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Preface

Towards Sustainable Cities and Communities

Several emerging issues are becoming more and more important in the context
of the analysis of urban and territorial processes.

Firstly, mention has to be made to the urbanization phenomena that are currently
taking place in the whole planet, leading to a situation in which the number of
people living in cities has overcome the rural population.

Secondly, according to the United Nations estimations in the next future, large
migrations will affect territories all around the world, especially from the
sub-Saharan and Northern Africa regions which are also characterized by the
presence of environmental refugees.

Thirdly, the population is going to increase and the number of world inhabitants
is expected to be 9 billion by the year 2050.

In the front of the aforementioned data, it becomes urgent to understand if the
environment and the ecosystems will be able to tolerate these increasing anthropic
pressures. In this sense, we have to recognize that we are living in a new era that the
geologists have called Anthropocene. According to the Nobel Prize Scientist Paul
Crutzen, the Anthropocene defines the Earth’s most recent geologic time period as
being human-influenced, based on the global evidence that atmospheric, geologic,
hydrologic, biospheric and other Earth system processes are now altered by the
presence of humans.

The discourse on Anthropocene highlights the existence of specific environ-
mental urgencies related to the availability of natural resources, such as soil, water,
air, that are fundamental for the production of energy and food and for the con-
servation of the biodiversity.

In order to respond to these urgencies, specific policies are taken place, such as
the Sustainable Development Goals (SDGs) defined in the Agenda 2030 issued by
the United Nations in 2015. SDGs aim at achieving a better and more sustainable
future for all; to this purpose, they address the global challenges focusing on
poverty, inequality, climate, environmental degradation, prosperity, and peace and
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justice. Of particular importance in the context of urban and territorial transfor-
mations is the Sustainable Development Goal 11 related to sustainable cities and
communities whose target is to “make cities and human settlements inclusive, safe,
resilient, and sustainable”. Here emerges the need for policies and strategies able to
strengthen the resilience through concrete actions for the reduction of energy
consumption, mitigation of pollution, social inclusion and creation of urban
identity.

The proposed volume aims to contribute to the discussion, encouraging a
reflection on the role of future cites in terms of sustainable development, with
particular attention to the improvement of collective and individual well-being.

This volume comprises a selection of the best papers presented in two seminars
of the Italian Real Estate Appraisal and Investment Decisions Society (SIEV) held
in 2017 and 2018 in the context of the Urbanpromo Green events (Venezia, 21
September 2017; Venezia, 20 September 2018).

The contributions are here organized into three parts reflecting the main topics
of the volume.

Part I, called “Sustainability Strategies and Human Well Being”, consists of
seven contributions investigating innovative strategies and policies able to improve
human comfort and well-being. Different integrated approaches are suggested
providing reflections and proposals to tackle the vulnerability of both built envi-
ronment and green areas. The relevance of the energy management also emerges in
developing sustainable cities and communities.

Part II is composed by ten contributions under the subtitle “Environmental
Improvement Benefits and Values Creation” and dealing with the current problem
on how to properly measure the value generation and the benefits brought by
efficient, sustainable and resilient spaces. The aforementioned contributions analyse
the value creation question with a particular focus on private and collective benefits,
energy efficiency and ecosystem services. Moreover, they propose interesting social
and inclusive approaches basing on case studies.

Part III faces the topic of “Economics and Decision Making in Urban
Regeneration” through nine contributions. They report case studies or method-
ological approaches to assess values and trade-offs within decision-making pro-
cesses stressing the importance of the regeneration mechanisms supported by
financial, social and multicriteria techniques.

The book is addressed to experts and scholars who work in the context of urban
and territorial transformations and aims to encourage a multidisciplinary dialogue
for shaping cities in the next future.

Turin, Italy Giulio Mondini

vi Preface



Contents

Part I Sustainability Strategies and Human Well Being

How to Revitalise a Historic District: A Stakeholders-Oriented
Assessment Framework of Adaptive Reuse . . . . . . . . . . . . . . . . . . . . . . 3
Francesca Abastante, Isabella M. Lami and Beatrice Mecca

Energy Management in Hospitals: Evolution of a Methodology . . . . . . . 21
Giovanna Acampa, Daniele Liberanome, Georgios Kalogeras,
Christos Koulamas and Athanasios Kalogeras

Ecosystem Services: From Bio-physical to Economic Values . . . . . . . . . 37
Marta Bottero, Marina Bravi, Carolina Giaimo and Carlo Alberto Barbieri

Spatial Implications of EPC Rankings Over Residential Prices . . . . . . . 51
Carlos Marmolejo-Duarte, Ai Chen and Marina Bravi

An Analysis of the Energy Efficiency Impacts on the Residential
Property Prices in the City of Bari (Italy) . . . . . . . . . . . . . . . . . . . . . . . 73
Pierluigi Morano, Paolo Rosato, Francesco Tajani and Felicia Di Liddo

Scenarios of Climatic Resilience, Economic Feasibility
and Environmental Sustainability for the Refurbishment
of the Early 20th Century Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Grazia Napoli, Antonella Mamì, Simona Barbaro and Serena Lupo

An Integrated Decision Support System for the Sustainable
Evaluation of Pavement Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Giancarlo Paganin, Marta Dell’Ovo, Alessandra Oppio
and Francesca Torrieri

Part II Environmental Improvement Benefits and Values Creation

The Valuation of Public and Private Benefits of Green Roof Retrofit
in Different Climate Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
Raul Berto, Carlo Antonio Stival and Paolo Rosato

vii



Energy Efficiency Choices and Residential Sector: Observable
Behaviors and Valuation Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
Marta Bottero, Marina Bravi, Federico Dell’Anna
and Carlos Marmolejo-Duarte

Comparative and Evaluative Economic Analysis of Ground Mounted
Photovoltaic Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Manuela De Ruggiero, Benedetto Manganelli, Samuele Marchianò,
Francesca Salvo and Daniela Tavano

Eco-system Services and Integrated Urban Planning. A Multi-criteria
Assessment Framework for Ecosystem Urban Forestry Projects . . . . . . 201
Maria Rosaria Guarini, Pierluigi Morano and Francesco Sica

Innovation of Off-Site Constructions: Benefits for Developers
and the Community in an Italian Case Study . . . . . . . . . . . . . . . . . . . . 217
Alessia Mangialardo and Ezio Micelli

The Urban Park as a “Social Island”. The ANP in the Participatory
Project of Parco Uditore in Palermo . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
Grazia Napoli and Manfredi Leone

Peri-urban Open Spaces and Sustainable Urban Development
Between Value and Consumption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Massimo Rovai, Iacopo Zetti, Fabio Lucchesi, Maddalena Rossi
and Maria Andreoli

From Ecosystem Service Evaluation to Landscape Design:
The Project of a Rural Peri-urban Park in Chieri (Italy) . . . . . . . . . . . 267
Emma Salizzoni, Marco Allocco, Davide Murgese and Giorgio Quaglio

Social and Inclusive “Value” Generation in Metropolitan Area
with the “Urban Gardens” Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . 285
Luisa Sturiale, Alessandro Scuderi, Giuseppe Timpanaro, Vera Teresa Foti
and Giuseppe Stella

Environmental Economics and Evaluation of the Benefits Deriving
from the Regeneration of Natural Ecosystems: The Case of the
Diecimare Nature Oasis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
Domenico Tirendi

Part III Economics and Decision Making in Urban Regeneration

A Stakeholders-Oriented Approach to Analyze the Case
of the UNESCO’s Man and Biosphere Reserve CollinaPo . . . . . . . . . . . 325
Francesca Abastante and Isabella M. Lami

viii Contents



The Process of Sharing Information in a Sustainable Development
Perspective: A Web Visual Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 339
Francesca Abastante, Stefano Pensa and Elena Masala

B.I.M. Models and Evaluations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
Giovanna Acampa, Fabiana Forte and Pierfrancesco De Paola

Integrated Assessments and Energy Retrofit: The Contribution
of the Energy Center Lab of the Politecnico di Torino . . . . . . . . . . . . . 365
Cristina Becchio, Marta Bottero, Marina Bravi, Stefano Corgnati,
Federico Dell’Anna, Giulio Mondini and Giulia Vergerio

Urban Problems and Patterns of Change: The Analysis
of a Downgraded Industrial Area in Turin . . . . . . . . . . . . . . . . . . . . . . 385
Marta Bottero, Caterina Caprioli and Mauro Berta

Cost-Risk Analysis for Supporting Urban Regeneration
Technological Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
Elena Fregonara, Diego Giuseppe Ferrando and Corrado Carbonaro

Technological, Axiological and Praxeological Coordination
in the Energy-Environmental Equalization of the Strategic
Old Town Renovation Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425
Salvatore Giuffrida, Vittoria Ventura, Francesco Nocera,
Maria Rosa Trovato and Filippo Gagliano

Off-Site Construction. The Economic Analyses for the Energy
Requalification of the Existing Buildings . . . . . . . . . . . . . . . . . . . . . . . . 447
Antonio Nesticò, Gianluigi De Mare and Irene Aurigemma

Multi-criteria Decision Analysis of a Building Element Integrating
Energy Use, Environmental, Economic and Aesthetic Parameters
in Its Life Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
Giulia Sonetti and Patrizia Lombardi

Contents ix



Part I
Sustainability Strategies and Human

Well Being



How to Revitalise a Historic District:
A Stakeholders-Oriented Assessment
Framework of Adaptive Reuse

Francesca Abastante, Isabella M. Lami and Beatrice Mecca

Abstract This research proposes an application of a MultiCriteria Decision Analy-
sis (MCDA) in the adaptive reuse framework, which is able to structure the complex
decision process required for the effective reuse of an historic district. Nowadays,
many cities are facing an economic, financial, social and urban decline. This is par-
ticularly true when thinking about historic districts, which are usually characterized
by high unique cultural values but, at the same time, show difficult characteristics in
terms of comfort and security. Accordingly, the planning rules to be applied to the
historic districts need to be re-written overcoming the traditional logics. The pro-
posed adaptive reuse framework deals with the application of the Macbeth method.
To properly test, develop and illustrate the framework we conducted an experimental
validation through a case study: the urban regeneration of an historical district in
Biella (Italy) starting from the adaptive reuse of an historic building.

Keywords Adaptive reuse ·MCDA ·Macbeth · Cohousing · Historic district

1 Introduction

“The days of easy growth in theworld’s cities are over”: thiswas the title ofMcKinsey
Global Institute Report in October 2016, showing that there is an expectation of a
population decline (from 2015 to 2025) equal to 17% of large cities in developed
regions and to 8% of all large cities. The main reasons of the phenomenon are two:
(i) the aging and falling fertility rate; (ii) the waning rural to urban migration.
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In a more fragmented urban landscape, we are seeing not only stagnating towns,
but also shrinking and abandoned cities. This phenomenon in Europe concerns some
Countries more than others (i.e. Spain, Italy and Germany), as shown in Fig. 1.
Those abandoned urban areas are often historic sites with an intrinsic and significant
identity. According to ISTAT (2017) in Italy there are as many as 6000 abandoned
villages.

