deduced (Section 3). Then, three case studies are described in order to show the concrete benefits of the implementation of this model (Section 4). The deduced indicators are critically analysed (Section 5) and enriched with other proposed indicators related to aspects neglected in the analysed documents (scientific papers and reports), focusing attention in particular on port areas (Section 5.1 and Section 5.1.1), cultural heritage (Section 5.2), community wellbeing and health (Section 5.3) and operational tools (Section 5.4 and Section 5.4.1).



2.1. What Is a Circular City: An Overview


The circular economy offers a great opportunity to increase urban productivity and to date there are some good practices of circularization of processes at different scales (industrial symbiosis, etc.) in which some benefits are achieved: reduction of materials and energy costs, reduction of carbon emissions, etc. [16].



The concept of the circular economy can be implemented in cities in order to achieve human sustainable development. Today there are many cities that are defining themselves as a “circular city”.



But what is a circular city? To date, a clear definition does not exist and there are many discussions around this definition. There are different definitions and circular cities are implementing this model in different ways [17].



The circular city model recognizes the importance of organizing the city’s systems in an analogy to the organization of natural systems (where “nothing is waste”). It incorporates the principles of the circular economy, establishing an urban system that is regenerative and accessible [10,18], but it is not a simple sum of urban circular economy projects [19,20]. The closure of loops is a fundamental concept at the basis of such city: linear processes are turned into circular ones. The idea of eliminating (or at least minimizing) waste and the rational and efficient use of energy are highlighted in many definitions [21,22,23,24,25,26,27,28,29,30]. The circular city model can be able to reduce CO2 emissions by 55% by 2020, to make themselves natural gas-free by 2040, to use renewable energies, to recycle all waste, and to maintain existing built heritage by taking all materials from the demolition of old buildings [31].



The circular city is a metaphor for a new way of looking at the city and of organizing it. The idea is that in the circular city linear processes can be (partly) replaced by circular processes and that long-term connections can be established between flows [25]. These flows (i.e., people, food, waste) are at the basis of the city’s metabolism that represents the engine for the functioning of the city and its economy [25,32]. A circular approach makes cities independent, rich, and resilient [10,24,33,34].



Sukhdev et al. (2018) [22] underline the role of digital technology to enable the circular city. It is also highlighted in some circular city reports, such as those of the cities of Glasgow, Rotterdam, Amsterdam [33,34,35,36]. The adjective “smart” recurs several times in circular city reports (in particular in those of Amsterdam and Rotterdam) in relation to the implementation of the circular city model. This adjective is intended exclusively with reference to the use of technologies (sensors, digital platforms, etc.) [33,34,36,37,38], and not to the wise use of resources.



It is also recognized that the successful transition towards the circular city model requires behavioural changes [34,39]. There is a need of a change in community lifestyle in order to successfully implement the circular city model. This aspect, although considered in many circular cities, is not highlighted much in their reports, while more and more space is left to the technical aspects of the circularization.



Flexibility (for example in the built-environment sector), cooperative behaviour, integration, recycling are key concepts of the circular city. The greenery and the urban gardens are also recognized as elements for enhancing the environment of the circular city [20,27,40,41]. Furthermore, innovative business models are necessary to implement this new urban model [18,28,37,38].



The Ellen MacArthur Foundation recognizes the circular city as a city in which, in particular, the built environment is designed in a modular and flexible manner; energy systems are resilient and renewable, consequently reducing costs and producing positive impacts on the environment; the urban mobility system is accessible, affordable and effective; and the production systems encourage the creation of “local value loops” [10].



The contribution of the circular city model implementation to the quality of citizens’ lives [10,18] is considered little in literature, but is underlined several times in the reports of circular cities, in particular in terms of production of new jobs and new businesses [24,33,34,36,37,38]. Employment is a key word related also to the wellbeing concept: it contributes to make people “feel good”, not only because of economic aspects, but because it lets people be in a relationship with each other [42,43].



Most of the definitions of the circular cities focus their attention on material and energy flows. The strategic actions are mainly related to the production of goods and services (product design, eco-design and use of eco-compatible materials, eco-compatible production processes, etc.), to the prolongation of the use value of resources (through reuse, repair, etc.) and waste management. They are referred to as tangible resources, neglecting the intangible ones. In particular, they are referred to as:




	-

	
a built environment designed in a modular and flexible way;




	-

	
renewable-energy systems and efficient use of energy;




	-

	
an accessible, economical, clean and effective urban mobility system;




	-

	
recycling and transformation of waste into a resource;




	-

	
production systems that encourage local loops closure and waste minimization.









As Williams states (2019) [35], looping actions in circular cities are related to different themes (and related to different challenges), that are socio-cultural, economic and financial, information, regulatory, political, institutional, technical and design, and environmental. She recognizes that circular-city implementation is an issue related not only to technical questions, but it is related also to a systemic change in society and in restructuring our economy and governance systems.



As has emerged from some circular cities (as Paris and Antwerp), urban planning plays a fundamental role: it contributes to stimulating circular processes at different scales through a systemic approach and evoking the approaches of industrial ecology [3], that is, paying attention to the analysis of flows and synergies that are feasible thanks to spatial proximity [44]. Urban planning can, therefore, significantly contribute to trigger flows of energy, materials, services, people to catalyse economic (and not only) development [34]. The engagement of citizens in urban planning is fundamental [39].



The circular city is a model that allows the two fundamental nodes of the metropolitan cities to be tackled together in a systemic perspective: social inequalities and the ecological crisis.



The circular city is able to “hold together”, at the same time, the objective of ecological/environmental sustainability with the goal of social justice, that is, the reduction of social inequalities. In other words, it aims at systemic/holistic management of the dichotomy between environmental issues and social issues, to guarantee the social wellbeing and quality of life of all its inhabitants.



The above means taking care of both natural ecosystems (i.e., the health of natural ecosystems) and the health and well-being of the inhabitants, in light of their multiple interdependencies. It means rejecting the trade-off between environmental health and people’s well-being (and, therefore, the well-being of future generations).





3. The Need for Tools for Implementing the Circular City


In the transition towards the circular city, tools (such as evaluation, governance, financial, business tools) play a fundamental role.



Attention is here concentrated on the evaluation tools for assessing and monitoring the efficiency/effectiveness of the circular cities, that is to assess (positive and/or negative) impacts of projects and initiatives of the circular city agenda.



3.1. Methodology


The research work of this paper has been based on a literature review, considering both scientific papers explicitly dealing with the topic of the circular city and the official documents and reports of cities that are concretely implementing this model (Figure 1). Starting from this analysis, indicators for circular cities are deduced.



The indicators have been divided in two sets of indicators. The first one has been deduced from theoretical papers; so, they are indicators that could be useful to assess the circular city, but it is not said that they are easily usable. Often, these indicators are not applicable due to the lack of data [45].



The second set is referred to as the indicators deduced from case studies; so, these have already been (almost always) effectively used. The case study research is appropriate to investigate the circular city model because it is in its initial phase and rather complex [20].



The indicators deduced from cities include indicators related to cities that are defining themselves explicitly as “circular city” and that have produced systematized reports on their strategies and indicators related to cities that are moving towards this direction but that have not produced documents related to a general local strategy/agenda—but that are implementing individual projects and initiatives related to the circularization of processes (and thus they are for the purpose of this study). These cities are shown with an asterisk in Table 1. Both of the sets of indicators are, in turn, divided in three categories: indicators related to the environmental dimension, indicators related to economic and financial dimensions, and indicators related to the social and cultural dimensions.



