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Abstract

Public buildings and open spaces form key elements in an exchange system of both tangi-
ble resources (energy, water, physical spaces) and intangible assets (services, skills, time).
This study presents an innovative protocol (AGAPE—Automatic GIS Assessment Protocol
for Energy and environment) to regenerate metropolitan suburbs by managing common
resources and support sustainable communities. It tackles energy poverty by integrating
urban planning, environmental design, and economics into geographic information science.
This expedites public well-being by redesigning public facilities to enhance community
connections and improve bioclimatic resilience. The model test site is a peripheral subur-
ban area, Melito di Napoli, within the Metropolitan City of Naples (Italy), characterized
by high population density and ongoing suburban expansion. The protocol evaluates
temporal scenarios for implementing multi-purpose solutions, supporting public agen-
cies in strategic intervention assessments, optimizing funding allocation and community
benefits. The modeling of redesigned community assets reveal key outcomes: renewed
land-use opportunities, reduced spatial inequities, and increased climate change resilience.
The transformation of public buildings and facilities into multi-benefit community cores
catalyzes virtuous urban regeneration processes. The model AGAPE provides a replicable
decision framework to transform existing settlements and to drive the transition towards
more sustainable, equitable urban communities.

Keywords: urban rehabilitation and social regeneration; local empowerment; addressing
energy poverty; resource exchange; nature-based solutions

1. Background

Existing Italian urban planning practices emerged with the industrial revolution to
remedy the problems of land planning and organization. These resulted from unprece-
dented population size and concentrations near manufacturing plants requiring large
amounts of labor. Concomitantly, urban populations experienced deleterious health effects
from noxious industrial processes. Furthermore, in rapidly expanding industrial cities,
urban infrastructure, particularly sanitary infrastructure, was deficient, or even absent. The
physical form of cities changed extraordinarily fast, disrupting prior settlement patterns
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established over centuries, and was often contested [1]. The initial phase of urban planning
practices, Sanitary Urbanism, primarily focused on combating disease and improving
health through new centralized urban infrastructure systems (water supply, sanitary sew-
ers, power supply) and building codes (light, ventilation, building safety) [2]. Considering
the contemporary post-industrial city, the pursuit of sustainability as a priority objective
of the ecological-environmental planning of human settlements reframes the concept of
urban sanitation requiring different forms, methods and objectives [3].

Considering urban design as a data-driven process implies the ability to manage
urban information systemically, identifying priorities and causal relationships among the
various factors at play. This requires analytical processes but also a critical and conscious
understanding of technological outputs so that new digital tools remain at the service of
design and social purposes. In this sense, the integration of digital technologies, active
participation, and the centrality of the person constitute key elements for promoting more
inclusive, livable, and resilient cities.

This study presents an innovative protocol to regenerate peripheral metropolitan sub-
urbs by managing common resources and supporting sustainable communities. It revisits
several urban planning concepts developed in the last century, suitably updated with
digital technologies and in a neo-reformist vision which support contemporary ecological—
environmental planning. In particular, the concepts of neighborhood units and urban
facilities, appropriately reinterpreted and reformulated in an eco-planning solution, can
be useful for this purpose. The neighborhood unit identifies an optimal boundary for
the planning, design and management of a limited part of an urban territory configured
and organized in the proximity of a school building [4]. This concept, reconsidered in a
sustainable solution, forms a fundamental reference for settlement planning with high
sustainability, tout court.

Economies have begun to prioritize well-being and environmental sustainability over
traditional economic growth goals [5]. Contemporary spatial planning increasingly seeks
choices for greater sustainability, moving beyond those that depend on non-renewable
environmental resources and carbon-intensive sectors. Research has connected both indi-
vidual and community health to the concept of vulnerability [6-8]. Its social determinants
explicitly link economic, historical, cultural and environmental contexts [6]. In urban
communities, a fundamental factor affecting the degree of vulnerability is the availability
and distribution of economic, social, and environmental resources. Therefore, the analysis
of socio-economic characteristics of a specific urban area decisively determines suitable
policy actions to promote sustainability and, thereby, local welfare.

From REC to SUC: The Goal of the Research

This research contributes to understanding how the physical urban fabric can be
redesigned to enable circular urban systems. It proposes a replicable model for spatial
organization that exploits public structures as catalysts for sustainable urban transformation.
Energy transitions are always socio-material transitions [9] as they concern not only natural
resources and infrastructure but also institutions and user behavior.

An essential driver of this study is the emergence of successful Italian Renewable
Energy Communities (RECs) which depend on pre-existing shared community interests and
culturally evolved social substrates [10]. The production and consumption of renewable
energy have proven to be more effective and easily implemented when organized within
individual communities. They can be formed on the basis of new, specific agreements
or founded on existing place-based, prescribed communities [11]. The development of a
REC permits reorganization of local decision-making processes. It guarantees the social
sustainability of an energy system and creates opportunities for the empowerment of
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local communities and energy justice [12-14]. Notably, the exchange of energy resources
remains virtual, based on economic arrangements, so the ecosystem benefits are broadly
environmental, yet immediately intangible (i.e., overall reduction in GHGs), and do not
noticeably affect everyday community quality. Yet solidarity-oriented RECs can form
a basis for stakeholders to exchange a range of resources, overcoming socio-economic
constraints through skills, knowledge, and services exchange [15].

This research extends REC benefits at the community level, promoting Sustainable
Urban Communities (SUC) by developing a digital protocol aimed at Italian local adminis-
trations that combines top-down actions with bottom-up initiatives. This envisions circular
economy based on the exchange of tangible and intangible resources, identifying public
buildings, particularly schools, as renewable energy generators and community cores. The
research integrates environmental design, urban planning, economics, and geographic
information science to combat energy poverty while redesigning public facilities through
nature-based strategies, enhancing community relationships, and improving bioclimatic
resilience in suburban peripheries.

This study presents an innovative, digitally driven framework to support sustainable
communities utilizing proximity-based resource management [16,17]. The urban watershed
and energy shed [18] determine the study area at an intentionally small, place-based scale.
Public buildings and open spaces form key elements establishing an exchange system
of resources (energy, water, physical spaces) and assets (services, skills, time) organized
around community cores, utilizing an innovative protocol called AGAPE (Automatic GIS
Assessment Protocol for Energy and environment). This approach emphasizes active user
participation, where individuals interact through the exchange of shared knowledge, time,
and resources. The energy impact becomes the key parameter for assessing the overall
sustainability of the community, enabling synergies between different energy flows and
maximizing urban system efficiency.

The study provides municipal governments with means to plan urban communities
in which shared management of renewable energy is integrated with other sustainable
resources. The research proposes a multi-scalar protocol to support public agencies in
strategic intervention assessment through optimized funding allocation and maximized
community benefits. This allows for the participation of vulnerable social groups, favoring
bottom-up processes based on self-organization.

2. The Italian Energy Planning Framework

Two possible configurations for sharing electricity under Italian law are the Renew-
able Energy Community (REC), where users are not located in the same building, and
Collective Self-Consumption Groups, where users reside in the same building. RECs could
revolutionize the energy market, leading to an energy model that is no longer centralized
but distributed, where users are both producers and distributors of energy. Estimating
that RECs could cover 45% of total EU demand, by 2050 half of European citizens could
produce and manage energy from renewable sources. In Italy, RECs were introduced in
2020, defining them as associations between citizens, commercial activities, or businesses
joined to produce and share energy from renewable sources. The initiative to set up a REC
can come from any public/private entity supplied by the same primary electrical substation.
In addition, under EU policies, the Covenant of Mayors for Climate and Energy requires
signatories to draw up a Climate and Sustainable Energy Action Plan with the aim of
reducing CO, emissions by at least 40% by 2030 and increasing resilience to climate change.