Faced with this phenomenon, the reactions of Public Administrations (PA) range
from simple resignation, to creative solutions as whole municipalities put up for sale
for a symbolic price. Between these two extremes, the majority of municipalities are
looking for sustainable solutions. The paper contributes to the latter, illustrating the
application of a stakeholders-oriented assessment framework to tackle the problem
of the reuse and valorisation of historic districts.

Address the problem in a perspective of adaptive reuse represents an increasing
trend as strategy for existing buildings and is a form of sustainable urban regeneration
(Young and Chan 2012).

In Italy, the protection and the conservation of the architectural heritage has been
always considered a cultural imperative and, therefore, supported by institutional
constraints. The consequent adaptation of this heritage makes the architecture a
window to the past and the maximal present potential for social practices, improving
the living standards within a community (Dyson et al. 2016).

While in the past the concept of adaptive reuse has been usually related to the
industrial sites (Günçea and Mısırlısoya 2015), recently many interesting examples
can be found in heritage districts, seeing them as opportunities rather than risks. The

Fig. 1 Population 2015. Source The Guardian
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adaptive reuse of heritage districts often proves better than demolition and recon-
struction due to different reasons: it maintains the identity of the location (Geraedts
et al. 2017) and strengthens the community feel by linking a city’s past to its future
(Robiglio 2016); it decreases the construction times affecting the overall construction
costs (Douglas 2006) and it draws investments, as innovative activities are attracted
by recovered historic buildings; Finally, it contributes to global climate protection
and emission reduction (Elefante 2007).

However, an effective reuse of a district is a complex task. The multidimensional
nature and the high complexity that characterises the definition of strategies for
enhancing historic districts requires support for the structuring of problems (Abas-
tante and Lami 2013; Abastante et al. 2018; Tavella and Lami 2018; Lami 2019),
the development of alternative scenarios, the measurement of their impact and the
identification of the most satisfactory solution.

Using an Italian case study, the paper shows the combination of different analyses
on the territory and aMultiCriteria Decision Analysis (MCDA) (Figueira et al. 2005;
Abastante and Lami 2012) to pick out crucial decisions related to the final destination
of some spaces involving the community.

The paper is organised as follows. Section 2 provides a description of the theo-
retical aspects; Sect. 3 describes the case study while Sect. 4 illustrates the MCDA
application discussing the valuation processes and the results obtained. Finally, con-
clusions and future developments are provided in Sect. 5.

2 Theoretical Framework

2.1 The Adaptive Reuse Concept

The first theoretical discussions on adaptive reuse began in the 19th century and
allowed to define this practice in the late 20th century as a creative discipline with its
own rights and theories in favour of the preservation of cultural heritage and to cope
with the huge social, technological and environmental changes (Douglas 2006).

In general terms, it can be defined as the practice of introducing a new content in
an existing container (i.e. building, infrastructure, area), paying particular attention
to the needs of the society and following the principle of the maximum conservation
and the minimum transformation (Robiglio 2016). Furthermore, the adaptive reuse
stresses the need of avoiding the waste of energy and materials caused by new
constructions and projects, preserving portion of urban landscape and offering new
social and economic profits (Dewiyana et al. 2016). It is worth mentioning at least
three reasons in favour of the adaptive reuse approach: (i) the adaptation of a building
or an area is cheaper than proposing a brand-newproject (Douglas 2006); (ii) it allows
to preserve social, cultural and emotional values that the buildings or areas acquire
through the years; (iii) the revitalization of a building or area in an urban abandoned
district could encourage an upgrade of the whole urban section.
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Operatively, for a valuable adaptive reuse able to meet the market demand and
the lifestyle changes of the society, it is necessary to approach different analyses
(Robiglio 2016). The first analysis suggested by the literature is related to the location
of the building or area since it plays an important role: accessibility, connections,
services of the area should be investigated in order to be aware of the opportunities
and risks of the projects. The second analysis refers to the scale of intervention,
which is usually defined according to the context and the goals of the project.

A third analysis is usually devoted to identify the potential of the building or area
that need to be carefully maximized.

The final analysis provided by the adaptive reuse approach aims at investigate
the local and global interests associated to the project in exam. Consequently, a
stakeholders-oriented approach is required in order to understand the needs and
expectations of the people affected by the transformation (Abastante et al. 2012; Lami
andAbastante 2017; Abastante et al. 2019).With this regard, it is advisable to involve
partners in the transformation project in order to make the abandoned and forgotten
places known again by the communities (Németh and Langhorst 2013).

2.2 The Macbeth Method

The MCDA proposed in this research is called MACBETH (Bana e Costa and
Vansnick 1997). The MACBETH is an interactive approach based on the Additive
Value Model (Figueira et al. 2005) and the pairwise comparisons, which are easy
to make, discuss, justify and agree on (Dyer and Forman 1992). According to Bana
e Costa and Vansnick (1997) and Bana e Costa et al. (2010), the technical proce-
dure supports the construction of numerical scales grounded on semantic judgements
requested to the Decision Maker (DM), also used to determine the criteria weights.
In this sense, the MACBETH method supports an interactive learning process about
the problem and the elaboration of recommendations reducing the “cognitive dis-
comfort” (Fasolo and Bana e Costa 2014) that could arise in the DM when he/she
is asked to express his/her preferences in a numerical scale. Operatively, the MAC-
BETH approach can be divided into three main phases: model structuring, model
evaluating and analysis of the results.

The “model structuring” phase identifies all the options to be evaluated (under-
stood as the alternative to solve the problem), their performances and the values of
concerns of the problem in exam. The specific and clearly defined values of con-
cerns are called “criteria nodes”, while values with vague information, are called
“non-criteria nodes”. During the “model structuring” phase, all the aforementioned
elements are visually represented in form of a tree, called “value-tree”.

Lastly, the “model evaluating” phase involves a series of pairwise comparisons,
where the DM is asked to specify the difference of attractiveness between the options
with respect to the criteria nodes according to the following semantic categories of
difference: extreme, very strong, strong, moderate, weak, very weak.
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The options can be scored in two ways: directly comparing the options two at
a time (direct comparison) or indirectly through the use of a value function built
by comparing pre-defined performance levels rather than the options themselves
(indirect comparison—for more details see Bana e Costa et al. 2010).

Once the model has been structured and filled in, the “analysis of the results”
phase provided by the MACBETHmethod aims at reporting clear results in the form
of ranking. During this phase, to provide a deep understanding of the problem, can be
performed the sensitivity analysis in order to explore the extent to which conclusions
can be drawn given varying amount of uncertain information (Bana e Costa et al.
2002).

The choice for applying the MACBETH method is due to a number of reasons.
First it is a simple and understandable methodology even by those who are not
experts in the decision process. This aspect is supported by numerous applications
of the MACBETHmethod in different fields as: territorial planning projects and real
estate market (Frenette et al. 2009; Abastante et al. 2017); education (Cuadrado and
Gutiérrez Fernàndez 2013); waste management (Douhib 2014); energy consumption
(Marques and Neves-Silva 2015).

Second, its technical parameters have a clear and easily explicable substantive
interpretation allowing the processing of difficult problem of relative importance of
the criteria in a precise way. Finally, it is a stakeholders-oriented and constructive
method helping the DM ponder, communicate and discuss their values coming to
robust and shared decisions.

In this sense, the MACBETH approach seems to be useful in assessing an urban
regeneration problem on adaptive reuse concept, where the most variables under
consideration are intrinsically qualitative.

3 Description of the Case Study

The “Piazzo” is a historic district of the city of Biella (Piedmont—Italy), which was
founded in the XI century and in which the atmosphere is “frozen” to ancient times.
The “Piazzo” district is well known in Italy for the highly valuable historic heritage,
which comprises buildings of different centuries. Particularly, from the XVII century
Nobles families modified the medieval lots into big palaces, today’s public museum
or cultural locations.

Despite the valuable characters of the historic area, the “Piazzo” district has faced
a progressive depopulation starting from the XX century due to several reasons, not
only connected to the general decline of Biella. Despite its panoramic location on
the hill top of the city it has limited accessibility, that played an important role in the
activation of the district isolation process.

The complicated road conformation is constituted by onemain road longitudinally
crossing the district and different small steep roads perpendicular to the main one
and made of cobblestones (Fig. 2).
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Fig. 2 Drivability scheme on the aerial view of the Piazzo district

It emerges that the road conformation is no more suitable for the current automo-
tive traffic and private and public parking are almost absent in the district. Although
the Administration of Biella tried to promote the “sustainable mobility” paradigm
(Banister 2008) the only interesting and efficient alternative for the “Piazzo” district
inhabitants is the still-working cable railway constructed in 1885, recently renewed
in 2018.

A further element that has contributed to the depopulation of the district in exam
is the current compact urban pattern, constituted by contiguous urban lots and which
is almost unvaried from the XVII century.

Generally, the buildings are 4/5 floors characterised by facades of the XV andXVI
centuries and the presence of basements and cellars. However, the rigid structure
in bearing walls and the single wings make the distribution of the internal spaces
very difficult to satisfy the current standards of comfort for the inhabitants. This
contributed to hasten the state of abandonment of the district.

Finally, the abandonment of the “Piazzo” district increased further as a result of
the financial crisis started in 2008, since which the economic and social de-growth
involved the entire city of Biella.

In this panorama, it is important to notice that the interest in reactivate the “Piaz-
zo” district has been showed in recent times by both, public entities as PA, private
investors, real-estate companies, associations and freelancers. Those stakeholders
are currently discussing about the best future for the “Piazzo” district.
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3.1 Case Handling

After having framed the main intrinsic characters of the “Piazzo” district, we con-
ducted different analyses devoted to understand the social dynamics of the territories,
the lifestyle changes and the uses of the district. This constitutes a fundamental step
to make a valuable adaptive reuse proposal for the relaunch of the district. In par-
ticular, those analyses are related to three main areas: demography, tourist flows,
services and activities.

3.1.1 Demographic Analysis

Since the average age of the population strongly affects the decisions of new urban
activities (Robiglio 2016), the first analysis conducted is the investigation of the
demographic situation of the city of Biella (Fig. 3).

According to the data from ISTAT (2016), Biella reached the peak of population
in the decade of greatest industrial fervor (1961–1971—54.076 inhabitants). From
the following decades, a situation of progressive decreasing degeneration emerges
up to attest to 44.733 inhabitants in 2016.

However, compared to the other two main cities in the Piedmont Region, Novara
and Vercelli, Biella is the only one that is facing this general depopulation, due to
the 2008 financial crisis and to the limited train’s system connection with the main
northern economic poles of Italy.

A further analysis conducted in terms of aging of the population (Fig. 3) highlights
that more than half of the people living in Biella (28.475 inhabitants) is over 45 years
old, indicating a non-favorable generational change due to a low birth rate together
with the emigration of the younger groups. This perfectly reflects the current Italian
trend in terms of average age: the Italian population is over 45 years (ISTAT 2017).

Fig. 3 Demographic analysis according to age and gender
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Fig. 4 Tourism flows

3.1.2 Tourist Flows Analysis

The second study reported is devoted to understand the tourist flows in the Piedmont
region and, more specifically, in the city of Biella to identify new-possible functions
for the historic district in exam.