Fourteen cities (Table 1) have been selected according to the following criteria. First of all, we have chosen cities that are implementing a circular city programme/strategy/agenda; so, not singular projects, but a circular global strategy at city level. Among them, we have selected first of all metropolitan cities and port cities (considering that the circular economy has born in the port areas). Another selection criterion has been related to data availability: we have chosen cities that provide data to assess the impacts of the circular model implementation in their reports.



The greater complexity and difficulty in this work have been the gathering of data and indicators (able to capture the relevant aspects of the circular city) because many documents are lacking in transparency and clarity of data. Indicators have emerged many times, but only at theoretical level. Furthermore, although some of them are available, the data to feed them is not [45]. Data are not always systematized in reports of circular cities and they are often not explicitly written. Cities also use different indicators and unit of measure and, therefore, the impacts are difficult to compare.



As emerged from the analysis of the documents, some experiences of circular cities are systematized and so their “reading” is more immediate and clear, while others are not systematized, but the indicators are still reasonably deducible.



The indicators have been grouped into two tables in which, for each, the unit of measure, the reference scale and the bibliographic reference have been indicated. Where the unit of measure is not clear or does not emerge, the indicator is reported with a double asterisk. The three scales considered are those identified (and explained) in the following paragraph: micro, meso and macro scales.




3.2. Indicators Deduced from the Analysis of Circular Cities and Literature


Indicators to assess the efficiency of the circular economy model are necessary to support the transition towards the circular city model. Currently, there is not a set of indicators for assessing how a city is effective in moving towards circularity, nor are there tools for supporting it. However, it is necessary to demonstrate the multidimensional benefits of the circular economy in order to convince policy-makers, community and companies that investing in a circular economy is convenient. To this end, as explained in Section 3.1, a list of indicators has been deduced from papers, document and reports (Table 2 and Table 3). They are the indicators through which cities are assessing and monitoring their transition to/implementation of the circular city model. Although it is a rich list of indicators, they present some weaknesses and limitations, analyzed below and in the following paragraphs.



Indicators referred to recycling (one of the aspects of the circular city) are today the most available, while indicators for measuring circularity strategies almost do not exist. As emerged from Table 2 and Table 3, to date the indicators identified to assess circular economy models are mainly focused on technical flows and materials cycles because “their circularity” and benefits for associated businesses are easier to understand. They are mainly specific for industries and production chain (as emerged from case studies as London, Glasgow, Amsterdam, Marseille). The indicators used by each city are mainly related to the production chains triggering more flows in the city (food, construction, etc.).



The unit of measure or how to estimate the data are not clear for some indicators emerging from the case studies. These indicators are mentioned, but not assessed, in the reports.



The deduced matrix of indicators is very rich, but some emerged indicators risk not being significant if they are not contextualized in the specific city and in relation to the circular city model. On the other hand, some indicators are instead very specific and should be generalized to be included in the general matrix of indicators reflecting the characteristics of the circular city. They should be contextualized, from time to time, according to the specificities of the context.



Furthermore, some significant aspects of the implementation of the circular city model are neglected and, therefore, require deepening and integration (Section 5). It is necessary to decide what is relevant and what can be measured in circular cities [45,51].



In the deduced matrix of indicators there are two groups of indicators: indicators related to the intensity of the circular processes (representing the minority) and indicators related to the impacts of these processes on the city. They should be distinguished. So, first of all, it needs to be specified that the indicators should be referred both to the “circularity level” (i.e., ratio between the total of saved material and the total consumed material) and to the impacts of the “circularity” produces (environmental and socio-economic effects, i.e., cost reduction, employment, etc.). There are two different groups of indicators.



In addition, another necessary classification should refer to the difference between indicators related to the transition process and those related to the achievement of circularity strategy, considering the (long) time that the transition process can take (as the European Network of the Heads of Environment Protection Agencies EPA Network - underlines) [7,52]. So, the indicators related to the circular economy model can be classified distinguishing the transition process steps and the achievement of the circular model.



Furthermore, three categories can be recognized on the base of the reference level:




	-

	
Micro-level (Mi)—company level, building level, citizens level;




	-

	
Meso-level (Me)—companies’ network level, eco-industrial park, neighbourhood level, city level;




	-

	
Macro-level (Ma)—regional level, national level, international level.









All stakeholders need to be considered in the evaluation process. Stakeholders’ categories that can be considered in the circular economy model are, for example, individual company, private institutions, community, public institutions, etc. Each stakeholder plays a role and has responsibilities in the circular economy/city implementation. It needs to identify solutions at positive sum-game, able to produce multidimensional benefits for all stakeholders.



This consideration implies the necessity of indicators to be understandable to different stakeholders, which is fundamental for the implementation of the model. They allow raising awareness of performance and potentiality of circularity. Comparability is another key word for the indicators. Clear definitions and common understanding are fundamental for making data comparable among different cities, in order to have a common ground for comparing results and monitoring cities in the “journey” towards this new model.



As said before, the indicators are fundamental both for evaluating circular strategy implementation and for monitoring the “journey” towards this new model. In this way, it is possible to understand if a city is going in the right direction or if additional measures are necessary.



Some important indicators (such as resource input and waste utilization), although significant, cannot be easily measurable because of the lack of urban statistical systems that should be improved.





4. Benefits from Circular Economy Implementation: Empirical Evidence


Before proposing indicators for enriching the set of indicators deduced from literature review and reports of circular cities (see Table 2 and Table 3), in the following paragraphs three case studies demonstrating the benefits produced by circular economy implementation are described, with a particular focus on the industrial symbiosis [3] as a part of the wide concept of the circular economy and its implementation [53,54,55]:




	-

	
Kalundborg (Denmark);




	-

	
Kawasaki (Japan);




	-

	
Dunkirk (France).









They are three best practices related to industrial symbiosis that show empirically that connecting enterprises produces positive impacts in economic, social and environmental terms.



The industrial symbiosis is a business model, based on sharing by-products improving resource efficiency and creating value from waste, for circular economy implementation [53,54,55]. The three case studies summarized in the following paragraphs demonstrate that symbioses/synergies/cooperation produce economic, social, and environmental benefits.



4.1. Empirical Evidence from Kalundborg, Denmark


Kalundborg is a Danish city with a population of 16,523, the main town of the municipality of the same name. It is situated on the northwestern coast of the Zealand island, on the opposite side from Copenhagen.



The Kalundborg industrial cluster in Denmark is one of the most famous examples of industrial symbiosis and it is often used as a reference case in literature [56,57,58]. Kalundborg Eco-Industrial Park is an industrial symbiosis network situated in Kalundborg (Denmark) in which companies collaborate to use each other’s by-products and share resources (Table 4 and Table 5).



Symbiosis in Kalundborg is the strategy adopted by local companies to face the challenge of guaranteeing businesses survival and expansion despite a limited supply of groundwater. The creation of the pipeline bringing water from the lake to the local refinery involved several stakeholders in the area that have started of a long-term collaboration. The pipeline represents a key component of the network.




4.2. Empirical Evidence from Dunkirk, France


Dunkirk is a town located in the north of France. It is the fifth most populated town in the “Hauts-de-France” region (88,000 inhabitants in 2016).



