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Abstract: Cities consume over 75% of natural resources, produce over 50% of global waste and emit
60- 80% of greenhouse gases. The scenario that by 2050 two thirds of the world population will live
in cities, highlights how cities are still responsible of the growing consumption characterized by
linear economy processes, with the production of various types of waste. In this unsustainable
framework, the Circular Economy offers the opportunity to shape the urban system by means of
rethinking the possibility to produce and use goods and services exploring new ways to ensure
long-term prosperity. The Circular City paradigm contains in fact all the principles of the Circular
Economy: recovery, recycling and sharing. In particular, Circular City also introduces actions re-
lated to the development of renewable energy communities, use of green materials, CO2 absorption
approaches and Proximity Cities. The aim of this work is to develop a methodology to build a com-
posite index (Circular City Index) capable of measuring the degree of implementation of urban pol-
icies that enable the territory to initiate an ecological transition of public assets. The city of Cagliari
(Sardinia, Italy) represents the case study to apply circular urban policies in public properties, for
civil and military use.
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1. Circular, Green e Adaptive City

The Circular City is based on the dynamic principles of the circular economy [1,2]. In
particular, with Circular Economy (CE) being a contested concept, a single universal def-
inition of the CE is probably impossible, as the concept is also dynamic, constantly evolv-
ing [3] and interdisciplinary [4,5]. However, according to Paiho et al. (2020) [6]: “A circular
city is based on closing, slowing and narrowing the resource loops as far as possible after
the potential for conservation, efficiency improvements, resource sharing, servitization
and virtualization has been exhausted, with remaining needs for fresh material and en-
ergy being covered as far as possible based on local production using renewable natural
resources”.

Circular cities are the most suitable candidates to respond to the societal challenges
tied to the rapid urbanization changes which project that by 2050 [7] over two thirds of
people will live in cities, currently still predominantly anchored to the linear economy, or
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protagonists of the consumption of energy resources, as well as encourage a growing pro-
duction of waste [8].

Cities, in fact, consume over 75% of natural resources, produce over 50% of global
waste and emit between 60 and 80% of greenhouse gases [9,10]. In terms of solutions, cities
attract creative talent and so allow societal transformations toward sustainability in both
the public and commercial sectors. Cities are among the most powerful entities that can
impact development favorably if they transition to the circular city [11].

The Circular City is certainly not a new urban model [12], whose traces have been
lost since the early stages of the industrial revolution, only to re-emerge in today's indus-
trial 4.0 phase [13]. In particular, according to the definition of the Ellen MacArthur Foun-
dation [14], principles of the Circular Economy can be found in all the urban functions of
the circular city [15]. The circular city therefore aims to eliminate the concept of waste,
waste and emissions into the air, to maintain value for performing goods and services also
thanks to the support of the digital transition, generate prosperity, improve livability and
resilience [16,17]. The opportunities of the Circular City from storing carbon, recycled ma-
terials (concrete, lime, steel), renewable and sustainable energy with energy communities,
proximity services to slow mobility are concentrated in urban regeneration [20].

The Circular City and the energy-ecological transition is the focus of the paper while
the objective is to develop a methodological proposal of urban data analysis to implement
a Composite Circular City Index to support integrated the pillars of the circular economy
in three different urban scales. The case study is a large military area in Cagliari, Sardinia,
Italy, located in proximity of a densely populated city neighborhood, that can be deployed
for integrated use in sustainable urban energy regeneration.

The manuscript is organized as follows:

1.Section 2 provides a literature review that focuses on the challenge of the circular
city in the twin transitions; (section 2.1); the energy demand in cities, developments and
future challenges (section 2.2); smart grid in the digital - energy transition (section 2.3);

2.Section 3 focuses on the materials, with particular attention to the management of
public real estate in Italy (section 3.1) and the current state of the military estate and en-
ergy transition (section 3.2);

3.Section 4 describes the proposed methodology to define the Circular City Index
(section 4.1) and the application to the study area (section 4.2);

4.Section 5 discusses the results of the case study;

5.Section 6 contains the conclusion.

2. Literature review

2.1. The challenge of the circular city in the twin transitions

Different transitions are in progress: the ecological one, and the digital-energetic, ap-
parently distinct, represent the answer to the critical aspects of the complex city-territory
and environment relationship, further aggravated by the recent health and delicate, envi-
ronmental and energy emergency [21, 22, 23]. The European Union is trying to accelerate
the transition from the current linear economy to a circular economy and consequently
the quest for a circular city arises.

The circular economy is, in fact, considered a means to attain sustainable develop-
ment goals (SDGs). Most of the relationships are straightforward, and we just mention a
few that could be less immediate to spot:

1. SDG 4 (quality education): the circular transition is related to increased environmen-
tal and civic education of all the citizens, who must actively contribute to its imple-
mentation;

2. SDG 8 (decent work and economic growth): shifting the economic model from a lin-
ear one to a new one based on the low cost of materials, lack of externalities and costs
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and strong automation of processes toward a circular one based on maintenance, re-

use, regeneration and recycle would create knowledge-based jobs not replaceable

from robots;
3. SDG9 (industry, innovation, and infrastructure): the circular economy represents an

overall vision that shapes all specific initiatives (industry 4.0).

Furthermore, the six missions of Italy’s recovery and resilience plan (PNRR) [24] (in-
novation, digitalization, competitiveness, culture and tourism; green revolution and eco-
logical transition; infrastructures for sustainable mobility; education and research; inclu-
sion and cohesion; health) converge directly and indirectly towards circular city [25, 26].
The PNRR is the plan approved in 2021 by Italy to relaunch its economy after the COVID-
19 pandemic in order to allow the country's green and digital development. (European
Commission, 2021).

From a circular economy perspective, we can therefore consider the seven main pil-
lars in the three main urban scales: large scale (cluster of buildings), medium (buildings
area) and small scale (building) (Figure 1).

Renewable energy

Health and wellness / \
Recycled materials
| o | RECY

[ e
[ = .
| @@f | Innovation & value

Culture & society | m |

Adaptive and resilient .:ﬁ. & | Pratects bladiversity

URBAN SCALES - US

Small scale Medium scale Large scale
{building) {building area) {Cluster of buiiding)

Figure 1. Pillars of the circular economy in relation to the three urban scales - US (Author: Balletto
G., 2022).

The urban scales (US) of Figure 1 represent the main dimensions of the virtuous in-
ternational cases of the circular city extrapolated from the literature [27]. Furthermore,
increasing the urban scale (from small to large) of circular city projects favors the ecolog-
ical energy transition from “building” to “district”. This direct proportionality relation-
ship constitutes an important added value to also guide the urban-scale size choices of
regeneration policies.

2.2. Energy demand in cities. Developments and future challenges

Cities are at the forefront of developments in the energy field because of their increas-
ing share in demand and changes in patterns of generation and consumption. With re-
gards to trends in volumes of energy demand, according to estimates by the International
Energy Agency (2008) [28] cities will account for 73% of the world energy demand of
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global electricity consumption by the year 2030. Cities are at the heart of developments
relating to the move to extend electrification to areas of energy demand (i.e. heating and
transport) which in the past relied on fossil fuels [29]. In this context, fully electrified Smart
Cities will experience the massive penetration of electric vehicles and heat pumps on
every street and in every home [30], and a correspondingly massive increase in electricity
demand [31].

A solution to match the increase in energy demand in cities consists of expanding the
generation base associated with renewable energy supply, including from public assets
such as those explored in this paper. These novel generation solutions may involve dis-
used public properties and can be understood in the context of the integration of renewa-
ble energies in public sector buildings, including solar and geothermal energy [32].