Italian energy planning is governed by Law No. 10/1991, which requires regions to
draw up Regional Energy Plans (REP). These plans must indicate the actions necessary
to implement measures for energy efficiency and the development of renewable sources.
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Among the provisions of Article 5, REPs must contain information on energy balances, the
identification of territorial energy basins (areas and energy islands suitable for the most
significant and profitable interventions), and the procedures for identifying and locating
energy production plants up to 10 MW. Article 5(5) establishes that the master plans of
municipalities with a population of more than 50,000 must include a specific sector plan,
the Municipal Energy Plan (MEP). It relates to the efficient use of energy and the use of
renewable sources and provides non-prescriptive guidance for energy transformations.
This reveals a gap between the compulsory nature of energy regulations at the building
scale, which have been in force for years, and the simple guideline regulations at the urban
planning scale. This highlights a mechanistic view of urbanisation, understood as the
sum of individual artefacts, rather than as the result of a systemic vision that recognises
interrelationships as having the same value as the parts that compose them. A simplified
interpretative model can no longer be used in the light of the complex environmental
challenges of contemporary urbanization. The frame for our research is the MEP, not
considered exclusively as a sector plan, but instead achieving an inter-scale dimension
up to a detailed vision interrelated with building regulations. The resulting tool is a GIS
document that simultaneously illustrates energy needs, energy poverty, and the possibility
of producing and sharing renewable energy, while also illustrating criteria for energy
retrofitting of buildings according to settlement types.

The Italian energy planning framework consists of a series of sectoral plans, not always
mandatory, whose fundamental objective is to optimize energy consumption and reduce
the use of fossil fuels in favor of renewable sources in areas that could be or are anthropized.
This policy and regulatory action go hand in hand with planning choices based on logic
and criteria that do not decisively consider the environmental impacts generated by the
type and quantity of energy sources. For Renewable Energy Communities to become Smart
Energy Communities and /or Sustainable Urban Communities, they must be included in the
land-use planning process so that the energy and environmental performance of individual
buildings can be added to that of the surrounding area (neighborhood-city-region) in an
overall energy balance. The goal of an energy plan based on sustainability criteria is energy
self-sufficiency with renewable sources. The control of environmental variables involves
the use of vegetation, water, lighting, paving and colors, which leads to a reduction in
energy consumption in public spaces and buildings. At the same time, the compact and
complex city model increases the likelihood of lower energy costs by addressing the causes
of energy consumption.

Municipal urban plans must integrate analyses of territorial energy capacity, adding
them to the knowledge base of conventional planning in order to regulate site-specific
renewable energy resources. Planning territorial transformations within a municipal energy
framework allows these resources to be used even in areas that could never become energy
self-sufficient due to their location, organization and configuration [19]. To this end,
energy and environmental requirements could assign performance levels, differentiated
according to the characteristics of the planned territory and could apply energy equalization
to regulate the fair use of energy resources in concert with urban equalization, which
regulates the fair exercise of property rights. The elaboration of this new type of Municipal
Urban Plan represents an important opportunity to regenerate and transform the built
environment considering energy. Starting from an estimate of consumption, the plan
identifies strategies for the reduction in energy consumption, development of renewable
energy sources, optimization of energy resources, and reduction in CO, emissions.

With the implementation of the European Directive 2001/42/EC into Italian law
(Environmental Code DLgs n. 152/2006) all planning choices must be subjected to the
Strategic Planning Assessment procedure to test their impact on the environment. Therefore,
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all the planning tools, from territorial to urban and suburban scale including the various
types of implementation plans (Recovery Plans, Recovery Plans for Illegal Settlements,
Urban Redevelopment Programs, and Integrated Intervention Programs), must schedule
interventions to improve urban sustainability.

Therefore, in the process of land-use planning, the protection and enhancement of
environmental resources take on a significant role, and new choices regarding land transfor-
mation must be oriented towards new objectives and new morphological and management
structures. This background requires a rethinking of general and sectoral land-use planning
tools at all scales, but the most substantial changes will concern municipal planning, in
which the physical land-use planning system more closely interprets the real land demand
of settled communities and represents, from a technical and legal point of view, the tool
that shapes property rights [20,21].

3. Energy Regeneration: Adaptability of the Urban Fabric

In the contemporary debate on distributed self-consumption and energy communities,
the interpretive key of the energy susceptibility of built environments brings energy back
into the disciplinary vocabulary of planning, treating it not merely as a technical variable
but as an emergent property of urban form [22]. Energy susceptibility refers to the differ-
entiated ability of materials to (1) express energy needs that are more or less demanding
depending on density, surface-to-volume ratio, orientation, shading, obsolescence, func-
tional mix, and induced mobility; (2) reduce such needs through passive interventions and
renovation (envelope, systems, regulation, management); (3) host site-specific renewable
energy production (available coverings and surfaces, landscape constraints, abandoned
areas, urban compatibility, and access to the grid); (4) enable local sharing of renewable
energy, where load density, complementarity of demand profiles, and electrical proximity
make a favorable energy balance more likely; (5) distribute the benefits of the transition
equitably, reducing energy poverty and vulnerability, and ensuring that advantages are not
concentrated only in contexts already possessing economic and technical capital.

This reverses a historically sectoral approach to energy in Italian planning: although
building regulations have progressively established obligations and performance standards,
urban planning has often confined energy to supportive tools, weakening the capacity to
manage the structural determinants of demand and renewable production. In prescribing
the preparation of REPs, the 10/1991 Law requires content of clear territorial relevance
(energy balances, identification of territorial energy basins, procedures to locate installations
up to 10 MW). However, the resulting regulatory architecture tends to place such energy
planning as a sectoral appendix rather than as a guiding principle of the plan, leading to a
misalignment between more stringent building-level obligations and the weak obligations
(often merely non-prescriptive strategic choice) regarding urban-scale spatial planning. The
energy transition can only be effectively governed if urban planning incorporates energy
as part of its knowledge framework and as a criterion for the rationality of morphological
and functional decisions, because density, compactness, distribution of functions, green
and blue infrastructure, permeability, and the configuration of public space directly affect
thermal loads, comfort, and consumption, as well as the productivity and feasibility of
collective networks and systems.

In this context, the distributed self-consumption configurations introduced by the
Italian legal system become relevant not only for incentive mechanisms but especially
because they territorialize energy proximity. The transitional phase begins with article
42-bis of Law 162/2019 (converted in 2020), which introduces collective self-consumption
from renewable sources and Renewable Energy Communities, anticipating the later struc-
tured framework provided by Legislative Decree 199/2021. The recent completion of
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the incentive and procedural framework, with the MASE Decree 414 /2023 and the GSE
operational rules for distributed self-consumption configurations, now makes it clearer
that renewable energy sharing is bound to a proximity perimeter linked to the distribution
network, and therefore to a technically defined unit (primary substation) that can poten-
tially be delineated and overlapped with urban settlements [23,24]. This overlap makes
the energy susceptibility methodologically rich: the how (urban fabric) and the where
(electrical proximity) become structural conditions for the effectiveness of configurations,
not mere technical details. At the same time, European and local decarbonization and
resilience objectives, often anchored in the Sustainable Energy and Climate Action Plan (Pi-
ano d’Azione per ’Energia Sostenibile e il Clima—PAESC), provide a framework of targets
and indicators that can only be operationalized through spatial and regulatory planning
changes [25]. Furthermore, the obligation to assess the environmental effects of planning
choices, introduced by Directive 2001/42/EC and incorporated by Decree Law 152/2006
with the Strategic Environmental Assessment, provides a procedural and substantive tool
to integrate energy, climate, and environment. It requires that the energy—climatic impacts
of planned transformations have to be assessed ex ante, in progress, and monitored ex post.