Dunkirk is located in an area where there are numerous heavy industries (from metalworking to energy production etc.) which for decades have produced negative impacts on the environment (so it is an area with high levels of pollution). In this context, Ecopal (association of Economy and Ecology Partners in Local Action), one of the first associations dedicated to industrial ecology in France, plays an essential role [61,62,63,64] (Table 6 and Table 7). The Ecopal was created in 2001 for promoting and encouraging, through pooling services assistance, industrial ecology and industrial symbiosis in Dunkirk [62].




4.3. Empirical Evidence from Kawasaki, Japan


Kawasaki is a city located in Tokyo metropolitan area (Japan). With a population of 1.42 million (2016), it is the ninth most-populous city in Japan. Kawasaki plays a central role in the Tokyo Bay area, where there are clustered heavy industries.



Kawasaki was one of the first Japanese cities to initiate an Eco-Town Project [66,67]. Their project was approved in 1997 and the government has made an investment of 25 billion JPY. The government has funded six waste-recycling facilities to promote and encourage the exchange of by-products.



The challenge at the basis of the implementation of Industrial Symbiosis in Kawasaki was the necessity of the municipality to find a solution to dispose of municipal solid waste in a sustainable way while enhancing the local economy [57] (Table 8 and Table 9).





5. A Proposal for the Circular City Model Implementation


The indicators emerged from the analysis of case studies Table 2 and Table 3) neglect some precious and particular aspects that can play a significant role in the circular-city model implementation and characterization: the port, the landscape of the cities, community wellbeing and health, governance. They are analysed individually in the following paragraphs.



5.1. The Port in a Circular City: Proposed Indicators


An element neglected in literature and in many concrete analysed experiences, but that can play a fundamental role in the implementation of the circular city model, is the conflicted or reciprocal (circular) relation between the city and the port. The “port” is a generator of external effects.



The circularity between the city and the port in general is not realized as there is often a conflict between the development strategy (which considers economic, social, cultural and environmental goals) and the development dynamics of the port areas that are oriented to the maximization of the “teu”, and thus exclusively to economic and financial objectives. It is interesting to note that most of the circular cities are port cities and these, in turn, are also the cities characterized by a particular landscape.



A port area (as emerges, for example, from the Antwerp, Rotterdam, Marseille, Amsterdam experiences) can represent another significant element of the circular city. Port cities and port areas have a particular development potential and can assume an important role to achieve sustainable development and implement the circular city model, combining in a circular and synergistic approach port economy, logistic, industrial activities with cultural heritage/landscape regeneration (starting from local cultural resources). Port cities become cities of symbioses, that is a city “finding synergies between urban systems” [70]: symbiosis between industrial/logistic economy and touristic economy, industrial system and urban system, cultural heritage/landscape conservation and economic development, etc. [70,71].



The first implementations of the circular economy processes have taken place in port areas, as Kalundborg (Denmark), Muroran (Japan), Kawasaki (Japan), etc. These areas have played a central role in the implementation of this model [16,68,72].



There are many good experiences in the circularization of economic processes in North America (Oakland), Australia (Adelaide, Kwinana), China, and in the Europe. In Germany (i.e., Freiburg), Denmark (Kalundborg), France (Dunkerk), England, the Netherlands, and Switzerland, the circular processes have produced net benefits, such as the reduction of the costs of materials and the reduction of carbon emissions [73]. These good practices demonstrate that cooperative behavior is economically convenient: many economic benefits are related to waste and pollution reduction, new job opportunities and reduction of environmental impacts. In Japan, new experiences of urban symbiosis following the positive practices in 26 cities are planned [68,74].



Port cities offer a lot of opportunities (i.e., in Amsterdam and Rotterdam ports) to make circular economy concrete, through recycling, sharing, re-using, designing, up-cycling [71]. The port area is the place where flows are maximized; for example, it is the place where many flows of the globalized economy arrive at and depart from, the focal point that connects every country in the world. Commercial, industrial, logistic, tourist and fishing activities are concentrated in a port area, making it a driving force for economic wealth.



The port cities are those in which the greatest quantity of wealth is produced. At the same time, greater negative impacts on the environment (i.e., air pollution), and therefore on health, are produced because industrial plants are not very symbiotic. The pollution here is stronger than in other cities. This aspect is analysed in the following paragraph (Section 5.1.1). In port areas there are also “wastescapes” [75], that is, landscapes that do not attract, but reject, producing negative impacts on the following aspects: visual-perceptive, acoustic, hygienic-sanitary, olfactory and psychological.



Many cities are starting from the port to implement the circular model (Rotterdam, Amsterdam, Marseille, etc.). Each port authority of these cities has its own policy to make circular economy principles operational, on the base of the port profile. In the city of Antwerp, for example, the port (one of the largest ports in the European Union) is recognized as a key area for the implementation of the circular city model: it is recognized as the perfect place to apply the principles of the circular economy [76].



Furthermore, port areas contribute to the particular beauty of a landscape which expresses the combination of human and natural creativity and contributes to the identity of the city. Landscape is playing an increasingly central role in economic global competition. The majority of the most beautiful urban landscapes all over the world are port cities/areas: Bergen, Venice, Genoa, Istanbul, Liverpool, Malta, Naples, Oporto, Saint Petersburg, etc. The landscape represents a fundamental “ingredient” in the management of the city–port relationship and therefore in the circular city implementation. The quality of natural and cultural landscape is important for regeneration processes, but alone it is not enough. It has to be integrated with human and social landscape that is able to trigger virtuous circularization processes and synergies, contributing to the human dimension of urbanization [71].



The circular city is the city that recognizes a fundamental role to the port and the port–city relationship, putting them in a synergistic relationship and in which industrial activities, industrial and urban activities are linked through symbiotic relationships, exchanging material, waste, etc.



For all the aforementioned reasons, some indicators of the circular city are proposed below in reference to the role of the port (Table 10). These are partially deduced from the Japanese experience, that is the 26 Japanese Eco-Towns introduced by the Japan’s Eco-Town Program in 1997 for the integration of industrial symbiosis and urban symbiosis. Some of these indicators have already been deduced from the literature and from the previously analyzed case studies (see Table 2 and Table 3).



5.1.1. Environmental Impacts of Ports


Port areas are the place where economic wealth is produced but, at the same time, they are source of environmental negative impacts. Often, in these areas, there are unused and abandoned industrial plants. The activities are, therefore, relocated and ports remain unused, in decontamination, with consequent waste of soil (contrary to the principles of the circular economy). Instead, where these plants work and port activities are functioning, negative impacts are produced, especially in environmental terms. Ports can influence environmental quality both locally and at a more regional level [77,78] due to the emissions and impacts related to the port activities, shipping traffic, and intermodal transport serving the port hinterland [79,80]. The impacts affect not only the port itself, but also the sea and the territory located in the immediate proximity of the ports.



For example, in Venice (Italy) the port contributes for 31% yearly to the pollution of the entire city; on this 31%, cruise ships and passengers contribute 12% [81].



The Organization for Economic Cooperation and Development (2011) [79] states that the environmental impacts of ports are related both to problems caused by port activities itself and problems caused at sea by ships calling at the port and emissions from inter-modal transport networks serving the port hinterland. It is estimated that more than 50,000 Europeans die prematurely every year because of pollution produced from shipping [82].