At the same time, the presence of more renewable sources of electricity means that
there will be less flexibility in generating electricity [33]. In order to overcome this chal-
lenge, a combination of smart grids and smart meters are supposed to provide the infra-
structural basis for the delivery of flexible, affordable, reliable and efficient power in cities
[34]. "Smart" is an overused term, because it is mentioned in various contexts, sometimes
even inappropriately, clearly when we talk about smart, at least in the context of electrical
systems, where normally the term refers to the use of information technology, to commu-
nication systems, to the whole set of sensors that can be used to detect data and actuators
used to control systems in urban or suburban environments. The key aspect, however,
that makes the systems smart, it is not the technologies themselves that are smart, because
it is well known that all new technologies that are proposed are inherently smart, what is
important is how the data are then collected from the ground and used both in real time
and to do planning studies for the future. It is in this context, the demand for electricity in
Smart Cities will involve the capacity to use energy in different locations at different times
of day or year (via storage or by changing the timing of activity including whether it takes
place at all); to switch fuels; to smooth or create peaks in demand or, in the case of mobil-
ity, to re-arrange destinations and journeys in ways that reduce energy demand and/or
congestion. Storing electricity, changing the timing of an activity, switching fuels, smooth-
ing peaks in demand, increasing demand when renewables generation is available (for
instance on sunny and breezy Sunday afternoons in the summer) are all examples of the
challenges of energy demand in Smart Cities [35]. Cities will be confronted with complex
decisions in relation to the mix of renewable sources, types of fuels, and levels of automa-
tion in demand management [36]. Changing patterns of energy generation and consump-
tion are more likely to be adopted by wealthier urban populations and on an experimental
basis by specific communities within the city [37]. For this reason, policies aimed at the
expansion of electrification need to consider the portfolio of public assets -such as disused
public properties- as ways to support energy transitions in equitable ways.

2.3. Smart grid in the digital - energy transition

As mentioned in the earlier sections of the manuscript, in order to achieve the elec-
tricity system decarbonization targets of the Sustainable Development Goals (SDGs) and
the zeroing of greenhouse gas emissions by 2050, the European Union (EU) has placed
special emphasis on reducing and improving consumption efficiency in cities. A para-
digm shift toward a holistic, multi-generation approach can achieve more significant ben-
efits by integrating energy infrastructure for electricity, natural gas, and district heating
networks and creating energy hubs in urban neighborhoods of future smart cities with
smart grids. Planning and design of a city district therefore requires an interdisciplinary
approach to planning, which must consider existing energy systems, analysis of building
energy consumption (electric and thermal, for example), and the predicted development
toward electric mobility. In this context, the participation in sustainable energy develop-
ment of all stakeholders including citizens, institutions and productive activities (e.g.
small and medium enterprises) is one of the viable paths through the implementation of
energy communities including renewable and non-renewable energy self-consumption
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user aggregates. In fact, energy communities, firstly outlined in the Renewable Energy
Directive (RED II) [38], and in the Electricity Market Directive (IEM) [39], recently trans-
posed to the Italian regulatory framework [40,41], introduce new legal entities in which
citizens, “SMEs and local authorities, cooperate in the generation, consumption, distribu-
tion, storage, supply of energy, or in providing energy efficiency and the and service man-
agement (regardless of renewable energy) (e.g. CEC - Citizen Energy Communities), or
citizens, SMEs and local authorities owns the objective of providing, through renewable
energy production and sharing activities, environmental, economic and social benefits to
the community” (e.g. REC - Renewable Energy Communities). In the future smart city,
city district with RECs may supply public and residential electrical consumption, air con-
ditioning, water heating and cooling, electric and thermal storage (heat pumps with
tanks), transportation and public lighting, as well further energy services. The use of ICT
and Internet technologies related to the smart grid development will help to control the
electrical energy production of PV-plants, the electric vehicles charge/discharge, as well
as to implement demand side integration (DSI) and demand side response.

In relation to qualitative and quantitative sustainability impact assessments and ben-
efits of RECs, it is important to highlight that the electricity produced and fed into the
public grid, consumed virtually by members of the energy community, is called shared
energy and valued through an incentive tariff, identified by the Italian government. The
incentive is paid by the Energy Services Manager (Gestore dei Servizi Energetici - GSE) di-
rectly to the energy community entity over a 20-year period. It is currently a premium
tariff (equal to 100 €/ MWh for self-consumption groups and 110 €/ MWh for energy com-
munities). Incentives are distributed internally among the members, according to rules
established by them.

A list of key performance indicators (KPIs), is proposed to evaluate the REC perfor-
mance and a comparison between the ex-ante scenario and the ex-post development sce-
nario, as summarized in Table 1.

Table 1. Performance indicators used to analyse the REC - Renewable Energy Communities. Au-
thor: E. Ghiani (2022).

Performance Indicator Description Range

Self-consumed over the total energy pro-

0-50
duced over a set period in the city district

SCP (%)

Shared energy over total energy con-
STC (%) sumption of the community over a set 0-50
period in the city district

Ratio between energy fed to the grid and
EFET (%) energy with-drawn from the grid over a 0-100
set period

Ratio between the sum of self-consumed
and shared energy over the total energy
consumption of the community over a set
period

A more thorough description of the equations for evaluating the parameters used in
the paper is reported in the following:

SCP is defined as the total energy self-consumed over the total energy produced by
renewable generation plants for the period in analysis. This metrics is informative about
the ability of instant physical self-consumption of the energy produced by the renewable
generation plants in the city district.

ScP =

SCSTC (%) 0-100

N
;8¢

Nrp.
Z]- TP;

-100 1)
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Where: N is the number of periods over which the parameter is computed, SCj (kWh)
is the self-consumed energy over the j-th period and TPj (kWh) is the total energy pro-
duced over the j-th period.

STC is defined as the energy used for the calculation of the sharing incentive over the
total energy consumed by the community. The parameter thus defined provides infor-
mation about the ability of the community to meet its energy needs through locally pro-
duced energy:
%) SEj
Zj-" TCj

where: N is the number of periods over which the parameter is computed, SE;j is the
total energy shared over the j-th period and TCj is the total consumed energy over the
period j-th and defined as the sum of the energy withdrawn from the grid and the self-
consumed energy:

STC =

-100 @)

TC; = ETG; + SC; (3)

where: ETCj is the energy withdrawn from the grid over the j-th period.

EFET is defined as the energy fed to the grid over the energy withdrawn from the
grid. If greater than 100, the energy fed to the grid exceeds that withdrawn. This parameter
gives a general idea whether the PV plant for the community is balanced.

L EF5 100 )
Zj-" ETG;j

where EFGj (kWh) and ETGj (kWh) are, respectively, the energy fed and withdrawn
from the grid over the j-th period.

SCSTC is defined as the ratio of the sum of the total self-consumed energy and the
shared energy over the total energy need.

EFET =

scsTe = HS0sE
N rc;

SCSTC has been designed with the aim to evaluate the ability of the community to
satisfy its energy demand by self-consuming; self-consumption can be considered as an
avoided expense whilst the shared energy is incentivized. Hence, the KPI relates quanti-
ties that can provide economic benefits to the community in relation to its total consump-
tion.

On the other hand, if the interest is to evaluate the sustainability of the REC, it is
possible to achieve such a result by jointly considering the EFET and SCSTC KPIs to un-
derstand whether the community is taking advantage of the economic incentives in rela-
tion to the energy locally produced and define the sharing of the benefits according to
specific rules [42].

Furthermore, RECs are a legal entity operating in a city district: which is based on
open and voluntary participation; whose shareholders or members who exercise control
power are individuals, small and medium-sized enterprises (SMEs), local authorities, as
per art. 31, paragraph 1 letter b) of Legislative Decree 199/21; whose main objective is to
provide environmental, economic or social benefits at the community level to its share-
holders or members or to the local areas in which it operates.

Within this framework, the presence of public administrations in the establishment
of REC offers important opportunities. In particular, large public assets embedded into
regeneration plans can significantly contribute to develop REC in a more extensive circu-
lar city approach. In this context, military sites are the focus of this work.

-100 (5)

3. Materials

3.1. Public Real Estate Management in Italy

The Management of Public Real-Estate Assets (PREA) is an important issue at the
core of international debate [43,44] and is gradually playing a prominent role in the im-
plementation of public policies based on the circular economy paradigm.
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As a matter of fact, the divestment phenomena of public properties relies on factors
such as technological advances and new economic models, digitalization of public admin-
istration and changing geopolitical conditions after the end of the Cold War [45]. This
situation solicits national and local governments to face the challenge of reusing a sub-
stantial amount of buildings and areas that belong to different public bodies [46]. More
precisely, the urban regeneration process oriented to improve the quality of the PREA, in
terms of technological innovation and design, could contribute decisively to the imple-
mentation of the Circular City.

