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ABSTRACT 
The increasing complexity of urban growth strongly impacts both on the quality of urban environment 
and on the effectiveness of models for development, requiring innovative approaches to face the 
related challenges. The proposed position paper reports the methodological approach outlined within 
a trans-European research project. It aims at defining a systemic urban vision based on resource loops 
vision in a clustered perspective, overcoming the conventional separation between urban and peri-
urban areas. The main scope is to drive a transition from a linear (“take-make-use-dispose”) to a 
circular approach, considering the whole city realm and aiming to close resource loops (in line with 
EU COM 614/2015, Closing the loop, EU COM 33/2017, Implementation of the Circular Economy 
Action Plan and Urban Agenda Draft Action Plan on Circular Economy 09.02.2018) while generating 
new market opportunities and jobs, reducing resources import, decreasing impacts on environment 
and climate change. The methodology includes the following steps: increasing context understanding, 
identifying resource flows, using economic potential of existing resources, engaging communities in 
loops of proximity, facilitating entrepreneur and stakeholders in co-creation of circular economy 
processes. This paper explains the positioning of the research within the state of the art; it describes 
the applied methodology and related expected outcomes, defines the main related initiatives and 
implementation models. This study identifies regenerative corridors (RC) as potential effective 
drivers to overcome the conventional separation between urban, peri-urban and rural areas in the EU 
context, investigating their relations and identifying driving factors for a circular equalized 
development among these different urban zones. This paper also reports on the impact indicators and 
the replication potential of the proposed systemic approach. 
Keywords:  circular city, regenerative city, urban corridors, systemic approach, urban scenario, 
closing loops, resources, urban metabolism. 

1  INTRODUCTION 
During the last years, the idea of “Circular City” is emerging in the scientific literature as 
an interesting field of debate fed by a number of open challenges that the cities of tomorrow 
will be facing: scarcity of resources, economic crisis, lack of social identity, innovation and 
availability of technologies. However, the topic is far from having achieved clearly defined 
boundaries especially when case studies meet the real context conditions. Thus, the topic is 
evolving according to a turning point of the transition period most of contemporary cities 
are experiencing [1]–[4]. As stated many times by the EU in the last few year’s [5]–[7], 
cities can be defined as the keystones of the European well-being for economic strength, 
wealth and social opportunities for the future. The population growth is indeed increasing 
the urban density year-by-year, feeding a complex interaction of parameters dealing with 
urban management and sustainability. Waste management, energy demand peak, traffic 
congestion, air and water pollution, lack of identity, fuel poverty are some of the main 
problems challenging the city authorities in a long-term perspective [8], [9]. Among them, 
some specific recurring elements, creating the context and background for suitable 
solutions are of particular interest for this research: 
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 the acknowledgement of the European decrees – 2010/31/EU [10] – imposing a 
substantial reduction of emissions (20% before 2020 and 40% before 2030) and an 
overall improvement of environmental conditions and urban energy savings; 

 the pressure of the global market that continuously proposes new ICT technologies 
and devices to enable citizens’ connection to services and tools; 

 the great amount of existing buildings and neighbourhoods affected by 
obsolescence phenomena related to energy demand, indoor/outdoor quality, 
resource management, fuel poverty; 

 the lack of long term planning visions to tackle the urban sprawl; 
 the constant growth of land use and the related effects on urban climate conditions; 
 the constant rise of resources demand connected with population growth; 
 the digital revolution linked to social networks that may produce unpredictable 

effects on social relations and behaviours as well as on the use of urban spaces 
[11]. 

     Mitigation and adaptation measures to climate changes as well as new ways for resource 
management are addressed, in the scientific literature [7], [8], [11]–[13], as some of the 
most challenging and urgent issues to support the transition toward low-carbon cities 
assuming that the urban metabolism is quickly approaching a point of no-return. 
     Hence, cities represent an important field to experiment sustainable and resilient 
solutions based on innovative technologies and enablers (both ICT or not), becoming the 
core of the debate about technological implementation, resource management and urban 
evolution. 
     The present work deals with the need to find new stripes for circular resource 
management and the definition of a new design strategy for regenerating the existing built 
environment in a more sustainable, resilient and smart perspective. 