The Ports of Los Angeles and Long Beach, as an example, produce positive impacts on the employment (they employ about 1498 workers and support 1.4 million jobs throughout California) but, at the same time, they produce many negative impacts. They are called “Diesel Death Zones”. In fact, in 2009 they accounted for 10% of particulate emissions, 7% of nitrogen oxides emissions, and 42% of sulphur dioxide emissions in the South Coast Air Basin. The California Air Resources Board estimates that “there are 3700 premature deaths per year directly attributed to the ports and goods movement activities statewide and approximately 120 deaths per year associated with diesel particulate matter emissions from activities at the Port of Los Angeles and Long Beach. The economic cost associated with these deaths as well as for medical care for illnesses and missed school and work days is an estimated $30 billion annually” [83].



So, as the case of Los Angeles ports shows, environmental costs turn then into economic costs for the cities.



Air pollution not only refers to CO2 emissions, but also to NOX, SOX and PM that contribute to produce negative impacts on the environment and thus also on the health of the community. It was observed that a certain correlation exists between ship emissions and concentration measured at pedestrian level especially for SO2 [84]. In the port of Barcelona, as a further example, during 2015, a sample of 30 cruise vessel has produced 41.750 tons of CO2, 955 tons of NOX, 900 tons of SOX and 94 tons of PM [85].



These substances have disastrous effects on human health. In the Table 11 the impacts that these substances have on health are shown, as highlighted by the Auckland Regional Public Health Service [86]:



Thanks to the circular city model, these substances are reduced. In addition to this reduction, some of these substances can also become part of a wealth-production process. As highlighted for example by the VASCO2 research project by the Port Authority of Marseille, the carbon dioxide from the industries can be reused for the production of biomass [87,88,89,90].



Due to the implementation of some fuel legislation, in some European ports the PM concentration is decreasing, but this does not exclude the production of other pollutants, such as polycyclic aromatic hydrocarbons. The latter have a damaging effect on human health; indeed, the International Agency for Research on Cancer (IARC) recognizes the carcinogenic effect on humans of polycyclic aromatic hydrocarbons. The concentration of these substances in ports is considerable. Just consider, as an example, that the contribution of total concentrations of polycyclic aromatic hydrocarbons in the ports of Venice and Brindisi (Italy) are, respectively, 82% and 56% with different proportions due to different weather conditions.



As underlined in the EU-funded PERSEUS research project, there are 17 significant environmental aspects of ports divided in 7 categories: emissions to air, releases to water, emission to soil, resources consumption, water production, noise and effects on biodiversity [91] (www.perseus-net.eu).



Furthermore, in a recent study elaborated by the European Sea Ports Organisation (ESPO) and EcoPorts among 90 ports from European Union, ten key environmental priorities of the European ports’ managing bodies for 2018 have been identified [92]:




	(1)

	
Air quality




	(2)

	
Energy consumption




	(3)

	
Noise




	(4)

	
Relationships with the community




	(5)

	
Ship waste




	(6)

	
Port development (land)




	(7)

	
Climate change




	(8)

	
Water quality




	(9)

	
Dredging operation




	(10)

	
Garbage/port waste









Among others, air quality is the first (out of 10) environmental priority in ports from since 2013. As highlighted in the document, this may be read together with the advance of the relationship with local community in position 4 of the list as air quality has been increasingly a worry for citizens of port cities (and urban areas in general).



Every year, 400,000 premature deaths in the EU are caused by air pollution and the latter generates hundreds of billions of euros in health-related external costs. This is the reason why European Commission is enforcing the existing legislation and opening of infringement procedures against member states that exceed the limits of key air pollutants (as NO2 and PM10) [92].



The second priority issue of the European ports is the energy consumption (which is also emissions related) that has been placed in the top 3 issue for EU ports since 2013. As ESPO underlines, the reason could be linked to the direct relation between energy consumption and the carbon footprint of the ports and climate change.



Mitigation and adaptation to climate change emerged in the Top 10 for the first time in 2017 in the last position and has moved to position 7 in 2018. Many ports are recognizing their negative contribution to climate change and, therefore, are adopting measures to achieve the goals of the Paris Agreement. Noise remains the third priority. This is also related to the next priority, the relationship with the local community [92]. Furthermore, also ship waste have climbed in the top 10 list of environmental priorities compared to 2017. This is probably due to the new EU Directive on Port Reception Facilities for ship waste [92]. Moreover, it is important to underline that waste represents one of the highest priority monitoring issue by ports since 2013. This indicates the willingness of ports to contribute to addressing the issue of marine waste (that is becoming a great worry for a local community).



Public authorities are adopting various policy instruments to reduce negative environmental impacts produced by ports. Strategies and actions for reducing negative impacts of ports are related, for example, to technological innovation, more efficient and innovative organization of port activities, incentive and promotion of local products in order to reduce global maritime traffic and, therefore, of port movements [93]. In the Italian Guidelines for the elaboration of Environmental Energy Planning Documents for Port Systems, for instance, some strategies to reduce negative impacts of ports are suggested such as energy efficiency and efficient use of resources, cold ironing, diffusion of LNG (liquefied natural gas) ships, development of electricity production from renewable sources in the port area, use of storage systems, “smart” management, electric mobility, energetic efficiency of buildings and areas within the port area, energetic efficiency of organizational processes within the port area, and actions related to the opportunities offered by waste management of the port and ships [94].



The Impact Project [83] has identified some policy recommendations to increase environmental justice and improve the health of residents living near the ports. Port management must include accurate health, environmental and socio-economic impact information, establishing, as suggested for example in many reports, a community advisory committee [83]. Ports should establish actions and programs for achieving environmental sustainability, for example by inviting ships which are anchored to the quay to use the electricity of the port itself rather than to remain with their own engine running, by supporting the use of less-impacting technologies, etc. Ports must reduce their negative health and community impacts, for example, creating a buffer zone between port operations and spaces for the community, creating a Public Health Care Fund for mitigating current and future impacts, limit noise through lower lights and limit light pollution through sound barriers [83] (www.projectimpact.usc.edu).



Implementing and supporting public activities in the perspective of the circular economy, in order to support urban development, impacts on health deriving from pollutants linked to port activities and cannot be neglected. The indicators able to capture these impacts are shown in the Section 5.3.





5.2. Cultural Landscape in Circular City: Proposed Indicators


The quality of the landscape depends on the density of the circular processes because through them it is possible to avoid non-use, underutilization, waste and therefore degradation of spatial-territorial resources in which areas not used progressively turn into waste deposits.



The component of the built environment that has historical, artistic and cultural values “escapes” literature and concrete analysed experiences, although cultural heritage/landscape can play a significant role in the implementation of the circular city.



As highlighted above, in the circular approach resources are re-used, recycled, recovered, regenerated and shared. Among resources, cultural heritage/landscape should be considered.



Adopting a circular model means understanding the complex relationships among different values of the resources and the role and needs of different stakeholders. In the landscape perspective, the circular economy allows conserving the use-value (through the regeneration of resources) and “intrinsic” values of heritage.



Cultural heritage conservation/valorization and circular economy are intertwined because they both prolong the use values in an indefinite time. The reuse, rehabilitation, restoration of cultural heritage/landscape are part of the circular-economy processes. In fact, there is a close relationship between conservation of cultural heritage (through its functional reuse) and circular economy. Both of them aim to extend the life cycle of the building as much as possible. The reuse of cultural heritage takes place through circular economy processes and, vice versa, one of the sectors through which the circular economy can be implemented is represented by cultural heritage/landscape conservation.