In the Italian context, the inadequacy of a comprehensive inventory on the current
state of public assets, the frequent alternations between the political parties in government
and the resulting lack of a clear long-term strategy has made the management of PREA a
challenging issue [47,48]. Despite the idea of PREA as an unproductive resource [49],
PREA may play an irreplaceable role as due to their testimonial and cultural memory
value tied to the idea of nation and as a potential opportunity to create new income and
provide public services [50].

Most recent initiatives aim to facilitate the transition of military properties to the sta-
tus of semi-commons or commons [51], also through "Difesa Servizi Spa", an in-house
company of the Ministry of Defence (MoD) - Law no. 191/2009 (2010 Budget Law), estab-
lished to manage and enhance this specific portfolio [52]. "Difesa Servizi Spa" proposes on
the real estate market those properties characterized by a marked vocation for dual use
(civil and military use), which may be involved in regeneration projects, thus creating
multiple benefits for investors and for the territory. Considering that the alienation of the
asset is not permitted, properties remain in the full availability of the public owner in this
type of real estate operations.

The purposes of the Green Barracks Project (GBP), launched by the Italian Army in
2019 to renovate the most strategic military sites across the national territory, are in line
with this recent sustainable approach [53]. Among the 26 strategic military sites selected
by the GBP project, two are located in the Sardinia Region. The cluster of military build-
ings located in the Municipality of Cagliari has been selected as a case study for this re-
search (section 4.2). With a total investment of 1.5 billion over 20 years, the GBP pursues
two complementary objectives: to achieve higher levels of architectural quality; to define
a new functional organization that allows to share socio-recreational and sports facilities
with the local community and, therefore, to promote the 'dual use' of military sites and
greater social inclusion [54]. In this sense, the GBP, if properly channeled and inserted into
urban planning analysis and policies, can represent an opportunity to build new relation-
ships between military sites and the city, within more comprehensive urban regeneration
projects [55] according to the Circular City paradigm [56]. Within this national project, the
energy transition of military estate constitutes a pivotal element worth analysing and a
pillar for enabling the Circular City model.

3.2. Military estate and energy transition

Military urban land may constitute a relevant opportunity for introducing ecological
transition measures for the following reasons. The first is that the MoD is one of the largest
landowners in Italy, so the availability of public-owned assets may facilitate these opera-
tions. The total surface dedicated to military use covers 783.05 sq km and the military
safety zones reach 451.76 sq km, for a total of 1,234.81 sq km, being about 0.411% of the
Italian territory [574]. The second is the wide variety of military settlements, which cover
different use and location due to military purposes, from isolated administrative build-
ings to barracks and from well-developed bases to training areas without any sort of in-
frastructure. The different kinds of settlements, such as airports, arsenals, barracks, naval
bases, and warehouses, may be the ground on which to propose a variety of measures for
urban and non-urban environments. The third is the particular characteristics of the inter-
nal morphology of a specific settlement, i.e. the barracks. Being introduced for soldiers’
accommodation in the 19th century, the morphology follows specific architectural and
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urban schemes according to the international debate among military engineers [58]. The
buildings were surrounded by wide open and green spaces, such as tree-lined avenues
and squares, intended for circulation, training, and free time. These characteristics give
military barracks the value of “self-sufficient cities” for the soldiers [59]. However, many
barracks fail to meet modern architectural, energy, and technological standards and also
find themselves in an unacceptable state of conservation for the military purpose of the
21st century [60]. Eventually, since the late 1990s, the Italian government launched ra-
tionalisation policies for the MoD in order to close thousands of military sites following
geopolitical changes and the tendency to handover the management of public properties
to local municipalities and private actors following neoliberal patterns [61]. The transfer
from military to the civilian domain has resulted in multiple challenges for those respon-
sible for their redevelopment and opportunities for the civil society to achieve an inte-
grated urban regeneration [62]. Moreover, the rationalisation policies aimed to create a
smaller and significantly better estate that effectively supports the armed forces in accord-
ance with current societal challenges, such as climate change and reducing expenditure in
managing the assets. Among these challenges, the ecological transition is one of the most
striking policies adopted by the MoD itself. Following a general trend occurring in Europe
[63], the Italian Government embarked in 2019 the Defense Energy Strategy [67], the im-
plementation of which was entrusted to the “Defence Task Force for Real Estate Develop-
ment, Energy and the Environment” in 2021. On this basis, the MoD officially launched
the ecological transition of the military apparatus in the early 2022 [65]. aimed at better-
ing energy efficiency and energy independence [66]. This new energy-oriented policy, in
turn, is about containing expenditure, protecting the environment, and improving logis-
tics and infrastructure sectors. The transition is fundamental to improve the energy per-
formance of military buildings currently used by the MoD, which cover 760,000,000 sqm
of the Italian territory [67], for a total annual expenditure on electricity consumption of
127,000,000 €. Among the several actions of the Recovery Fund priorities aimed at the
ecological transition of the MoD, the main priorities are two. First, the creation of smart
military districts to maximize self-consumption and the energy flows. These new districts
would result in the technological development of the districts” surroundings and the at-
traction of industrial interests and investments that would eventually benefit the eco-
nomic and social development of the communities concerned [68]. Second, the Article
20 of Decree-Law 17/2022 (the so-called “Energy Decree”) establishes that the MoD shall
grant concessions or directly use military assets to install plants for the production of en-
ergy from renewable sources. The purpose of the regulation is the pursuit of national en-
ergy resilience, the sustainable growth of the country, and the decarbonisation of the en-
ergy system. Afterwards, the Article 9(1) of Decree-Law No. 50/2022 fully replaced Article
20(2) of Decree-Law No. 17/2022. This change regards the possibility to entrust to the MoD
and the third party concessionaires of military assets the power to set up national renew-
able energy communities, also with other central and local public administrations. In this
sense, the present study proposes a methodological approach to build a composite Circu-
lar City Index (CCI) capable of assessing and monitoring the contribution of military sites
in the implementation of the Circular City model.

4. Methodology and Data

4.1. The Circular City Index

The methodology is aimed at determining the evaluation of a Circular City Index
based on a bibliometric analysis followed by an interpretative review of the literature. The
proposed Circular City Index is applicable for both ex-ante and ex-post scenarios in the
different three scales: Large; Medium and Small urban dimension - UD - previously de-
scribed (Section 2.1). In particular, the proposed methodology is aimed at evaluating the
Circular City Index, where the circular economy can become not only a moment of possi-
ble “choice” but also the significant expression of the urban environment with multiple
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benefits—related to environment, health and well-being, both individual and collective,
in line with the objectives of the 2030 Agenda. The method is based on the 7 pillars of the
circular economy declined by the 4 focuses and 10 key performance indicators that make
up the circular city index (Table 2).

Also, that city district of REC derives from art. 31, paragraph 1 letter b) of Legislative
Decree 199/21; whose main objective is to provide environmental and economic benefits.

Table 2. Framework of pillars of circular economy, focus, SDGs, literature, and key performance
indicators (KPIs) of Circular city. Author: G Balletto (2022).

. . key perfor-
Plllzlc'(())i:rl;cular Focus SDGs Literature mance indica- Ratio %
y tors (KPIs)

Recycled mate- 1) Green Omer, et al (2022) [69];

rials and recy- Balletto, et al (2021) 1.1) All recycled
. 12 [70]; . UD/UD
Innovation & cled material
. Burghardt, et al (2021)
Value materials
[71]
Protects.blodl- Shafique, et al (2020) 2.1) Green area;
versity 2) COz2up- 2.2) Recycled
. 13 [72]; : uUD/UD
Innovation & take materials
Furcas, et al (2014) [73] .
Value (cement -lime);
Sustainable en- C;?rr}ls, et al (2021) [74]; 3.1) SCP UDJeity
ergy Di Silvestre. et al (2021) 3.2) STC L
. 3) REC 7 district of
Innovation & [75] 3.3) EFET REC
Value Ghiani et al (2019) [76]  3.4) SCSTC
Culture & soci- 4.1) Places of
ety Moreno, et al (2021) movement
Health and 4) 15 Mi- [77]; 4.2) Central 15 min of
wellness nute and 1 Li, Z., Zheng, et al places of wel-  UD/city
Adaptive and Proximity (2019) [78]; Balletto, et fare district of
resilient City al (2021) [79]; 4.3) Central REC
Innovation & Badii, et al (2021) [80] places of com-
Value merce

The proposed focuses derive from a bibliometric analysis followed by an interpreta-
tive review of the literature and are (Table 2):

1.  Green and recycled materials - in particular the concrete, plaster and steel;

4. COzuptake- both from: green areas (phenomenon of photosynthesis) and cement and
plaster (phenomenon of carbonation);

Renewable Energy Communities REC - City district;

6. 15 Minute City and Proximity services - accessibility to the main urban facilities.