According to the data reported by the ATL (Local Tourism Promotion Agencies
2018) in the decade 2006–2017, the tourists in the Piedmont region increased up
to 23.3% thanks to foreign income. In particular, the number of tourists in Biella
increased up to 15.6% in the 2016 being the second city of the Piedmont region
in terms of tourism’s raise (Fig. 4). This brought in turn to an increase terms of
accommodation’s offer (70.3%). However, the overall number of beds increased
simply up to 9.8% (Fig. 4), suggesting the need for more beds in Biella.

Although a growing number of people prefer to stay overnight in extra hotels
facilities, the number of beds that the city of Biella is able to offer in those kinds of
accommodation is very low.

3.1.3 Services and Activities Analysis

The last analysis conducted aims at highlighting the current activities and services
of the “Piazzo” district. This analysis has been fundamental to understand which
kind of activities could contribute to enhance the interest of the possible inhabitants.
Figure 5, it is possible to recognize the commercial activities as bars, a restaurant, a
hairdresser and few small shops. The services for the population are scarce except
for a nursery school, a kindergarten a cash machine.

As an attempt to regenerate the district, in the early 2000, the PA invested in the
requalification of noble palaces to host permanent museums and temporary inter-
national exhibitions. This financial operation turned out to be successful since the
number of visitors is increased.
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Fig. 5 Map of the current activities

Two professional offices moved in the district contributing to the repopulation of
the “Piazzo” district, thanks to the interesting policy of tax breaks and to the low
rents promoted by PA.

A part from those weak but important incentives, the “Piazzo” district still appears
as a desolate district in which there are no more activities and services for the popu-
lation and the most residential buildings are currently empty and degraded.

3.2 The “Antoniani” Building—In the Piazzo District—As
a Development Engine

After having conducted the analyses reported in Sect. 3.1, from an adaptive reuse
perspective we were better situated to identify a pilot building that could act as an
engine for the redevelopment of the district. The rationale of this point is directly
related to the adaptive reuse perspective. According to the economic and social
conditions, it is very unlikely to imagine the presence of a developer ready to invest
on the whole district of Piazzo. It is more plausibile to hypothesise a series of small
interesting interventions with a limited budget, but not “too unique” to allow a sort
of replicability of the real estate operation. Clearly, this is a simplification because it
does not consider the synergies arising from a valorisation of several buildings, but
we think that is acceptable.

In this sense, among the numerous buildings currently unused in the district, we
decided to analyze a specific one, the so-called “Antoniani” building for several
reasons. First, it is located in a strategic position at the arrival of the cable railway,
moreover it is near to the central square and five minutes’ walk to the main services
(Fig. 6).
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Fig. 6 The “Antoniani” building

Fig. 7 Graphical documents of the “Antoniani” building

Second, the “Antoniani” building is a historic construction whose structural and
distributive characteristics are similar to many other buildings in the district. This
allows the possibility of replying in the district the idea of requalification proposed
even if with different intended uses. In fact, it is composed by three floors above
ground connected with a walkway distribution and structured in a regular mesh with
beams and pillars, resulting in interior spaces of limited size (Fig. 7).

Third, the ground floor of the building directly communicates with the main road
crossing the district. This aspect could constitute a high advantage in terms of possible
activities and services for the population to be placed in (Fig. 8).

Finally, as suggested by Douglas (2006), it is possible to identify an adapta-
tion scale in relation with the degree of transformation of the pre-existing building,
namely: (a) small, that implies minimal interventions; (b) medium, which means
changes in the internal schemes, structural alterations and important changes of use;
(c) large, which sees strong spatial and structural changes.

In relation, we can place the “Antoniani” building transformation among the
small/medium scale of impact. This aspect allows containing the financial and eco-
nomic costs in a perspective of sustainable reuse.
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Fig. 8 The two main prospects of the “Antoniani” building

3.3 The Cohousing Vision

In order to properly requalify the “Antoniani” building we based on a design project
of a cohousing, which represents a reaction to the contemporary social and envi-
ronmental problems such as the changes of family structure, the hyper-isolation of
individuals, the increasing stress level and the loss of face to face communication
(Lietaert 2010). The choice of the cohousing is not casual but has been taken after
a long discussion among the owners of the building, the PA and the designers. In
fact, the cohousing is a peculiar form of living could be able to improve both res-
idential and commercial attractiveness of the “Piazzo” district. Although in Italy
is not regulated by dedicated institutional norms, in recent years, it contributed to
the requalification of many abandoned buildings (Baratta et al. 2014) improving the
sense of social cohesion. The cohousers are engaged to design the future community
and to choose the services that satisfy their needs (Abastante and Lami 2012, 2014;
Abastante 2016) in a collaborative process able to encourage the interdependence
between residents.

One of themost interesting character of the cohousing is the coexistence of private
units and collective (i.e. laundry, children’s room) and public spaces (Chiodelli and
Baglione 2014). The latter are opened to the territory and managed by the cohousers
in order to enhance the sense of community, involving also the district.

These public spaces are probably the most complex element during the design
process since they have to be placed in functional zones, on the street side in order
to be accessible from outside without overrun the private sphere.

For the requalification of the “Antoniani” building, we concentrated on the choice
of the activities to be placed at the ground floor, using the MACBETH method as a
stakeholders-oriented approach involving the community of the “Piazzo” and some
possible future cohousers.
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4 Macbeth Application

4.1 Definition of the Alternative Options

In order to properly apply the MACBETH method, it was first necessary to identify
the possible alternative functions to be proposed as public activities managed by the
future cohousers of the “Antoniani” building.

First, a literature review as well as different studies of the existing cohousing in
Italy have been performed (Lietaert 2010; Housing Lab 2018) to identify the most
widespread functions open to the territories.

These resulted in a number of possible functions as: swimming pool, kindergarten,
bars, pubs, shops, gym, after-school activities, multipurpose big hall, spa services
and library.

Second, we verified the compatibility of the identified functions in terms of size
and availability of spaces in the “Antoniani” building. Accordingly, the swimming
pool and the gym have been eliminated from the analysis. Moreover, it emerged that
the ground floor of the “Antoniani” building is suitable for hosting a maximum of
three different functions.

Finally, we crossed the possible alternative options with the empirical analysis of
the territory reported in Sect. 3, in order to exclude the not useful functions, as the
kindergarten that is already present in the district.

According to those observations, the alternative options considered in the MAC-
BETH application are 13 (Tables 1)

4.2 Definition of the Criteria Nodes

After having identified the possible alternative options for the case study in exam,
it was necessary to choose a coherent set of criteria nodes to properly describe and
evaluate the 13 options.

The criteria nodes were defined with a series of interviews conducted with the
PA and aimed at understanding the main desirable transformation drivers for the
“Piazzo” district, considering also the point of view of the community.

After the discussions, the identified transformation drivers have been considered
as the specific values of the evaluation defined as criteria nodes (Table 2).

4.3 Development of the Model

To apply theMACBETHmethod, we identified a heterogeneous interviewed sample.
Accordingly, 45 subjects (representatives of users and bystanders of the “Piazzo”
district) were selected paying particular attention to the balance in term of gender
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(24 female and 21 male). The respondents were all among 23 and 70 years old. They
were chosen in relation to the expertise on the four criteria nodes of the analysis
(Table 3).

It is important to notice that the composition of the interviewed sample is aligned
with the studies conducted and reported in Sect. 3. In fact, only a fifth of the people
interviewed lives or works in the “Piazzo” district, while the others are bystanders.

After having identified the interviewed sample, we structured the decision prob-
lem through the M-MACBETH software (m-macbeth.com) obtaining 4 different
questionnaires, one for each criterion node as well as 110 pairwise comparisons
related both to the criteria nodes and to the alternative options. Each questionnaire
was composed by two groups of questions. The first group of questions was devoted
to acquire information about the ranking and weights of the criteria nodes. These
questions were identical for all the questionnaires and were of the type:

(1/a) Looking at the criteria node in exam, rank them from most preferred to least
preferred.

Table 1 Alternative
functions as decision options

Alternative options Description

Arts hall Multifunctional room equipped for
activities as painting and decoupage
strictly linked to the identity of the
territory

Theme bar Bar and shop of local culinary
products

Local textile shop Small shop of local textile products

After-school activities Activities for primary school children

Multimedia hall Interactive room for different
instruction uses

Small library Small municipal library for primary
school children

Meeting centre Multifunctional room equipped with
games for adolescents

Sport Pub Pub in which it is possible to watch
different sports games

Country club Meeting room for sports clubs

Yoga/Pilates hall Room equipped for yoga and Pilates
activities

Photography club Multifunctional room equipped for
photography activities

Music Hall Soundproof room for musical
activities

Theatrical club Multifunctional room equipped for
theatrical activities
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Table 2 Criteria nodes of the decision problem

Criteria nodes Description

Tourism Settlement of tourism attractions and activities and based on the local
products

Didactic/Recreational Settlement of functions related to the education and recreational fields
for young people

Sport Settlement of sport functions as fans clubs and spot associations

Socio/cultural Settlement of flexible functions and activities, for cultural, social and
entertainment enhancement

Table 3 Characters of the interviewed sample

Gender Why he/she knows the district

Expertise Female Male Live Work Leisure Total

Tourism 5 5 1 1 8 10

Didactic/recreational 8 3 2 2 7 11

Sport 4 7 1 0 10 11

Socio/cultural 7 6 1 0 12 13

Total 24 21 5 3 37 45

(1/b) According to the rank so far provided, to what extent do you prefer one crite-
rion node to another?Please provide an answer using the semantic categories.

The secondgroupof questionswas different in eachquestionnaire andwas devoted
to acquire information about the ranking and weights of the alternative options.

The questions related to a specific criterion node were of the type:

(1/a) With respect to the criterion node “Tourism”, which alternative option do you
prefer? Rank the alternative options from most preferred to least preferred.

(1/b) According to the rank so far provided, to what extent do you prefer one alter-
native option to another? Please provide an answer using the semantic cate-
gories.

All the answers provided by the interviewed sample, were then collected and
aggregated in order to properly fill in the pairwise comparison’s matrices required
by the MACBETH model.

Among the numerous methods for the aggregation suggested by the literature,
we decided to apply the Arithmetic Average on the basis of the majority (for more
details we refer to Abastante et al. 2017). The answers were then inserted into the
M-MACBETH software in order to provide a ranking in terms of most interesting
criteria nodes to be considered for the design of the cohousing (Fig. 9).