Adaptive reuse is defined by Douglas as “any building work and intervention aimed at changing its capacity, function or performance to adjust, reuse or upgrade a building to suit new conditions or requirements” [95]. The adaptive reuse is consistent with circular economy principles. In particular, it contributes to “decouple growth from resources consumption” and allow conserving resource values as long as possible. The adaptive reuse produces impacts, and thus external effects, in a multidimensional perspective transforming this activity from a cost to an investment [12]. It produces multidimensional benefits: cultural benefits (conserving “alive” a symbol of community identity), economic benefits (in terms of increase of productivity) [96,97], environmental benefits (i.e., reduction of resource consumption) and social benefits (i.e., employment) [42].



The circular economy allows conserving the use-value of heritage, through the regeneration of resources, and intrinsic one. Adaptive reuse allows using cultural heritage in the present as in the future also saving its memory and, at the same time, adapting its functions to needs of the community, within a threshold that does not compromise its “complex value”.



It allows reducing the use of materials, of new land and building, to regenerate existing goods through new functions, to keep them “alive” [98].



The functional reuse not only refers to fixed capital, but also to knowledge, in terms of values, language, significance, skills. Through functional re-use, we are able to regenerate values, keeping them in time. Heritage reuse can contribute to revitalizing the local economy with jobs, new businesses, tax revenues and local expenditure, to provide valuable wildlife habitat and recreational amenities, as well as to regenerate values [42].



There are many good practices related to the concept of circularization in cultural heritage/landscape field, as in Dublin, Liverpool, Hamburg, etc. The empirical evidence shows that circular economic processes are able to produce a reduction of costs (management and operating costs, environmental and socio-cultural costs) and the non-used cultural heritage represents a “cost”. Its creative functional re-use can reduce this “cost”, transforming it in an investment.



Empirical evidence confirms that creative/productive activities prefer historic districts/assets for their localization [99,100,101,102,103,104]. So, cultural heritage can become a hub of creative activities.



The conditions of successful adaptive reuse are based on a “tripod” (EU Horizon 2020 Clic project, [105]):




	(1)

	
Autopoietic principle—self-organizing capacity of cultural heritage, that is the ability to renew itself;




	(2)

	
Symbiotic principle—relationship of mutual interdependence between the asset and the external context;




	(3)

	
Generative principle—capacity of the reused cultural heritage to generate external effects.









The inputs of adaptive reuse are both tangible (water, waste, energy, materials, soil, goods) and intangible (values, creativity, technologies). The outputs of this activity are related to economic, social, environmental, and cultural dimensions.



Adaptive reuse is able to produce external effects that partially impact on the context and partially are able, in turn (in a circular perspective), to “come back” (from the context) to cultural heritage. It is able to produce economic impacts on the context that, in turn, become input again for cultural heritage. This economic value, in fact, can be “re-used” to support the activities included in the space/place.



Adaptive reuse is able to produce social values. They are referred, in particular, to the production of jobs. Producing jobs, adaptive reuse improves wellbeing and quality of life of the community that, in turn, become inputs for productivity. This is because if people are in a state of wellbeing, they are also more productive. This concept has been understood from some entrepreneurs, as Olivetti, Bata and Ferrero. They have understood the importance of the added social value produced by their own entrepreneurial activity and have provided evidence, pursuing “that great project of social commitment known as welfare capitalism” [106].



Cultural heritage adaptive reuse is able to produce also environmental values, in particular in terms of avoided costs (reduction of energy consumption, waste reduction, etc.). It produces benefits such as land-saving use due to building reuse (rather than demolished) and the reduction in CO2 emissions thanks to restoration of a building rather than rebuilding it. Thereby, cultural heritage can help to face the climate change challenge, for example, “through the protection and revitalization of the huge embedded energy in the historic building stock” [107]. This environmental value comes back to cultural heritage also as economic value. The avoided costs linked to a more efficient building can be used, for example, to support the aforementioned creative hub.



Cultural values produced through adaptive reuse are linked to the capacity to generate and regenerate relationships. Part of these relationships impacts on the context and part of them become input for activities in cultural heritage. In cultural heritage there is a potential as a “connective infrastructure” [108], that is as an infrastructure “keeping society more cohesive” (now highly fragmented especially in big cities), creating and regenerating bonds and relationships. Regenerating cultural heritage contributes to regenerating the “connective infrastructure” [108], which in turn feeds the productivity of the activities within cultural heritage.



In brief, the circular city is the city that recognizes a key role of the cultural landscape to conserve/valorize (through circular processes) as a competitive resource. The construction of new buildings is reduced, using underused or abandoned cultural heritage (thus reducing the use of resources). So, cultural heritage is efficiently re-used producing economic, social, environmental and cultural benefits. The circular city invests in cultural heritage conservation/valorization, recognizing it as an investment for the community and not a cost.



As emerged from above, cultural heritage represents an important factor in the circularization processes of the circular city. So, indicators related to this factor should integrate the above. Here below a proposal of these indicators also in reference to the first outcomes of the EU Horizon 2020 Clic projects [105] (www.clicproject.eu) (Table 12).




5.3. Community Wellbeing and Health in Circular City: Proposed Indicators


The circular city model can contribute to the human sustainable development because the circular economy is closer to the cycles of nature and its rhythms/times [17,43]. In the concrete experiences analysed in this research, this humanistic dimension is lacking unlike those related to energy, resources, etc. In the implementation of this new development model, we must not forget to consider the human dimension, also according to the paradigm shift (humanization of our cities) underlined in particular in paragraph 26 of the New Urban Agenda [6]. If we think about how to design or trigger circular processes without considering human needs, “circular outcomes might not be the expected ones” [109].



The circular economy needs to be more inclusive putting the human being at the core of its processes. As Lemille (2017) [109] underlines in his diagram, we need rethinking the role of human beings in the cycles of the “butterfly diagram” [10], in the biological and technological nutrients ones. Circular human flow has to be integrated into the “butterfly diagram” in order to preserve and enhance human value [109]. Decisions taken considering human well-being as an integral part of the economic framework can provide healthier access to our economy as well as experiences designed to fulfil our needs [109].



But what is this humanistic dimension related to? It is focused on human wellbeing, health, living conditions. These aspects are very lacking in the emerged indicators related to the circular city model implementation.



The circular city is the human city. It is the city that attributes a fundamental role to its inhabitants, their living conditions, health, and wellbeing. It is the city that recognizes the impacts that the organization of physical space has on health. It is the city that reduces negative impacts on health by multiple actions, as that related to the reduction of pollution.



So, considering that the human right to the highest attainable standard of health is recognized by the Charter of the United Nations (Universal Declaration of Human Rights, 1948) and the World Health Organization (WHO) Constitution, it is important to understand the impacts (and the distribution of these impacts) of the circular economy on human health (particularly in relation to pollution and contamination) and wellbeing.



