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Abstract: The issue of climate has posed major and urgent challenges for the global community.
The European Green Deal sets out a new growth strategy aimed at turning the European Union
into a just and prosperous society, with a modern, resource-efficient, and competitive economy,
which will no longer generate net greenhouse gas emissions by 2050. Cities in this context are
committed on several fronts to rapid adaptation to improve their resilience capacity. The historic
centre is the most vulnerable part of a city, with a reduced capacity for adaptation, but also the
densest of values, which increase the complexity of the challenge. This study proposes an integrated
tool, Heuristic Planning Support System (HPSS), aimed at exploring green-blue strategies for the
historic centre. The tool is integrated with classic Planning Support System (PSS), a decision process
conducted from the perspective of heuristic approach and Geographic Information System (GIS). It
comprises modules for technical assessment, environmental assessment Life Cycle Assessment (LCA),
economic assessment Life Cycle Cost (LCC), Life Cycle Revenues (LCR), and Discounted Cash Flow
Analysis (DCFA) extended to the life cycle of specific interventions, the Multi-Attribute Value Theory
(MAVT) for the assessment of energy, environmental, identity, landscape, and economic values. The
development of a tool to support the ecological transition of historic centres stems from the initiative
of researchers at the University of Catania, who developed it based on the preferences expressed by a
group of decision makers, that is, a group of local administrators, scholars, and professionals. The
proposed tool supports the exploration of green-blue strategies identified by decision makers and the
development of the plan for the historic district of Borgata di Santa Lucia in Syracuse.

Keywords: green roof; Building Integrated Photovoltaic—BIPV; life-cycle assessment; life-cycle
cost; life-cycle revenue; CO2 emission reduction; cost-effectiveness analysis; financial feasibility;
value-focused thinking; MAVT; Borgata di Santa Lucia in Syracuse

1. Introduction

The challenges facing cities have changed dramatically in recent years. Issues such as
digital transition, climate change, biodiversity loss, resource scarcity, migratory movements,
demographic change, pandemics, social inequalities, and rapidly changing economies are
at the heart of the debate [1–5].

The need for an epochal change in the economic and social framework has become
increasingly apparent because of the exacerbation of the consequences of climate change,
the increasing alarm cry from the scientific world, and a new general public awareness of
the situation [6–14].

In this regard, in fact, in 2019, the European Commission made public the European
Green Deal, which defines a new growth strategy aimed at transforming the European
Union (EU) into a just and prosperous society, equipped with a modern, resource-efficient,
and competitive economy, which will no longer generate net greenhouse gas emissions
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by 2050, and where economic growth will be decoupled from resource use. The European
Green Deal proposed by the European Commission [15] promotes an acceleration of the
implementation of the principles of sustainability set out by the Bruntland Commission
(more than three decades ago) [16], the United Nations Conference on Sustainable Develop-
ment in 1992 [17], the Kyoto Agreement in 1997 [18], the United Nations Conference on
Sustainable Development-or Rio + 20 in 2012 [19,20], the Millennium Development Goals
in 2015 [21], and the Conference of the Parties–21 (COP-21-Paris Agreement) [22].

The European Commission has outlined several objectives, policies, and key actions
to be developed by the EU and the Member States [23,24]. The main objectives are the
improvement of health and quality of life of European citizens, the protection of nature,
and the transformation of the current economic model without anyone being excluded
from this process or left behind. Coordinating the transition from a linear economy model,
based on extraction, production, distribution, and use and disposal (where all end-of-life
products are transformed into waste at the expense of the environment and with the risk
of consumption of all existing raw materials), to a circular economy model, in which the
production and consumption system exploits natural raw materials that can be recycled or
reused [25] by extending the life cycle of products, minimising waste and environmental
impact, means promoting such an ecological transition process, which is instrumental in
pursuing these objectives.

Given that 75% of the European population lives in cities and that buildings account
for about 40% of the EU’s energy consumption and 36% of CO2 production [23], the Green
Deal, from the perspective of a circular economy, promotes the reduction of the use of
resources and CO2 emissions, the recycling of materials, and the reuse of the existing
building stock.

Under the impetus of the Green Deal, a Horizon 2020-Green Deal call entitled “Build-
ing and renovating in an energy and resource efficient way” was launched, which promoted
a series of research aimed at promoting the general guidelines proposed by the European
Commission and influencing urban renewal and building renovation [26,27].

These actions, together with others, such as the political price of energy, digitalisation,
etc., would allow the European Union to meet the challenge of improving energy efficiency
and, at the same time, ensuring high level of employment, given that the envisaged
increasing investment in the construction sector, which generates around 9% of European
Gross Domestic Product (GDP), would foster the creation of 18 million jobs [23,28].

Although the social and economic repercussions of the COVID-19 pandemic in 2020
have, on the one hand, led to a setback for environmental policies, on the other, they have
brought about a strong boost to European ecological policies, triggering the largest financial
and implementation stimulus package ever funded in Europe, which has been instrumental
in implementing those actions aimed at pursuing the objectives set out in the Green Deal
and the Sustainable Development Goals (SDGs). The objective is a more environmentally
friendly, digital, and resilient Europe.

The Next-Generation EU [29], within this framework, is a temporary instrument
designed to respond to the economic and social damage generated by the pandemic,
whose declared objective is to combat the climate crisis, recognized as the main threat of
our time, and, through this challenge, to relaunch a new economy, reduce vulnerability,
increase social capital, and steer Europe towards a new development perspective based on
decarbonisation, the circular economy, and new patterns of production and consumption.

Next-Generation EU is the main tool used to promote recovery and resilience. It re-
quires member states to allocate 37% of the funds of their National Recovery and Resilience
Plans (NRRP) or Recovery and Resilience Plan (RRP) projects related to ecological transition.

This choice denotes the willingness to take the opportunity provided by the extraordi-
nary funds of the Recovery Fund to accelerate the green transition. The ecological transition
will need to be accompanied and supported by the digital process and administrative logic,
to which a further 20% of the entire RRP budget is allocated.
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What is innovative in the context of ecological transition, which is so massively
adopted by institutions compared, for example, to the concept of sustainable development,
is the firm awareness of the need for change, which implicit in the transition term itself:
it is necessary not only to adapt our system to a more sustainable approach, but also to
change it. Our economy must be restructured in such a way that respects, preserves, and
values the entire planet that hosts us.

Cities are playing a leading role in action to reduce global CO2 emissions and improve
quality and increase the quantity of natural heritage. They represent one of the privileged
contexts in which to implement the ecological transition process to achieve the objectives
by 2050 [30–38].

Measures to improve the efficiency of the existing real estate and the creation of green
infrastructure, in contexts characterized by a high concentration of historic and cultural
heritage, raise several issues from technical, technological, economic–financial, social,
environmental, cultural-identity, administrative, and political points of view.

There are many trade-offs generated by interventions to implement ecological tran-
sition in the historic centre. While the latter represents the most vulnerable and inelastic
portion of the city, it is characterised by interlinked and stratified values that must be
protected as representative of a place and its identity.

Is the ecological transition possible for old towns? Surely it must be possible, provided
that a perspective capable of integrating all the elements previously mentioned is adopted.

From a thermodynamic perspective, the historic centre is not a closed system, whose
order represents a mortal equilibrium, but an open system characterized by disorder, by
flows of energy, matter, and information that allow it to “transire” (to pass) to a new state
with enhanced resilience.

The information flows that cross through the historic centre must be able to mediate
the trade-offs and identify the convergences related to the interventions necessary for the
pursuit of the 2050 objectives [39–42].

The ecological transition of the historic centre is a multi-goal, multi-strategic, multi-
layer, multi-stakeholder, and complex value process.

In view of this special condition, the ecological transition must be implemented based
on integrated information processes. The adoption of a heuristic perspective can help
public and private decision makers identify solutions that are most likely to work or be
corrected [43–46].

For this purpose, this study’s objective is to define an integrated instrument finalized
for the exploration of the green-blue strategies and the design layouts at the scale of the
single building units, and at the urban scale of the historic district of the Borgata di Santa
Lucia in Syracuse.

The district of Borgata di Santa Lucia is the second historic centre of the city of
Syracuse. It has developed in more recent times than the other and older old town, namely
Ortigia. The latter is the main nucleus of the UNESCO Site “Syracuse and the Necropolis
rock of Pantalica” and is subject to strict constraints of protection and conservation that
make it incompatible with interventions aimed at favouring the ecological transition.
The district of Borgata di Santa Lucia is subject to less stringent constraints than Ortigia,
offering greater opportunities for adaptation to combat climate change. Our research
group has been working for five years to build a detailed database for this neighbourhood,
and now we have a level of information that allows us to develop a tool to support its
ecological transition.

The proposed tool is a particular Planning Support System (PSS), which is generally
used for long-range problems and strategic issues and may even be designed explicitly to
facilitate group interaction and discussion [47].

The PSS proposed in this study has been developed through the integration of different
tools such as the Geographic Information System (GIS), a Decision System Support (DSS)
based on Value-Focused Thinking [48], and some computer-based models that allow one to
analyse and evaluate the data contained in a database developed in an Excel environment.
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The proposed instrument integrates economic and environmental assessment, that related
to the perception of the urban landscape and the identity of the context [49].

In this case, the proposed tool helps to explore the range of possible decisions and
planning choices that are a priori unknown. Since the tool is developed from a heuristic
perspective, it has been called Heuristic Planning Support System (HPSS).

The outcomes integrate complex information, such as the system of architectural-
urban constraints, the cost-effectiveness also extended to environmental externalities, and
the financial feasibility and multi-criteria analysis with reference to energy-environmental,
identity, landscape, and economic criteria.