Because it focuses on the relationship between energy consumption and territorial
characteristics, the experience of Emilia-Romagna Region provides particularly significant
reference point. Law 20/2000 of Emilia-Romagna reinforces the role of the knowledge
framework as a technical-analytical tool to establish the coherence of planning choices,
opening space to include cross-cutting variables such as energy and climate. The subse-
quent Law 26/2004 of Emilia-Romagna regulates territorial energy planning and defines
the tasks and responsibilities of the Region, Provinces and Municipalities, reinforcing that
energy is not merely a technical issue but an object of multi-level territorial governance.
In this context, the general plan variant of the 2009 Modena Province PTCP (Provincial
Territorial Coordination Plan) dedicates an entire chapter to the energy sustainability of
settlements, detailing objectives, guidelines, and criteria that are reflected in municipal
documents. Specifically, the normative framework (Title 16) links energy sustainability to
settlement conditions and planning devices: orientations for Municipal Structural Plan
(PSC), Municipal Operational Plan (POC), and Implementation Urban Plan (PUA), require-
ments for energy feasibility studies for significant urban developments, guidelines for the
use of renewable energy sources, cogeneration, and district heating. Moreover, it provides
criteria for the location of installations in relation to territorial sensitivity, prefiguring a
non-conflicting relationship between energy transition and resource protection.

From a methodological point of view, the PRODEM 2006 project (study of new reg-
ulatory instruments for local authorities designed to facilitate the implementation of en-
ergy saving systems and the use of renewable energy sources) explicitly addresses the
relationship between energy consumption and territorial characteristics, building an in-
tegrated approach to consider energy as a territorial phenomenon and to transform this
understanding into planning directions to which the PTCP explicitly refers. PRODEM
reconstructs the provincial energy scenario by correlating demand and supply with the
characteristics of urban settlements and morphological-environmental systems. It de-
fines an energetic territorial consumption matrix and delineates Territorial Energy Basins
(TEB), understood as homogeneous areas in terms of settlement, socio-economic, and
morphological-environmental characteristics to which strategies and governance and
planning instruments can be applied [26].

The epistemic value of PRODEM is high: consumption is not considered as a calculated
datum or merely a statistical figure, but as an expression of a territorial organization; and
similarly, planning is not viewed as an exercise of zoning, but as the capacity to influence
the determinants of energy metabolism (densification or dispersion, functional polarization,
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mixed use, microclimatic quality, proximity between production and consumption sites).
PRODEM anticipates an energy susceptibility metric in a literal sense: if TEBs are units
of energy-territorial homogeneity, then this allows them to be described, compared, and
managed differently.

In light of this reference, a municipal planning method oriented towards energy vulner-
ability can be structured as a sequence of analytical and regulatory operations converging
in a GIS environment, capable of simultaneously visualizing needs, vulnerabilities and
potentials. In this perspective, Renewable Energy Communities and collective consump-
tion groups cease to be a limited objective and, instead, become a territorial planning
device. The energy community functions as a socio-technical infrastructure that connects
building rehabilitation, public space quality, vulnerability reduction and shared renewable
production within proximity perimeters, making it possible for a local energy balance to be
governed by the plan.

4. Methods for Developing Rapid Community Resource Exchange

The AGAPE framework constitutes an innovative analytical model for mapping and
managing shared resources in SUCs. The applied case study (described in detail in Section 5)
encompasses an urban area settled after World War II in the periphery of Naples. The AGAPE
planning protocol considers the existing urban fabric as a system of flows and exchanges
(Figure 1). In SUCs, energy management allows a radically broader dimension than in
RECs, becoming a holistic process that embraces different forms of energies (social, material,
and environmental) through active users’ participation. Physical cores (schools, squares,
markets) become multifunctional exchange places, while digital infrastructures facilitate the
coordination of exchanges. Following in the footsteps of solidarity initiatives arising from
RECs, the research project assesses the implementation of additional diversified benefits
to enhance community solidarity [14]. For this purpose, a designed framework (Figure 2)
facilitates the planning of interventions across the urban watershed, defining its energy
impacts: direct and systemic energy indicators refer to physical, quantifiable energy flows;
and, indirect “energy” impacts are planning proxies representing an urban metabolism or
resource-flow framework, not physical energy variables. The framework is structured into
three main categories: Community Platforms, Infrastructures, and Blue-Green Ecosystems,
with estimated expected benefits.
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Figure 1. Diagram of the AGAPE planning process protocol for Sustainable Urban Communities
(Elaboration by R.B. and S.G.).
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Figure 2. Framework of shareable community resources (Elaboration by R.B.).

The “Community Platforms” phase, primarily intangible, identifies digital tools and
administrative or coordinated actions that enable community interactions and foster cohe-
sion. This phase optimizes the use of existing digital technologies to support interactions
between citizens and the local administration. The “Infrastructures” phase defines the
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exchange of renewable energy and systems for soft and sustainable mobility within the
watershed. Finally, the “Blue-Green Ecosystem” phase includes physical interventions in
the area, such as the creation of ecological networks and nature-based solutions to improve
environmental conditions and overall community well-being. To automate the calculation
of project indicators required by the protocol, the research group developed three plugin
for QGIS (v. 3.40.0): MIHA (v. 1.0), PRESTO (v. 1.0), and EasyPath (v. 1.0).

The second phase of the protocol (Figure 1) involves designing and building the
database and calculating performance indicators. The database has been designed to be
modular and interoperable, with logical flows linking urban attributes to buildings and
indicators. It represents urban space and facilities in a structured and integrated manner,
using aerial photogrammetry and information held by the public administrations as pri-
mary sources. Its categories of attributes describe the physical, functional, environmental
and social characteristics of the catchment area. This integrated data feeds into the analysis
of indicators divided into six thematic areas: energy, microclimate, vegetation, accessibility,
rainwater, and social issues (Table 1).

Table 1. The protocol project indicators.

Thematic Area Indicator FU Software
Energy Annual hub consumption kWh/year PRESTO (v. 1.0)
Energy Electricity production hub kWh/year PRESTO
Energy Consumptigrr; gi iiicok;tll;eﬁ within the KWh/year PRESTO
Energy Self-Consumption Index % PRESTO
Energy Self-Sufficiency Index % PRESTO
Energy Reduction in GHG emissions TCO, /year PRESTO

Microclimate PET °C ENVI-met (v. 5.7.2)
Microclimate Albedo - ENVI-met
Microclimate Wind speed m/s ENVI-met
Vegetation Riduzione Impatto Edilizio - MIHA (v. 1.0)
Vegetation Biotope Area Factor - MIHA
Vegetation Permeability Index % MIHA
Vegetation Urban Green Space sqm/inhabitant MIHA
Accessibility Physical and environmental accessibility - Easy Path (v. 1.0)
Rainwater GSI surfaces sqm Easy Path
Social Number of trees per 100 inhabitants Trees/inhabitant MIHA
Social Parking spaces per inhabitant sqm/inhabitant MIHA
Social Households n MIHA
Social Persons per housing unit n/dwelling MIHA
Social Person per family n MIHA
Social Outdoor public space sqm MIHA
Social Indoor public space sqm MIHA
Social Cultural and gporti'ng services per 100 " MIHA
inhabitants
Social Cycle paths km MIHA
Social Proximity to basic services m MIHA

As described in Figures 1 and 2, for the “Infrastructures” phase, a QGIS plugin MIHA
(Monitoring Indicators of Human Activities) (Figure 1), provides an operational tool for
calculating and displaying environmental and social indicators useful for sustainable
design, guiding regeneration strategies, and providing objective measures of social and
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environmental quality (UNI-ISO 37120:2019) [27]. Aerophotogrammetry, DEM/DTM and
field surveys, provide information on buildings, surfaces, vegetation and hydrology. The
hydraulic analysis identifies the extent of urban runoff and the required surfaces for Green
Stormwater Infrastructures (GSI) [28]. The microclimate analysis uses the ENVI-met soft-
ware (rel. 5.7.1) and includes computation of Physiologically Equivalent Temperature (PET)
and Wind Speed. The vegetation analysis determines the ecosystem services generated by
trees with the i-Tree ECO software (rel. 6) and calculates permeability and usable urban
green indicators.