2  ANALYSIS OF URBAN CIRCULAR APPROACHES BEYOND  
THE STATE OF THE ART 

According to a qualitative literature analysis, the concept of “circular city” started to be 
associated with products development, monopolistic competition and industrial 
organization [14] at the end of the last century, in contrast with the linear city model 
proposed by Hotteling [15]. At the beginning of the century, it was associated to different 
ways of planning cities: from ecology, to transport field, energy production and 
management and to people involvement into governance processes. 
     Only in recent times, the concept of circular city is associated with resource flows and 
management in cities, identifying a way of use and re-use resources [16] connecting the 
concept of urban environment with the idea of circular metabolism. This new approach 
overcame the “take-make-dispose” paradigm addressing the priority to re-use. 
     According to Kennedy et al. [17], urban metabolism can be defined as “the sum total of 
the technical and socioeconomic processes that occur in cities, resulting in growth, 
production of energy, and elimination of waste”. In this framework, the circular city is 
strictly linked with the concept of “zero-waste city”, becoming one of its synonym [18]. 
According to Zaman and Lehmann [18], the majority of actual cities propose a linear 
metabolism: resources are produced, used and finally disposed (as solid waste, wastewater 
or emissions to the atmosphere). While, “in a zero-waste city material flow is circular, 
which means the same materials are used again and again until the optimum level of 
consumption. No materials are wasted or underused in circular cities” [18]. This reflection 
led the concept of circular city becoming more and more strictly associated with the 
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concept of circular economy. According to Kirchherr et al. [19], these issues are mainly 
related to reducing, reusing, recycling and recovering activities (4R) in cities even if “it is 
oftentimes not highlighted that circular economy necessitates a systemic shift”. However, in 
the same research, it is highlighted how the impacts of circular economy are often linked 
with economic prosperity and less with sustainable development. 
     The study presented in this paper aims to go beyond the economic understanding of the 
topic assuming a systemic perspective that combines several aspects: circular economy and 
urban metabolism creating new interactions level including a plurality of stakeholders and 
transforming users in prosumers; including not only resources but also culture and society; 
creating a circular governance structure able to start from pilot intervention to their analysis 
of impact and replication in other contexts. Within this perspective, a circular city is not 
only a resource matter but a more comprehensive approach permeating all levels of the 
urban system. 

3  METHODOLOGY OF RESEARCH AND MODEL APPROACH 
The model is based on a multi-disciplinary and circular approach for the transition of urban 
and peri-urban areas toward regenerative cities: cities able to consider their impacts on the 
environment and the society while regenerating resources in a resilient perspective [20], 
[21]. Therefore, the proposed systemic model strengthens the relations among actions, 
actors, spaces and resources and it can act as an engine able to regenerate and to improve 
the mutual exchange between different areas of the cities.  
     The research group of the Department of Architecture – University of Bologna is 
studying this approach, expanding a model developed for historic city centres under the 
umbrella of “ROCK project” – Regeneration and Optimization of cultural heritage in 
Creative and Knowledge cities (EU-Horizon 2020 funded project; G.A. 730280). In ROCK 
project a circular model has been proposed and applied in several European cities with the 
aim of finding new ways for valorise cultural heritage while preserving its integrity and 
symbolic force. However, several topics can be addressed through a comprehensive circular 
methodology.  
     The model approach is based on integrating two interlinked concepts: the creation of 
resilience corridors able to connect different parts of the city (urban and peri-urban; historic 
downtown and peripheral areas, etc.; the economic centres to the satellite areas) and the 
creation of innovation hubs, nodes of innovation where specific actions can take place. The 
objective of the proposed methodology is to guide the transition towards the creation of 
regenerative cities, as defined by UN Habitat: “cities designed to be resilient by being 
energy efficient, low-carbon, and increasingly reliant on renewable energy sources, taking 
care of resources, recycling and reusing waste, using water, land, and energy in a 
coordinated manner and in harmony with its surrounding hinterland in support of urban 
and peri-urban agriculture” [21]. Furthermore, the model aims to enhance the process of 
regenerative cities by including multi-layered approaching and monitoring targeted to 
balance resources, energy, people flows, built environment, communities in a mix able to 
improve the presence of life quality, smartness and sustainability. It aims to develop an 
integrated approach that goes beyond the closing of resource loops, as defined by the EU 
COM 614 [22], to meet a deeper urban metabolism, where resource, energy and 
technological flows are balanced with a social approach based on the development of local 
ecosystems of stakeholders, innovative enterprises and integrated value chains. The two 
main aspects of this approach are: 
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1. the development of linkages, interconnectivity and interdependencies in urban 
systems (energy, water and food and material provisioning systems); 

2. the need for integrated holistic approaches across these sectors recognizes the 
linkages and aims to better respond to the need for integrated policies and 
implementation mechanisms with systems optimization through an approach to 
counter silo-thinking between the urban sectors, transforming the inefficient 
system and moving away from out-dated single-purpose solutions. 