Promoting well-being (both of residents and tourists) does not mean (only) promoting economic wealth, but also promoting social cohesion, satisfaction of needs, and human rights. Unlike health, a concept linked to medicine and, therefore, to parameters that are always the same, the concept of well-being is multidimensional and changes over time, in space and between cultures [43]. In the common belief, well-being is associated with a good quality of life, but the latter is not the only indicator of well-being [43]. It is also associated with a happy, healthy and comfortable life. Furthermore, well-being is also linked to people’s degree of satisfaction with life, which depends on different factors such as family life, work and health.



The Equitable and Sustainable Wellbeing (BES) Report [110] proposed by the Italian National Institute of Statistics (ISTAT) can represent a reference framework for the evaluation of the wellbeing dimension in the circular city. The ISTAT identifies the economic, social and environmental factors affecting the quality of life. In particular, in the report, the ISTAT has identified 12 dimensions (and 130 indicators) of wellbeing: health; education and training; work and life balance; economic well-being; social relationships; politics and institutions; safety; subjective well-being; landscape and cultural heritage; environment; innovation, research and creativity; quality of services. It can be considered an effective tool to promote wellbeing in order to integrate the traditional economic dimension, considering equity and sustainability issues able to give a more complete point of view about society’s development.



Furthermore, the WHO recently published a report about the relationship between circular economy and health [15].



It highlights that the implementation of the circular economy model can produce health benefits, both direct (for health care systems) and indirect (thanks to the reduction of negative impacts on the environment). However, there are risks of unintended health effects related to the circular economy (for example impacts produced by processes using hazardous materials) that should not be overlooked in the implementation plans [15].



Human health is influenced by policies and actions that go beyond the health sector [15]. For example, strategies related to sustainable production and consumption (resulting in less material output or fewer material products consumed) produce impacts (positive/negative, direct/indirect) on human health of affected groups (distributional issues). The WHO identifies some indicators related to the impacts of the circular economy implementation on health [15]. Some of them are included in the following proposed indicators (Table 13).



In brief, the circular city is the city that invests in the health, wellbeing and quality of life of the inhabitants. It contributes to make the life of its inhabitants healthier and happier. The circular city contributes to the production of new jobs to achieve full and productive employment and decent work for all (in line with Goal 8 of SDGs) and making the city more inclusive.




5.4. Governance Tools in Circular Cities


As the 2030 Agenda for Sustainable Development underlines, there is a need to move from principles to actions. To this end, many tools are necessary. Among them, governance, financial, and business tools are absolutely required. They need integrated evaluation processes. To date, there is no long-term or comprehensive empirical information available at the implementation stage, but some characteristics of good governance to guide a city in the transition towards the circular model can be deduced from the analysed case studies. Good governance can contribute to reduce/eliminate the barriers to the implementation [35].



Starting from the analysed case studies in this research, it can be deduced that the governance in the circular city is:




	-

	
collaborative governance;




	-

	
adaptive governance;




	-

	
experimental governance;




	-

	
reflexive governance.









The circular city has collaborative governance that promotes culture from the bottom. In the circular city, public bodies collaborate with different actors and stakeholders (citizens, businesses, civil society, etc.) in order to join demands for action ensure good governance practices based on transparency, legitimacy, and openness principles.



This collaborative approach allows reducing barriers and constraints in circular city implementation. Furthermore, collaborative governance contributes to the distribution of responsibilities dividing risks, failures and successes, shifting from thinking as “I” to thinking as “We”.



Circular governance is reflexive governance that is a concept suggesting a change in perspective underlying policies and planning. Reflexive governance is understood as governance that shifts from the tactical use of institutional frameworks to new mechanisms for facing the new challenges (environmental, social and economic challenges) [111]. It is intended as a self-critical reflection, that is as far-sighted and, at the same time, self-critical governance that analyses and monitors its own results. Reflective governance is based on continuous feedback processes. Such governance necessarily implies institutional and social change.



The governance of the circular city is also experimental governance that allows experimentation, thus including the risk of failure. It is based on the logic of the experiment. In this perspective, the municipalities assume the role as promoter, enabler or partner. Since the governance is also reflexive, it is linked to learning from and being aware of failures and including them in governance debates.



The governance of the circular city is also adaptive governance. It promotes the satisfaction of human needs considering changes in behaviours, objectives, and social, economic and environmental contexts. Consequently, the governance of the circular city is not static and blocked in its inflexibility and technocratic character, but is based on dynamic changes, identifying from time to time the impediments to change and developing, at the same time, remedies for these barriers.



The current institutional capital (rules, norms, standards) should be reviewed and strengthened to make the model really effective. A renovation of legislative and regulations framework is necessary for supporting the transition towards circularity. Furthermore, through governance tools, it is possible to identify financial tools able to stimulate new business models. But, in any case, it requires a strong role of ex ante, ongoing, and ex post evaluation.



5.4.1. Urban Planning in Circular (Port) City


All circular processes and synergies can be implemented in the space of the city/territory through urban planning that represents the institutional tool able to change the existing city organization into a new one based on symbioses and circularization principles.



Urban planning for the circular economy should be inspired by the approaches and tools of industrial ecology which is attentive to the analysis of urban metabolism flows [3,112]. Therefore, it should: promote the conditions of spatial/geographical proximity between resource flows, to achieve synergistic and symbiotic exchanges (i.e., between agricultural production and biological nutrients, compost, bio-gas, etc.) thanks to geographical-spatial proximity, also through infrastructures that guarantee a circular mobility system for people and goods; enhance the coastal areas, transforming these areas into spaces of centrality, public spaces of high quality, attractive to people and activities; provide processes for collecting urban meteoric waters and reusing them for non-potable purposes; production of regulations to reduce urban/territorial sprawl; identification or production of particular common assets (libraries, public spaces, places, gardens, monuments, etc.) that can be managed with forms of cooperative/solidarity economy; and promote regulations aimed at stimulating reuse, recovery, repair and maintenance of existing resources, and the use of local materials for (new) buildings.



Closing of loops is an aspect of the circular city and spatial planning can provide physical space (for implementing and testing) and infrastructure for businesses and initiatives that are able to close nutrient cycles and recover nutrients at a high value.



In the planning field, circularization of processes is also linked to multi-function and flexibility, recovering of abandoned areas through their transformation in focal area for triggering circular economy (spaces of co-working, co-housing, public spaces etc.).



As the city of Amsterdam underlines, spatial planning should allow for flexible zoning [38]. To this end, circular criteria in land issues to evaluate economic, social and environmental performance should be included in public procurement and tendering processes, from the renovation of a building, redevelopment of neighborhoods, to the construction of new infrastructural projects, buildings and public spaces.



Public space is a key element of regenerative planning strategies. Public spaces (open areas, green areas, squares, streets, gardens, etc.) are examples of common goods in which many functions are concentrated: social functions, economic functions, cultural functions. Many public spaces are characterized by historic, cultural, landscape, aesthetic, symbolic values that determine the spirit itself, the soul of the city, to be conserved and valorized. Public space characterized by high quality determines a specific increase in real estate values that should be considered also in terms of value capture. Urban planning can help in making new public spaces as catalysts of relationships that can transform into bonds, and thus into new value-creation processes.



Port areas can be good entrance points for urban-planning strategies aimed at circular city model implementation. For example, as said before, urban planning can contribute to stimulate virtuous processes between the port and the city and also between the metropolitan city and the rural territory, through a systemic approach and thanks to the geographic proximity [44].