According to the answers provided by the respondents, the most interesting crite-
ria node turned out to be the “tourism” promotion (46.43%) followed by the “didac-
tic/recreational” activities (32.14%). Those results are in line with the studies and
analyses previously conducted in which emerges that the tourism activities could be
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Table 4 Partial and overall rankings of the alternative options expressed in percentage

Alternative options Partial rankings Overall

Tourism Didactic/recreational Socio/cultural Sport

Arts hall 80.95 85.95 0 0 67.7

Thematic bar 55 15.23 0 0 31.59

Photography club 0 72.72 0 0 24.26

Music hall 0 50 0 0 16.68

Multimedia hall 0 0 80.95 0 11.91

Theatrical club 0 35.47 0 0 11.83

Meeting center 0 0 60.95 0 9.72

Local textile shop 20.12 0 0 0 9.69

After-school
activities

0 0 35.95 0 5.28

Sport pub 0 0 0 85.71 3.17

Country club 0 0 0 60.95 2.25

Small library 0 0 10.71 0 1.57

Yoga/Pilates hall 0 0 0 40.23 1.48

a huge economic opportunity for the district. On the contrary, the “socio/cultural”
activities and the “sport” functions are not considered fundamental for the adaptive
reuse of the district (18.86 and 3.57% respectively). In terms of most interesting
activities for the territory of the “Piazzo” district, the results obtained thought the
Macbeth method are reported in Table 4.

Fig. 9 Ranking of the criteria nodes
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The partial ranking highlights the most interesting options for every criteria node,
respectively: “arts hall” for tourism and didactical/recreational, “multimedia hall”
for socio/cultural and “sport pub” for sport.

Combining the partial rankings with the criteria nodes we obtain the over-all
ranking and the three functions for the cohousing in the “Antoniani” building: the
“arts hall” with 67.7%, the “thematic bar” with 31.6% and the “photography club”
with 24.6%.

5 Conclusions

The paper proposes the use of a stakeholders-oriented assessment framework to
help the PA and the private developers for developing strategies to revitalize historic
districts.

The framework proposed aims to be adaptive and sustainable, in both ways: in
the use of the buildings and in the preparation of the assessment itself. As for the
latter, the hypothesis is to use as much as possible the data generally available to any
European country on national, regional and local level. The next step is a carefully
understanding of the potentialities of the district, to promote its maximum conser-
vation, introducing a new content in an adaptive reuse perspective. The elements
collected can be systemized and compared through the application of a MCDA. In
the paper we showed the use of MACBETH, which is a simple and understandable
methodology, whose technical parameters have a clear and easily interpretation, and
helps the DM to reach robust and shared decisions.

To show the potential of the assessment framework, the method has been applied
to an Italian case study, the “Piazzo” district in Biella. The analyses of the context
were made on the entire district of the “Piazzo”, while the assessment of adaptive
reuse opportunities was limited to a single building in the historical area. As has
been said previously a series of small interventions with a limited budget are more
plausible than an investment on the whole district of “Piazzo”.

The application of the method showed that it is possible to obtain precise indi-
cations about the transformation for a building and at the same time more general
indications for supporting a decision process, such as a ranking of the criteria.

It is important to underline that the research so far conducted has limitations
and there is considerable potential for further work. The main limitation is that the
data illustrated is taken from one case study, which limits the generalizability of the
findings. However, we carried out a detailed methodological path to approach the
realm of the adaptive reuse of an historical district, aimed at exploring a phenomenon
in depth and generating insights of operational importance. We would recommend
to future researchers to explore the possibility of analyzing more case studies and
of applying a sensitivity and robustness analysis to the results obtained in order to
verify the validity of the model.
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Finally, it would be appropriate to probe the technical feasibility of the alterna-
tive options proposed. This would imply a further decision process with different
stakeholders apart from the community and the future cohousers.
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Energy Management in Hospitals:
Evolution of a Methodology
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Abstract The impact of properly managing energy in hospitals is significant, due to
the high bills and polluting emissions, and is complex, due to thewide range of energy
consuming equipment to be kept always running. Energy efficiency plans in hospitals,
which are pivotal in the European wide effort to redevelop existing buildings, have
to be carried out as a part of a wider redesign process and must encompass complex
data analysis and modeling. Based on the activity carried out within the European
funded project H2020/MSCA/STEER, this work elaborates on the methodology, as
tested on a building informationmodel of a health center in Sicily, to identify positive
and negative aspects of energy-related technology options to keep hospitals efficient.
The main steps of the methodology carried out in the health center were: (1) collect
data and input it in a digital model; (2) create and test a simplified quasi-steady
state model of the building; (3) create a dynamic simulation model of the building;
(4) run dynamic and simplified model simulations of the energy performance of the
building; (5) compare results obtained from the two models in various scenarios,
showing that the relevant differences after indicative interventions and parameter
changes are equivalent.
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1 Introduction

The quality of the buildings that structure the physical space of a settlement is strictly
related to the design process through which it is generated (Fattinnanzi et al. 2018).
This process is similar both for designing new buildings and for redeveloping or
renovating existing buildings. It can never be separated from the evaluation method-
ologies that allow to optimize the choices to bemade to obtain quality in architecture.
Until very recently, in the design process this integration was very difficult and com-
plex while nowadays, owing to the widespread use of the BIM (Building Information
Modeling) methodology, now well established across the European Community, it
can be achieved more easily. The purpose of a building information model is to
create a sharable 3D model of a building referred to a database, so that whoever is
involved in the design process can easily manage the available data (Garagnani et al.
2011; Acampa et al. 2018). Thus, given that in Italy as in most European countries,
economic and environmental sustainability is one of the prerequisites considered
essential for the achievement of quality in buildings, we believe that defining useful
methodologies for the energy requalification of buildings is particularly relevant.

The aim of this article is to illustrate a methodology to evaluate in advance the
impact of energy efficiency plans on a set of peculiar buildings—existing hospitals,
and on their energy consumption. The methodology was developed as part of the
STEER (Support Tool for Energy Efficiency in medical centers) project1 funded
by the European Commission under the Horizon 2020 Marie Sklodowska-Curie
2014 call. It was run by a consortium formed jointly by companies working in the
energy efficiency sector and research centers, which thus coupled day-to-day knowl-
edge with a more theoretically sound approach. This methodology, which takes into
account the processes that lead to high variations in consumption—such as seasonal-
ity, adaptation of existing structures to changes in profile of users and technological
evolution of the equipment—allows to evaluate a priori potential efficiencymeasures,
in order to select the most suitable redevelopment choice by comparing different
intervention scenarios.

1.1 Quality in the Building Process

Quality in architecture (Forte 2012) is linked to a large number of factors and is a
question that not only affects the relationship between the designer and the client
but involves also the Authorities that in various ways intervene in the development
of the building processes. An analysis carried out by studying the Regulations of the
Member States of the EuropeanUnion and a survey on theCalls for competitions held

1The project, that started onDecember 2014 and ended onNovember 2018, was run by a consortium
formed by: Zephyro SpA (Italy), Politecnico di Milano (Italy), Afeka College University (Israel),
Industrial System Institute (Greece), CTAdventure (Poland), Universitaet Bayreuth (Germany),
Enertech Solutions (Italy), Meazon (Greece), Afeka Yssumim (Israel).
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in recent years for the selection of architectural projects, showed that environmental
and economic sustainability is one of the requirements held as most important.2

We should note that in Italy, as well as at European level, the increasing trend to
reuse buildings and volumes already built is shifting the scope of design, from the
construction of new buildings to the redevelopment of existing ones.3 This coupled
with the stringent regulations and goals set by various authorities in Europe aimed at
reducing energy consumption and polluting emissions, means that energy efficiency
projects on existing buildings are increasingly significant and popular.

Given that in the countries of the European Community some 15,000 buildings are
used as hospitals or health facilities that operate 24/24 h 365 days a year, we under-
stand that energy efficiency in hospitals is a pivotal issue in the overall redevelopment
of the existing building stock, as it deals with a large sector.

Moreover, as 5% of the total emissions are thought to be generated by these
structures, it is evident that they have a very significant impact on environmental
quality and are strategically important to achieve the goal of reducing greenhouse
gases and CO2 emissions.4 Nevertheless, the lack of economic and financial means to
make the necessary investments in improving the hospitals’ energy efficiency and the
widespread belief that these actions are not part of the main activities of the “health
system”, brought to the consequence that rarely specific policies and programs for
energy efficient hospitals are adopted.

Moreover, even when actions aimed specifically at health institutes are being
implemented, too often they are carried out by professionals that do not interact as
they should. The building envelope and the equipment are normally considered and
treated by separated teams instead of being considered as a unique item in which the
two aspects, architectural and technological are inextricably linked.

1.2 The Process of Redeveloping Buildings

The methodology presented in the present work becomes particularly significant
if considered as part of a theoretical framework that seeks to organically insert the
evaluation methodologies within the design process. Although dealing with a special
case, namely hospitals, it is useful to put it into the context of a wider methodological
approach that calls for the redevelopment of buildings with the aim of optimizing
energy management.

2This point was made by, Giovanna Acampa, in addressing an international conference on “Evalu-
ation of quality in architectural design” held in Rome on October 22nd–23th _ To be published.
3In 2006, The European Parliament set the goal to reach zero soil consumption by 2050—Commu-
nication from the Commission to the Council, the European Parliament, the European Economic
and Social Committee and the Committee of the Regions—Thematic Strategy for Soil Protection.
4https://noharm-europe.org/sites/default/files/documents-files/4746/HCWHEurope_Climate_
Report_Dec2016.pdf.

https://noharm-europe.org/sites/default/files/documents-files/4746/HCWHEurope_Climate_Report_Dec2016.pdf
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1.3 Phases of the Design Process

The control mechanisms in the design process that allow to achieve quality in archi-
tecture have remained largely intuitive and therefore undefined and substantially
unknown (Bentivegna 2015). Making the design process explicit, breaking it down
into its fundamental phases, is a first useful step to understand the key points in which
thesemechanisms are put in place and inwhich it is possible or necessary to intervene
by making choices (Fattinnanzi and Mondini 2015). For this reason, we outline the
design process, where by design process we mean in our case the redevelopment of
an old structure, by breaking it down into the following fundamental steps:

• Architectural survey or Building Information Model;
• Identification of the objectives and aims of the project;
• Verification of restrictions and constraints;
• Identification of resources needed to achieve the objectives;
• Analysis of the alternatives;
• Selection of the alternatives considered relevant (sufficiently good compared to
the thresholds);

• Evaluation of alternatives using a system of predetermined criteria organized in
an integrated system that will therefore assume a multi-criteria character;

• Choosing the solution considered to be the best in the specific situation.

When the objective is the energy requalification of a building, the team in charge
of the process must necessarily be multidisciplinary even if coordinated by a figure
with design skills. Once the whole set of constraints to be abided to and the amount
of resources to be used are well known, this team will formulate various alternative
ideas aimed at the technical/functional reorganizing of the activities. Any option
deemed suitable to improve performance characteristics from the point of view of
thermal comfort and energy savings must be compared with the other possible ones
available and put in hierarchical order, according to a series of evaluation criteria. In
this regard, the model developed makes it possible to run simulations and compare
them, using the results to examine and put different solutions addressing the issue of
consumption reduction in hierarchical order. It is therefore functional in the phase
in which the evaluation must be carried out between alternative solutions.

2 The Methodology

STEER dealt with the issues related to energy efficiency processes in hospitals, pro-
viding the down-to-earth approach typical of companies involved in daily operations,
with a sound theoretical expertise typical of research centers. Companiesweremainly
keen to investigate innovative solutions to run their pre-sales and sales process and
to draw comprehensive energy efficiency plans in hospitals while reducing the risk
related to the high investment required by those plans.