The paper is organised into the following sections:
Section 2 introduces an overview of the ecological transition critical issues in the

historic centres; Section 3 illustrates the Heuristic Planning Support System (HPSS) tool
and its components; Section 4 introduces the case study of the historic district of Borgata
di Santa Lucia in Syracuse; Section 5 reports and discusses the results; Sections 6 and 7
proposes some reflections on the adopted HPSS tool, synthesizes the results, and identifies
the lines of future development of this research.

2. An Overview on the Ecological Transition Critical Issues in the Historic Centres

The ecological transition of historic centres is more complex than in other parts of the
city, and this makes this challenge more challenging.

Ecological transition critical issues in the historic centres can be summarized based on
general and specific questions (Table 1).

Table 1. Ecological transition critical issues in the historic centres.

Critical Issues Specific Critical Issues

Built environment

Typological and technological heterogeneity of the building heritage
Poor adaptability and low levels of energy performance of building

units
Vulnerability of the building stock [50]

Housing obsolescence
Constraints for the protection of specific features

Human environment

Social vulnerability [38,39] due to the concentration in these
contexts of the weakest social groups such as the elderly,

immigrants, and families and the unfulfilled or insufficient process
of social inclusion [51]

Economic and financial profile of
subjects and real estate assets

Fragmentation of property ownership
Concentration of income ranges in the medium–low type

Concentration of buildings for rent
Low awareness of the existence of financial instruments, such as
incentive systems developed by national taxation to support the

energy upgrading of buildings [52]
Limited access, due to the specific characteristics of the built

environment, to the benefits provided by the incentive system
[53–55]

Natural environment
High population density

Reduced endowment of natural capital [56]
Reduced resilience to the effects of climate change

Administrative Difficult technological and technical compatibility of the
interventions with architectural and urban constraints [57–61]

Identity
Poor compatibility of energy efficiency interventions with the
quality of the urban landscape and the historical–cultural and

aesthetic values

Political Difficulty to manage effectively the transition from a linear model
to a circular one [62–69]
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3. Methods
3.1. Planning Support System (PSS)

Among the tools proposed in the literature is the Planning Support System (PSS),
which is widely used as planning support from a strategic perspective. [70].

PSS is a relatively recent tool, emerging on the planning scene in the mid-1990s as
a geo-technology tool entirely dedicated to supporting and improving specific planning
tasks [71,72].

This tool is connected to the Geographic Information System (GIS), but while the
latter is a general-purpose tool for acquiring, storing, manipulating, analysing, and dis-
playing geo-referenced data and applicable to many different problems, PSS is focused on
supporting planning tasks.

In most cases, the PSS includes a GIS, especially if the planning task requires spa-
tial data. The PSS is related to the Spatial Decision Support System (SDSS). The former
generally pays particular attention to strategic and long-term problems. SDSSs are gen-
erally designed to support short-term policymaking by isolated individuals or business
organisations [73,74].

The main function of the SDSS is supporting the operational decision-making process;
the PSS aims to support the strategic planning activity [75].

The PSS usually consists of a combination of theory, data, information, knowledge,
methods, and tools that are configured as an integrated framework with a shared graphic
user’s interface [76].

Many consider PSS a valuable support tools that will enable planners to better manage
the complexity of planning processes, leading to better quality plans and saving time and
resources [77].

The definition of PSS has evolved over time. Harris and Batty [71] were the first to
define the PSS by combining a range of computer-based methods and models into an
integrated system used to support a particular planning function [78–80].

Batty (1995) [71] has suggested that PSS was a subset of geo-computer technologies,
dedicated to supporting those involved in design, exploring, representing, analysing, vi-
sualizing, predicting, prescribing, designing, implementing, monitoring, and discussing
the issues associated with the need to plan. Klosterman [72,81], Brail, and Klosterman [82]
suggest that PSS have matured as integrated information systems and software struc-
tures that synthesize the three components of traditional DSS—information, models, and
visualization—and deliver them to the public sphere.

Geertman and Stillwell [83] considered PSSs as tools based on geographic information
technology incorporating a suite of components (theories, data, information, knowledge,
methods, tools, and meta-information) collectively supporting certain specific parts of a
single planning task. Brail [84], instead, pointed out that many PSSs are developed and
used to provide projections in the future or could support an estimate of the impacts arising
from any form of development. There is no unambiguous and rigorous definition of PSS,
but according to Klosterman and Pettit [85], all definitions tend to match the same type of
functionality within this category of support tools. Many researchers see the PSS as a tool to
improve knowledge and information management in planning processes. These functions
provide enormous help to those involved in managing the ever-increasing complexity of
planning activities.

Regarding the new developments of the PSS, Klosterman believes that it can integrate
and expand the main components of the traditional DSS, and therefore also those of
the SDSS, effectively supporting the planning and decision-making process at the same
time [72,81].

This is only partially true, as a PSS in its classical structure alone can meet the needs of
planning support, provided that the decision process is set beforehand, namely the set of
alternatives is known.

Most decision-making problems investigated in the literature consider the set of
alternatives as “dates”. In fact, as pointed out by several authors [85], the decision-making
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analysis focuses mainly on how to choose an alternative without considering how it
was defined.

Scholars on organizational behaviour maintain that the decisional process is much less
systematic than what is established by the rational–normative model, which means that it
is based on absolute rationality, as it takes for granted that decision makers apply several
rational criteria during the decision-making process, which is also considered rational. Such
special conditions are rare and circumscribed. Decisions are made with limited rationality;
that is, decision makers are only able to recognize a limited number of alternatives and are
only aware of some of the consequences of each alternative [86–88].

Heuristic processes are used to find answers and solutions that are most likely to work
or be correct.

The process aimed at supporting the ecological transition of the Borgata district of S.
Lucia can be considered as having limited rationality.

The decision-making process is not known; that is, the set of alternatives to be placed
at the base of the decision is not given, and in this case it must itself be explored according
to a heuristic approach.

In addition, a heuristic approach can also support the development of a heterodox
perspective of the issue. In this perspective, the development of the decision-making
process can integrate other perspectives besides the economic–financial one, such as the
historical–cultural, architectural–urban, and environmental ones. Hence, there is a need
to define a PSS that incorporates this heuristic perspective, namely a Heuristic Planning
Support System (HPSS).

3.2. Heuristic Planning Support System (HPSS)

The ecological transition process of historic centres, due to its multi-objective, multi-
strategic, multi-layer, and multi-stakeholder nature and complex values, can be imple-
mented efficiently only if supported by a strategic perspective of the energy–environmental
issue, by a heuristic approach, and by appropriate tools.

The tools should foster the exploration of objectives and strategies, identify potential
trade-offs and convergences, mediate trade-offs based on multi-scale and multi-attribute
evaluation, and support the identification of integrated strategies and a set of unknown
and a priori established alternatives.

The process of exploring objectives/strategies and alternatives can be supported by a
specific integrated tool that, because of the heuristic nature of the approach, can be defined
as a Heuristic Planning Support System (HPSS). We have developed this tool HPSS, which
will be presented in this section (Figure 1).

The HPSS tool proposed in this study consists of several modules:

A. The module supporting the identification of decision-making is based on value-
focused thinking.

B. The analysis module integrates different levels of analysis aimed at:

• The construction of a geodatabase, developed with the help of specific software,
referring to the characteristics of building units and building and urban planning
constraints; the characteristics of potential interventions from a technical and
economic point of view (revenues and direct costs of interventions, revenues
and environmental costs of interventions); and energy (the energy needs (Q) and
primary energy (PE), environmental (GHH emission);

• Supporting multi-criterial analysis.

C. The evaluation module integrates different levels of data built in the previous module
and outputs the verification of technical feasibility, economic and financial feasibility,
and the aggregate assessment of interventions with reference to the criteria selected
by decision makers.

D. The planning module allows one to visualize, for any level of objective and strategy
the decision makers want to explore, the performance of interventions with reference
to individual and aggregate building units, and their localization in the study context.
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Below are the specifications for the different modules integrated in the HPSS.

Figure 1. Heuristic Planning Support System (our processing).

3.2.1. Module A—Decision Process in the Perspective of Heuristic Approach. Value-Focused
Thinking (VFT)

A rational decision-making model assumes that the decision maker has complete or
perfect information about alternatives, time, cognitive abilities, and resources to evaluate
each choice over the others. From this perspective, it is assumed that individuals are able
to make choices that will maximize the benefits and minimize any cost.

In a rational decision-making model, factors that cannot be quantified, such as ethical
concerns or the value of altruism, personal feelings, loyalty, or a sense of obligation,
are excluded.

The objectivity of the rational decision-making model determines a bias towards
preference for facts, data, and analyses that integrate intuition or desires.

Researchers who have criticized the rational decision-making model have pointed out
that it has unrealistic assumptions regarding the quantity of available information, which is
rarely complete or perfect; the difficulty in accessing information; the fact that it takes too
long to access information; the availability of adequate resources to access resources; and
limitations in the ability of individuals to conduct analysis and think through competing
alternatives.

Individuals will manifest greater limitations in making rational choices as the com-
plexity of the decision increases.

Some researchers in the field of behavioural economics have tried to explain why
human behaviour often goes against pure economic rationality.
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From this perspective, Herbert A. Simon [89] proposed the theory of limited rationality,
which represents a more holistic way of understanding decision-making.

Decision-making in the context of limited rationality can still be considered rational,
as decision makers act rationally based on limited information.

In fact, given the limited capacity and resources of decision makers to achieve the
optimal solution, they can apply their rationality to a set of choices that have already been
limited by the lack of complete information and resources, reaching a satisfactory solution
rather than an optimal one. The theory of limited rationality, therefore, is not a theory of
irrationality.

With reference to the need to renounce unrealistic assumptions such as omniscience
and the optimization of rational theories, Simon defined two cognitive styles of decision
makers: maximising and satisficers [90].

The former tries to make an optimal decision, the latter simply tries to find a solution
that is “quite good” [91].

The theory of limited rationality can be applied to decision-making in the context
uncertainty, where not all alternatives, consequences, and probabilities are known.