To define the potential user base of RECs, the team developed the additional new QGIS
plugin PRESTO (Planning Renewable Energy, Sustainability and Timing Organization),
based on European directives (RED II, RED III) transposed into Italian law (Legislative
Decree 414/2023) (Figure 3). It enables local governments to determine the renewable
energy production potential of their building stock and possible scenarios for sharing it
with local participation. The input data for this new tool includes the identification of
the hub, the available budget, and the simulation time frame. The plugin calculates total
energy produced by the hub and the annual energy consumption of the involved residential
units. It also determines whether the energy consumed is less than or equal to shareable
energy. First, the simulation includes all residential units. If this simulation demonstrates
that not all units can be provided for, it selects a subset of the most in-need users, based
on criteria such as income, energy efficiency, household density, annual energy demand,
and average family age. After calculating energy performance indicators, it evaluates the
efficiency (Self-Consumption Index—SCI) and effectiveness (Self-Sufficiency Index—SSI)
of the proposed REC. The software generates several preliminary scenarios consistent with
the described parameters. If not, it resizes the shareable energy and repeats the process. The
protocol then estimates environmental and economic indicators over a three-year period,
in line with the planning timelines of Italian public works.

The final and most operational phase of the framework (Blue-Green Ecosystems)
involves physical modifications, cost-benefit analysis, environmental impact assessments,
and technical feasibility evaluations. This phase enables the prioritization of interventions
to optimize timelines and fiscal resources. To this end, the research team developed another
new QGIS plugin named EasyPath (Figure 1). It is an operational tool for local authorities
to assess and improve urban accessibility in a scalable, replicable and adaptable manner.
This generates multiple intervention scenarios based on available funding and time-based
developments. The spatial mapping of these scenarios determines the performance level of
key indicators.

The process will include project evaluation through neighborhood-level environmental
quality certifications, such as LEED for Neighborhood Development (LEED-ND). Each new
application generates additional data and feedback, improving the model’s effectiveness
and enabling the verification of its replicability across a wide range of urban contexts.

Energy impacts remain the key criteria to assess the overall community sustainability,
allowing the identification of synergies between different energy flows and maximizing the
efficiency of the urban system. The model classifies energy impacts on three levels: direct
(as in physical energy), systemic (digital services and vegetation), and indirect (exchange of
goods or time), recognizing that each form of exchange represents a transformation that
contributes to the overall urban metabolism. The protocol AGAPE for a SUC can tackle any
section of an existing city, defined by a core of one or more public buildings or spaces, sur-
rounded by a neighborhood which forms a physical and energy platform for exchangeable
well-being resources. The SUC core forms the basis for neighborhood renewable energy
production and exchange, total accessibility, and sustainable management of stormwater
and green resources.
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To test this new tool, a pilot Italian case study demonstrates operational features and
results and indicates further directions for research.
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Figure 3. Flowchart of PRESTO software logic pertaining to AGAPE phases 3 and 4 (Elaboration by
M.B.M. and R.B.).

5. A Southern Italy Study Area: Melito di Napoli

The Municipality of Melito is part of the Metropolitan City of Naples (established in
2015 under Law No. 56/2014), whose perimeter coincides with the pre-existing Province of
Naples. It includes the City of Naples and 91 municipalities, with a resident population of
approximately three million inhabitants (according to 2024 Istat report) and a density of
2525 inhabitants per square kilometer, constituting over fifty per cent of the total population
of the Campania Region (5,567,918 inhabitants Istat 2024). The demographic dynamics,
functional relations, and consequent territorial effects often transcend the administrative
borders of the former province to the point of affecting a wider area, encompassing a
population of over four million inhabitants and involving part of the provinces of Caserta
to the north and Salerno to the south. The Municipality of Melito is in the north-western part
of the metropolitan city and borders with the municipalities of Casandrino, Sant’Antimo,
Mugnano di Napoli and Giugliano in Campania and separated from the Province of Caserta
by the municipalities of Sant’Antimo and Grumo Nevano. Holding 36,334 inhabitants
(Istat 2024) over an area of 3.57 square kilometers with a density of 10,172 inhabitants per
square kilometer, Melito contains the fourth highest density of all 92 municipalities in the
metropolitan city of Naples (Figure 4).
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 mmmm Hydraulic Basin

mmmm  Flecirical substation boundary

Metropolitan City

Campania of Naples

Figure 4. Geographical context, plan of the Melito di Napoli municipality, electrical substations
boundaries and studied area location (Elaboration by S.G.).

The Campania Regional Territorial Plan is a strategic-structural guideline document
and not prescriptive. At the provincial/metropolitan scale, it should be complemented by
the Territorial Coordination Plan of the former Province of Naples, never approved, and by
the Metropolitan Territorial Plan as of 2015, still in draft. Finally, at the municipal scale, the
Municipal Urban Plan should be the prescriptive general instrument governing the trans-
formations of the Melito di Napoli territory. This spatial planning instrument, mandatory
since 2004, only began its long process of formation in December 2024. Municipal town
planning is therefore regulated by the General Regulatory Plan approved in 1987 (Decree
of the President of the Province of Naples No. 12 of 6 October 1987) and in force since
early 1988 with added Implementation Rules (Figure 5). This planning tool is now obsolete
and no longer meets the land-use needs of the community and is no longer consistent or
compliant with the general and sector plans in force at various scales.
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Urban qunning B C219 - Expansion area (Law 219/81) E2 - Agricultural area

Zoning | P.I.P. - Production Facility Plan E3 - Buffer zone

B A - Historic centre [ D1 - Industrial and expansion zone H - Urban Facilities

B B - Completion zone [ D2 - Commercial and industrial zone F - Inter-municipal urban facilities

D3 - Crafts area

E1 - Agricultural product processing zone

B C - Expansion zone

B C167 - Expansion zone (social housing)

Figure 5. Urban plan categories of Melito di Napoli municipality (Elaboration by S.G.).

The territory of Melito has developed over the years without the adequate sizing of
public services allocations, provided for by Italian interministerial decree (D.I. 2 April 1968,
No. 1444). The analysis of urban facilities showed the presence of only three categories of
services in the municipality: urban facilities, consisting mainly of churches and recycling
areas; spaces intended for education, such as kindergartens and elementary and middle
schools; and public spaces equipped as parks and for play and sports. An analysis of the
usability of municipal facilities intended to serve the entire municipality (LLPP 425/67)
revealed some significant and critical issues (Figure 6). Kindergartens and elementary
schools do not evenly cover the municipal area. The situation is different for middle
schools, which have a larger service area and adequately provide for residents. Overall,

https://doi.org/10.3390/en19051324


https://doi.org/10.3390/en19051324

Energies 2026, 19, 1324

14 of 31

public space amounts to 109,457.79 m?, corresponding to an allocation of only 3.01 m? per
inhabitant, a value well below the mandatory minimum allocation of 18 m? per inhabitant
established by the interministerial decree.