Furthermore, the key performance indicators proposed are coherent and integrate
the seven pillars of the circular economy at the basis of the prosperity of the urban eco-
system of the circular city [81] which by its nature intensifies the symbiosis in its urban
system [82].

In fact, the urban ecosystem is a dynamic ecosystem that has similar interactions and
behaviours as natural ecosystems. Unlike the natural ecosystem however, urban ecosys-
tem is a hybrid of natural and man-made elements whose interactions are affected not
only by the natural environment, but also culture, personal behaviour, politics, economics
and spatial planning [83]. The spatial and temporal scales at which a city operates mirror
that of an ecosystem. In particular, an urban ecosystem is composed of an “... evolving
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set of actors, activities, and artifacts, and the institutions and relations, including comple-
mentary and substitute relations ...” that connect actors, activities, and artifacts [84].

For improve the integration between the components of the urban ecosystem to favor
sustainable urban evolution [85] a synthetic index of circular city was developed, inspired
by the Simpson index. Indeed, the Simpson index finds wide application in ecology to
represent environmental ecological diversity, i.e. the represents an index of representa-
tiveness of an ecosystem. The Simpson diversity index, used in statistics in the case of
populations with a finite number (in the case of index D) of elements:

D=1 -log A (where D is between 0 and 1 and where A corresponds to the Simpson

concentration index in the case of a finite population.
_ XjNj(Nj-1)
A= N(N-1) ©)

Nj(Nj-1)
D=1-log¥;— " )

where Nj indicates the number of j-th “species”, specifically the key performance in-
dicators of circular city.

4.2. Study area

The presence of abandoned or still-in-use military sites in urban areas or in close
proximity to them is a particularly relevant issue in Italy and the specific military presence
in Cagliari and Sardinia Region is relevant due to its pivotal role during the Cold War in
the Mediterranean area [86,87].

The city of Cagliari is the capital of Sardinia Region and the most important cultural,
economic, political and administrative center of the Region. It has been a Metropolitan
City since 2016, a new administrative structure of 17 municipalities. The Municipality of
Cagliari hosts over 150,000 inhabitants, while the Metropolitan City spans over 400,000
inhabitants [88]. It plays a role as the major urban area in the Island, as well as a military
headquarter for the simultaneous presence of important installations and bases of the dif-
ferent forces, namely Italian Army, Navy and Air Force. As a result, we can register im-
portant figures (58 units) of military buildings and barracks, offices, and residences, orga-
nized into clusters, with an extension of about 2 million sqm in the urban area [89].

The present study focuses on the urban cluster of military buildings located in the
Cagliari city, Sardinia, Italy (Figure 2), in a landscape context characterized by significant
environmental components and geographic endowments [90], mixed with historical mil-
itary settlement processes. In particular, the cluster of military barracks of the GBP, con-
sists of four units: three barracks complexes (MB01, MB02, MB03) and one area equipped
with services and other facilities (MB04), with a total area equal to 279,981.325 sqm (MB =
military building; MB01 = 36,764.967 sqm; MB02 = 129806.581 sqm; MB03 = 84,081.493 sqm;
and MB04 = 29,328.315 sqm).
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Figure 2. Cluster of military buildings in the city of Cagliari (Author: M. Ladu, 2022).

In line with the GBP objectives, which also provide for the mixed civil-military use
of some portions, the urban regeneration of the barracks complex (cluster) is proposed,
aimed at obtaining — within the circular city paradigm — the following actions: to use of
green and recycled materials; to promote CO: uptake; to produce, use and share of the
sustainable green energy (ICT, smart grid) and to foster the 15 Minute City and Proximity
paradigms (urban design proposal).

In line with the Legislative Decree 199/21 on the use of energy from renewable
sources, the proposed city district of REC (Figure 2) comprises the neighborhoods of La
Palma, Quartiere del Sole, Sant’Elia Its main objective is to provide environmental, eco-
nomic or social benefits at the community level to its shareholders or members or to the
local areas in which it operates. The Circular City Index was then evaluated, applied to
two different scenarios, "ex ante" and "ex post". From the endowment and spatial distri-
bution of information (geo-database built by the authors in previous research [79,91] re-
lating to the city of Cagliari, the following is obtained (Table 3).

Table 3. key performance indicators (KPIs) - Ex ante and ex post scenario. Author: Balletto G. (2022).

Ex Ante sce-

Key Performance Indicators (KPIs) Ratio % . Ratio %
nario
1.1) All recycled material clus- 0 30
ter/cluster
2.1) Green area; clus- 5 30
2.2) Recycled materials (cement -lime); ter/cluster 0 80
3.1)SCP clus- 0 50
3.2) STC .
ter/city 0 50
3:3) EFET district of 0 90
3.4) SCSTC REC 0 9

4.1) Places of movement (local public transport,

sharing mobility) .
1 2 4
4.2) Central places of welfare (school, park, health > oun 0 >
care) area/city 21 42
district 24 43

4.3) Central places of commerce (market, bar-res-
taurant, urban trade)

5. Results

Following a comprehensive literature review on the Circular City paradigm (section
2.1), this study proposes a quantitative methodology to build a composite CCI based on
the seven pillars of the circular economy, the four main topics (Green and recycled mate-
rials; CO:z uptake; REC; 15 Minute City and Proximity City) chosen for the analysis.

The CCI has been applied to the large urban scale in the city of Cagliari to assess the
degree of circularity of the ex-ante and ex-post scenarios. According to this approach, the
CCI was applied to the 279,981,325 sqm cluster of military buildings (001 MB - 004 MB)
included in the GBP (section 3.1). The evaluation of the CCI was developed through the
combination of 10 KPIs in the Simpson formula.

The output data (Table 4) revealed the performance of the GBP regeneration strate-
gies in terms of circularity, producing a significant increase in the CCI index. More pre-
cisely, regarding the challenge of the proximity city, the CCI grows from 0.81 (ex-ante
scenario) to 0.98 (ex-post scenario), which is almost the highest performance. At the same
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time, the beneficiary population of the proximity city also increases from 12,126 to 16,937
inhabitants. The isochrones of the 15 minutes city describe this phenomenon (Figure 3).

Table 4. Comparison of scenarios: CCI and Beneficiary population. Author: Balletto G. (2022).

Ex-ante scenario Ex-post scenario
Beneficiary popu-
Beneficiary pop- Beneficiary popu- lation (REC - Re-
CCI  wulation (prox- CCI lation (proximity newable Energy
imity city) city) Communities) city
district [92]
Cluster of
Military 0.81 / 0.98 /
Buildings
Beneficiary 12,126 / 16,937 20,091
population

EX ANTE SCENARIO 'EXPOST SCENARIO

Cluster of mil r]vbuildirw Cluster of militzry buidings
8]

(001 VB - 004 M {oC1B - 004 VB}

... Isocrona 15 minutes. . ... Isocrona 15 minutes
Population: 12.126 Population: 16.937

District boundaries District boundaries
Popularion: 20,091 Population: 20,001

Figure 3. Isochronous 15 min by foot (ex-ante and ex-post scenario) related to the cluster of military
buildings within the district boundary of the REC. Author: M. Ladu (2022).

As regard the challenge of the REC, the urban scale corresponds to the district area
that the cluster of military buildings can satisfy in terms of energy production capacity
(Figure 3). Table 4 shows that the beneficiary population of the REC exceeds 20,000 inhab-
itants in the ex-post scenario. This output cannot be assessed in the ex-ante scenario be-
cause the REC does not yet exist.