Gerd Gigerenzer argues that simple heuristics, that is, experiential problem-solving
techniques, can converge towards better decision-making results than those based on
more accurate processes and seeking the optimal solution, for which a lot of information
is required.

Various heuristics can be characterized by specific organizational principles.
Gigerenzer et al., 1999 [92] proposed three main organizational principles, called

Building Blocks (BB): search rules, stop rules, and decision rules.
Based on the building blocks highlighted and developed by Gigerenzer et al., 1999 [92],

Gigerenzer and Selten, 2001 [93], and Gigerenzer and Gaissmaier, 2011 [94], four main
heuristics can be identified: Minimalist, Take the best, Tallying, and Mapping.

The Minimalist heuristic proposed by Gigerenzer et al., 1999 [92] is a model of decision-
making based on a single reason. This heuristic is characterized by a minimum amount of
information which is necessary to decide. It considers only a random goal (BB-search rule)
for which the scores of the alternatives (BB-stop rule) are compared. The alternative, which
records the highest value, represents the one with the highest value for the decision maker
(BB-decision rules).

Even the heuristic Take the best [92,94] supports a model of decision-making based on
a single reason, then, on a single objective (BB-search rule).

In this case, the minimum amount of information is not considered, but the preferences
of the decision maker are.

The heuristic compares all the scores of the alternatives (BB-search rule and stop rule)
and identifies the one that maximizes the goal.

The alternative that registers the highest value represents the one that has the highest
value for the decision maker (BB-decision rules).

The two heuristics Tallying and Mapping belong to the trade-off decision-making
class [94]. Both heuristics consider multiple goals in random order (BB-search rule), ignor-
ing preference information.

The stop rule in both cases provides for a break in the count when the alternative with
the highest score is identified for each goal.

The Tallying heuristic chooses the alternative with the highest positive value for all
objectives (BB-stop rule) [95].

The Mapping heuristic identifies all the alternatives that are above the median score
in a goal (building block-stop rule) and chooses the preferred alternative from most goals
(BB-decision rule) [94].

In the literature, the question of how small-information decision-making strategies
(heuristic or intuitive decision-making) can influence the outcome of a decision has been
widely discussed by many researchers [96–100]. These studies investigate the effects on
decision making and ignore information about objectives, preferences, or assessments.
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There are many studies in the literature that have developed heuristics to support
the solutions to problems with high complexity, such as the integration of wind energy
and other renewable energy resources in electrical systems [101], the search for parking
spaces [102], water management [103], health [104], and information technology [105] and
management [106].

The adoption of a heuristic perspective of the generation of alternatives, as a decision
process, is more suitable for the purpose of this study.

We propose in this study an iterative heuristic belonging to the class of the decision-
making trade-off, with a multi-objective search rule (such as the heuristics Tallying and
Mapping). It integrates information about decision makers’ preferences such as the Take-
the-best heuristic. Our heuristic considers n-tuple shared objectives identified based on
the preferences of the decision makers, and for each of them, it compares all the aggre-
gated scores of the alternatives evaluated based on a set of criteria (BB-search rule and
stop rule), identifying the one that registers the highest value for the decision maker
(BB-decision rules).

From the perspective of a heterodox approach, this heuristic allows one to compare all
the aggregated scores of the alternatives evaluated based on a set of criteria with reference
to the economic profile, that is, its economic and financial performance (BB-sub-search rule
and the stop sub-rule), and with reference to an integrated profile, that is, its performance
related to other aspects besides the economic (BB-sub-search rule and stop sub-rule),
identifying the highest value for the decision maker for the two profiles (BB-sub-decision
rules for each profile).

In order to ensure that all relevant and important information in the decision-making
process can be identified, that is, objectives, strategies, and alternatives, we have selected from
among the approaches proposed by Operations Research, the Value-focused-thinking one.

This approach is considered a best practice from the decision analysis literature and has
all the potential to effectively support the modelling phase of the decision problem as well
as the project one, which deserves to be explored carefully, highlighting that, starting from
the structuring of the objectives, it is possible to analyse different strategies and actions.

Value-focused thinking is an approach that starts by identifying values and then
uses these values to evaluate and improve the set of alternatives provided to decision
makers [48,107].

Value-focused thinking describes and illustrates concepts and procedures to create
better alternatives for decision problems, identifying decision opportunities, and using
fundamental values to guide and integrate decision-making activities [108].

The use of this technique is appropriate when dealing with conflicting objectives,
complex alternatives, and major sources of uncertainty.

Value-focused thinking can lead to better decisions because

• It results in a better set of objectives to evaluate the alternatives, as generating objec-
tives is an explicit purpose of Value-focused thinking;

• It facilitates the creation of alternatives, some of which might be better than those
initially selected as potential ones;

• It proactively defines decision opportunities that are more attractive to deal with than
the decision problems forced upon us.

The key concepts of Value-focused thinking are values, attributes, objective functions,
alternatives, and decision frame.

From these concepts, the following phases can be derived: identification of values,
generation of objectives, specification of attributes, quantification of values, creation of
alternatives, and identification of project alternatives.

The process aims at identifying a series of objectives that can be structured based
on the concatenation of several tools, such as focus groups, questionnaires, and decision
conferences.

Decision-making conferences are work meetings supported by facilitators, aimed at
problem-solving, including expert conflict resolution [109].
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In the field of organizational planning, Schuman and Rohrbaugh, 1991 [110], highlight
various purposes of a decision conference, such as definition of objectives, organizational
priorities, budget allocation, strategic plans, etc.

Phillips, 2006 [111], states that a decision conference can support the participants’
shared understanding of the issues under discussion and the generation of a common
purpose. Schuman and Rohrbaugh, 1991 [109], point out that a decision conference can be
identified as an ideal arena for reaching consensus on complex and unstructured issues
and can succeed in reaching a consensus decision.

The decision makers throughout this process (Figure 2) were invited to express an
order of preference for each n-tuple of objectives and at different levels.

Figure 2. The process flow chart for identifying preference structures (our processing).

In this case, both goals and strategies can be explored in their respective domains
based on decision makers’ preferences, highlighting trade-offs, and convergences. Their
exploration can support the identification of the decision frame and shared type by fostering
the identification of a rational and feasible structure of preferences compared to the ones
characterized by limited and uncertain rationality.
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3.2.2. Module B—Analysis Module

The analysis module is instrumental for the construction of the database, as it integrates
basic information and the outputs of technical, energy, environmental, economic, and multi-
criterial analysis.

The database contains data on the basic real estate characteristics of BUs and the
complex real estate characteristics, building and town planning constraints, and the charac-
teristics of potential interventions from technical, energy (the energy needs (Q), primary
energy (EP), environmental (GHG emission), and economic (direct revenues and costs,
environmental revenues, and costs of interventions) points of view.

Technical Analysis

The BUs database was constructed based on data collected through survey forms
about the characteristics of real estate. The detected characteristics of real estate are:
dimensional, positional extrinsic or localization, the use of different floors, positional
intrinsic, technological, architectural, state of conservation, and energy.

The data on building and urban planning constraints derived from the General Zoning
Plan and the Detailed Plan are integrated into specific records in Excel.

The data on the real estate characteristics exported in csv are elaborated in QGIS for
the estimation of complex characteristics for the BUs, that is, the shading, the visibility of
the interventions from the road, and the degree of fragmentation of the roofs.

The outputs produced by this analysis phase are integrated into specific records
in Excel.

The selection of potential interventions was conducted through the administration of
a questionnaire to decision makers.

The decision makers identified two main types of interventions that specifically con-
cern the roofs of BUs, namely the green roof and the installation of photovoltaic panels.

The solutions to the installation of photovoltaic panels have been selected with ref-
erence to the “Guidelines for the improvement of energy efficiency in cultural heritage.
Architecture, historical and urban centres and nuclei”, published by the Ministry of Cul-
tural Heritage and Activities (MIBAC) [112], which are a useful tool to guide energy-
improvement interventions for cultural heritage.

The guidelines for the insertion of photovoltaic panels on the roofs of historic buildings
include the use of integrated roof solutions; the arrangement of the panels in a continuous
line, above the eaves line, over the entire length of the roof, or possibly covering the
whole surface of the pitched roof with the best exposure; and the choice of colours of the
photovoltaic panels that match the existing roof colours.

The selected solutions for photovoltaics differ in terms of being installed with 1.5 kW,
3 kW, and 6 kW power; producibility (kWh) with reference to the site and its characteristics,
i.e., azimuth angle (South, East–West) and tilt (0◦–30◦) [113]; grid-connected stand-alone
systems with accumulation and connected to the network; and use of monocrystalline
silicon and BIPV.

The HEMERA System has been selected for the BIPV solution [114].
The selected green roof solutions are grouped as referring to the roof type as follows:

A1 for pitched roofs with extensive greening; B1 for flat, non-walk-on roofs with extensive
greening; and B2 for flat, walk-on roofs with intensive greening.

These solutions were built for each type of intervention in the records on the technical,
energy, environmental, and economic characteristics, which are instrumental to conducting
the support analyses.

DesignBuilder Software was used to estimate the energy characteristics of the inter-
ventions. It complies with EN 15316, UNITS 11300 parts 1–4 [115] and is used to estimate
the energy need (Q) and the primary energy (PE) for heating, cooling, and domestic hot
water (DHW) in the different categories of intervention.
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Environmental Analysis

A life-cycle assessment (LCA) was carried out to estimate the environmental charac-
teristics of the interventions.

LCA is a methodology used to assess the environmental impacts associated with all
the phases of the life cycle of a product and specifically in this study for the interventions
under assessment. LCA is an instrumental methodology for estimating the carbon footprint
related to the emission of GHGs generated at all stages of the product/intervention life,
namely: extraction, processing, and transport of building materials; construction and
demolition of buildings; direct energy consumption from buildings; and waste disposal.