0 250 500 m

Kindergarten (r = 300 m) D Elementary school (r = 500 m) D Middle school (r = 1000 m)

Figure 6. Analysis of the usability of school location urban plan standards within the municipal
territory of Melito di Napoli (Elaboration by S.G.).

Analyzing Urban Vulnerability

Rapid and poorly planned urbanization can have many negative impacts on the socio-
economic aspect of urban communities, especially when considering the most marginalized
municipalities within a regional context. As the existing literature attests, low economic
and social status of individuals and communities, together with the lack of environmental
resources, increase the likelihood that a certain geographical area suffers from poor urban
health. According to Nyamathi et al. [29], social vulnerability depends on the interaction of
personal, societal, and environmental factors. At the individual level, the risk of vulnerabil-
ity is negatively correlated with the availability of personal resources (good coping skills,
etc.) and environmental support [6]. The same resources are crucial to guarantee the urban
community well-being.
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The empirical analysis of vulnerability in Melito is based on the Municipal Fragility
Index (MFI), recently developed by the Italian Institute of Statistics, which identifies the
exposure of a territory to risks of natural and anthropic origin intersected with critical
demographic-social population characteristics and economic-productive systems. The MFI
pooled database provides historical data of years 2018, 2019 and 2021 and therefore allows
disaggregated analysis on a territorial scale (Figure 7). MFI assigns each municipality
a measure of the index comparable in a historical series and between territories, using
as a reference parameter the value for Italy in 2018, set equal to 100. The MFI interval
range is expressed in deciles (a value equal to 10 indicates the most fragile urban area) and
references municipal geographies effective on 31 December 2021. The method—Mazziotta
and Pareto Index—was designed and implemented to determine fair and sustainable
well-being of municipalities.

50

40

30

T

Frag 10 Frag 9 Frag 8 Frag 7 Frag 6 Frag 5 Frag 4 Frag 3 Frag 2

w Year 2018 m Year 2019 = Year 2021

Figure 7. Percentage of municipality within the Metropolitan City of Naples clustered for fragility
index. Years 2018-2019-2021 (Elaboration by M.R.A. and C.D.).

The elementary indicators of the MFI evaluate various risk factors affecting urban
well-being such as geomorphological and infrastructural risks and those connected to the
structural characteristics of the population and human capital, as well as those related to
the structure and performance of the local production system. This composite index is the
combination of 12 elementary indicators that describe the main dimensions—territorial,
environmental and socio-economic—of the fragility of municipal territories. To better
understand how public policies can improve the well-being of the urban community, we
merge the above MFI with the information of ISTAT “a misura di Comune” (tailored
to the Municipality) (https://www.istat.it/statistica-sperimentale /aggiornamento-degli-
indicatori-del-sistema-informativo-a-misura-di-comune/ (accessed on 17 February 2026),
to summarize the characteristics of Melito in terms of demo-social, environmental, and
economic factors, together with measures of community well-being.

Almost 70% of the municipalities belonging to the Metropolitan City of Naples show
the highest level of vulnerability (MFI equal to 10), as is the case for Melito. Looking at the
data included in Table 2a (mean of the 92 municipalities) and 2b (mean of the municipalities
located in the Area Naples 2—The sub-area within the macro-area of the Metropolitan City
of Naples where Melito is located), the most critical dimensions of the MFI are the highest
level of land consumption, the low level of access to main services, the low education level
of population ages 25-64, a very high rate of depopulation, and very limited local units of
active enterprises (Table 2). In terms of the gender structure of Melito residents, both men
and women from 0 to 49 years have decreased, and women over 49 years have increased
slightly more than men.
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Table 2. Average of social fragility indicators in the Metropolitan City of Naples and the metropolitan
area of North Naples (Elaboration by M.R.A. and C.D.).

(2a)—Mean of Metropolitan City of Naples (2b)—Mean of Napoli 2 Area
Min Max Stand. Dev. Min Max Stand. Dev.
MFI 3 10 24 9 10 0.4
Polluting car/resident 13.9 30.2 5.6 30.8 41.1 3.8
Unsorted urb. waste per capita 173 266.2 34.5 181.5 339.9 55.8
Protect natural area 13.6 37.3 7.8 0 0 0
Landslide risk 13.7 29.2 5.6 0 0.1 0
Land_consumption 25.6 44.3 6 56 83.2 11
Travel time to nearest essential service 16.2 40 8.3 9.6 18.5 3.5
Youth and senile dependency 63 69.6 22 55.7 65.6 3.2
Low_EDU_pop 25_64 31.8 49.6 5.4 46.8 56.9 3.6
Employed 20_64 Years 46.3 61.8 5.4 40.8 48.1 2.5
Population growth —40.4 11 175 —82.9 —13.3 27.7
Local industries 41 19.1 5.6 2 13 43
Pop. employed in low productivity 9.1 14.8 23 8.3 153 2.7

To better understand if and how Melito differs from similar municipalities within the
Metropolitan City of Naples, we analyze longitudinal data concerning the main territorial,
environmental and socio-economic variables drawn from “A misura di Comune”. Melito
belongs to a geographical area of Metropolitan City of Naples named “Napoli North-West”.
The main results on the variables examined are summarized in Table 2a,b. The statistics
highlight that the average age of the Melito population is lower compared to that calculated
for Naples and for the Campania region (in 2018 equal to 36, 40.2 and 41.2, respectively).
However, it increased significantly (+8.3%) in the period 2014-2021. Figure 8 shows that in
Melito the youth unemployment rate is systematically higher than at Provincial and macro-
regional level. Other statistics, available upon request, show that 39% of taxpayers in Melito
have a total income of less than 10,000€; the municipality has a higher per capita social
expenditure compared to the two territories examined, Metropolitan City and Campania,
even if it results in less than half of the Italian mean. The municipality also shows a higher
gender gap in the labor market participation in respect to what occurs at the provincial and
regional level and its high cost of maintenance for public building and green areas. This
describes a context in which the level of well-being of the citizens is clearly low.
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Figure 8. Young people (15-29 years) who do not have a regular job in October and do not follow a
course of study by area.
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The data describes a municipality affected by rapid urban expansion over the last
decades. Population growth and residential needs led to the conversion of agricultural
and open spaces into urban areas, contributing to a high land consumption index. The
rapid construction of cheaper housing estates led to a process of suburbanization, with
low-income families settling in Melito suffering from energy poverty and social exclusion.
The existing socio-economic situation implies that planners and policymakers must develop
greater attention to socio-economic public policy to foster urban districts that strive towards
integrating aspects of socio-economic sustainability. This policy should be focused on
halting the out migration of young people (leaving behind the elderly and children),
improving education and work opportunities and regenerating sociality and solidarity to
enhance livability.

6. Modeling the Pilot

To applying the AGAPE to Melito, research evaluated three schools for their potential
as REC hubs (Phase 1 of the protocol, Figure 1) for a surrounding SUC. GIS reconstruction of
the hydrographic network and radii of influence of public facilities define the perimeter of
the hypothesized SUC (Figure 9). The urban fabric within the proposed SUC has been built
over the last forty years, partly in accordance with the urban planning instrument in force
(PRG) based on the logic and techniques of rational-comprehensive urban planning [30,31]
and partly in non-conformity with it. It comprises four different urban morphologies, three
predominantly residential and one productive, emblematically representing the building
expansion that took place after World War II following the principles of the modernist
movement. A large extent of illegal buildings [32] adds to this expansion, a type that
represents a significant part of the urban expansion of southern Italian cities during the
same period. The state of maintenance of the building stock in the proposed SUC is
mediocre (Figure 10).