     The aim is to support the shift of urban metabolism from its current wasteful linear 
system into a resource-efficient circular system. Yet creating a circular urban model implies 
connecting “systems” that were initially separated by technical, organizational and 
institutional solutions and changes (“multiple innovation processes”), to be adopted and 
adapted [23].  
     It’s very important in the regeneration processes to overcome the “silos” approach and 
to connect the different systems involved or related to these processes. The model starts 
from the identification of the specific local systems articulated into: 

 System of actors, as defined in the lists of Ecosystems of Stakeholders to list and 
prioritize the transformation needs, the collaboration pathways, the opportunity 
creation; 

 System of places, starting from pilot areas and understanding their relations with 
the whole urban contexts, circulating solutions, tools, strategies and results of 
experimentation, to foster the replication of the most effective ones in similar 
contexts; 

 System of initiatives (bottom-up and top-down; collaboration, sponsorship, 
partnerships, etc.) to promote creativeness and cultural production from different 
sources, combining them in common projects of regeneration; 

 Systems of resources (physical resources, financial resources, human capitals) to 
promote a circulation of flows, overpassing the linear processes in the circular city, 
from extraction to waste, replacing them by circular processes and that lasting 
connections can be made between flows. These flows – such as goods, people, 
food, waste, water, wildlife and air – are the city’s metabolism that allows the city 
and the economy to function. 

     Given these considerations, the model is based on a circular step-by-step approach, 
made of eight complementary phases of application (Fig. 1). 

Phase 1 Analysis of the context. The context is investigated according to a 
multiple set of different aspects (resources, people, energy, environmental 
conditions, economy, etc.) to which properly identified KPI are related. 
The aim and the major output of this phase is the creation of an ID card 
of the Resilient Corridor and a first GIS-based database for the further 
development of scenarios. 

Phase 2  Identification of the circular innovation nodes. This phase aims to define 
the location and the nature of the specific sites where pilot actions can 
firstly take place within the corridor. 

Phase 3  Set a local ecosystem. Innovation hubs inside the resilient corridor are 
based on the creation of local ecosystem of stakeholders. Involving the 
major players of local communities with relation to needs and on-going 
activities at local and city level is a crucial action to deliver a modal shift. 
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Figure 1:  Model steps. 

Phase 4  Scenarios generation and value chain proposition. According to the 
understanding of the local context given by phase 1 and 2 different 
scenarios can be simulated on an action-based perspective. Thus, 
scenarios can be drafted changing different sets of actions on the same 
timeframe in order to understand which set is able to optimize synergies 
and impacts with relation to the expected results. 

Phase 5  Technological solutions and implementation plan definition. This phase is 
aimed to define which specific actions can be implemented in the first 
pilot application and which ones can be applied in further phases. 

Phase 6  Implementation of actions and experiments. This phase is intended as the 
real application of selected actions. 

Phases 7 and 8  Evaluation and replication. The delivery of the process is accurately 
evaluated both during preparation and implementation according to 
specific indicators in the entire demonstrator and at the same time 
observer cities are involved in assessing the replicability potential. 

4  RESILIENT CORRIDORS AND INNOVATION HUBS AS  
FIELDS OF APPLICATION 

The proposed model foresees the implementation of different actions, according to the 
following scheme: 
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 Actions inside innovation hubs. aiming to collaborate with the already existing 
activities, the model will implement within the innovation hubs a panel of actions 
and technologies to enhance the potentialities given by urban metabolism and 
close the loops inside each ring with an impact on the whole area. The choice to 
work with already existing nodes of activity ensures the access to local 
stakeholders and community and the sustainability in the long-term perspective. 

 Transversal actions on the resilient corridor. A set of actions and technologies are 
foreseen all along the corridor with the aim to create new connections among the 
Hubs and toward the entire city and for starting new circular approaches between 
the Hubs and the city based on making the territory regenerative with relation to 
energy flows, people flows, resilience, sustainability, energy efficiency.  

The model intends resilient corridors as physical spaces, framed by the presence of natural 
or artificial infrastructures (such as streets, railways, rivers, etc.), connecting urban and 
peri-urban areas. Inside resilient corridors several innovation hubs can be identified: spaces 
where existing activities are ongoing (e.g. innovative districts, cultural activities, bottom up 
processes, etc.) and where testing the implementation of innovative actions aiming to close 
resources loops (e.g. water, food, waste, energy, etc.). 
     The connection among innovation hubs can support the creation of new value chains 
strengthening relations among actions, actors, spaces and resources, that act as an engine to 
regenerate and improve the mutual exchange between different areas of the cities according 
to a systemic approach.  
     The resilient corridor is intended as a primary pilot area of intervention where actions 
(social, technological, environmental) can be applied on specific areas named innovation 
hubs (Fig. 2). 
 