In this study, LCA was implemented using LCA-calculator [116,117], a software that is
widely used in the literature to support product/intervention carbon footprint estimation.
It is used to estimate and compare, with other studies, the direct and indirect CO2 emissions
from all phases of the product/intervention life cycle [118].

LCA-calculator software performs LCA according to International Organization for
Standardization (ISO) 2006. It uses eco-invent reference database v2.2. It estimates the
carbon incorporated in materials and material production processes in accordance with
ISO 14020 and ISO 14040, as well as ISO 14025. The software outputs an aggregate measure
of the GWP (Global Warming Potential) of all 100-year emissions, expressed in kg CO2
equivalent, calculated based on the characteristic factors provided by the IPCC [119].

The environmental analysis of the interventions is shown in Appendix A.1. Environ-
mental Assessment.

Economic Analysis

For the estimation of the economic characteristics of the interventions, the following
analyses were conducted: cost-based analysis, revenue-based analysis, analysis of the
monetary value of a tonne of CO2, and analysis of the costs and revenues extended to the
life cycle of the interventions, that is, the Life Cycle Costing and Life Cycle Revenue.

The cost-based analysis was conducted based on surveys on the regional price of
public works in the Sicily Region in 2019 and, alternatively, on that of the Emilia-Romagna
Region 2018 or on estimates requested by established companies in the sector.

The costs for the design and supervision were calculated as a percentage of the costs of
work; the annual maintenance costs [120] were calculated as the differentiated percentages
for each type of work.

The environmental costs related to the life cycle of the photovoltaic plant and the
green roof can be estimated by multiplying the negative externality determined based on
the LCA by the monetary value of a tonne of CO2.

The environmental benefits related to the life cycle of the photovoltaic plant and green
roof can be estimated by multiplying the positive externality determined based on the LCA
by the monetary value of a tonne of CO2.

The Monetary Value of Tonnes of CO2

The estimation of the monetary value of a tonne of CO2 allows for the calculation of
the monetary value of externalities produced in the life cycle by the interventions analysed
in this study: photovoltaic system and green roof.

The monetary value of one tonne of CO2 was determined based on data collected in
an analysis of the literature review on the subject proposed in the article of Trovato et al.,
2020 [121].

The monetary value of a tonne of CO2 can be estimated based on two different
approaches: the social cost of carbon (SCC) and the marginal cost of abatement (MAC)
curve [122,123].

The first approach measures the long-term damage caused by the CO2 emissions
produced each year. The second approach, through the construction of the curve of the
marginal cost of abatement (MAC), allows the following to be identified: the cost of the last
unit of CO2 abated for a defined level of abatement; the total abatement costs estimated
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through the integral of the abatement cost curve; and the average abatement cost obtained
by dividing the total abatement cost by the quantity of abated emissions [124].

The level of reliability offered by climate change forecasting models generates uncer-
tainty about the assessment of impacts, resulting in poor availability of data to support the
SCC estimation, which can only be estimated for certain types of impacts.

Nevertheless, climate change forecasting models are considered a good approach for
estimating the monetary value of the CO2 emissions related to climate change impacts.

The review of the literature on SCC estimation reported in the article by Trovato et al. [121]
highlights, among the best practices, three different integrated assessment models (IAM) [125],
which were proposed by the Interagency Working Group (IWG), namely: DICE (Dy-
namic Integrated Climate–Economy model), developed by William Nordhaus (Yale Uni-
versity) [126]; FUND (Framework for Uncertainty, Negotiation, and Distribution model),
originally developed by Richard Tol (University of Sussex); and PAGE (Policy Analysis of
the Greenhouse Effect model), developed by Chris Hope (University of Cambridge).

These models are based on a discount rate of 3% [127] to estimate different SCC values,
based on the DICE-2010R model of $40 per ton of CO2; based on the FUND3.8 model of
$22 per ton of CO2; based on the PAGE09 model of $74 per ton of CO2.

Other SCC estimates proposed in the literature include one proposed by the OECD [128]
and the European Union survey, and one proposed by Ricke K. et al. [129], which showed
different values from those estimated by the Interagency Working Group.

In the first case, the estimate of the SCC led to identification with reference to 2014,
with a value of CO2 emissions of $56 per ton and with reference to 2025 of $115 per ton. In
the second case, the estimate of the SCC led to the identification of a range CO2 emission
values of $177–805 per ton.

The second approach, namely MAC, is used in the European Union in the emissions
trading system, namely the EU ETS. A monetary value of EUR 40/tonne CO2-eq has been es-
timated using MAC until 2020 [130], for which no further estimates are currently available.

To identify a monetary value of CO2 emissions and thus support the estimation of
the monetary value of externalities produced by interventions in their life cycle with
reference to literature data, with reference to the two approaches (SCC and MAC), and
with reference to the 3.3% social discount rate set for Italy from the Cost–Benefit Analysis
Guidelines [131–133], we have chosen to confirm the value of 40 EUR /ton of CO2-eq
identified in the article Trovato et al. [121], which is close to the average value of the SCC
values calculated by the IWG models. This choice is due to the absence in the literature of
further estimates on the monetary value of one ton of CO2 emissions.

Life Cycle Cost

In the field of building processes, the role of cost components is based on various
elements constituting the feasibility of an intervention, including the construction process
(Life Cycle Costing in construction), the life cycle (whole global costing), and management
(Life Cycle Costing) [134].

The Global Cost formula according to the LCC approach is expressed by the following
Equation (1) [135–137]:

CG = CI + ∑t
s=1

(CM + Cr)

(1 + r)t + ∑n
v=1

(
Cdm + Cdp −Vr

)
(1 + r)n (1)

where CG is the life cycle cost; CI is the investment costs; CM is the maintenance cost; Cr is
the replacement cost; Cdm is the cost of dismantling and Cdp is the disposal cost; Vr is the
residual value; t is the year in which the cost occurred and N the number of years of the
whole period considered for the analysis; and r is the discount rate. The “traditional” LCC
methodology is a tool for measuring economic but not environmental performance. The
economic and environmental assessment of interventions can also be conducted based on
the integration of LCA and LCC [138–140].



Land 2022, 11, 773 14 of 40

For the assessment of the environmental impacts produced by interventions [141–147],
it is necessary to provide a more in-depth analysis in order to identify the individual effects
to be computed in the LCA. Environmental assessment can be integrated into the classic
LCC formula. The new LCC formula considers the negative externalities related to the
increase in CO2 emissions (Equation (2)).

CG = ∑t
s=1

(CM + Cr)

(1 + r)t + ∑n
v=1

(
Cdm + Cdp −Vr

)
(1 + r)n + ∑q

z=1
IRCO2

(1 + r)q (2)

Life Cycle Revenue

Revenues related to interventions can also be analysed from a life-long perspective.
They mainly concern the energy savings and CO2 emission reductions determined by

LCA both for the photovoltaic system and for the green roof (Equation (3)).

RG = ∑T
i=1

ES

(1 + r)T + ∑N
j=1

RECO2

(1 + r)N (3)

ES represents energy saving, RECO2 the reduction of CO2 emissions throughout the
life cycle.

In the case of a green roof, the environmental benefits may also concern the benefits
related to the absorption of pollution, and therefore it would be correct to add ∑Q

k=1
AP

(1+r)Q ,

where AP represents the absorption of pollution offered by the green roof.
In the database estimating both the Life Cycle Costing-based analysis and the Life

Cycle Revenue-based analysis, it is necessary to integrate the records of the results of the
LCA for the types of photovoltaic plants and the green roof with the records related to the
cost and revenue analysis.

The economic analysis extended to the life cycle of the interventions is reported in
Appendix A.2 Economic Assessment.

Multicriteria Analysis

In the database, it is possible to integrate information in order to define specific value
profiles. Value profiles are instrumental to characterize decision makers’ preferences. In this
regard, decision makers should identify a set of criteria that are instrumental to characterize
their preferences on interventions aimed at combating the effects of climate change in the
historic centre.

The multicriterial approach used for modelling decision makers’ preferences is Multi-
Attribute Value Theory (MAVT). It is an additive MCDA approach.

The MAVT is an algorithm that is widely used in the literature to support decision-
making in numerous problems [148–151], and for this reason, we will report only some
information. This will allow the reader to analyse a set of alternatives even from a perspec-
tive characterized by conflicting objectives.

Operationally, in this algorithm, the main objective is divided into secondary objectives
in order to structure the decision problem through a hierarchy of first- and second-level
criteria and defining a tree structure called the tree of criteria, from the higher-order criterion
to the leaf criterion, or that of a lower level.

For each criterion, a value function is constructed that represents how the incremental
value changes as the performance level of the alternative changes. As a rule, the value
function has a range of variation between 0 and 1.

For each criterion, a weight is set representing the importance attached to it by the
decision maker [148,152].

The system of weights normally follows the rule of having a sum equal to one.
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Each alternative in decision-making is assessed based on the standard additive aggre-
gation rule (Equation (4)) [148], which provides an aggregate measure of the value of the
alternative with reference to its performance on each criterion:

V(a) =
s

∑
k=1

wivi(a) (4)

where s is the number of criteria, wi is the weight of the criterion i, and vi(a) is the value
function for the criterion that reflects the performance of the alternative a with respect to
the criterion i.

A MAVT module has been integrated in Excel to build value functions for each
identified criterion.

All the estimated data in the various technical, energy, environmental, economic, and
value profiles analyses can be collected in specific records in Excel. These records support
the assessments conducted in Module C.

The different database records, either as basic data or as output of the analysis pro-
cesses, can be used for spatial analysis in QGIS. The visualization of thematic maps of the
analysis results is instrumental to increase the awareness of decision makers on the issue
under analysis.