The proposed SUC encompasses four types of urban morphology:

First, towards the northern boundary of the proposed SUC lies public housing con-
structed at the turn of the 1980s and 1990 in compliance with two laws: the first was an
ordinary law (L. 167/62), still in force, providing for the construction of low-cost housing
for the less affluent population. The second was an extraordinary law (L. 219/81), no longer
in force, for the construction of housing for people who had lost their homes in the 1980
earthquake that damaged the regions of Campania and Basilicata. A simplified open and
closed open courtyard settlement pattern of inline apartment blocks forms the prevailing
building type.

A second, very extensive urban morphology, located to the east and west within the
proposed SUC, is prevalently residential development served by a network of private
access roads to individual multi-story buildings, with two to seven floors connected in a
few points to the public road system as well as single- and two-family developments along
public roads. Built between the 1980s and 1990s, the resulting fabric features large urban
blocks, with isolated buildings.

A third morphology, located to the north-west and south-east, presents two- and three-
story residential allotments built in violation of the municipal plan. As is typical of illegal
buildings, there is an absence of supporting facilities to the extent that both unauthorized
allotments have been acquired by the municipality. Due to their location and size, these
areas represent a strategic opportunity for the application of the proposed redevelopment
measures, in an urban context lacking in services and green spaces. Given the damage to
the entire community they represent, the court ordered demolition of all existing buildings
on site, effectively making available approximately 47,000 m? of land.
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Figure 9. Overview of the pilot area boundary definition process (Elaboration by S.G.).

The fourth type, located to the south-east, presents a chaotic settlement pattern of
prevalently industrial buildings, in conformity with the prescriptions of the PRG, the result
of the construction of single buildings without any implementation plan governing their
urban coordination.

The site contains both legal urban developments of public housing and private housing,
the former being regulated by urban plans and the latter regulated by building permits,
and illegal residential expansions that developed in planned residential zones as well as in
zones not intended for residential use.
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Figure 10. Urban building fabrics and intangible resources of the pilot area (Elaboration by R.B.).

Results Applying AGAPE to the Case Study SUC

The SUC hydrological sub-basin includes two primary electrical substations (Figure 11)

serving the three public school buildings (Collodi, De Curtis, I. Kant) and a complex of
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public housing (Figure 12). Defining the morphological, technological, and socio-economic
characteristics allows for the preliminary sizing of RECs for each of the two substations.
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Figure 11. Hydraulic risk and permeability of public lots (RIE) in the pilot area (Elaboration by S.G.).
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Figure 12. Map of the pilot area in Melito di Napoli (Campania, Southern Italy) with noteworthy
places (Elaboration by S.G.).

The new MIHA software automatically calculates environmental indicators, both
for social housing and school buildings. The sub-watershed area (70 ha) includes a total
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of 1338 families, with an average density of three people per residential unit. For social
housing and schools, the plugin calculates the RIE (Riduzione Impatto Edilizio) and the
Permeability Index. The values show low soil permeability and poor drainage capacity
for the social housing and a better balance between built-up areas and green spaces for
the schools. At the sub-watershed scale, the indicators show a provision of 5.40 m? of
usable public green space per inhabitant, with eight trees per 100 people. The microclimate
simulations provided PET values between 30° and 39.5° (strong thermal discomfort). The
sun protection map shows the shade conditions at 9:00, 12:00 and 15:00 obtained with the
‘TerrainShading’ plugin (version 0.9.7). Finally, the area presents a medium hydraulic risk
as reported by the Regional Authorities [33] (Figure 13).

‘l("i ' \l :

aulic

RIE Hydr
. 0-4 . 401-6 6.01-8 . Low Hydraulic Risck mm  Hydraulic Basin

Figure 13. Hydraulic risk and permeability of public lots (RIE) in the pilot area (Elaboration by R.B.
and S.G.).

The new PRESTO plugin calculates the amount of energy that can be produced through
rooftop photovoltaic systems (Phase 2—Infrastructure). The Collodi school provides an
annual production of approximately 95,000 kWh, while the De Curtis school provides about
133,000 kWh. The I. Kant secondary school provides 143,000 kWh annually. Finally, the
plugin estimates the capacity of RECs using household consumption profiles [34,35]. The
software refined the evaluations on the dimensional characteristics of the REC built around
the Collodi and De Curtis schools (Table A1 in Appendix A), which can supply clean energy
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to around 59-67 residential units, with SCI ranging between 40 and 43% and SSI between
43 and 68 1. Kant school the software returned 40 scenarios (Table A2 in Appendix A) where
clean energy could be supplied to about 3648 residential units with a SCI value between
38 and 43% and a SSI value between 73 and 83%.

In addition, “Blue-Green Ecosystem” phase of the tool estimates potential interven-
tions on public areas, particularly streets. Hydraulic calculations show the need for 1200 m?
of GSI to handle a volume of rainwater of 550 m?, which also reduces the urban heat island
effects [36] (Figure 14).

- Om 100 m 200 m
Renewable Energy Community (Hp 1) Green space typology Indicators
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Figure 14. Sustainable Urban Community (SUC) meta-design.
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The demolition of illegal buildings and the return of green spaces to the community
addresses the alarming rates of land consumption. The EasyPath software integrates
essential services and accessibility within the neighborhood, bridging notable existing
gaps. Strengthening the role and access of schools significantly enhances their potential to
reinforce educational attainment among the local population. Furthermore, implementing
initiatives centered on the circular economy and green business can combat the high
depopulation rates and the lack of active local enterprises.

Thanks to funds from the NextGeneration EU program, the municipal administration
already launched digitalization efforts (allocated funds: €321,642) to expand digital identity
access in Melito di Napoli and infrastructural interventions (€1,325,403). This enabled the
energy efficiency upgrade of two municipal schools and the installation of a photovoltaic
system on one of them. These results align with the requirements and features identified in
the framework, highlighting the need for physical spaces with renewable energy plants
and the suitability of schools as energy cores due to the availability of space and ideal
community conditions. The operational scale of RECs appears smaller than the area
defined for the Sustainable Urban Community (SUC), suggesting that it is possible to
include multiple RECs (each governed by energy and regulatory constraints) within the
proposed SUC boundaries, established through environmental and social parameters. As
a result, it can be inferred that the optimal scale for the integrated planning of shared
services and resources does not necessarily coincide with the most effective scale for
sharing renewable energy. Indeed, the modeling of the three schools shows the possibility
of supplying electricity to about 9% of the families in the area, which still provide support to
115 households experiencing energy poverty. By installing PV systems on public residential
buildings, total energy production reaches 1,014,962.21 kWh, an increase of approximately
+173% compared to the initial scenario (371,422.70 kWh). This allows us to satisfy the
energy needs of 314 households, compared to 115 households in the initial scenario. In
relative terms, the share of households benefiting from the energy produced increases from
9% to 23% of the total (Table 3).

Table 3. Comparison of baseline and project indicators.