Planning should move towards the implementation of the regenerative metropolitan city model, particularly in complex and vulnerable port metropolitan cities. The regenerative model reshapes the interpretation of the sustainable city: not only conserving all forms of capital, but regenerating the different forms of capital, imitating the wisdom of natural systems, by closing the loops. This model is characterized by circular organizational processes. The regenerative model regenerates not only resources, energy, water, natural ecosystems on which the human life depends, but also the various relationships that allow the systems to work, and on which wellbeing of populations depends.



As underlined by the European Union, the flow of waste deriving from the construction and demolition processes is among the heaviest and most voluminous ones produced in the EU. This waste accounts for 25–30% of all waste produced in the EU [113].



So, in this sector many circular strategies can be implemented to contribute to reduce production of waste and other negative impacts (environmental, economic, etc.). There is a wide range of circular opportunities for the construction sector, from small scale refurbishment projects to large scale infrastructure and regeneration projects.



The urban fabric (including infrastructure, buildings and spaces) has to be flexible and adaptable to changing local conditions over time, to new needs, uses and activities, “avoiding technological lock-in and wasting resources” [114]. Furthermore, the city has to be able to adapt to physical changes required to face important challenges, such as climate change, adopting for example green and blue infrastructure that can contribute to regulating CO₂ emissions, flooding and the heat island effect. Also infrastructure and urban morphology can allow adaptation to changing conditions [114].



In a circular city, a built environment is designed in a modular and flexible manner; building materials are reused and recycled; the use of virgin material is minimized and the use of healthy materials is incentivized for improving the life quality of the residents. Flexible and shared spaces are incentivized. Buildings are used (where possible) to generate, rather than consume, power and food. They imitate the functioning of nature’s cycles, facilitating the closure of water, materials and energy cycles [10,114].



Buildings are used (if possible) to generate, rather than consume, energy and food.



The city of Amsterdam identifies 4 strategies for improving the circularity of the construction sector [38]:




	-

	
“Smart design: commit to smart design of buildings in order to make them more suitable for repurposing and for the reuse of materials;




	-

	
Dismantling and separation: efficient dismantling and separation of waste streams enables high value reuse;




	-

	
High-value recycling: high-value recovery and reuse of materials and components;




	-

	
Marketplace and resource bank: exchanging commodities between market players”.









Adaptable and modular buildings are consistent with the principles of the circular economy because they have a longer lifetime, which means that fewer materials are necessary for rebuilding, allowing to modify according to changing conditions or needs. Adaptability and modularity allow a more efficient use of land, because buildings can change their function and can be used for multiple purposes (prolonging their use value).



Different stakeholders play a role in this processes, from regional, national and international governments, businesses, non-profit organizations and interest groups, utility and public service providers, knowledge/educational institutions, and civil society [38].



The above has repercussions at the regulation level. Public bodies, for example, should provide greater flexibility for modular and adaptable design in regulations for land use.



Considering that buildings represents a great demand for energy as their heating, lighting and powering are responsible for 30% of total energy consumption (most of which still originates from fossil fuels), some strategies able to reduce the total consumption and cost of energy are necessary.



To this end, the implementation of the circular retrofitting can be considered. Circular retrofitting includes dismountable, adaptable and reusable solutions that not only maximise energy efficiency, but also minimise waste reduction. It ensures that the improvements to the energy efficiency of buildings do not cause an increase in virgin material consumption and waste production [38].



Sometimes, edifices are demolished and replaced with new buildings that are resource-intensive and a source of pollution. To avoid this negative impacts, a systematic study of renovation scenarios, compared with demolition and reconstruction scenarios (including financial, social and environmental impacts) can be developed in order to show “that is more convenience renovate rather than demolish” [38].



The reuse of unused, abandoned and resulting spaces through urban planning can play a strategic role in the implementation of this new city model. Their reuse is in line with the principles of the circular economy (reducing waste and prolonging the use value of resources) and can also represent the physical space in which to activate new flows (i.e., Amsterdam and Glasgow that start from vacant land and empty building). Therefore, the places of abandonment and marginality play a strategic role, becoming key places for urban transformation and regeneration (in coherence with the “leave no one behind” principle of Agenda 2030 [5]—understood both in reference to people and to places—and with the New Urban Agenda [6]).



The municipal administration is a key player to promote the above considerations in urban planning. So, a circular city requires an integrated vision/management of the many existing planning tools at the municipal level [34].



Another value chain playing an important role in circular city implementation and that can be supported through governance tools is the food chain. The promotion of local and sustainable food production practices (i.e., permaculture) in urban and peri-urban areas can support the development of a circular and resilient food system enhancing, at the same time, local biodiversity [31]. Strengthening the direct relations between the producers of local food and the related consumers can not only stabilise food security and price volatility, but also allows the restitution of the nutrients to local agricultural land or the use in chemical, food-producing or pharmaceutical processes, all the while minimising transportation demands [31].



Urban planning can contribute to this end, including for example (peri-) urban farming in spatial planning, and provide spaces for testing circular farming techniques.



As direct financial support, specific criteria can be considered in procurement to make plant-based and locally-produced food the standard in government buildings and schools.



As said before, the circular city model is the “territorialization” of the circular economy model. The circular economy is the economy of nature.



The Pact of Amsterdam [115], which represents the European contribution to the implementation of the UN 2030 Agenda for Sustainable Development—in particular to Goal 11 “Make cities inclusive, safe, resilient and sustainable”—and the global New Urban Agenda as part of the Habitat III process (point 8 of the Pact), considers among its priorities the “circular economy” and the “sustainable use of land and Nature-Based solutions”. According to the International Union for Conservation of Nature (IUCN) definition, nature-based solutions (NBS) are “actions to protect, sustainably manage, and restore natural or modify ecosystems, that address societal challenges effectively and adaptively, simultaneously providing human well-being and biodiversity benefits” [116].



They are also, and above all, actions which are inspired by or supported by nature. They are energy efficient and resilient to change, but they have to be able to adapt themselves to local conditions in order to be successful. Nature-based solutions can help society to face economic, social and environmental challenges in sustainable ways. They are an example of solutions that the urban plan can implement to face climate change.



Considering the many challenges that cities are facing today (climate change, depletion of resources, etc.), a holistic approach is needed to make cities more sustainable. The implementation of nature-based solutions can play an important role in this transition because they can provide ecosystem services able to produce benefits for urban biosphere (i.e., regulation of micro-climates, water treatment) [117,118].



The integration between the concept of the circular economy with the concept of nature-based solutions can increase the benefits for urban areas. Studies have also identified positive health relations between distance to urban green spaces and health benefits, highlighting that the proximity to urban green spaces [119] and viewing greenery [120,121] can produce positive health impacts. The proximity to green spaces also contributes to reducing depression, cardiovascular problems, obesity and improving mental health [122].



In many cases, the assessment of impacts could not be feasible on an urban scale since a single project produces changes that are too small; while the amount of pollutants that green areas are able to capture can be significant at the micro-scale, the influence on the quantity of pollutants caused by a single project is not perceptible at the urban level. Although the impacts of individual NBS projects can be small, if aggregated they can produce significant positive effects on the urban scale [122].



A circular economy focuses on “closing the loop” and, thus, increasing resources, efficiency of energy use and reduction of pollution emissions. However, to achieve sustainability with climate change adaptation it is necessary to enhance the sustainability potential; it is necessary a deep understanding of ecosystem processes and their dynamics, through an aware use of ecosystem properties as a management tool (especially the nature-based solutions). So, the circular city model “incorporates” the concept of nature-based solutions.