The scenario assessment confirms the CCI as a useful tool in the main phases of the
PREA management process:

- the cognitive phase, because it describes the ex-ante condition of PREA;

- in the planning and programmatic phase, because it supports design choices in co-
herence with the Minimum Environmental Criteria (MEC) [93], which in Italy should be
respected in all interventions on PREA. The MEC are green criteria introduced to support
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public bodies in the ecological transition phase, which requires the implementation of the
life-cycle approach in public governance;

- in the monitoring phase, which is subsequent to the implementation of the inter-
ventions.

6 Conclusions

The ecological transition of existing urban military assets can provide a multi-faceted
response to the challenges towards resilience and sustainability that society is currently
facing and reducing dependency on fossil fuels wherever possible will contribute to the
Governments’ legal obligation to net zero greenhouse gas emission by 2050, taking ad-
vantage of new and emerging energy technologies as well as the new regulations for re-
newable energy production and sharing among citizens.

In this context, this paper develops an investigation along two main lines of research.

Firstly, the paper provides a comprehensive reflection on multiple use of military
estate according to the Italian legislative framework and military estate rationalisation
policies. The analysis explores the regeneration strategies of military sites proposed by the
Green Barracks Project (GBP) of the Italian Army that fits well with the pillars of the cir-
cular city. This approach allows the exploration of two dimensions of interventions, which
can be summarized in the proximity city and renewable energy communities models. In
fact, the regeneration of military sites represents an opportunity to transform urban en-
claves into transit nodes within a deeper network of material and immaterial relations
with the city and into energy production hubs with an impact at different urban scales.

Secondly, the research provides a methodology to measure, evaluate and monitor the
degree of circularity of interventions from small to large scale (military cluster and dis-
trict) consistent with those proposed by the GPB. The complexity of redeveloping military
estate for both the military and civil society implies a multi-dimensional approach that
led the Authors to build a composite Circular City Index (CCI) capable of assessing and
monitoring the contribution of military sites in the implementation of the Circular City
model. The CCI based its foundation on the seven pillars of the circular economy, the 4
main topics and the 10 keys performance indicators (KPIs) chosen for the analysis. The
model is applied in an ex-ante and ex-post scenario with the aim of shedding light on the
current condition of the military compound, selecting/defining the project, and monitor-
ing its performance once the regeneration measures have been implemented. The method
also allows assessing the beneficiary population of the proximity city and renewable en-
ergy communities. This is a relevant aspect because proximity city and Renewable Energy
Communities (RECs) coincides respectively with the 15 min isochrones (ex-ante and ex-
post scenario) and the district area that the military buildings cluster can satisfy in terms
of energy production capacity.

The choice to apply the CCI in the specific military cluster in Cagliari relied on the
availability of data provided by GBP and the strategic location in the surroundings of ur-
ban neighbourhoods. This model is exportable to other military clusters in urban areas
and other publicly-owned sites with similar architectural and dimensional characteristics
to the case study. In this sense, the regeneration of large military and public-owned assets
may be an opportunity to create new urban centralities in terms of new functions for the
civil society and potential energy production hubs serving local communities
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Glossary

CCI - Circular City Index

DSI - Demand Side Integration

GBP - Green Barracks Project

MB - Military Building

US - Urban Scale

MoD - Ministry of Defence

PREA - Public Real-Estate Assets

REC - Renewable Energy Communities

EFET - Ratio between energy fed to the grid and energy withdrawn from the grid over a set period
SCSTC - Ratio between the sum of self-consumed and shared energy over the total energy consump-
tion of the community over a set period

SCP - Self-consumed over the total energy produced over a set period in the city district

STC - Shared energy over total energy consumption of the community over a set period in the city
district.

References

1. Vanhuyse, F.; Haddaway, N.R.; Henrysson, M. Circular cities: an evidence map of research between 2010 and 2020. Discov
Sustain 2021, 2(50).

2. Williams, J. Circular cities: a revolution in urban sustainability, 1st ed.; Routledge: London-New York, 2021.

Korhonen, J.; Honkasalo. A.; Seppald, J. Circular economy: the concept and its limitations. Ecol Econ. 2018, 143, 37—46.

4. Murray, A.; Skene, K,; Haynes, K. The circular economy: an interdisciplinary exploration of the concept and application in a
global context. | Bus Ethics. 2017; 140(3), 369-80.

5. Birgovan, A. L.; Lakatos, E. S,; Szilagyi, A.; Cioca, L. I; Pacurariu, R. L.; Ciobanu, G.; Rada, E. C. (2022). How should we meas-
ure? A review of circular cities indicators. International journal of environmental research and public health 2022, 19(9), 5177.

6.  Paiho, S.; Miki, E.; Wessberg, N.; Paavola, M.; Tuominen, P.; Antikainen, M.; Heikkil, J.; Rozado, C.A.; Jung, N. Towards
circular cities—Conceptualizing core aspects. Sustain. Cities Soc. 2020, 59, 102143.

7. United Nation, World population prospects 2019, 2019. Available online: https://population.un.org/wup/ (accessed on 23 Septem-
ber 2022).

8.  Harris, S.; Weinzettel, ].; Bigano, A.; Kallmén, A. Low carbon cities in 2050? GHG emissions of European cities using production-
based and consumption-based emission accounting methods. Journal of Cleaner Production 2020, 248, 119206.

9. Liu, H; Fang, C,; Miao, Y.; Ma, H.; Zhang, Q.; Zhou, Q. Spatio-temporal evolution of population and urbanization in the coun-
tries along the Belt and Road 1950-2050. Journal of Geographical Sciences 2018 28(7), 919-936.

10. Swilling, M.; Hajer, M.; Baynes, T.; Bergesen, J.; Labbé, F. Musango, J. K.; Ramaswami, A.; Robinson, B.; Salat, S.; Suh, S. The
weight of cities: Resource requirements of future urbanization. IRP Reports, 2018. Available online: https://www.re-
sourcepanel.org/sites/default/files/documents/document/media/report the weight of cities summry web.com-
pressed 230218.pdf (accessed on 23 September 2022).

@



https://population.un.org/wup/
https://www.resourcepanel.org/sites/default/files/documents/document/media/report_the_weight_of_cities_summry_web.compressed_230218.pdf
https://www.resourcepanel.org/sites/default/files/documents/document/media/report_the_weight_of_cities_summry_web.compressed_230218.pdf
https://www.resourcepanel.org/sites/default/files/documents/document/media/report_the_weight_of_cities_summry_web.compressed_230218.pdf
https://doi.org/10.20944/preprints202210.0088.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2022 doi:10.20944/preprints202210.0088.v1

150f 18

11.  Marin, J.; De Meulder, B. Interpreting Circularity. Circular City Representations Concealing Transition Drivers. Sustainability
2018, 10(5), 1310

12. Balletto, G.; Naitza, S.; & Desogus, G. Stone in the city. Extraction sites and spoliation of stone materials in the city of Nora
(South-West Sardinia). In Proceedings of the 21st IPSAPA/ISPALEM International Scientific Conference Venice (Italy) July 6th — 7th,
2017 Paradise Lost of the Landscape-cultural Mosaic. Attractiveness, Harmony, Atarassia; 1st ed.; Piccinini, L.C.; Reho, M.; Chang, T.
F. M.; Taverna, M.; Isepp, L., Eds.; IPSAPA/ISPALEM: Udine, Italy, 2018; Volume 4, pp. 397-408.

13.  Musti, K. S. Circular economy in energizing smart cities. In Handbook of Research on Entrepreneurship Development and Opportuni-
ties in Circular Economy, 1st ed.; Baporikar, N., Ed., IGI Global: Hershey, USA, 2020, pp. 251-269

14. Ellen MacArthur Foundation. Available online: https://ellenmacarthurfoundation.org/ (accessed on 22 September 2022).

15. Kirchherr, J. Circular economy and growth: A critical review of “post-growth” circularity and a plea for a circular economy that
grows. Resources, Conservation and Recycling 2022, 179, 1-2.

16. Balletto, G.; Borruso, G.; & Donato, C. City dashboards and the Achilles’ heel of smart cities: putting governance in action and
in space. In Computational Science and Its Applications — ICCSA 2018. ICCSA 2018. Lecture Notes in Computer Science, 1st ed.;
Gervasi, O.; Murgante, B.; Misra, S.; Stankova, E.; Torre, C. M.; Rocha, A. M,; Taniar, D.; Apduhan, B. O.; Tarantino, E.; Ryu, Y.,
Eds.; Springer: Cham, Switzerland, 2018, Vol. 10962, pp. 654—-668.