Thematic Area Indicator Initial Value Project Value
Energy Electricity production hub - 2.450 MWh/year
Energy Energy shared with users - 1.460 MWh/year
Energy Self-Consumption Index 43%
Energy Self-Sufficiency Index 78%
Energy Reduction in GHG emissions 100%

Microclimate PET 32-53 °C 29-50 °C
Microclimate Albedo 0.12 0.10
Microclimate Wind speed 0.8-2.3 km/h 0.7-2.1km/h
Vegetation Riduzione Impatto Edilizio 5.14 5.80
Vegetation Biotope Area Factor 0.44 0.60
Vegetation Permeability Index 0.20 0.59
Vegetation Urban Green Space 5.40 13.40
Accessibility Physical 0.75 1.30
Accessibility Environmental 2 2.5
Social Number of trees per 100 inhabitants 8 13
Social Parking spaces per inhabitant 0.14 3.10
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Table 3. Cont.

Thematic Area Indicator Initial Value Project Value
Social Households 1338 1338
Social Persons per housing unit 2.9 2.9
Social Person per family 3 3
Social Outdoor public space 10,900 m? 38,150 m?
Social Indoor public space 6800 m? 17,900 m?
Social Cultural alrsg TE}?;EEE rf,tirvices per ) 8
Social Cycle paths - 8 km
Social Proximity to basic services 500 m 300 m

To make the initiative truly effective and inclusive, a two-step process is required.
The first stage improves the energy efficiency of school buildings and public buildings by
implementing measures that reduce overall energy consumption. In this way, renewable
energy production will be able to cover a larger share of consumption. The second phase
assesses the feasibility of installing photovoltaic systems on the roofs of public residential
buildings. This will expand the production base and generate a more substantial volume
of energy, which can be shared not only between schools and municipal offices, but also
with families and communities in the area, creating the conditions for a broader, fairer and
more resilient energy exchange, capable of strengthening social ties and promoting a truly
inclusive energy transition.

In the energy transition, technological and structural solutions based on efficiency
principles aim to reduce energy input while maintaining the same levels of consumption.
However, a socio-technical transition project must incorporate the paradigm of sufficiency,
promoting the reduction in absolute demand for energy, materials, and space through
changes in social practices, organizational models, and lifestyles [37,38]. It is precisely
under these conditions of metabolic consistency that an increase in the use of a system does
not necessarily lead to greater environmental degradation.

7. Conclusions and Perspectives

Social and environmental indicators show that a Sustainable Urban Community in
Melito di Napoli could improve the socio-economic sustainability of this area through
projects involving collaborations between different stakeholders such as prosumers, youth,
elders, workers, property owners, municipal officials, and, in general, residents [13,39].

The research highlights how the innovative application of the AGAPE process to
the existing and flexible designation of the buildable unit can overcome a mechanistic
view of the city. This promotes an integrated systemic approach that recognizes the value
of territorial and environmental interrelationships. The perspective allows us to govern
urban transformations not only in quantitative terms (volumes, surfaces), but above all
in qualitative terms, through the design of areas as functional for ecological, energy and
social innovation.

To this end, the AGAPE protocol selects community cores, calculates the Renewable
Energy Sources (RES) production capacity, and identifies areas sharing hydrological, urban,
and social factors. The digital process identifies potential regeneration scenarios from
environmental and social indicators datasets. A framework facilitates intervention planning
across watersheds, structured into three categories: Community Platforms, Infrastructures,
and Blue-Green Ecosystems. The framework identifies user trust and the relationship
between public administration and citizens as critical elements that the scientific literature
directly links to perceived well-being and the health of urban communities. Improving
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these aspects develops social capital, which is key to community resilience. Digital services
facilitating the exchange of goods, skills, time, and shared physical space represent the
social infrastructure that can be activated immediately, requiring minimal investment and
generating rapid benefits.

This accelerates implementation by creating the substrate of trust necessary for the
development of energy communities and sustainable mobility systems. Sequencing capi-
talizes on existing collaborative networks, reducing resistance and implementation time.
Stormwater and urban vegetation management redesigns public spaces. This strategic
progression optimizes resources and time, allowing faster implementation than traditional
planning approaches.

AGAPE represents not only a design tool, but also an effective evaluation framework to
measure the success of urban well-being and sustainability initiatives. Public facilities create
strategic nodes capable of catalyzing the transition towards more sustainable, resilient, and
cohesive urban models acting as a bridge between material infrastructure and immaterial
social dynamics. It expands the potential sustainability and welfare benefits of RECs
through relatively modest investments in digital community infrastructure and shared
public spaces to create Sustainable Urban Communities. It is specifically designed for use
by Public Administrations, the only entities that have all the up-to-date information needed
to properly run the digital model. MIHA makes it possible to calculate environmental and
social indicators from the basin scale to the city scale. The graphical output allows intuitive
auditing of conditions that require action by the administration. The development of the
REC’s predimensioning new software PRESTO stems from the interest in providing local
government with a tool capable of defining the renewable energy production potential of
its building stock and possible sharing scenarios with local residents. The data produced
by the plugin provides a theoretical basis for comparing the efficiency and effectiveness of
an existing REC. Optimizing energy distribution is possible using socio-technical criteria
that can only be considered from information held by administrations.

The AGAPE model provides a replicable decision framework to renovate existing settle-
ments and to drive the transition towards more sustainable, equitable urban communities.
Long-term commitment by the university research team to its local community and public
authorities demonstrates the feasibility of highly place-specific projects utilizing detailed data,
while leveraging widely applicable processes. Nevertheless, the seemingly insurmountable
task of transforming community for sustainability will require a delicate combination of
automated tools and particularized understanding of local needs and circumstances.

For instance, reliance on existing data may overlook specific local nuances, leading
to decisions that do not fully reflect community needs. Furthermore, the model’s success
is contingent on active participation from local communities to provide comprehensive
social indicator data. Future research should focus on refining data collection methods and
exploring participatory approaches that involve residents directly in the data-gathering
process. The use of advanced technologies for energy efficiency brings about environmental,
social, and economic benefits whose quantification, especially from a social perspective,
requires further data collection obtainable by directly involving the population and other
stakeholders [40].

The integration of advanced technologies in community-driven initiatives presents
a promising avenue for further study. Investigating how these technologies can better
support energy efficiency and social cohesion will be essential in enhancing the model’s
applicability and effectiveness. By addressing the identified limitations and expanding
research into participatory methods and technological integration, AGAPE can further
advance urban design towards spatial and environmental justice, ultimately facilitating the
transition to sustainable living.
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Community participation also addresses a pointed limitation in the AGAPE protocol,
common to all digital protocols: the requisite of ground-truthing to enhance the reliability
of the model and refining the integrity of the model outcomes. In this, the place-based
formulation of the model is particularly felicitous. Locals know their neighborhoods
as no one else does and have significant stakes in enhancing its economy and livability.
Participation is fundamental to the most effective implementation of AGAPE.

AGAPE provides a shared reference framework for all involved stakeholders (public
administrations, professionals, and residents) supporting coordinated and transparent
decision-making processes. The stages of the protocol define a methodological sequence
to model urban design interventions to optimize and create SUCs. At the same time, the
dimensions of the analytical-design framework are adaptable, using categories of inter-
ventions particular to the context. This two-dimensional structure allows for systemic
integration and contextual flexibility, ensuring the replicability of the process while adapt-
ing to the specific constraints and local realities. The application of the model to the case of
Melito di Napoli has demonstrated the specificity, adaptability, and operational value of a
place-based GIS protocol for the planning of sustainable urban neighborhoods, opening
new perspectives for urban design oriented towards spatial and environmental justice,
while incorporating energy management. It validates the model’s adaptability and opera-
tional value to facilitate locally initiated urban renewal that integrates energy management
with spatial, environmental, and economic justice. Inherently, the protocol values the effec-
tiveness of place-based initiatives over centralized and standardized planning which have
too often failed in the past. By focusing on the incremental regeneration of multi-benefit
local community cores within a larger legislative agenda, it can serve as a catalyst for
expansive sustainable urban regeneration.
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Appendix A Scenarios Processed via PRESTO Plugin

Table Al. Processing of Substation A scenarios via PRESTO plugin (Elaboration by M.B.M.).