3.2.3. Module C—Assessment Module

The evaluation module offers tools to support the exploration of goals and strategies.
This module consists of several operational tools to produce as outputs the technical
feasibility, economic-financial feasibility, and the integrated assessment of interventions
based on the MAVT approach.

Technical Feasibility

For the technical feasibility of the interventions on the individual BUs, logical propo-
sitions of this type are built if ‘the characteristics of the BUs, the building and urban
constraints, energy demand are...’, and then ‘BUs will be allocated in the intervention
category...’.

Logical propositions allow the data query to help to sort the BUs into different inter-
vention categories.

Database query outputs can be integrated into QGIS to support BUs’ spatial analysis
of each intervention category.

Economic and Financial Feasibility

The economic and financial evaluation is instrumental to verify the feasibility of the
interventions.

A tool aimed at verifying the economic and financial feasibility has been defined with
reference to the Discounted Cash Flow Analysis (DCFA) [153,154] integrated into the life
cycle of interventions.

This tool integrates the information contained in module B for all the components of
the DCFA, including those related to the life cycle of the interventions [155,156], i.e., Life
Cycle Costing and Life Cycle Revenue.

It also incorporates a series of investment assessment criteria aimed at verifying
economic and financial feasibility (Appendix A.3. Investment assessment criteria).

Integrated Assessment

The MAVT module integrated in Excel allows one to measure the aggregate value for
each type of intervention or with reference to aggregate types of intervention, producing
their ranking.
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3.2.4. Module D—Planning Module

The planning module aggregates all the information contained in the previous mod-
ules. Additionally, in this case, the database can be interrogated on the basis of logical
propositions of the type “If. . . , then. . . ”.

This module helps the decision maker to explore the performance of interventions
with reference to any n-tuple of objectives, strategies, and their levels.

This module offers different visualizations of the effects induced by different queries,
some developed directly in Excel, and others with the help of QGIS:

• Paired comparison of criteria to highlight trade-offs and convergence between them;
• Comparison between the four criteria, supported by a polygon built on the basis of

their assessments, whose size and symmetry with respect to the axes help decision
makers identify their effects and the prevailing direction;

• Aggregate score of criteria assessments and their ranking;
• Comparison of performance between criteria;
• Spatialization of interventions in the neighbourhood.

4. Study Area

The exploration of green-blue strategies and alternatives at the scale of individual
building units and at the urban scale with the HPSS tool was conducted for the historic
district of the Borgata di Santa Lucia in Syracuse. The aim was to identify a design layout
to facilitate the ecological transition of the district by integrating energy-environmental
needs with those of identity, the historic urban landscape, and its constraints, aimed at their
protection and conservation.

The Borgata di Santa Lucia is the second historic centre, in addition to Ortigia,
in Syracuse.

We have selected this sample area because it is subject to a regime of constraints
that are less stringent than those provided for in the urban planning tools for the historic
centre Ortigia.

Ortigia, moreover, is part of the UNESCO Site “Syracuse and the Rocky Necropolis
of Pantalica”; for this historic centre, the constraints of protection and conservation of
the specificity of this site make it incompatible the interventions aimed at favouring its
ecological transition.

The Borgata di Santa Lucia consists of the portion of urban territory between Via Torino
to the east, Via Piave to the west, Viale Teocrito to the north, and the coast of “the long
rocks—Riva port Lakio” to the south. In the ancient Greek period, it was part of Akradina,
which, according to historians, included the territory between the area of Umbertina and
the current via Maria Politi Laudien.

The Borgata di Santa Lucia is of great scientific and operational interest for develop-
ment as a unitary urban entity within the vast program of social and civil reform started
with the demolition of the walls that encircled the ancient nucleus of Ortigia around 1865.

The construction of the district began in 1886; before that date, this area was used for
agricultural purposes. The first buildings were aimed at meeting the demand for residency
for the less well-off population.

The neighbourhood occupies an area of 637,806 square metres. The population set-
tled with reference to the last ISTAT census of 2011 [157] in the village of S. Lucia is
7674 inhabitants. The total number of buildings in the neighbourhood is 1876. The number
of empty dwellings is 1295. The real estate is characterized by a number of buildings with
a single floor of 635 units, two floors of 675 units, three floors of 245 units, four floors of
106 units, and for a greater number of four floors of 215 units [157].

Apart from some phenomena of building degradation and some out-of-scale replace-
ments, the appreciable level of widespread architectural quality and the strategic value of
the district in terms of its positional and landscape characteristics and low building density
give rise to positive prospects of heritage, social, and identity regeneration.
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5. Results

In a first phase of the process was organized with the support of the professional
associations of architects and engineers of Syracuse, a "Focus Group" on the platform
GoTowebinar (19 July 2021) which were invited to participate local administrators, scholars,
professions, and industry enterprises. In this event, the question of actions to promote the
ecological transition in the historic centres was introduced and discussed, and in particular,
the case of the Borgata di Santa Lucia was introduced. One hundred and fifty participants
attended this event.

At the end of the event, a questionnaire was administered to all participants.
Professional orders have made a link available on the relevant websites for those who

did not participate in the Focus Group to fill out the questionnaire. At the end of this first
process, 180 questionnaires were collected.

This first administration of the questionnaire was a pre-test for the drafting of a slightly
modified structure of a second questionnaire that was administered at the end of a second
Focus Group, organized with the support of the professional associations of architects
and engineers on the platform GoTowebinar (13 September 2021). In addition, local
administrators, scholars, professions, and industry enterprises were invited to participate
in this second event. Two hundred participants took part in this event and completed a
questionnaire at the end of it.

The link on the websites of the professional orders allowed the number of the surveyed
questionnaires for this second phase to increase to 248.

In a third phase, two Decision Conferences were organized to detect the preferences of
decision makers. These two events were held in compliance with the measures taken by
the government to combat the spread of COVID-19.

In the first Decision Conference (19 October 2021), the results of the second question-
naire were presented. Only twelve subjects (three local administrators, two architects, two
engineers, two members of civic and environmental associations, two scholars, and one
industry enterprise) participated in the Decision Conference due to the restrictions due to
the pandemic, as well as two facilitators.

Access to the event for all other interested parties was guaranteed through the Go-
Towebinar platform.

The second Decision Conference (3 November 2021) was attended by the same stake-
holders as the first one, which in this study represents the group of decision makers. Again,
other stakeholders participated via the GoTowebinar platform.

In the first Decision Conference, the decision makers identified four main objectives:
improving the energy efficiency of BUs (Ev), fostering the production of electricity from
renewable sources (E), protecting the historical-cultural identity (I), and the quality of the
urban landscape of the neighbourhood (L).

The decision makers were then invited to give an order of preference for each objective
(Ev), (E), (I), (L), and for each n-tuple of objectives (Ev, E), (Ev, L), (Ev, I), (E, L), (E, L), (I, L),
(Ev, E, I), (Ev, E, L), (Ev, I, L), (E, I, L), (E, Ev, I, L).

As a result of the first Decision Conference, they provided the following orders of
partial shared preference:

I � L, I � Ev, L � Ev, I � E, L � E, Ev � E (5)

I < L, I � Ev, L � Ev, I � E, L � E, Ev � E (6)

I ' L, I � Ev, L � Ev, I � E, L � E, Ev � E (7)

(I, L) � Ev, I ' L, I � Ev, L � EvI � E, L � E, Ev � E (8)

(I, L) < Evlh, I ' L, I � Ev, L � Ev, I � E, L � E, Ev � E
lh ≤ threshold not known

(9)

(I, L, ) � (Ev, E), (I, L) < Ev, I ' L, I � Ev, L � Ev, I � E, L � E, Ev � E (10)
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(I, L, Ev) � E, (I, L) < Ev, I ' L, I � Ev, L � Ev, I � E, L � E, Ev � E (11)

(I, L, Ev) < Eli , (I, L) < Ev, I ' L, I � Ev, L � Ev, I � E, L � E, Ev � E
li ≤ threshold not known

(12)

In the second Decision Conference, the decision makers confirmed the choice of the
four criteria, and they were again invited to give an order of preference for each objective
and for each n-tuple of objectives.

They provided the following orders of partial shared preference:

(I, L) <
(
Evlh, Eli

)
(I, L) < Ev, I ' L, I � Ev, L � Ev, I � E, L � E, Ev � E

lh ≤ threshold not known, li ≤ threshold not known
(13)

The decision makers from the stage of identification of the objectives were aware
of the convergent nature of some of them and the divergent nature of some other ones.
Their declared preferences reflect their inability to simultaneously manage objectives of a
different nature.

The above process is uncertain and characterized by limited rationality. The preference
structure of decision makers in this case is uncertain. It can be identified as the output of a
process of exploration of the effects of these objectives.

In the second Decision Conference, the decision makers were invited to outline a set
of strategies and levels of strategies with reference to the selected objectives. The decision
makers initially identified two main strategies: green and blue.

The green strategy (G) favours green roof interventions on BU roofs.
The blue strategy (B) favours the interventions that include the installation of photo-

voltaic systems in the roofs of BUs.
Subsequently, the decision makers stated that they also wanted to explore a hybrid

strategy aimed at pursuing the green-blue strategy (G-B).
The decision makers were invited to declare a partial order of preference on strategies,

and they provided the following information:

• strategy G � Stategy B
• strategy G− B � Stategy G � Strategy B

Based on this information, an exploration of the objectives and strategies selected by
the decision makers can be supported through the database integrating the analysis and
evaluation modules.

The decision makers were invited to identify a set of criteria from which they derived
their preferences for interventions aimed at combating the effects of climate change in the
historic centre, and they identified the following: identity, landscape, energy-environmental,
and economic.

Through module B of analysis and module C of evaluation, the instrumental informa-
tion to analyse the actions activated from the various selected strategies can be produced.

The database contains all the information on BUs, technical, environmental, and eco-
nomic interventions, and querying the database gives as output the technical feasibility, the
economic and financial feasibility, and an integrated assessment, which provides a qualita-
tive analysis of the performance of the interventions with reference to four selected criteria.