Research shows that the green areas produce significant co-benefits [122,123] in the urban environment such as, for example, increased real estate values, positive health effects, improved water management or recreational services [122]. NBS strategies can contribute cost-effectively to reduce environmental problems in urban areas. Moreover, NBS produce co-benefits that can save money at household and government level and create economic opportunities for “Green businesses” [124]. Furthermore, the introduction of NBS contributes to producing employment opportunities [125].



Urban planning can promote to increase (or avoiding the loss of) the amount of green areas encouraging the use of vegetation (for both direct and indirect carbon storage) in urban areas (i.e., street trees, green roofs and facades), planting trees in private domestic gardens, along the streets, in urban parks, the building of green walls and roofs to reduce temperature in cities and maintaining existing green infrastructure.



Urban planning is based on choices about space and territory uses to each specific impacts correspond to. Evaluation methods (ex-ante, ongoing and adaptive) represent an essential support for urban planning choices. Therefore, it is necessary to develop a matrix of indicators for each impact dimension (economic, financial, social, environmental, cultural) and, by these, to compare design alternatives in pairs.



In brief, the circular city is characterized by a flexible zoning and urban fabric, able to modify its spatial organization according to changes in society. The adaptability and flexibility of the urban environment supported by urban planning allow a more efficient use of land, because buildings and spaces can change their functions and can be used for multiple purposes (prolonging their use value). Indicators about urban planning in circular cities are included in the following table (Table 14).






6. Discussion and Conclusions


As highlighted in the previous paragraphs, tools play a fundamental role in the circular city model implementation. As circular cities are a new phenomenon, to date “evaluating” their success (or failure) is a complex process, above all because many initiatives are in an initial stage (and so, for example, there is still a lack of data). As the circular cities evolve and change over time, they have to be continuously managed and their effectiveness monitored.



This study would like to represent a step for elaborating an evaluation framework for assessing circular cities. It is an integrated evaluation framework [17] (Figure 2) including the different impact dimensions: economic, financial, environmental, social ones.



The circular city should be attentive not only to the cycle of waste and to the resources flows, but it should place the human being (and therefore his health and well-being) at the center of its policies. The circular city strategies have to be more concentrated on human-centered development. Furthermore, more attention should be paid to certain aspects, to date neglected or not thoroughly investigated, such as cultural heritage, and the port that can play a significant role in triggering circular processes in the cities. The strategies to implement the circular city necessarily need adequate planning tools able to encourage circularization.



In order to include the aforementioned neglected aspects in the evaluation tools for circular city model implementation and monitoring, further indicators have been proposed here to be included in the general matrix (annexes) deduced from analysed case studies.



Considering that the circular city is organized on three pillars (public, private and social) [17], the related evaluation framework has to integrate the evaluation models that concern these three different systems. We need an evaluation tool that integrates “traditional tools” that were born and are used in the linear economy field with tools characterized by a matrix linked to the circular-economy model.



The matrix of indicators that has emerged can be used in this framework to compare alternative urban transformation solutions. The assessment framework of the circular city should be characterized by an iterative learning-by-doing process including three steps: evaluation, monitoring and adaptation.



In this way, we can review and eventually improve our actions in order to achieve more efficient outcomes.



Monitoring allows analysing the projects after the implementation. In this way, if the outcomes are not the expected ones, it is possible to review and adapt the interventions to better face the challenges. This could result in several feedback loops over time (dynamic aspect). The discipline of evaluations helps not only to compare alternatives already given, but also to produce continuously new solutions by aiming towards a game with a positive sum in which all subjects gain benefits.



Considering the city as a living dynamic system and that “lives” in an ever-changing context (climate, social, economic changes, etc.), the assessment framework for circular city model has to be “dynamic” in order to capture impacts in changing conditions over short, medium and long term.



As indicators emerged from the analysis of literature, documents and reports are mainly related to technical aspects of the circularization, other ones have been proposed to enrich the list that has emerged in this research. They stress aspects neglected in the implementation of the circular city model, but which instead play an important role in this process: cultural heritage/landscape (with particular reference to the adaptive reuse), port area (with particular reference to its capacity of triggering circular processes and closing—material and non-material—loops), community wellbeing and health (according to the paradigm shift highlighted in the Agenda 2030 by United Nations), governance and evaluation tools (as necessary tools to make circular city principles operational, that is for the transition towards this new “circular city”).



As has emerged above, the circular economy also incorporates external effects as it takes as a reference not only the effects on the economic dimension, but also on the social and environmental ones (differently from the linear economy which considers only economic ones). These impacts can be both positive and negative (i.e., gentrification or use of toxic substances for recycling processes) and should be considered to orient choices. If they are positive, they should be amplified; if they are negative, they should be reduced as much as possible by re-orienting the choices.



Evaluation of the impacts of circular-economy projects on health represents an added value to decision-making, considering that that human health is significantly influenced by policies and actions in many fields (including those involved in the transition to a circular economy) that are beyond the health care sector and affect health through different pathways [15]. In this perspective, the Health Impact Assessment [126,127] becomes a fundamental tool to support urban planning [15,128,129]. Health conditions represent a fundamental aspect in the circular city model because it reduces costs that, in the vision of the human-centred development, are related to morbidity, malaise, etc.



Considering the indicators that have emerged from the literary review and reports of circular cities and also those proposed, the assessment of the circular city is a multi-dimensional issue and so the general evaluation framework necessarily has to consider all involved dimensions: economic, environmental, cultural and social dimensions. Moreover, not everything characterizing a circular city can be assessed in a quantitative way. Unlike most physical and monetary flows, many social and environmental aspects are partially “measurable” and require qualitative and subjective indicators. So, circular model implementation necessarily requires an integrated evaluation tool able to capture the multidimensional impacts that it is able to produce and considering all the subjects/actors involved in its implementation (Figure 2). It involves tangible and intangible, quantitative and qualitative values, short and long term, economic, social and environmental aspects, in a multi-criteria and multi-group logic.



Multi-criteria and multi-group evaluations are key hybrid tools [11] to manage and compare the positive and negative impacts [130,131,132] and to balance them for the different impacts for all stakeholders (public, private, financial, social and civil). This evaluation tool has to be able to overcome the limitations of the current economic approach [133], “capturing” also the relational aspects.



Furthermore, the current institutional capital (rules, norms, standards) often represents an obstacle for the implementation of this model. It should be reviewed and strengthened to make the model really effective. A renewal of the legislative and regulatory framework for supporting the shift towards circularity is necessary [134].



As underlined above, the circular city is to date still a concept open for debate, that is identified by different perspectives in literature and in practice. Although some cities are implementing the circular model, there is still ambiguity around this concept. Consequently, debate and research on tools (and, in particular, on evaluation tools) to implement it represents a fertile activity. Furthermore, being a process still in its initial stage, the circular cities (cities that are being defined as such) are still few in number. This certainly represents a limitation for the present study. The analysis of further cities will allow integrating the indicators that have emerged for the evaluation and monitoring of circular cities.
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Figure 1. Methodology. 






Figure 1. Methodology.



[image: Sustainability 11 06253 g001]







[image: Sustainability 11 06253 g002 550] 





Figure 2. The integrated evaluation framewor