Energy Management in Hospitals … 25

On the pre-sales and sales side, it should be considered that hospitals, being highly
regulated entities, select through tenders the Energy Service Companies that support
them in reducing polluting emissions and energy bills. The submission of offers in
response to such tenders requires significant effort and cost. It is thus crucial to select
appropriate tenders and targets before triggering the whole process of preparing a
proposal.

We may categorize energy efficiency tenders in hospitals according to a two by
two matrix (see Fig. 1). From one side of the matrix tenders are defined according
to their Scope, on the other side according to the type of Issuing Authority.

As far as the Scope is concerned, contractsmay include the supply of energy and/or
maintenance and other services, which means that the company which is awarded
the tender is then called to perform the energy efficiency project more freely, having
to ensure that a certain reduction in energy bills and polluting emissions is achieved
in ways which may also be loosely specified in the bid. Moreover, in this case, the
projects’ turnover is considerably higher, which means that companies are likely to
get an easier access to credit and thus invest more heavily, but that they also have
to submit guarantees that only large entities or group of entities can get from banks
or insurance companies. On the other hand, companies may be asked to implement
just a limited and well specified technical program and are rewarded according to
the reduction in energy consumptions and emissions verified through well specified
Measurement and Verification Plan5 and the maintenance may continue to be carried
out by the hospital’s staff. In this case, the turnover and the guarantees required by
tenders are of a smaller amount.

Looking at the matrix from the side of Issuing Authority, tenders may be issued
by a large entity such as a Central Purchasing Unit (acting on behalf of a State or a
Region or some other territorial entity which control the hospitals) and companies

Fig. 1 Matrix of the energy
efficiency tenders
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5Such Measurement & Verification Plans are increasingly prepared according to the so-called
IPMVP protocol.
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have to submit their offer to that Unit. Only at a second stage, the company that is
awarded the tender applies to the hospitals to sign contracts with them, on the basis of
the conditions set by the tender and according to the offer that the company submitted
in response to it. This means that in the offer submitted to the Central Purchasing
Unit, the energy efficiency program is loosely specified, because the object of the
contract is not well defined. As the Central PurchasingUnit deals with a large number
of hospitals, the turnover is again higher as the requested guarantees.

In other cases, it is a certain hospital or group of hospitals that issues the tender
calling for companies to submit energy efficiency projects, which they are then called
to implement by signing contracts with the hospitals that issued the tender. In these
cases, the object of the tender tends to be better specified and the proposal to provide
has to be better outlined and requires a higher level of technical analysis.

The wider the Scope (to include energy supply, maintenance and other services)
and the larger the IssuingAuthority (areaD in Fig. 1), the larger the expected turnover
and the higher the bank or insurance guarantees to submit. Such tenders are meant
for large companies.

Tenders published by a large Issuing Authority having a limited Scope (area B in
Fig. 1) are extremely rare, as it makes little sense that small tenders will be prepared
by a large entity that is not aware of the specific hospital needs.

When a small Issuing Authority publishes a wide Scope tender (area C in Fig. 1),
the companies’ investment in time and resources in pre-tender phase to prepare the
offer is quite significant, while the required insurance or bank guarantees are of a
lower amount than in previous cases. These tenders may attract either large entities
or smaller ones that have a good knowledge of the specific hospitals where services
have to be supplied.

The pre-tender phase becomes even more cumbersome when a small Issuing
Authority publishes a tender with wide Scope (area A Fig. 1), while the expected
turnover and the required guaranties are low. Such tenders may often become
unattractive especially for companies of any size which are not locally based.

The matrix above shows that companies that are neither very local, and thus not
perfectly informed on the specific hospital structure, nor very large and financially
sound tomeet significant pre-tender expenses and submit high guarantees find it quite
difficult to participate in most of the tenders. Small companies may easily participate
to some, but will not be able to enlarge their activity beyond their local market.

Ultimately this means that the energy efficiency for hospitals sector is quite close
and the competition there tends to be weak.

The STEER project aimed at giving some basic tools that can be easily used also
by medium sized companies with little access to scientifically based analytic tools,
supporting them in the decision to invest into an offer to submit a proposal under an
energy efficiency tender, with special reference to those falling in areas A and C of
the matrix at Fig. 1.

The goal was to quickly provide information on a hospital’s ideal energy con-
sumption in different scenarios and on the most appropriate energy reduction plan
for the medium-long term. To that end, it was crucial to identify the main variables
responsible for the energy consumption in hospitals and give to each of themaweight.
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A novel mathematical model was created to reproduce energy consumption in given
scenarios. On the basis of the above model, the consortium built a scenario-based
assessment and prediction tool. The acquired knowledge and expertise were then
embedded in a software prototype (E3s) to be used as a decision support tool.

The STEER project was thus divided into 5 main steps:

1. Collect and insert the required data in a digital model, focusing on the opera-
tional difficulties met in the specific case and on identifying both practical and
theoretical methods to overcome possible lack of information.

2. Create a dynamic simulation model of the building, based on the collected data
and using a popular energy simulation toolchain (OpenStudio and EnergyPlus).

3. Outline the results of the dynamic simulations, showing the effects of important
variables and scenarios affecting the total energy consumption of the building.

4. Outline the static mathematical model by adapting it to the specific situation,
through a “sterilization” of the effects of diversifying elements i.e. adopting
standard/default values for parameters with no actual data or excluding extreme
parameter values that drive the system outside the boundaries of realistic values.

5. Use the model to test possible interventions and obtain results that help identify
positive and negative aspects of energy-related technology choices that will keep
the hospital’s efficiency up to date—including theoretical and practical issues.

2.1 Data Collection

The step (1) above, proved to be cumbersome, because of the amount of data that the
consortium defined as necessary to collect—as listed in the “Hospital Energy Audit
Form” that it published. The “Hospital Energy Audit Form”was prepared by the con-
sortium using as reference forms from various European countries (namely Greece,
Spain, Germany, Italy). It was prepared taking into account the “Guidelines on Data
Management in Horizon 2020” to address ethical issues and European Parliament
and Council Directive 95/46/EC of 24 October 1995 on the protection of individuals
with regard to the processing of personal data and to the free movement of such data.
The result was a quite extensive tool, divided into the following 8 macro categories:

1. Building General Data
2. Building Area, Use and Occupancy

– Building use, Building area, Building Occupancy (Employees, Visitors,
Patients).

3. Heating Ventilation Air Conditioning (HVAC) Systems

– Heating systems, Cooling systems, Ventilation and air infiltration, HVAC dis-
tribution system, Hot Water production.
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4. Building Envelope

– External Walls, Beating Structure, Ceiling-Roof, Floor, Openings, Thermal
Bridges, Zone Thermal Inertia.

5. Lighting System

– Lighting System, Artificial Lighting System, On-Off control, Automation sys-
tem.

6. Equipment

– Medical Equipment, Laboratory Equipment, Office Equipment, Lifts, Other
Equipment.

7. Energy consumption and costs
8. Data sources (mainly energy bills)

– Electricity, Natural Gas, Diesel.

By filling the form duly and completely, it is possible to get an extensive picture
of the energy consumption performance of a building.

Unfortunately, it proved quite complicated to do so in various hospitals, either
because the required data was lacking or because it was considered confidential: very
often data was available but not as complete, reliable and dense as necessary to duly
fill the form. This was especially true for data fromwhich onemight infer the amount
and quality of activity taking place in that hospital, such as the average number of in-
patients and out-patients, or the number ofMRIs (Magnetic Resonance Imaging) and
high energy consuming analysis carried out. It would have been possible to collect
the data first hand, but the required time and effort would have been significant and
economically not viable within the framework of the project.

The strategy that the STEER consortium adopted to overcome these obstacles was
multilevel.

First of all, the consortium tried to ease the procedure of data collection, by
automatically gathering data from Internet—both fromweb sites and social networks.
A significant part of Sects. 1, 2 and 3 could be filled this way.

Secondly, raw data collected was post-processed to normalize it and to reduce
the empty information, using standard methods of cleaning such as linear interpola-
tion. By using this methodology, another significant part of the information gap was
bridged.

Thirdly, the consortium strove to get the support of other hospitals, as the test-
health center located in Sicily, that was ready to fully cooperate and disclose all its
available data, which was quite vast. This proved to be a crucial step, as the data thus
collected was used to test the model once implemented.
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2.2 Modelling Techniques

To estimate the energy profiles of hospitals by interpreting the data collected, a large
variety of modelling techniques and methodologies can be adopted. We opted first
for class of models derived through the physical approach (equations from conser-
vation laws), that allow to start from some physical parameters and quantities of the
building and of the technological plants and thus arrive to an estimation of energy
consumption. More specifically, we decided to exploit two well-known models and
software.

The first is an implementation of the standard ISO 13790:2008 (ISO 13790: Inter-
national Standard 2008) which provides methods for the assessment of the annual
energy needed for space heating and cooling in residential and non-residential build-
ings. It provides a simplified calculation-based approach, dividing the buildings into
thermal zones according to specific criteria, relying on a set of algebraic models. The
calculation of the energy includes:

1. Calculation of the heat transfer by transmission and ventilation of the building
zone when heated or cooled to constant internal temperature.

2. Contribution of internal and solar heat gains to the building heat balance.
3. Yearly energy needs for heating and cooling to maintain the specified set-point

temperatures in the building.
4. Yearly energy needs for heating and cooling of the building, using input from

the relevant system standards referred to in ISO 13790 and more specifically in
Annex A.

An extra effort and care had to be given in order to use the ISO International
Standard in the context of the national or even regional rules and regulations. The
gatheringof all of the inputs required for the calculations, in case of existingbuildings,
may be too labor-intensive for the purpose. Therefore, a more simplified method
based on default values can be adopted at national level.

We created a quasi-steady model in accordance with the ISO procedures, select-
ing the monthly method. For implementation purposes, the calculation process was
broken down into separate procedures for heating and cooling. All the calculations
have been implemented in Matrix Laboratory (MATLAB).6 User input and other
necessary data for calculations were imported in the form of MS Excel files.

The goal of the process is to calculate the energy need for heating and cooling per
month for each building zone.

The calculation process was divided into 5 calculation blocks:

1. Total Heat Transfer by Transmission (Qtr(H/C),z,m) in MJ (H.1 or C.1)
2. Total Heat Transfer by Ventilation (Qve(H/C),z,m) in MJ (H.2 or C.2)
3. Total Internal Heat Gains (Qint(H/C),z,m) in MJ (H.3 or C.3)

6More precisely, the model code was developed using the Matlab-code compatible GNU Octave
(https://www.gnu.org/software/octave/).

https://www.gnu.org/software/octave/
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4. Total Solar Heat Gains (Qsol(H/C),z,m) in MJ (H.4 or C.4)
5. Energy Need for Heating or Cooling (Qnd(H/C),z,m) in MJ (H.5 or C.5).

The first 4 blocks are the same for both heating and cooling mode calculations.
The final block incorporates all the previous calculations into the total energy needed
to heat or cool a specific building zone.