Based on the preferences of the decision makers, the first exploration concerns the
green strategy. This strategy, with reference to the preference of the decision makers
(Equation (9)), selects actions that promote the energy efficiency of BUs (green roof solution).
These solutions are perceived by decision makers in a more convergent way in terms of
identity and landscape.

The green strategy was explored from a baseline scenario of zero (state of fact), pro-
moting different levels of action implementation, from a minimum to a maximum level,
considering the maximum green roof area that can be installed on BUs roofs. In total,
12 levels of implementation of the green strategy were explored.
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The economic evaluation of actions implementing different levels of the green strategy,
based on the DCFA extended to the life cycle, identifies the best performance at level 12 for
all analysed green solutions.

The NPVs for the different levels of green strategy highlight their economic profiles
(Figure 3) with reference to the individual green solutions and the total mix of solutions
that can be installed on the roofs of the neighbourhood based on technical feasibility.

Figure 3. Ranking of interventions for the different levels of green strategy based on the NPV–NPV
in the different levels of the green strategy.

The economic criterion is one of the criteria identified by decision makers, whose
performance will have to be compared to the aggregate one with reference to the four
criteria considered.

Module D allows one to produce for each query the visualization of the outputs of the
MAVT module integrated in the tool, with reference to the criteria at the different levels
of strategies.

The weight system has been defined by the decision makers based on an iteration
process supported by the visualizations offered by module D.

The decision makers, based on the visualizations of the criteria values at the different
levels of green strategy, have identified the set of weights and the level of trade-offs they
can consider acceptable.

The visualization to support the selection of weights consists of two different control
modes: the bubble size in the left (A) diagrams of Figure 4 that measures the values of
the criteria in the different strategies, and the paired comparison between the values of
the criteria in the right (B) diagrams of Figure 4, which is instrumental to highlight the
trade-offs and the convergences between them.

Module D allows one to produce for each query, through the MAVT module integrated
in the tool, the visualization of the outputs of the integrated evaluation based on an
aggregate score of the evaluations on the four criteria and provides a ranking for the
different levels of the strategy. The integrated evaluation makes it possible to identify the
best level of the green strategy with reference to the four criteria, which in this case is
represented by level 11 (Figure 5).
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Figure 4. (A). Values of the criteria for the different levels of green strategy. (B). Trade-off between
the criteria for the set of weights selected by the decision makers.

Figure 5. Ranking of the levels of the green strategy based on the aggregate assessment; comparison
between the two levels of the strategy in economic terms and the integrated assessment; visualization
of the ranking of the criteria for the best economic level and the integrated evaluation; map displaying
the best level of the green strategy.

Strategy 12, which turned out to be better from an economic point of view, offers an
overall performance of the four criteria lower than strategy 11. Module D allows one to
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compare the two levels of strategies based on the area of the polygon representing the
aggregate assessment of the four criteria and on its position in relation to the axes as well.

In this case, the area of the polygon for level 12 is slightly smaller than for level 11.
The position of the polygon in the four quadrants supports the identification of the effects
of the strategy level on the paired criteria.

In this case, the comparison shows for level 12 a position of the polygon that less
symmetrical than for level 11.

Level 12 of the green strategy shows impacts of intensity comparable to level 11 for
criteria E, E–E, and L, but lower intensity for criterion I. The latter criterion, as can be
seen from the structure of decision makers’ preferences and from the weight system, has a
greater importance than all the others.

Therefore, level 11 is preferable because it performs better for criterion I with equal
values of E–E, E, and L, and it is consequently more consistent with the preference structure
declared by the decision makers.

In addition, module D allows one to visualize, through the integrations of the infor-
mation obtained on QGIS, the map of green interventions on BUs in the neighbourhood,
supporting decision makers throughout the control of the distribution and dislocation
of interventions.

The mix of green interventions for the best strategy from the point of view of the
aggregate assessment consists of 463 interventions of type A1, 148 interventions of type B1,
and 297 interventions of type B2. A total of eighty-four per cent of BUs roofs were used for
green solutions for strategy level 11, of which forty-three per cent were from solution A1,
fourteen per cent were from solution B1, and twenty-seven per cent were from solution B2.

Subsequently, based on the preferences of the decision makers, a second exploration
concerned the blue strategy. This strategy, with reference to the preference of decision
makers (Equation (12)), promotes action to encourage the production of energy from
renewable sources by installing traditional photovoltaic panels or BIPV on the roofs of
BUs. This solution is perceived by decision makers as more divergent in terms of identity
and landscape.

The blue strategy was explored from a baseline scenario of zero (state of fact), pro-
moting different levels of implementation of the action, from a minimum level up to a
maximum level that considers the maximum surface area of the BUS roofs on which it is
possible to install photovoltaic systems.

The decision makers selected between the photovoltaics power options analysed
1.5 kw for both traditional and integrated technology, as this has been considered the most
compatible one, due to the high degree of fragmentation of BU properties.

In total, 12 levels of implementation of blue strategies were explored in this case. The
economic evaluation of actions implementing different levels of the blue strategy, based
on the DCFA extended to the life cycle, identifies the best performance at level 12 for all
blue solutions (traditional and integrated) under analysis. The NPVs for the different
levels of the blue strategy highlight their economic profiles (Figure 6) with reference to the
individual blue solutions and the total mix of solutions that can be allocated on the roofs of
the district on the basis of technical feasibility.

Here, too, the economic performance of the various levels of the blue strategy is
compared to the aggregate performance of the four criteria considered.

The visualizations shown by module D support the selection of weights by means
of two different control modes: the bubble size on the left-side (A) diagrams in Figure 7
measures the values of the criteria in the different strategies; the paired comparison between
the values of the criteria in the right-side (B) diagrams of Figure 7 are instrumental to
highlight the trade-offs and the convergences between them.
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Figure 6. Ranking of interventions for the different levels of the blue strategy based on the NPV–NPV
in the different levels of the blue strategy.

Figure 7. (A). Values of the criteria for the different levels of the blue strategy. (B). Trade-off between
the criteria for the set of weights selected by the decision makers.

The integrated assessment allows one to identify the best level of the blue strategy with
reference to the four criteria, which in this case is represented by level 11 for all the installed
powers and for the different types of photovoltaic panels (Figure 8). Strategy 12, which
turned out to be the best from an economic point of view, offers an overall performance in
terms of the four criteria that is lower than strategy 11. The comparison of the two levels of
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the blue strategies based on the area of the polygon and its position with respect to the axes
shows that a score for level 12 is slightly lower than that for level 11, with impacts with
the same trend, which is moved further forward towards the criteria E–E and E but with
different intensities.

Both levels of the blue strategy increase criteria E and E–E, to a greater extent for level
12 of the blue strategy than for level 11, but level 11 increases criteria L and I more signifi-
cantly. Criterion I for level 12 is zero, which is not acceptable regarding the preferences of
decision makers, because the mix of photovoltaic panel solutions is more balanced in level
11, enabling better performance for criteria L and I.

The BIPV solution is considered more compatible in terms of identity and is capable
of improving the quality of the urban landscape, as its installation requires a refurbishment
intervention of the roofs.

Level 11 of the blue strategy is therefore preferable because it is more consistent with
the preference structure declared by decision makers.

Figure 8. Ranking of the levels of the blue strategy based on the aggregate assessment; comparison
between the two levels of the strategy in economic terms and the integrated assessment; visualization
of the ranking of the criteria for the best economic level and the integrated evaluation; map displaying
the best level of the blue strategy.

Additionally, in this case, the mapping of green interventions on BUs in the neigh-
bourhood supports the decision makers in the control action of the distribution and the
dislocation of interventions.

The mix of blue interventions provides the best strategy in terms of aggregate eval-
uation and consists of 377 interventions of type T 1.5 (traditional photovoltaics) and
289 interventions of type I 1.5 (BIPV). Sixty-two per cent of BUs roofs are used in blue
solutions for strategy level 11, of which twenty-seven per cent are used in solution T 1.5
and thirty-five per cent in solution I 1.5.

Subsequently, based on the preferences of the decision makers, a third exploration
concerned the green-blue strategy. This strategy, with reference to the preference of decision
makers (Equation (13)), promotes integrated actions to improve the energy efficiency of
buses (green roof solution) and to foster the production of energy from renewable sources
with the installation of traditional photovoltaic panels or BIPV on BUs roofs. The green-
blue strategy has been explored starting from a baseline scenario of zero (state of fact),
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promoting consistency with the preferences of the decision makers and giving priority to
the allocation of green interventions rather than the blue ones.

In total, 12 implementation levels for the green-blue strategy were explored in this
case as well.

Strategy 12 is the best from an economic point of view, as it is characterised by the
increased use of BUs roofs for blue solutions, but it offers an overall performance in terms
of the four criteria that is lower than strategy 9, which is the best regarding the integrated
assessment.

The position of the polygon in the four quadrants that supports the identification of
the effects of the strategy level on the paired criteria highlights a less symmetrical position
of the polygon for the green-blue strategy level 12 compared to level 9, and impacts all
criteria at lower intensity, particularly for criteria I (Figure 9).

Figure 9. Ranking of the levels of the green-blue strategy based on the aggregate assessment;
comparison between the two levels of the strategy in economic terms and the integrated assessment;
visualization of the ranking of the criteria for the best economic level and of the integrated evaluation;
map displaying the best level of the green-blue strategy.

Level 9 of the green-blue strategy is characterised by a mix of green and blue in-
terventions with 195 interventions of type A1, 124 interventions of type solution B1,
198 interventions of type B2, 68 interventions of type T solution I 1.5, and interventions of
type 209 solution I 1.5 (Figure 9). Seventy-four per cent of Bus roofs are used, of which
forty-eight per cent are used for green solutions (18% A1, 12% B1, and 18% B2) and twenty-
six per cent for blue solutions (6% T 1.5 and 20% I 1.5). Some Bus roofs are used for both
green and blue interventions, with a roof utilization index of 1.58%. Twenty-six per cent of
Bus roofs remain unused.