 

Figure 2:  Resilient corridors and innovation hubs. 
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     The single activities can be discussed with the local ecosystem of stakeholders. 
     The corridor concept allows the development of designs that engage issues connected to 
the territory. 
     Re-use of public spaces and building regeneration represent a key action to reduce land 
consumption and improve the quality of built environment while hosting ecosystem 
services as an integral part of the circular development model including: 

 reduction of materials use, of new land and buildings; 
 reuse and shared use of existing goods with new functions; 
 maintenance of existing good ensuring longer life; 
 energy recovery; 
 re-use of specific local knowledge for valorising the differences in the territories. 

5  IMPACT ANALYSIS AND KEY PERFORMANCE INDICATORS 
A number of impacts grouped into layers are the result of the model application. The model 
uses complementary qualitative and quantitative methods (participants observation, 
informal, interviews, focus groups and mini surveys) in order to delineate, explain, and 
understand the complex nature of circular urban system approach; to grasp highly 
interactive social situations – considering the participation of vulnerable groups (minorities, 
elderly and socially marginalized populations, understanding people’s values, motivations 
and behaviours; and to assess the project’s impact on its various audiences. Thus, different 
layers of impacts and related performance indicators can be identified: 

 impacts linked with the model application in urban context which leads to policy-
driven indicators; 

 impacts linked with the application of actions leading to innovation –driven 
indicators; 

 impacts related with people involvement and participatory approaches leading to 
social-driven indicators; 

 impacts linked with the success of the process. 

     According to the purpose of this paper, an example of indicators are provided in Table 1. 

6  CONCLUSIONS AND FOLLOWING DEVELOPMENT 
This position paper represents a first work toward an innovative and systemic model for 
regenerative cities aiming to include several steps. The paper describes the methodological 
backbone of the study and the implementation model as well as the preliminary application 
fields according to the general structure. Its main objectives are strictly aligned with the 17 
Sustainable Development Goals [24] and mainly with the urban related one, addressing the 
following tasks: “support positive economic, social and environmental links between urban, 
peri-urban and rural areas by strengthening national and regional development planning; 
by 2020, substantially increase the number of cities and human settlements adopting and 
implementing integrated policies and plans towards inclusion, resource efficiency, 
mitigation and adaptation to climate change, resilience to disasters, and develop and 
implement”. 
     The further development of the study may include in the future: 

 a roadmap for regenerative and circular cities and the structure of an integrated 
management plan for resilient corridors; 

 a guideline for closing resource loops in specific demo cases; 
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Table 1:  Example of indicators. 

Expected impacts Indicators 

Measurable increase of the 
regenerative capacity of 
urban and peri-urban areas 

Number of projects including urban and peri-urban areas 
proposed by communities  

Decreasing % of carbon footprint of the regenerative corridor 
(CO2e/cap) 

Increasing % of re-use and recycling (spaces and resources) 
Number of projects from communities working on re-use and 
recycle
Decreasing % of land use around regenerative corridors 

New cooperation 
opportunities in local 
governance innovation to 
response to stakeholders 
needs 

Increasing in % of active and visible participation of women 
and ethnic minorities in initiatives and activities 
Number of multi-actor (PA/citizenship/suppliers) agreements 
for the management of corridors as common goods 
Number of collective initiatives under the agreement 

Boost creativity and 
entrepreneurship related to 
circularity and 
regenerative processes; 
Promoting local growth 

Increasing in % the number of short-cut circular ancillary 
business along the corridors 

Increasing in % of real estate value and revenues in the 
demonstration areas

Number of initiatives promoted by local association about 
circularity of resource flows 

Measurable reduction of 
materials, natural resource 
consumption and 
environmental footprint in 
urban and peri-urban areas 

Number of circular experiments along regenerative corridors 
promoted by living labs (LLs) 

% of reduction of resources consumption along the corridors 
during experimental phases 

% of reduction of resources consumption after pilot phase 
completion

Decreasing % of carbon footprint of the regenerative corridor 
(CO2e/cap) 

Increasing in % of new data about circularity and regenerative 
capacity 

 
 a guideline for citizen participation and co-design inside innovation hubs; 
 a set of enabling technologies to boost the process; 
 a more detailed set of impacts and related key performance indicators emerged and 

monitored during the experimental process. 

     Once completed and successfully tested, the model can bring regenerative cities to 
benefit the environment and natural ecosystems; drive the local economy; improve 
neighbourhood cohesion and health; increase their own resilience and enhance participatory 
decision-making.  
     Nonetheless, a number of barriers are embedded in the current political, financial and 
social institutional framework can be identified: the biggest obstacle is often represented by 
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the limited political horizon characterizing the public administration, however also the lack 
of systematic framework for stakeholders engagement to build effective public 
participatory process can become a barrier to achieve a wide consensus and an acceptable 
level of public awareness around the main scope of the project. A systematic analysis of 
potential barriers and obstacles certainly represents the very next step of the study in order 
to set adequate guidelines for supporting the process at political and societal level. 
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