17. Foster, G.; Saleh, R. The adaptive reuse of cultural heritage in European circular city plans: A systematic review. Sustainability
2021, 13(5), 2889.

18. Ddci, G.; Vasileiadou, E.; Petersen, A. C. Exploring the transition potential of renewable energy communities, Futures 2015, 66,
85-95.

19. D’Alpaos, C.; Andreolli, F. (2021). Renewable Energy Communities: The Challenge for New Policy and Regulatory Frameworks
Design. In New Metropolitan Perspectives. NMP 2020. Smart Innovation, Systems and Technologies, 1st ed.; Bevilacqua, C.; Calabro,
F.; Della Spina, L., Eds., Springer, Cham, Switzerland, 2021, vol. 178, 500-509.

20. Fusco Girard, L.; Nocca, F. Moving Towards the Circular Economy/City Model: Which Tools for Operationalizing This Model?
Sustainability 2019, 11(22), 6253.

21. Murgante, B.; Balletto, G.; Borruso, G.; Saganeiti, L.; Pilogallo, A.; Scorza, F.; Castiglia, P.; Arghittu, A.; Dettori, M. A. method-
ological proposal to evaluate the health hazard scenario from COVID-19 in Italy. Environmental Research 2022, 112873.

22. Cifuentes-Faura, J. Circular economy and sustainability as a basis for economic recovery post-COVID-19. Circular Economy and
Sustainability 2022, 2(1), 1-7

23.  Naidoo, D.; Nhamo, L.; Lottering, S.; Mpandeli, S.; Liphadzi, S.; Modi, A. T.; Trois, C.; Mabhaudhi, T. (2021). Transitional path-
ways towards achieving a circular economy in the water, energy, and food sectors. Sustainability 2021, 13(17), 9978.

24. European Commission. Italy’s recovery and resilience plan, 2021. Available online: https://ec.europa.eu/info/business-economy-
euro/recovery-coronavirus/recovery-and-resilience-facility/italys-recovery-and-resilience-plan _en (accessed on 22 September
2022).

25. Muscillo, A.; Re, S.; Gambacorta, S.; Ferrara, G.; Tagliafierro, N.; Borello, E.; Rubino, A.; & Facchini, A. Circular City Index: An
Open Data analysis to assess the urban circularity preparedness of cities to address the green transition--A study on the Italian
municipalities 2021. arXiv preprint. Available online: https://arxiv.org/ftp/arxiv/papers/2109/2109.10832.pdf (accessed on 22
September 2022).

26. Balletto, G; Borruso, G.; Murgante, B.; Milesi, A.; & Ladu, M. Resistance and Resilience. A Methodological Approach for Cities
and Territories in Italy. In Computational Science and Its Applications — ICCSA 2021. ICCSA 2021. Lecture Notes in Computer Science,
1st ed.; Gervasi, O.; Murgante, B.; Misra, S.; Garau, C.; Blecic, L; Taniar, D.; Apduhan, B. O.; Rocha, A. M,; Tarantino, E.; Torre,
C. M, Eds., Springer, Cham, Switzerland, 2021, Vol. 12952, pp. 218-229.

27. Prendeville, S.; Cherim, E.; Bocken, N. Circular cities: Mapping six cities in transition. Environmental innovation and societal tran-
sitions 2018, 26, 171-194.

28. International Energy Agency. Cities, towns & Renewable energy, 2009. Available online: https://www.iea.org/reports/cities-towns-
and-renewable-energy-yes-in-my-front-yard (accessed on 22 September 2022).

29. Soares, J.; Borges, N.; Ghazvini, M. A. F.; Vale, Z.; de Moura Oliveira, P. B. Scenario generation for electric vehicles' uncertain
behavior in a smart city environment. Energy 2016, 111, 664—675.

30. Teng, F.; Aunedi, M.; Strbac, G. Benefits of flexibility from smart electrified transportation and heating in the future UK elec-
tricity system. Applied energy 2016, 167, 420-431.

31. Cassarino, T. G.; Sharp, E.; Barrett, M. The impact of social and weather drivers on the historical electricity demand in Europe.
Applied energy 2018, 229, 176-185.

32. Cabeza, L. F.; de Gracia, A,; Pisello, A. L. Integration of renewable technologies in historical and heritage buildings: A review.
Energy and buildings 2018, 177, 96-111.

33. Chen, S; Li, Z; Li, W. Integrating high share of renewable energy into power system using customer-sited energy storage.
Renewable and Sustainable Energy Reviews 2021, 143, 110893.

34. Torriti, ]. Appraising the economics of smart meters: Costs and benefits, 1st ed.; Routledge: London-New York, 2020.

35. Arasteh, H., Hosseinnezhad, V., Loia, V., Tommasetti, A., Troisi, O., Shafie-khah, M., & Siano, P. (2016). Iot-based smart cities:
A survey. In lot-Based Smart Cities: A Survey. 2016 IEEE 16th International Conference on Environment and Electrical Engineering
(EEEIC), Florence, Italy, 7-10 June 2016, pp. 1-6.



https://ellenmacarthurfoundation.org/
https://www.scopus.com/sourceid/21524
https://ec.europa.eu/info/business-economy-euro/recovery-coronavirus/recovery-and-resilience-facility/italys-recovery-and-resilience-plan_en
https://ec.europa.eu/info/business-economy-euro/recovery-coronavirus/recovery-and-resilience-facility/italys-recovery-and-resilience-plan_en
https://arxiv.org/ftp/arxiv/papers/2109/2109.10832.pdf
https://www.iea.org/reports/cities-towns-and-renewable-energy-yes-in-my-front-yard
https://www.iea.org/reports/cities-towns-and-renewable-energy-yes-in-my-front-yard
https://doi.org/10.20944/preprints202210.0088.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2022 doi:10.20944/preprints202210.0088.v1

16 of 18

36. Coker, P; Torriti, ]. Energy interactions: the growing interplay between buildings and energy networks. In Sustainable Futures
in the Built Environment to 2050: A Foresight Approach to Construction and Development, 1st ed.; Dixon, T.; Connaughton, J.; Green,
S., Eds.; Wiley: Hoboken, USA, 2018, pp. 287-309.

37. Romero-Lankao, P.; Wilson, A.; Sperling, J.; Miller, C.; Zimny-Schmitt, D.; Sovacool, B.; Gearhart, C.; Muratori, M.; Bazilian, M.;
Zind, D.; Young, S.; Brown, M.; Arent, D. Of actors, cities and energy systems: advancing the transformative potential of urban
electrification. Progress in Energy 2021, 3(3), 032002.

38. Official Journal of the European Union, 2018. Directive (EU) 2018/2001 of the European Parliament and of the Council of 11
December 2018 on the promotion of the use of energy from renewable sources, https://eur-lex.europa.eu/eli/dir/2018/2001/0j

39. Official Journal of the European Union. Directive (EU) 2019/944 of the European Parliament and of the Council of 5 June 2019
on common rules for the internal market for electricity and amending Directive 2012/27/EU. Available online: https://eur-lex.eu-
ropa.eu/eli/dir/2019/944/0j (accessed on 22 September 2022).

40. Gazzetta Ufficiale della Repubblica Italiana. L. 8, Feb. 28 2020- Conversione in legge, con modificazioni, del decreto-legge 30
dicembre 2019, n. 162, recante disposizioni urgenti in materia di proroga di termini legislativi, di organizzazione delle pubbliche
amministrazioni, nonche' di innovazione tecnologica. Available online: https://www.gazzettauffi-
ciale.it/eli/id/2020/02/29/20G00021/sg (accessed on 22 September 2022).

41. Gazzetta Ufficiale della Repubblica Italiana. D.L. n. 199, Nov 8 2021, Attuazione della direttiva (UE) 2018/2001 del Parlamento
europeo e del Consiglio, dell'11 dicembre 2018, sulla promozione dell'uso dell'energia da fonti rinnovabili. Available online:
https://www.gazzettaufficiale.it/eli/id/2021/11/30/21G00214/sg (accessed on 22 September 2022).