6. Discussion

The general objective of promoting the ecological transition of the Borgata district of
S. Lucia in order to combat climate change poses several aesthetic, symbolic, functional,
and identity issues of the urban landscape in its historic centre overlooking the sea sur-
rounding the island of Ortigia. It also poses technical issues, related to the compatibility of
energy efficiency interventions with the green roof system and the production of energy
from renewable sources with the installation of photovoltaic panels, and economic issues,
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concerning the actual feasibility of interventions in a situation that is a priori considered
less convenient, especially in the context of a life-cycle assessment [121].

The decision makers have difficulty expressing their preferences, as this process is
characterised by uncertainty. This uncertainty is mostly due to the poor ability to divide
the overall objective into sub-objectives, but above all to the difficulty of managing a multi-
objective problem and a low level of awareness of the effects related to potential scenarios.

At the beginning of this research, when we administered a questionnaire to stakehold-
ers aimed at defining sub-objectives and strategies to support interventions in the historic
centre, the answers highlighted different and often contradictory perceptions of the issue.
Certainly, from the early stages, the issue of energy efficiency and the production of energy
from renewable sources was clear to the stakeholders, but it was not clear how the latter
could be implemented in a vulnerable context and characterized by numerous constraints.

The decision makers were aware that some of the objectives identified (Ev, E, I, and L)
had a convergent and divergent nature, but for this reason they were unable to manage
them simultaneously.

The process was uncertain and characterized by limited rationality. The preference
structure of decision makers was uncertain and in some cases contradictory.

Our group began to build the database in Excel over five years ago, and about 15 units
worked on it. We had the database and the know-how to build a tool capable of integrating
technical, environmental, energy, and economic analyses of interventions in order to
support the exploration of sub-objectives and strategies, aimed at reducing uncertainty and
helping structure the preferences of decision makers.

Due to the heuristic nature of the process under analysis, we realized that decision
makers needed a tool to support the definition of an a priori unknown decision frame that
is instrumental to managing a multi-objective process, and we aimed at planning actions
capable of jointly maximizing these objectives.

Hence, there is a need to define a tool, such as HPSS, that integrates the classic PSS,
developed as a planning support from a strategic perspective; the decision process, from
the perspective of heuristic approach; and the GIS.

Module D made it possible to identify, through a process of iteration and subsequent
adjustment, the system of weights that best corresponded to the preferences that were
gradually identified in the process and to explore the performance of interventions with
reference to any n-tuple of objectives, strategies, and their selected levels.

The visualization offered by the module has accompanied decision makers in the
long and difficult process of identifying a system of preferences that they might consider
acceptable. It helps decision makers to compare the performance of the pairs of criteria in
order to highlight and analyse the trade-offs and the convergence between them; compare
the performance of the four criteria, with the help of a polygon built on the basis of their
assessments, whose size and symmetry with respect to the axes help decision makers to
identify the effects and the prevailing direction of them; identify the best level of strategies
on the basis of the aggregate score of the criteria assessments and their ranking; and check
the allocation of interventions in the neighbourhood.

Based on the partial order of preferences, 12 levels of implementation of the green
strategy were primarily explored, because the green objective was perceived as more
convergent with that of the identity and urban quality of the landscape. Subsequently,
based on the economic assessment, the decision makers chose to explore 12 levels of
implementation of the blue strategy, which they considered to be the most cost-effective
overall, as evidenced by the results of the evaluation criteria of targeted investments, but
less convergent with the objective of preserving the identity and quality of the landscape.

Based on the results obtained from the exploration of green and blue strategies, the
decision makers expressed the need to explore an integrated green-blue strategy.

The prospect of a green-blue strategy began to be perceived as the one that could best
combine the energy-environmental and economic issues with those of the protection of the
identity and quality of the landscape.



Land 2022, 11, 773 26 of 40

The exploration of the 12 levels of the green-blue strategy showed better performance
on all criteria considered, with levels of effectiveness in terms of achievement of the
highest targets.

Based on the comparison of the rankings of the criteria for the best levels of the green,
blue, and green-blue strategies (Figure 10), it is possible to highlight that the latter offers
the best performance for all criteria and therefore is preferable to the others.

Figure 10. Comparison of criteria for the best level of strategies explored.

The decision makers selecting the green-blue strategy as the best ones are aware of
having to sacrifice part of the economic profitability offered by the blue one, as well as the
fact that it is more profitable than the green one.

They are also aware of the importance of the economic criterion but acknowledge that
the others are perhaps more important regarding the issue of ecological transition and the
specific reference context, a historic neighbourhood, with all the complexities that derive
from it.

Based on the results obtained from the exploration of green, blue, and green-blue
strategies, decision makers were able to identify an order of preference with reference to
the objectives Ev, E, I, and L (Equation (14)).

(I, L) <
(
Evlh, Eli

)
(I, L) < Ev, I ' L, I � Ev, L � Ev, I � E, L � E, Ev � E
Evlh, lh ≤ threshold, Eli , li ≤ threshold

max (I, L)
(14)

They primarily pursue the objective of the protection of the identity and quality of the
landscape, and the energy efficiency of BUs and the production of energy from renewable
sources is subject to the identification of a certain threshold of theirs that jointly maximizes
I and L.
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Now that the decision frame is defined, the decision makers are able to define a
structure of preference from which it is possible to derive the choice of the interventions
aimed at promoting the ecological transition of the neighbourhood of Borgata di S. Lucia.

Further analyses using the HPSS tool can be conducted to identify the project layout
for the district with an even better performance. In this regard, other combinations of
systems can be explored in addition to grid-connected ones, such as stand-alone systems
with accumulation and connected to the network; other installed powers; or a mix of
installed power, in addition to 1.5 kw. The decision makers selected this phase in order to
optimize the process of ecological transition of the neighbourhood.

7. Conclusions

The issue of climate has posed major and urgent challenges to the global community.
Cities in this context are committed on several fronts to rapid adaptation in order to improve
their resilience capacity.

In this regard, the ecological transition of cities is a process that will have to be
implemented quickly, given the urgency of the underlying issue.

Cities are engaged in several actions aimed at increasing the energy efficiency of
buildings, increasing their green infrastructure endowment, and producing energy from
renewable sources, in order to meet the target of zero net greenhouse gas emissions by
2050 [23].

Such actions are characterized by different levels of complexity in relation to the
specific context in which they are generally and locally implemented in relation to the
particularities of the urban fabric involved. The historic centres represent the most vul-
nerable part of the city, with a reduced capacity for adaptation, but also those denser of
interconnected and stratified values that must be protected.

The issue of “transire” (to pass) to a new state with enhanced resilience, for the old
town, represents a more challenging task that can be tackled only with the support of
specific tools capable of combining multi-dimensional, multi-scale, multi-objective, multi-
strategic, multi-layer, multi-stakeholder, and complex values. The HPSS tool developed
and proposed in this study combines the classic PSS developed as a support for planning
in a strategic perspective with the decision process in the perspective of heuristic approach
and the GIS [158–161].

The HPSS tool responds to the need to encourage the exploration of objectives and
strategies in a context such as the operational planning of interventions to mitigate the
effects of climate change in the historic centre.

This process is characterised by limited rationality, namely the difficulty of public
decision makers to recognize a set of actions that can be considered efficient from the point
of view of achieving the objective and therefore known a priori.

The exploratory capacity of the instrument helps to divide the general objective into
sub-objectives and identify the trade-offs related to the often divergent nature of the energy-
environmental objectives, urban landscape, identity, and economics; it also allows us to
measure the aggregate value produced by the specific strategy and by the different levels
of the considered strategy and favours the comparison between different strategies.

The tool integrates several evaluation processes, i.e., technical, environmental, economic
multicriterial, and instrumental, to facilitate the exploration of objectives and strategies.

The stakeholder group can be extended; indeed, in a subsequent phase of research, we
also intend to integrate the local community.

The ecological transition of cities, and especially of historic centres, is a process that
can only be implemented with the active involvement of citizens.

The Agenda 2030 with reference to Objective 11 “Sustainable Cities and Communities”
promotes the involvement of citizens in the city planning process [20].
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The operation of a wide audience of stakeholders can be resolved with the promotion
of new forms of partnership, as indicated in Agenda 2030 with reference to Objective 17
“Partnership by Objectives”.

The inclusiveness of the process and the partnership with reference to objectives 11
and 17 of the SDGs are instrumental to pursue goal 13, “Combating climate change”.

In this context, The New Charter of Leipzig also promotes participatory planning and
management of cities as well, based on participatory decision-making processes [48,162–167]
and partnerships between public actors, the public and private sectors, and civil society.

In this perspective, the promotion of the approach of placemaking [168,169] can
improve a neighbourhood and a city, as it is capable of capitalizing on the resources,
inspiration, and potentials of a local community, translating them into the creation of
quality public spaces that contribute to people’s health, happiness, and well-being [170].

Communities can collectively reinvent public spaces and strengthen the connection
between people and places, supported by creative models that are capable of integrating
physical, cultural, and social that define and their continually evolve a place [171].

The tool proposed in this study is still certainly an instrument that will have to be
refined. The database for the historic district of Borgata di S. Lucia was built in different
phases of research, in which the quality and richness of information gradually improved.

There is still ample room for improvement of the database, which comprises sections
related to calculating the energy needs (Q) and primary energy (PE) for heating; Cooling
different types of BUs (building units); LCA for green roofs with intensive greening, for
which the data are currently partial; LCA for traditional photovoltaics; and BIPV, for which
the data are currently partial.