HUB_Self . . .

scmaio 0 POUSEI comumpin PRI RIS o s [
Scenario 1 228,208.84 40,809.94 187,398.90 124,101.24 42.59 78.33 67
Scenario 2 228,208.84 40,809.94 187,398.90 124,101.24 42.59 78.33 67
Scenario 3 228,208.84 40,809.94 187,398.90 124,101.24 42.59 78.33 67
Scenario 4 228,208.84 40,809.94 187,398.90 124,101.24 42.59 78.33 67
Scenario 5 228,208.84 40,809.94 187,398.90 124,101.24 42.59 78.33 67
Scenario 6 228,208.84 40,809.94 187,398.90 124,101.24 42.59 78.33 67
Scenario 7 228,208.84 40,809.94 187,398.90 124,101.24 42.59 78.33 67
Scenario 8 228,208.84 40,809.94 187,398.90 124,101.24 42.59 78.33 67
Scenario 9 228,208.84 40,809.94 187,398.90 116,436.16 41.27 80.89 62
Scenario 10 228,208.84 40,809.94 187,398.90 116,436.16 41.27 80.89 62
Scenario 11 228,208.84 40,809.94 187,398.90 116,436.16 41.27 80.89 62
Scenario 12 228,208.84 40,809.94 187,398.90 116,436.16 41.27 80.89 62
Scenario 13 228,208.84 40,809.94 187,398.90 116,436.16 41.27 80.89 62
Scenario 14 228,208.84 40,809.94 187,398.90 116,436.16 41.27 80.89 62
Scenario 15 228,208.84 40,809.94 187,398.90 116,436.16 41.27 80.89 62
Scenario 16 228,208.84 40,809.94 187,398.90 116,436.16 41.27 80.89 62
Scenario 17 228,208.84 40,809.94 187,398.90 109,866.10 40.14 83.37 59
Scenario 18 228,208.84 40,809.94 187,398.90 109,866.10 40.14 83.37 59
Scenario 19 228,208.84 40,809.94 187,398.90 109,866.10 40.14 83.37 59
Scenario 20 228,208.84 40,809.94 187,398.90 109,866.10 40.14 83.37 59
Scenario 21 228,208.84 40,809.94 187,398.90 109,866.10 40.14 83.37 59
Scenario 22 228,208.84 40,809.94 187,398.90 1098,66.10 40.14 83.37 59
Scenario 23 228,208.84 40,809.94 187,398.90 1098,66.10 40.14 83.37 59
Scenario 24 228,208.84 40,809.94 187,398.90 1098,66.10 40.14 83.37 59

Table A2. Processing of Substation B scenarios via PRESTO plugin (Elaboration by M.B.M.).

Scenario_ID Prod:lkcxi}:/Et)lergy Cglljfr;lspigm Enc(elr(%\}ll}_Jn)put RésidentiaITTotal Energy SCI(%)  SSI (%) Family

y. Energy (kWhy) y. onsumption (kWh/y) Number
Scenario 1 143,213.86 23,700.52 119,513.33 84,863.35 43.41 73.26 48
Scenario 2 143,213.86 23,700.52 119,513.33 84,863.35 43.41 73.26 48
Scenario 3 143,213.86 23,700.52 119,513.33 84,863.35 43.41 73.26 48
Scenario 4 143,213.86 23,700.52 119,513.33 84,863.35 43.41 73.26 48
Scenario 5 143,213.86 23,700.52 119,513.33 84,863.35 43.41 73.26 48
Scenario 6 143,213.86 23,700.52 119,513.33 84,863.35 43.41 73.26 48
Scenario 7 143,213.86 23,700.52 119,513.33 84,863.35 43.41 73.26 48
Scenario 8 143,213.86 23,700.52 119,513.33 84,863.35 4341 73.26 48
Scenario 9 143,213.86 23,700.52 119,513.33 80,118.30 4211 75.27 45
Scenario 10 143,213.86 23,700.52 119,513.33 80,118.30 4211 75.27 45
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Table A2. Cont.

Scenario_ID Prodg(c‘('e\;l};/]inergy C(I)-:lgfr;lspilif)n Energy_Input ResidentialTTotal Energy SCI (%)  SSI (%) Family
y) Energy (KWh/y) (kWhly) Consumption (kWh/y) Number
Scenario 11 143,213.86 23,700.52 119,513.33 80,118.30 4211 75.27 45
Scenario 12 143,213.86 23,700.52 119,513.33 80,118.30 42.11 75.27 45
Scenario 13 143,213.86 23,700.52 119,513.33 80,118.30 4211 75.27 45
Scenario 14 143,213.86 23,700.52 119,513.33 80,118.30 4211 75.27 45
Scenario 15 143,213.86 23,700.52 119,513.33 80,118.30 42.11 75.27 45
Scenario 16 143,213.86 23,700.52 119,513.33 80,118.30 4211 75.27 45
Scenario 17 143,213.86 23,700.52 119,513.33 75,373.25 40.80 77.53 42
Scenario 18 143,213.86 23,700.52 119,513.33 75,373.25 40.80 77.53 42
Scenario 19 143,213.86 23,700.52 119,513.33 75,373.25 40.80 77.53 42
Scenario 20 143,213.86 23,700.52 119,513.33 75,373.25 40.80 77.53 42
Scenario 21 143,213.86 23,700.52 119,513.33 75,373.25 40.80 77.53 42
Scenario 22 143,213.86 23,700.52 119,513.33 75,373.25 40.80 77.53 42
Scenario 23 143,213.86 23,700.52 119,513.33 75,373.25 40.80 77.53 42
Scenario 24 143,213.86 23,700.52 119,513.33 75,373.25 40.80 77.53 42
Scenario 25 143,213.86 23,700.52 119,513.33 70,263.20 39.35 80.20 39
Scenario 26 143,213.86 23,700.52 119,513.33 70,263.20 39.35 80.20 39
Scenario 27 143,213.86 23,700.52 119,513.33 70,263.20 39.35 80.20 39
Scenario 28 143,213.86 23,700.52 119,513.33 70,263.20 39.35 80.20 39
Scenario 29 143,213.86 23,700.52 119,513.33 70,263.20 39.35 80.20 39
Scenario 30 143,213.86 23,700.52 119,513.33 70,263.20 39.35 80.20 39
Scenario 31 143,213.86 23,700.52 119,513.33 70,263.20 39.35 80.20 39
Scenario 32 143,213.86 23,700.52 119,513.33 70,263.20 39.35 80.20 39
Scenario 33 143,213.86 23,700.52 119,513.33 65,883.16 38.01 82.62 36
Scenario 34 143,213.86 23,700.52 119,513.33 65,883.16 38.01 82.62 36
Scenario 35 143,213.86 23,700.52 119,513.33 65,883.16 38.01 82.62 36
Scenario 36 143,213.86 23,700.52 119,513.33 65,883.16 38.01 82.62 36
Scenario 37 143,213.86 23,700.52 119,513.33 65,883.16 38.01 82.62 36
Scenario 38 143,213.86 23,700.52 119,513.33 65,883.16 38.01 82.62 36
Scenario 39 143,213.86 23,700.52 119,513.33 65,883.16 38.01 82.62 36
Scenario 40 143,213.86 23,700.52 119,513.33 65,883.16 38.01 82.62 36
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