42. Minuto, F. D.; Lanzini, A. Energy-sharing mechanisms for energy community members under different asset ownership
schemes and user demand profiles. Renewable and Sustainable Energy Reviews 2022, 168.

43. White, A. D. A review of UK public sector real estate asset management. Journal of Corporate Real Estate 2011, 13, 6-15.

44. Wojewnik-Filipkowska, A.; Rymarzak, M.; Lausberg, C. Current managerial topics in public real estate asset management. Swiat
Nieruchomosci 2015, 94(4), 5-10.

45. Nickelsburg, J. Employment Dynamics in Local Labor Markets: Evidence from U.S. Post Cold War Base Closures. Defence and
Peace Economics 2020, 31(8), 990-1005.

46. Manganelli, B.; Tataranna, S.; Vona, M.; Del Giudice, F. P. An Innovative Approach for the Enhancement of Public Real Estate
Assets. Sustainability 2022, 14(14), 8309.

47. Ladu, M. The role of city dashboards in managing public real estate in Italy: Proposals for a conceptual framework. J. Urban
Plan. Dev. 2020, 146(4), 04020047.

48. Carbonara, S.; Stefano, D. An Operational Protocol for the Valorisation of Public Real Estate Assets in Italy. Sustainability 2020,
12(2), 732.

49. Settis, S. Italia S.p.A : I'assalto al patrimonio culturale, 1 ed.; Einaudi: Turin, Italy, 2007.

50. Ladu, M.; Balletto, G.; Milesi, A.; Mundula, L.; Borruso, G. Public Real Estate Assets and the Metropolitan Strategic Plan in Italy.
The Two Cases of Milan and Cagliari. In: Computational Science and Its Applications — ICCSA 2020. ICCSA 2020. Lecture Notes in
Computer Science, 1st ed.; Gervasi, O.; Murgante, B.; Misra, S.; Garau, C.; Bleci¢, I; Taniar, D.; Apduhan, B. O.; Rocha, A. M.;
Tarantino, E.; Torre, C. M.; Karaca, Y., Eds; Springer: Cham, Switzerland, 2020; vol. 12255, pp. 472-486.

51. Balletto, G.; Milesi, A.; Fenu, N.; Borruso, G.; Mundula, L. Military training areas as semicommons: The territorial valorization
of Quirra (Sardinia) from easements to ecosystem services. Sustainability 2020, 12(2), 622.

52. Difesa Servizi. Available online: https://www.difesaservizi.it/home (accessed on 22 September 2022).

53. Stato Maggiore dell’Esercito, Dipartimento delle Infrastrutture. Caserme Verdi Esercito—Studio per la Realizzazione di Grandi
Infrasrutture. ~ 2019.  Available  online:  http://www.esercito.difesa.it/comunicazione/editoria/Rivista-Militare/Docu-
ments/2019/3/FASCICOLO_Caserme Verdi web.pdf (accessed on 22 September 2022).

54. Ladu, M.; Bernardini, S. Opportunities and Challenges of Social Innovation Practices in Urban Development and Public Real
Estate Management. Italy as a Case Study. In New Metropolitan Perspectives. NMP 2020. Smart Innovation, Systems and Technologies;
Bevilacqua, C.; Calabro, F.; Della Spina, L., Eds; Springer: Cham, Switzerland, 2021; vol. 178, pp 1012-1022.

55. Balletto, G.; Ladu, M.; Milesi, A.; Borruso G. A Methodological Approach on Disused Public Properties in the 15-Minute City
Perspective. Sustainability 2021, 13(2), 593.

56. Marin, J.; De Meulder, B. Interpreting Circularity. Circular City Representations Concealing Transition Drivers. Sustainability
2018, 10, 1310.

57. Commissione IV Difesa. Resoconto stenografico indagine conoscitiva 25 ottobre 2006, 1st ed.; Camera dei Deputati: Rome, Italy, 2006.

58. Turri, F.; and Zamperini, E. (2012). The military engineers and hygiene in barracks in the second half of the 19th century. In
In Nuts and Bolts of Construction History. Culture, Technology and Society; Carvais, R., Guillerme, A., Negre, V., Sakarovitch, J.,
Eds.; Picard: Paris, France, 2012; Volume 3, pp. 309-316

59. Camerin, F.; Camatti, N.; Gastaldi, F. Military Barracks as Cultural Heritage in Italy: A Comparison between before-1900- and
1900-to-1950-Built Barracks. Sustainability 2021, 13, 782.

60. Camerin, F. Regenerating Former Military Sites in Italy. The Dichotomy between ‘Profit-Driven Spaces’ and ‘Urban Commons’.
Global Jurist 2021, 21(3), 497-523

61. Adisson, F.; Artioli, F. Four types of urban austerity: Public land privatisations in French and Italian cities. Urban Studies 2020,
57(1), 75-92



https://www.osti.gov/search/author:%22Arent,%20Doug%22
https://eur-lex.europa.eu/eli/dir/2018/2001/oj
https://eur-lex.europa.eu/eli/dir/2018/2001/oj
https://eur-lex.europa.eu/eli/dir/2019/944/oj
https://eur-lex.europa.eu/eli/dir/2019/944/oj
https://www.gazzettaufficiale.it/eli/id/2020/02/29/20G00021/sg
https://www.gazzettaufficiale.it/eli/id/2020/02/29/20G00021/sg
https://www.gazzettaufficiale.it/eli/id/2021/11/30/21G00214/sg
https://www.difesaservizi.it/home
http://www.esercito.difesa.it/comunicazione/editoria/Rivista-Militare/Documents/2019/3/FASCICOLO_Caserme_Verdi_web.pdf
http://www.esercito.difesa.it/comunicazione/editoria/Rivista-Militare/Documents/2019/3/FASCICOLO_Caserme_Verdi_web.pdf
https://doi.org/10.20944/preprints202210.0088.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2022 doi:10.20944/preprints202210.0088.v1

17 of 18

62. Touchton, M.; Ashley, A.]. Salvaging community: How American cities rebuild closed military bases; 1st ed.; Cornell University Press:
Ithaca, USA, 2019

63. Ministry of Defence. Climate Change and Sustainability Strategic Approach. Available online: https://assets.publishing.ser-
vice.gov.uk/government/uploads/system/uploads/attachment data/file/973707/20210326 Climate Change Sust Strat-
egy vl.pdf (accessed on 22 September 2022).

64. Stato Maggiore della Difesa (2019). Piano per la Strategia Energetica della Difesa. Edizione 2019. Available online: https://www.dif-
esa.it/Content/Struttura_progetto_energia/Documents/Piano SED_2019.pdf (accessed on 22 September 2022).

65. Camera dei Deputati-Servizio Studi. La transizione ecologica della Difesa. Available online: https://www.camera.it/temiap/docu-
mentazione/temi/pdf/1263014.pdf? 1655048813031 (accessed on 22 September 2022).

66. Barberini, P. The Ecological Transition in the Italian Defence. In: Innovative Technologies and Renewed Policies for Achieving
a Greener Defence. NATO Science for Peace and Security Series C: Environmental Security, 1st ed.; lacovino, G., Wigell, M.,
Eds.; Springer, Dordrecht, The Netherlands, 2022, pp. 95-112.

67. Noto, F.M. Sostegno alle attivita produttive mediante I'impiego di sistemi di generazione, accumulo e autoconsumo di energia elettrica.
https://www.senato.it/application/xmanager/projects/leg18/attachments/documento evento procedura commis-
sione/files/000/000/548/2018 10 23 - Ministero difesa.pdf (accessed on 22 September 2022).

68. Commissione IV Difesa (2020). Bollettino delle giunte e delle commissioni parlamentari. Available online: http://documenti.cam-
era.it/leg18/resoconti/commissioni/bollettini/pdf/2020/09/23/leg.18.bol0440.data20200923.com04.pdf

69. Omer, M. M,; Rahman, R. A.; Almutairi, S. Construction waste recycling: Enhancement strategies and organization size. Physics
and Chemistry of the Earth, Parts A/B/C 2022, 126, 103114.