The implementation of ISO13790 model in MATLAB was verified against all 12
test cases presented in EN15265. A great number of simulations were run, in order
to tune the algorithm as accurately as possible and the model generated satisfactory
results, well within the acceptable boundaries set in EN15265 (CSNEN15265 2007).

The second well-known software and model used is the EnergyPlus dynamic
simulator. This wide-spread simulation environment was developed in USA as a
joint effort of different entities (the National Renewable Energy Laboratory, the
U.S. Department of Energy National Laboratories, academic institutions, and private
companies). It is an open-source and free simulation software that engineers and
researchers use to simulate the buildings electrical and gas energy consumption in
the context of both technical equipment for heating, cooling, ventilation, lighting
(including external and internal lighting), and plug and process loads and physical
aspects such as the materials and dimension according to the weather condition
(Bonnema et al. 2013; «Energy Plus» 2015).

The tool allows to emulate a hospital energy behavior with high-level details, in
different climatic zones and with different structures. We used the tool to perform
some basic sensitivity analysis, evaluate the main breakdown of costs, and generate
data to derive simpler, more focused models (Moronis et al. 2017).

Both approaches have advantages and disadvantages over each other. The sim-
plified calculation approach is simpler and has less number of inputs, is based on
unambiguous and transparent calculation rules, while it provides an easy identifi-
cation of correlation between inputs and outputs. On the other hand, the dynamic
simulation approachmay be used for transient simulations, is of highmodeling capa-
bility, provides integrated performance assessment, and evaluates innovative design
solutions.

A major outcome of the concurrent modelling and validation efforts was the
conclusion that there is not any unique and simple close analytic form that can
describe, at the same time, multiple buildings, in multiple conditions covering all
possible interventions in its envelope,HVAC(Heating,Ventilation,AirConditioning)
system/plant structures and usage schedules and patterns. Furthermore, there is no
approach, forward or reversed, that can suite all purposes during the planning and
execution phases of an energy efficiency project.

Consequently, the results of the first phases of the STEER project include a wider
approach, based on generic and interconnected models, with the implementation of
the ISO-13790model set at its core. Still, certain use cases such as HVAC sub-system
interventions, either minor (e.g. tuning of the SAT set-point) or major (e.g. changing
the structure and technology of the HVAC system or plant), need to be initiated from
more complex approaches. These refer mainly to the usage of dynamic simulators,
whichmay allow then the derivation of simpler and faster, building-specific, reversed,
or hybrid models, for each particular case.
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3 Application to a Real Case Study

Themodels were tested against data from a real health center, and for this purpose the
consortium that developed STEER was joined by the Kore University. The facility
selected is a health center accredited by the Regional Health System, located in
Sicily, Italy. The main facility consists of one building that can be divided into 3
blocks, Left, Middle and Right. The building spans a total of 10,833.9 m2 over 5
floors (including the basement and ground floor), yet data was collected regarding
only a total of 4551 m2.

The process carried out in the hospital and which are presented in this work, can
be divided in the following steps:

1. Collect the data using the “Hospital Energy Audit Form” and insert the required
data in a digital model.

2. Test the static ISO based model on the basis of the data collected.
3. Create a dynamic simulation model of the hospitals’ building, based on the col-

lected data and using a popular energy simulation toolchain (OpenStudio and
EnergyPlus).

4. Run dynamic simulations of the energy performance of the virtual building show-
ing the effects of important variables and scenarios affecting the total energy
consumption of the building.

5. Compare results obtained with the ISO based and the Energy Plus models.

As for step (1), the health center administrationwas extremely helpful in providing
all the necessary data and more specifically:

6. Areas with different usage ranging from operating rooms and medical facilities
to kitchens and office spaces. We could collect figures of the total area of each
type of room according to its use and the floor it is situated on, as well as the
volume of every room.

7. Detailed description of the building envelope elements and the corresponding
areas; for each floor and for each hospital’s block, the area covered by each type
of element divided into wall, concrete, doors, opening (glazing), floor, roof.

8. Heating, cooling and ventilation systems, for which the hospital technical depart-
ment provided the list of setpoints according to the different sage of spaces
(offices, operating rooms, wards, out-patients facilities etc.), days in the week
(holidays, working days).7

9. Occupancy parameters, i.e. expected number of persons per area unit (m2).

The only actual consumption measurement that could be collected is the total
building electrical consumption, as it appears in the utility bills; a common case for
the majority of hospital buildings that the project team had access to.

7It should be mentioned that the modelling work was based on data derived from the building audit
and that there is some missing information in it, for instance related to rooms with IT servers and
paper archives. This is one of the reasons that led the consortium to also develop a detailed dynamic
model, in order to exploit comparisons based on the credibility of the EnergyPlus tool, even if
certain modeling decisions may slightly depart from actual conditions.
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The data was input in a BIMmodel of the hospital, as result of a study carried out
by the Kore BIM Research Group focusing on existing structures having complex
features. Modeling the energy system proved to be the most problematic phase,
as it was hard to find the information useful for studying the energetic state of
the structure. Specific data collection campaigns were organized for each electro-
mechanical equipment of the HVAC system, creating an information database for
the AHUs (Air Handling Units), chillers, heat pumps, fan coils. The information
obtained is a combination of data obtained both from the design process in digital
format and from site inspections. They are complementary: not being able to access
in some areas, reserved only to authorized personnel, reference was made to the
design data, and vice versa, the lack of design data forced a visual inspection of the
machinery.

The creation of a dynamic model of a real building structure, involves multiple
steps and can be at any level of detail, depending on requirements and trading off
accuracy for execution timeandcomplexity of the input parameter set.Having enough
set of data for a mid-size real hospital allowed the creation of a model that could
be cross-checked with the behavior of the building, calibrated against it and used
to generate datasets or test other models, projecting the building operation in freely
varying conditions.

It has been decided to create the most detailed model that was allowed by the
available data, thus the starting point was the 3D model of the building’s structure,
spaces and envelope elements. This process was based on importing the AutoCAD
2D drawings of each floor into the Google SketchUp editor loaded with the NREL
OpenStudio plugin, throughwhich, the communicationwith theOpenStudio applica-
tion (EnergyPlus GUI & front-end) was made possible (Koulamas et al. 2017)—see
Fig. 2.

In parallel, the necessary input datawas fed to the quasi steady statemodel, leading
to the calibrated output presented in Fig. 3.

Fig. 2 OpenStudio/EnergyPlus model of the health center
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Fig. 3 Static versus dynamic model outputs

Apparently, the EnergyPlus model output compares fairly well with the static
model implementation, however, there are certain cases (e.g. the heating energy in
November) that show rather significant absolute differences.

Nevertheless, the context of the models’ purpose in our case is not to predict
the next month’s consumption but to calculate amortization costs in a time depth of
multiple years after specific interventions, and under the error metrics and guidelines
of the standard itself.

Thus, by focusing on the annual differences after a test intervention, as percent-
ages of the initial energy consumption, the two models become nearly equivalent in
comparison, within a 5% error.



34 G. Acampa et al.

4 Conclusion

In conclusion, the models developed within the project STEER were validated also
owing to the activity carried out in the health center in Sicily. Modelling an actual
building and applying its real data and working conditions to the model made it
possible to better understand the difficulties of the procedure and adjust the model to
provide solutions to common problems, such us the lack of data in the early stages
of proposing energy efficiency measures. The models can be considered a valuable
tool for calculating the energy needs of heating and cooling at hospital buildings.
The approach followed during the project can easily be generalized and used to
model other building types in general, provided that building data about the specific
building operation is available. The different simulations performed by the Energy-
Plus dynamic simulator and the ISO based implementation make it possible to better
understand relationships of variables and the influence of their change in the overall
energy needs of the selected building. The proposed methodology and the created
tool can therefore be used as a preliminary assessment mechanism to evaluate the
energy saving potential of planned interventions, facilitating the work of profes-
sionals in the field of energy efficiency. The project outcome presents added value
through the comparison of the two models. Cross-checking the extensive dynamic
model against the static implementation allowed the researchers to narrow down the
list of variables to a smaller and more easily manageable set, thus refining the static
model and reducing the cost of performing a complete building simulation while
achieving results that are well compared against well-known dynamic models.
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Ecosystem Services: From Bio-physical
to Economic Values

Marta Bottero, Marina Bravi, Carolina Giaimo and Carlo Alberto Barbieri

Abstract When speaking about sustainability in urban and territorial transforma-
tions, many dimensions have to be taken into account, thus asking for integrated
approaches able to support complex decision-making processes. As it is well known,
economic development has an ecological cost; for this reason, it is relevant to inves-
tigate the link existing between ecology and economics when addressing territorial
planning and environmental policies. A very promising theory in this context is
provided by the notion of Ecosystem Services (ESs) that have been defined as the
benefits that humans derive, directly or indirectly, from ecosystem functions. More
specifically, the article explores the perspectives offered by the application of the Life
Satisfaction Approach (LSA) in the estimation of the economic benefits delivered by
ESs, proposing an innovative methodological path linking biophysical and economic
values.

Keywords Ecosystem services valuation · Life Satisfaction Approach ·
Subjective Well-Being · Ecosystem services quality · Sustainable development

1 Introduction

It is well known that whenwe deal with urban and territorial transformations we have
to consider the paradigmof sustainability, according towhichwe should pass to future
generations the same amount of natural capital that we had at disposal. Two are the
most important approaches to the sustainability: the weak sustainability, supposing
a certain level of substitution between natural capital and man-made capital, and the
strong sustainability, where the losses of natural capital cannot be compensated with
human man-made capital. In this direction, the link between ecology and economics
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is fundamental and the notion of Ecosystem Services (ESs) can be defined as the
benefits that humans derive, directly or indirectly, from natural capital and ecosystem
functions.

The reference to the concept of ESs allows also to consider the links between
different dimensions: ecological, socio-cultural and economic (Mondini 2016). In
fact, the current changes in contemporary territories involve many processes, thus
requiring several levels of innovation for achieving complex goals such as the redef-
inition of public space in planning actions, with particular attention to green areas
and recreational infrastructures, or the introduction of new parameters and indicators
able to assess the sustainability of plans and programs with respect to regeneration
and resilience issues (Arcidiacono et al. 2018).

The assumption of the cognitive perspective provided by the theory of ESs is
a fundamental step in territorial governance for urban regeneration, as it allows to
understand the relationship between environment and human well-being.

It has been generally agreed that in order to improve the ecological performance
of public spaces, it is necessary to measure and assess the availability of green areas
and natural amenities, not only from the quantitative point of view in terms of square
meters per inhabitant, but also from the qualitative one, considering the bio-physical
value of the soils that characterize these habitat. As recalled in theMilleniumEcosys-
tem Assessment (MEA 2005), the complex relationship linking ESs and societal
well-being requires to focus both on the aspects related to a correct management of
the natural environment, and on the social and economic implications. In this sense,
it has been generally agreed that ESs classification, mapping and estimation allow to
include the value of the natural environment in planning processes, thus supporting
the creation of innovative strategies for territorial governance (Brunetta et al. 2018;
Giannelli et al. 2018).