Other integrations may include exploring other blue solutions, such as district- and
block-scale centralized plants or the creation of Energy Communities.

In another research study, we are developing a detailed 3D model of the Borgata of S.
Lucia in order to identify the mitigation measures for the Urban Heat Island (UHI) [140].

The results of this research could converge in the database, and other functions could
be developed to enrich the proposed tool.

The future development of this research will be aimed at resolving the questions raised
above. An in-depth study of the green roof literature with intensive greening will provide
a better information framework to improve the proposed tool [172,173].

The proposed HPPS is a tool that can be used to support planning in other contexts,
cities, and other historic centres, once integrated into the relevant database.
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Abbreviations

PSS Planning Support System
HPSS Heuristic Planning Support System
SDGs Sustainable Development Goals
NRRP National Recovery and Resilience Plan
RRP Recovery and Resilience Plan
BB Building Blocks
VFT Value-focused thinking
DCFA Discounted Cash Flow Analysis
LCA Life Cycle Assessment
LCC Life Cycle Cost
LCR Life Cycle Revenue
Building Integrated Photovoltaic BIPV
SCC Social Cost of Carbon
MAC Marginal Cost of Abatement
MAVT Multi-Attribute Value Theory

Appendix A

Appendix A.1. Environmental Assessment

The energy simulation software “DesignBuilder” has been used to model some types
of BUs for construction technology, geometric characteristics, and technological solutions in
a Mediterranean climate in order to assess the performance and potentials for improvement
concerning the greening of the roofs.

DesignBuilder, which provides a graphical interface for the Energy Plus numeric
code [174], has been used to assess energy needs (Q) and primary energy (PE) for space
heating and cooling.

The air conditioning system was set to operate at a temperature of 19 ◦C during the
heating period (1 December–31 March) and 26 ◦C during the cooling period (1 June–30
September). Internal gains were considered with reference to an occupation density of
0.05 people/sqm and a lighting and equipment power density of 4.5 W/sqm. Moreover,
concerning air quality, an air exchange rate of 0.5 vol/h−1 was used.

The model created in DesignBuilder for a BU in reinforced concrete with standard
construction technology and geometric characteristics in the district Borgata di S. Lucia,
Syracuse showed a 11.2% reduction in energy demand for the heating period and a 34.2%
reduction for the cooling period.

The carbon footprint was calculated only for the extensive green roof intervention.
The carbon footprints of the materials were calculated using the unit impact value (in kg
CO2 eq/kg of product) obtained from the eco-invent database.

For the intervention of an intensive green roof, the carbon footprint was estimated
based on analysis of the literature review [175–193].

The extensive green roof intervention is characterized by a low additional load, as
it does not require any additional structural reinforcement and is therefore particularly
suitable for existing building structures. The types of vegetation used are moss, sedum,
grass, and succulent plants (foliar area index 5.0/sqm), which are very common plants and
are suitable to be used on an extensive green roof in a Mediterranean climate [194].

They are small plants that grow on the ground rather than upwards, providing good
roof cover and membrane protection [195].

The substrate consists of a thin layer (10 cm) of porous soil: typically, a mixture of
sand, clay, mineral aggregates, and organic matter. The soil is placed above the filtering
layer, which is made with a geotextile fabric that filters the soil granules to prevent them
from filling up the draining layer [196].

The green roof life cycle is reported in Table A1.



Land 2022, 11, 773 30 of 40

Table A1. Green roof life cycle phases.

Green Roof Life Cycle Phases Carbon Footprint (kg CO2 eq/m2)

CO2 embodied in green roof 29.67
Transportation 8.69

Usage 0.18
Carbon sequestration –0.91

Net CO2 equivalent emissions 37.63

For the calculation of the carbon footprints of photovoltaic panels, a figure from
the literature was taken as reference, i.e., 0.045 kg CO2-eq kwh [197–202], which is a
partial database, since, between the different stages of the life cycle, it takes into account
transport, installation, and operation as data, but in-depth analyses for the estimation of
CO2 emissions related to the disposal phase are yet not available.

Appendix A.2. Economic Assessment

The cost-based analysis and revenue-based analysis were conducted for all interven-
tions, namely green roof solution A, B, C, and D and photovoltaic/BIPV.

Costs were taken into account for the calculation of CG: CI is the investment cost, CM
is the maintenance cost, Cr is the replacement cost, Cdm is the cost of dismantling and Cdp
is the disposal cost (and the related environmental costs of the intervention), and Vr was
considered zero.

Revenues were considered for the calculation of RG, with energy savings at current
unit prices of electricity, and the government incentives calculated as a percentage of the
work, with reference to a 50% incentive provided for the renovation of the house [203],
as these interventions alone do not fall under the 110% Eco-bonus [204] and the environ-
mental benefits associated with the intervention. Records of CG and RG in the various
interventions were created, whose data are expressed in terms of EUR /square metre to
facilitate interoperability between the data in the database.

The costs for green roof solutions are A 191.91 EUR/sqm, B 157.68 EUR/sqm,
C 181.10 EUR/sqm and D 308.66 EUR/sqm, and for the traditional photovoltaics, 1.5 kw
292.55 EUR/sqm, 3 kw 244.78 EUR/sq m, 6 kw 220.87 EUR/sqm. The costs for BIPV are
1.5 kw 370.92 EUR/sqm, 3 kw 358.52 EUR/sqm, and 6 kw 549.75 EUR/sqm.

The revenues for green roof solutions are A 16.50 EUR/sqm, B 14.28 EUR/sqm,
C 17.11 EUR/sqm, and D 17.11 EUR/sqm. The revenues for traditional photovoltaics are
1.5 kw 38.02 EUR/sqm, 3 kw 36.01 EUR/sqm, and 6 kw 34.96 EUR/sqm. The revenues for
BIPV are 1.5 kw 33.38 EUR/sqm, 3 kw 32.94 EUR/sqm, and 6 kw 43.15 EUR/sqm.

Based on the data integrated in the database for CG and RG, it is possible to determine
all the economic indices [205].

The automatic procedure allows us to calculate the cost-effectiveness also extended to
environmental externalities and financial feasibility for each type.

Appendix A.3. Investment Economic Assessment Criteria

1. The net present value (NPV) is the sum of the incoming and outgoing cash flows,
that is, revenues (R) and costs (C), over a defined time horizon (T), discounted at the
discount rate r. NPV is less than, equal to, or more than the (net) future value (FV) if
the discount rate (r) [206] is more than, equal to, or less than 0; NPV is expected to be
significantly positive in the case of a private player:

NPV = ∑T
i=0

Ri − Ci

(1 + r)i ≥ 0 (A1)
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2. The total rate of return (TRR) is the more significant index of profitability and is
expressed as the ratio between NPV and the present cost. TRR should be greater than
the opportunity cost of capital ck.

TRR =
∑T

i=0
Ri−Ci
(1+r)i

∑T
i=0

Ci
(1+r)i

≥ ck (A2)

3. The internal rate of return (IRR) is the discount rate rIRR at which NPV = 0, that is,
the maximum rate of return that can be extracted by an investment. It only depends
on the distribution of the stream along the time horizon of the investment:

∑T
i=0

Ri − Ci

(1 + rIRR)
i = 0 (A3)

4. The external rate of return (ERR)—also called modified internal rate of return (MIRR)—
refers to both the cost of the investment and the interest on the reinvested cash and is
calculated based on an interest rate external to the investment at which net (positive)
cash flows generated by the investment over its time horizon can be invested or
borrowed r∗ (Minimum Attractive Rate of Return—MARR or hurdle rate). The
external rate of return r∗e is the rate at which the investment costs discounted at the
rate r equal the future value at time T of the positive cash flows (CFi(>0)) deferred at
the rate r∗, given CFi = Ri − Ci. In other words, ERR is the IRR of an ideal investment
whose unique cost is the initial investment cost calculated as the NPV at the rate r
of the negative cash flows over the time horizon T and whose unique revenue is the
future value (at year T) of the positive cash flows at the rate r∗. IRR is r∗e .

∑T
i=0

CFi(<0)

(1 + r∗e )
i = ∑T

i=0 CFT−1(>0)(1 + r∗)T−i (A4)

5. The elasticity (Er) is the marginal NPV at the discount rate r:

Er =
δNPVr
NPVr

δr
rr

(A5)

6. The discounted payback period (DPP) is the number of years it takes to break even
from undertaking the investment cost (I0) by discounting future cash flows and
recognizing the time value of money (r > 0) [207,208]; the higher the discount rate,
the longer the DPP. More simply, a payback period (PP) can be calculated without
taking into account the time preference rate (r = 0) [209]. In general, PP is the ratio
between the total investment cost and the annual constant or average cash flow. Often,
the variability of the cash flow over the lifetime of the project reduces the reliability
of the formulas usually implemented for DPP, so a more general formula can be
proposed considering NPV(i), and then:

DPP = iNPV(i)=0 (A6)

7. The average period at the rate r (Pr) [210–213] is a sort of time elasticity and can be
considered as the average period of deferment of the ith annual net discounted cash
flows (CFi) given the discount factor:

Pr =
∑T

i=0
iCFi

(1+r)i

∑T
i=0

CFi
(1+r)i

(A7)
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The discount rate r is an important indicator of the intertemporal solidarity [214–219]
practiced with the implementation of the project, and it enables two different and comple-
mentary prospects, the private one as the means and the public one as the ends.

Concerning the first one, the discount rate can be assumed to be the well-known
weighted average cost of capital (WACC), referring to the funds in terms of debt (D) and
equity (E);

WACC =
idD + ieE

D + E
(A8)

where id is the interest rate for debt and ie is the opportunity cost of equity, which respec-
tively, refer to the active and passive interest rates charged to households and consumers,
according to the statistics of Bank Italia (2021), set at 4.66% (over 5 years loan life) and
0.12%, assuming a leverage of 50% and WACC of 2.39%.
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