70. Balletto, G.; Borruso, G.; Mei, G.; Milesi, A. Strategic Circular Economy in Construction: Case Study in Sardinia, Italy. Journal of
Urban Planning and Development, 2021, 147(4), 05021034.

71. Burghardt, T. E.; Pashkevich, A. Green Public Procurement criteria for road marking materials from insiders” perspective. Jour-
nal of Cleaner Production 2021, 298, 126521.

72. Shafique, M.; Xue, X; Luo, X. An overview of carbon sequestration of green roofs in urban areas. Urban Forestry & Urban Green-
ing 2020, 47, 126515.

73. Furcas, C; Balletto, G.; Naitza, S.; Mazzella, A. Evaluation of CO2 uptake under mild accelerated carbonation conditions in
cement-based and lime-based mortars. Advanced Materials Research 2014, 980, 57—-61.

74. Carrus, A. S; Galici, M.; Ghiani, E.; Mundula, L.; Pilo, F. Multi-Energy Planning of Urban District Retrofitting. In 2021 Interna-
tional Conference on Smart Energy Systems and Technologies (SEST), Vaasa, Finland, 06-08 September 2021

75. Di Silvestre, M. L.; Ippolito, M. G.; Sanseverino, E. R.; Sciume, G.; Vasile, A. Energy self-consumers and renewable energy
communities in Italy: New actors of the electric power systems. Renewable and Sustainable Enerqy Reviews 2021, 151, 111565.

76. Ghiani, E.; Giordano, A.; Nieddu, A.; Rosetti, L.; Pilo, F. Planning of a smart local energy community: The case of Berchidda
municipality (Italy). Energies 2019 12(24), 4629.

77. Moreno, C.; Allam, Z.; Chabaud, D.; Gall, C.; Pratlong, F. Introducing the “15-Minute City”: Sustainability, resilience and place
identity in future post-pandemic cities. Smart Cities 2021, 4(1), 93-111.

78. Li, Z.; Zheng, ].; Zhang, Y. Study on the layout of 15-minute community-life circle in third-tier cities based on POI: Baoding City
of Hebei Province. Engineering 2019 11(9), 592-603.

79. Balletto, G.; Ladu, M.; Milesi, A., Camerin, F.; Borruso, G. Walkable City and Military Enclaves: Analysis and Decision-Making
Approach to Support the Proximity Connection in Urban Regeneration. Sustainability 2022, 14(1), 457.

80. Badii, C.; Bellini, P.; Cenni, D.; Chiordj, S.; Mitolo, N.; Nesi, P.; Paolucci, M. Computing 15Min City Indexes on the Basis of Open
Data and Services. In Computational Science and Its Applications — ICCSA 2021. ICCSA 2021. Lecture Notes in Computer Science, 1st
ed.; Gervasi, O.; Murgante, B.; Misra, S.; Garau, C.; Blecic, I.; Taniar, D.; Apduhan, B. O.; Rocha, A. M,; Tarantino, E.; Torre, C.
M., Eds., Springer, Cham, Switzerland, 2021, Vol. 12952, pp. 565-579.

81. Williams, J. The role of spatial planning in transitioning to circular urban development. Urban Geography 2020, 41(6), 915-919.

82. Feiferyté-Skiriené, A.; Stasiskiené, Z. Seeking circularity: Circular urban metabolism in the context of industrial symbiosis. Sus-
tainability 2021, 13(16), 9094.

83. Kebtowski, W.; Lambert, D.; Bassens, D. Circular economy and the city: an urban political economy agenda. Culture and Organ-
ization 2020, 26(2), 142-158.

84. Granstrand, O.; Holgersson, M. Innovation ecosystems: A conceptual review and a new definition. Technovation 2020, 90, 102098,
1.

85. Appio, F. P.; Lima, M,; Paroutis, S. Understanding Smart Cities: Innovation ecosystems, technological advancements, and soci-
etal challenges. Technological Forecasting and Social Change 2019, 142, 1-14.

86. Regione Autonoma Sardegna. I beni del demanio militare: le schede, le carte, le foto. Available online: http://www.regione.sarde-
gna.it/j/v/2568?s=32660&v=2&c=3696&t=1 (accessed on 22 September 2022).

87. Codonesu, F. Servitli militari modello di sviluppo e sovranita in Sardegna, 1st ed.; CUEC: Cagliari, Italy, 2013

88. Istat. Popolazione residente al 1° gennaio 2022: Sardegna. Available online: http://dati.istat.it/Index.aspx?DataSetCode=DCIS PO-
PRES1 (accessed on 22 September 2022).

89. Regione Autonoma Sardegna. Demanio militare Cagliari. Available online: https://www.regione.sardegna.it/docu-
menti/1_26_20061113125813.pdf (accessed on 22 September 2022).



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/973707/20210326_Climate_Change_Sust_Strategy_v1.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/973707/20210326_Climate_Change_Sust_Strategy_v1.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/973707/20210326_Climate_Change_Sust_Strategy_v1.pdf
https://www.difesa.it/Content/Struttura_progetto_energia/Documents/Piano_SED_2019.pdf
https://www.difesa.it/Content/Struttura_progetto_energia/Documents/Piano_SED_2019.pdf
https://www.camera.it/temiap/documentazione/temi/pdf/1263014.pdf?_1655048813031
https://www.camera.it/temiap/documentazione/temi/pdf/1263014.pdf?_1655048813031
https://www.senato.it/application/xmanager/projects/leg18/attachments/documento_evento_procedura_commissione/files/000/000/548/2018_10_23_-_Ministero_difesa.pdf
https://www.senato.it/application/xmanager/projects/leg18/attachments/documento_evento_procedura_commissione/files/000/000/548/2018_10_23_-_Ministero_difesa.pdf
http://documenti.camera.it/leg18/resoconti/commissioni/bollettini/pdf/2020/09/23/leg.18.bol0440.data20200923.com04.pdf
http://documenti.camera.it/leg18/resoconti/commissioni/bollettini/pdf/2020/09/23/leg.18.bol0440.data20200923.com04.pdf
http://www.regione.sardegna.it/j/v/2568?s=32660&v=2&c=3696&t=1
http://www.regione.sardegna.it/j/v/2568?s=32660&v=2&c=3696&t=1
http://dati.istat.it/Index.aspx?DataSetCode=DCIS_POPRES1
http://dati.istat.it/Index.aspx?DataSetCode=DCIS_POPRES1
https://doi.org/10.20944/preprints202210.0088.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2022 d0i:10.20944/preprints202210.0088.v1

18 of 18

90. Palumbo, M.E.; Mundula, L.; Balletto, G.; Bazzato, E.; Marignani, M. Environmental Dimension into Strategic Planning. The
Case of Metropolitan City of Cagliari. In: Computational Science and Its Applications — ICCSA 2020. ICCSA 2020. Lecture Notes in
Computer Science, 1st ed.; Gervasi, O.; Murgante, B.; Misra, S.; Garau, C.; Bleci¢, I; Taniar, D.; Apduhan, B. O.; Rocha, A. M.;
Tarantino, E.; Torre, C. M.; Karaca, Y., Eds; Springer: Cham, Switzerland, 2020; vol. 12255, pp. 456—471.

91. Balletto, G.; Borruso, G.; Mei, G.; Milesi, A. Recycled aggregates in constructions. A case of circular economy in Sardinia (Italy),
TeMA - Journal of Land Use, Mobility and Environment 2021, 14(1), 51-68.

92. Comune di Cagliari. Atlante demografico di Cagliari 2021. Tav 1.1 Popolazione residente - Serie storica. Available online:
https://www.comune.cagliari.it/portale/protected/112647/0/def/ref/DOC112641/ (accessed on 22 September 2022).

93. Ministero dell'ambiente e della tutela del territorio e del mare. Decreto 11 Gennaio 2017. Adozione dei criteri ambientali minimi
per gli arredi per interni, per ledilizia e per i  prodotti  tessili = Available  online:

https://www.gazzettaufficiale.it/eli/id/2017/01/28/17 A00506/sg (accessed on 22 September 2022).


https://www.comune.cagliari.it/portale/protected/112647/0/def/ref/DOC112641/
https://www.gazzettaufficiale.it/eli/id/2017/01/28/17A00506/sg
https://doi.org/10.20944/preprints202210.0088.v1