The present work is part of a research carried out by a multidisciplinary group
from Politecnico di Torino that is devoted to investigating the role of ESs in terri-
torial regeneration, considering also the issues related to the economic valuation. In
particular, the work explores the perspectives offered by the application of the Life
Satisfaction Approach (LSA) for the Ecosystem Services Valuation (ESV). LSA is
based on the concept of Subjective Well-Being (SWB) and on the factors that influ-
ence it, among which environmental conditions are particularly relevant (Welsch
2009).

2 The Ecosystem Services Theory

ESs have been defined as the benefits that humans derive from nature (MEA 2005).
Some of these can be easily recognized, such as food, fibre and fuel provision or
the recreation benefits, whereas other are less known, such as climate regulation,
air and water purification, flood protection, soil formation and nutrient cycling. The
Millennium Ecosystem Assessment (MEA) identifies four broad categories of ESs
that can be described as follows:
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• provisioning services, that correspond to products obtained from ecosystems;
• regulating services, that represent the benefits obtained from the regulation of
ecosystem processes;

• cultural services, that are the intangible benefits that people obtain through spiritual
enrichment, cognitive development, recreation etc.;

• supporting services, that are necessary for the production of all other ecosystem
services.

Table 1 provides an overview of the ecosystem services categories, illustrating
some examples.

Figure 1 disentangles the process from ecosystems and biodiversity to human
well-being, clearly distinguishing between ecological phenomena (functions), their

Table 1 Categories of ecosystem services and examples

Category Examples of ecosystem services provided

Provisioning services • Food e.g. crops, fruit, fish
• Fibre and fuel e.g. timber, wool
• Biochemicals, natural medicines and pharmaceuticals
• Genetic resources: genes and genetic information used for
animal/plant breeding and biotechnology

• Ornamental resources e.g. shells, flowers

Regulating services • Air-quality maintenance: ecosystems contribute to extract chemicals
from the atmosphere

• Climate regulation e.g. land cover can affect local temperature and
precipitation; globally ecosystems affect greenhouse gas
sequestration and emissions

• Water regulation: ecosystems affect e.g. the timing and magnitude of
runoff, flooding etc.

• Erosion control: vegetative cover plays an important role in soil
retention/prevention of land/asset erosion

• Water purification/detoxification: ecosystems can be a source of
water impurities but can also help to filter out/decompose organic
waste

• Natural hazard protection e.g. storms, floods, landslides
• Bioremediation of waste i.e. removal of pollutants through storage,
dilution, transformation and burial

Cultural services • Spiritual and religious value: many religions attach spiritual and
religious values to ecosystems

• Inspiration for art, folklore, architecture etc.
• Social relations: ecosystems affect the types of social relations that
are established, e.g. fishing societies

• Aesthetic values: many people find beauty in various aspects of
ecosystems

• Cultural heritage values: many societies place high value on the
maintenance of important landscapes or species

• Recreation and ecotourism

(continued)
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Table 1 (continued)

Category Examples of ecosystem services provided

Supporting services • Soil formation and retention
• Nutrient cycling
• Primary production
• Water cycling
• Production of atmospheric oxygen
• Provision of habitat

Source Elaboration from MEA (2005)

Institutions & human 
judgement

determining (the use of) services

Ecosystems & Biodiversity Human wellbeing
(socio-cultural context)

1. Biophysical 

structure or 

process

e.g. vegetation 

cover or net 

primary 

productivity

2. Function

e.g. slow water 

passage, bio-

mass

Benefit(s)

e.g. Contribu-

tion to health, 

safety

(econ) Value

e.g. WTP for 

protection or 

products)

Management/

restoration

Feedback between 

value perception 

and use of eco-

system services

3. Service

e.g. flood-

protection, 

products

Fig. 1 The pathway from ecosystem structure and processes to human well-being. Adapted from
TEEB (2010)

direct and indirect contribution to human welfare (services), and the welfare gains
they generate (benefits).

3 Economic Valuation of Ecosystem Services

As already mentioned, the functioning of ecosystems and their services affect many
aspects of human well-being and a broad set of indicators and attributes can be used
for measuring the magnitude of their impact or value. Different metrics are avail-
able considering various disciplines: ecology, sociology, psychology, geography,
economics. As far as economics is concerned, the term “value” is always associated
with a trade-off and consequently, something has an economic value if we are willing
to give up something to get it.
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Economic valuation of ecosystem services and biodiversity can make explicit to
society, in general, and policy making, in particular, that biodiversity and ESs are
scarce and that their depreciation or degradation bring associated costs to society. If
these costs are not imputed, then policy would be misguided and society would be
worse off due to resources misallocation.

In making decisions on land policy, decision makers are normally faced with the
dilemma of how to balance ecological, environmental, socio-cultural and economic
values. However, as far as the economic values are concerned, only a small portion
of the benefits delivered by ESs can be priced and included in cost-benefit analysis.
All other values cannot be assessed by means of market-based valuation tools, even
if they are fundamental in addressing decision processes in the context of territorial
transformations. From this perspective, the logic behind the Ecosystem Services
Valuation (ESV) is to unveil the complexity of environmental and socio-economic
relationships in order to include them in public decision-making process.

The fundamental paradigm for the economic valuation of environmental goods
and services is the Total Economic Value (TEV). According to it, the value of an
ecosystem can be split in different components related, on one hand, to present or
potential uses (direct and indirect) and, on the other, to the only existence of envi-
ronmental resources involving inter-generational benefits/costs (Fig. 2). Different
methods are available to estimate the monetary value of environmental services.
According to the literature (Freeman et al. 2003), they can be divided in two main
groups:

1. Revealed preferences: these methods derive the value of an environmental
resource from the observation of individuals’ decisions in real markets assuming

DIRECT USE
INDIRECT USE
OPTION VALUE
NON-USE 

VALUE

DIRECT USE
INDIRECT USE
OPTION VALUE
NON-USE 

VALUE

DIRECT USE
INDIRECT USE
OPTION VALUE
NON-USE 

VALUE

Valued through the other

categories of ecosystem 

services

Fig. 2 Estimation methods for the TEV. Adapted from TEEB (2010)
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that the preferences are revealed from the demand of private complementary or
substitute good somehow linked to the environmental one. This group includes
the Travel Cost Method (Voke et al. 2013) and the Hedonic Pricing Method
(Rosen 1974; Ma 2010).

2. Stated preferences: these methods are based on data collected through a sim-
ulated market by asking individuals for their opinions or views. In particular,
this approach lies on individuals’ willingness to pay for using a certain good or
service, or willingness to accept for renouncing or abandoning it. Among these,
it is possible to recall the Contingent Valuation Method (Alberini & Kahn 2006),
Conjoint Analysis, and Choice Experiments (Boxall et al. 1996; Louviere et al.
2010).

Economic valuation has been extensively applied in policy decision involving ESs
and related benefits/costs. In 1997, a first attempt was made to put a monetary value
on the various goods and services provided by the world’s ecosystems (Costanza
et al. 1997, 2014). This study had a big impact on the scientific community even
its practical application was limited. The main goal of this kind of research was
to give a monetary value to biodiversity and natural capital for different types of
biomes by creating accessible information, based on the example of the Ecosystem
Service Valuation Database (ESVD) released for the first time by the TEEB initiative
(TEEB Foundation 2010). It included a large number of ecosystems, types of habitat,
different definitions of services, areas, geographical scale, metrics and currencies,
point of time, and different valuationmethods (deGroot et al. 2012). Among the latter
it is useful, first of all, to distinguish between those that directly estimate the benefits
and those that compute costs as proxies of environmental services flow. In the first
case, both revealed and stated preference methods were applied all over the world for
the estimation of ESs, including recreational benefits (Mayer and Woltering 2018)
and ESs provided by specific types of habitat: forests, wetlands, coral reef, coastal
and marine areas, etc. (Newell and Swallow 2013; Laurans et al. 2013; Czajkowski
et al. 2014; Jobstvogt et al. 2014). In the second case, the basic hypothesis, which
may not always be valid, was that the benefits were at least as wide as the costs related
to the restoration of environmental damage, to its prevention or compensation.

Moreover, the global approach to ESV has been criticized due to the specificities
of different terrestrial habitats and the dynamics of change in land cover and its
uses. The creation of these databases of values was supported by the conviction
that, in spite of the differences between ecosystems, the transfer of an estimate from
one to another would have been acceptable. Another reason of this effort has been
related to the need to verify a certain convergence between estimates in a random
domain such as the environmental valuation. For this purpose, a big number of meta-
analysis (Nelson and Kennedy 2009) were implemented and the benefit-transfer
method became popular. The latter has been also criticized because, for a number of
reasons, its application may result in significant errors, i.e. a transferred value—or a
mean/median—that may highly differ from the actual value of the ecosystem under
consideration.
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The other important ESV purpose has been to compare estimates produced in
changing scenarios of land uses relevant to public policies: agriculture, landscape
protection, culture and recreation, damage mitigation, etc. In this regard, methods
able to map the land cover and its uses, to describe changes and derive their values
have been conveniently experimented (Gascoigne et al. 2011; Bateman et al. 2013,
2014).

Furthermore, methods based on revealed and stated preferences suffer from well-
known problems and limits. In order to overcome these difficulties, the technique
based on the Life Satisfaction Approach (LSA) is proposed as described in the
remaining part of the work.

4 Life Satisfaction Approach for Ecosystem Services
Valuation (ESV)

As already mentioned, benefits provided by the ecosystem are innumerable and
a wide literature has explored the relationships between ESs and individual well-
being. Usually, people enjoy natural areas for recreational purposes, like walking,
hiking, play outdoor sports, relaxing, experiencing and learning about nature and
biodiversity. All these actions contribute to individual well-being and mindfulness
improving environmental awareness. Whereas psychological effects of nature on
humans are well known, only recently it has been discovered that Subjective Well-
Being (SWB) can be profitably used to assess environmental benefits/costs (Welsch
2002, 2007).

The so-called Life Satisfaction Approach (LSA) is based on the SWB rating
employed for environmental valuation purposes (Welsch and Kuhling 2009; Frey
et al. 2010). The measurement of individual welfare and happiness, using data on
reported SWB, has made great progress and has led to a new field in economics
(Kahneman and Sugden 2005). A fundamental step in the debate on SWB was the
analysis of the relationship between happiness and wealth. Easterlin (1974) was the
first author to highlight the existence of a non-linear relationship between popula-
tion’s income and well-being level. Later on, Clark et al. (2008) clarified how, in the
utility function, relative income can affect economic behavioral models in different
domains.

More specifically, SWB represents an empirical approximation of the individual
utility and it can be used for estimating the value of environmental goods (Welsch
2009). In other words, environmental conditions can be considered in a simple linear
function along with income and other variables as follows:

SWBijt = αEujt + βRijt + γXjt + δDijt + ηj + ηt + εijt

where:
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SWBijt is the subjective well-being self-reported by the respondent i in a
geographical position j on date t;

Eujt describes the environmental conditions;
Rijt is the income of i;
Xjt is a series of determinants observed on individual level (socio-

demographic and household’s characteristics);
ηj + ηt + εijt are unobserved terms, where the first two represent the effects of fixed

location and time, respectively. These express the invariant character-
istics that are common to all people in a place j and on date t, while
εijt is the disturbance term covering non-observable characteristics
joined in the measurement error.

Once these parameters have been estimated, the SWB function can be used to
obtain a monetary valuation of E variation by differentiating for the income and
resolving for the marginal value (MV) relative to the environmental conditions, such
that:

MV = �ECujt/�Rijt = (�SWBijt/�Rijt)/(�SWBijt/�ECujt)

In other words, in the case of environmental damages, it is possible to compute
the increase in income that would be necessary to compensate an individual for a
decrease in environmental quality. MV can be interpreted as the willingness to pay
or to accept for environmental changes. A crucial requirement for obtaining reliable
valuation results from LSA function is that the marginal value is estimated correctly
taking into account that the relationship between consumption and SWB is rather
complex, involving inter-personal and inter-temporal relativity (Welsch 2009). The
specification of the arguments of the function, or, in other words, the introduction of
explanatory variables and the use of a correct functional form, is fundamental in this
regard.

This approach has been applied many times with different purposes. The relative
literature can be clustered in four domains as follows:

1. Environmental damages: e.g. air pollution, climate change and extreme weather
events; natural disasters (Luechinger 2011; Menz 2011; Sekulova et al. 2013; Li
et al. 2014; Rehdanz et al. 2015; von Möllendorff and Hirschfeld 2016; Yuan
et al. 2018).

2. Environmental benefits: e.g. natural environment, pro-environmental behavior,
scenic amenities, greenery (Welsch and Kühling 2010, 2011; Ambrey and Flem-
ing 2011; Doherty et al. 2014; Tsurumi et al. 2018).

3. Land uses: e.g. natural lands, urban green spaces, urban land uses (Kopmann and
Rehdanz 2015; Bertram and Rehdanz 2015).

4. Energy supply and infrastructures: e.g. nuclear power, wind turbines, electricity
supply (Welsch and Biermann, 2014a, b; Krekel and Zerrahn 2017).
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The second and the third domains are very close to the ESV but somemethodolog-
ical issues have emerged from the empirical application. The intent of the present
contribution is to highlight them with the aim to go further with the research project.

4.1 Data Sources and Geographical Scale

Data on SWB are usually collected in large-scale surveys led to the national or
international level. Some of these refer to single countries, such as the General Social
Surveys in the U.S. or the Multi-Purpose Survey on Italian Families in Italy. Others,
like the EuropeanQuality of Life Surveys (EQLS) or theWorldValues Surveys, cover
several countries. SWB is usually elicited through a question like this: «All things
considered, over the last few days, how would you rate your overall satisfaction with
your life?» in a Likert-scale from 1 to 10 points, but also with other rating, as 1–3,
or 1–4 points. In Italy, SWB is measured through a 11-point scale ranging from 0
(very dissatisfied) to 10 (very satisfied).

These surveys bring with them the problem of the statistical representativeness
of the sample. To stay with the Italian case, the Multi-Purpose Survey is the result of
a stratified sample designed to be significant to a regional scale (ISTAT 2017). For
the ESV purposes it would instead make sense to go down to a smaller scale, but
this is not allowable, if not by building an ad hoc survey. For example, Bertram and
Rehdanz (2015) employ a local survey for estimating the value of the urban green
space in Berlin linking the respondents’ location and spatial information with GIS
data.Obviously, on one hand, the advantage of employing national surveys data is that
it requires little resources; on the other hand, an ad hoc survey could be calibrated
to a smaller geographical scale, and could be able to capture the qualitative and
quantitative variations of ESs, which could be correctly measured in an appropriate
scale and with suitable geographical representation tools.

Moreover, and following the LSA, the variation between regions or countries
allows only the valuation of the marginal change in income, but it is not able to
foresee any simulation on the future state of the environmental good or service.
For example, Kopmann and Rehdanz (2015) consider changes in the natural land
cover, estimating the willingness to pay for different types of habitat (agricultural,
forestry, grasslands, wetlands, etc.). They gather information on land cover of the
total area of the European regions NUTS 2 (in percentage) through the CORINE
database (Coordination of Information on the Environment) and employ the output
of European Quality of Life Survey (EQLS).

Another issue is whether to use individual data or aggregate them to a certain geo-
graphical scale, always considering the problem of the sample representativeness.
The estimation function, at that point, will not contain subjective, but explanatory
variables of average well-being and wealth. In this direction, it may be appropriate
using, instead of the average per-capita income, the average per-capita GDP. When
individual data are employed, it is worth remembering that the unobservable or sub-
jective component retains, in the vast majority of applications, a strong weight, thus
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limiting the percentage of variation explained by the model (R2 < 40%). Conversely,
the function based on aggregated data could be simpler to be specified with higher
variation coefficients (Bravi and Sichera 2016).

4.2 Measuring the Ecosystem Services Quality (ESQ)

Data collection, sampling and geographical scale identification are issues linked
to the ESQ (Ecosystem Services Quality) measurement. As mentioned before, the
effort to create large databases of estimates, for different habitat and biomes, contrasts
with the rapidly changing scenarios related to land cover and its uses that affect the
ESQ level. Consequently, GIS (Geographical Information System) and the available
information database (CORINE—Coordination of Information on the Environment)
are essential in linking territorial data and economic values. The relevant literature
shows many applications in this field. Between them, a specific tool seems to have
the features needed to return multiple scenarios in real time; its name is SimulSoil. It
has been developed thanks to the international project Life+ SAM4CP as a decision
support system able to assist decision makers and planners in the assessment of the
benefits delivered by the ecological and environmental services.

In particular, SimulSoil is an application forQGIS, an open source software,which
examines the effects of the ESQ variation due to the changes in land uses. The cal-
culation performed by the tool are based on the computational algorithm provided
by InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs), a model
originated from a partnership between Stanford University, the Chinese Academy of
Sciences, the University ofMinnesota, the Stockholm Resilience Centre, The Nature
Conservancy, and the World Wildlife Fund. Among the different measurements, the
Habitat Quality (HQ) indicator seems to be suitable for capturing the ESs changing
scenarios in qualitative as well as quantitative terms. HQ is based on the hypothe-
sis that the areas with the highest quality host a greater diversity of native species,
while the decrease in size of a specific habitat or biome lead to the decline of species
survival. In other words, it joins information on land cover and its uses, interpreted
in terms of naturalness level, with the spatial distribution of negative threats such
as agricultural production, infrastructures, urban areas, etc. In this sense, the indi-
cator does not only take into account the bio-physical characteristics of the soil,
but attempts to include the effect of external elements. The habitat types considered
by the simulator are 12, whereas the anthropic system, the agricultural areas and the
infrastructural network, withmain, secondary and local roads, are considered threats.

As an example, Fig. 3 represents the map of the HQ for a municipality located
in Northern Italy. As it is possible to see, the HQ value varies between 0 (minimum
level of HQ) and 1 (maximum level of HQ).
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Fig. 3 Example of cartographic output of theHQ evaluation (elaboration by Pantaloni, Eco-welfare
research project, DIST, Politecnico di Torino, 2019)

5 Further Developments of the Study

Considering the adoption of the LSA method for estimating the economic value
of ESs, the next steps for the empirical application will be the following: (1) the
geographical scale identification; (2) the SWB data collection (national or ad hoc
survey); (3) the choice of some significant socio-economic indicators; (4) the eval-
uation of ESQ with the help of a GIS tool; (5) the implementation of econometric
models and the estimation of benefits/costs.

Based on the research that has be done so far, the LSA seems to be a very promising
methodology. In fact, with respect to other ESV methods bases on surveys and from
the individual point of view, the SWB elicitation is a cognitively less demanding task
and there is no reason to expect strategic behaviour, thus allowing to avoid biased
estimates. Despite its potentialities, it has to be noticed that there are a number of
preconditions for a successful application. In particular, the validity of the SWB
data should be verified, paying particularly attention to the comparability among
individuals. In this sense, the characteristics of the national surveys should respect the
standards for a qualified analysis, thus ensuring the conditions for a reliable valuation.
Finally, a certain amount of work in linking the information on the bio-physical
characteristics of the soil and the benefits/costs valuation of environmental changes
remains to be done. More specifically, the problem of ESQ measurement/simulation
in relation to the geographical scale of SWB surveys must be carefully considered.
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Spatial Implications of EPC Rankings
Over Residential Prices

Carlos Marmolejo-Duarte, Ai Chen and Marina Bravi

Abstract Empirical evidence has found a correlation between Energy Performance
(EPC) rankings and housing prices. Though, little attention has been devoted to
research the spatial implications of EPC marginal prices. This paper attempts to fill
this gap using a geographical-weighted-regression, departing from listing prices for
Barcelona. The results suggest the existence of a premium equivalent to 1.7% for
each EPC ranking, which nearly double the previous reported evidence in this city.
Also, the impact shows a non-stationary distribution across urban space. As a matter
of fact, the higher the impact, the lower the price of apartments and their quality.
The apartments portraying the larger impact are located in peripheral areas inhabited
by medium and low-income population. So, the equity of less wealthy population
witnesses the largest brown discount.

Keywords Hedonic pricing · Energy label · Spatial stationarity · Residential
market

1 Introduction

In Europe, buildings are responsible for 40% of energy consumption and 38% of
CO2 emissions (Arcipowska et al. 2014), implying economic, geopolitical and envi-
ronmental concerns. So, in 2002 the European Commission addressed the Energy
Performance of Buildings Directive (EPBD)-2002/91/EC-; its main instrument to
improve the energy performance of buildings is the Energy Performance Certificate
(EPC). This certificate informs potential users about the performance of property to
be transacted. As a result, consumers might capitalize into a market premium the
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benefits of efficient premises such as energy savings and environment conservation.
The growing evidence, reviewed in the next section, confirms the existence of a mar-
ket premium for efficient buildings; nonetheless, none of them explore whether it is
stationary across the space.

In Spain, the late transposition of EPBD has made it mandatory to include an
EPC in the property market only since 1st June 2013. So, the studies exploring the
hedonic agenda of EPC rankings are scarce but enough to confirm a small premium
for efficient buildings. Nonetheless, this finding cannot hold in the future due to
the increases of energy costs: in 2015, Spanish households’ energy expenditure was
361 euros/year while for EU 28 it was 327 euro (Eurostat 2016). For that reason,
in this paper, (1) the existing evidence is revisited in order to analyze whether EPC
marginal price has recently increased, and (2) it is explored whether EPC impact
over prices is homogenous across the urban space; and finally, (3) in the case of
non-stationarity we identify the urban, social and property attributes correlated to
such variation. In doing so apartments’ listing prices for Metropolitan Barcelona are
analyzed using conventional and geographical/locally weighted regressions. Results
suggest that: EPC price impact has increased in relation to previous research; while
EPC marginal prices are non-stationary, they are correlated with socioeconomic and
housing attributes.

The remainder of the paper is organized as follows. First, a brief literature review
is offered; second, the methodology, study area and data are described; next, the
results are analyzed; finally, in the concluding section the findings are discussed
within the framework of public policy.

2 Brief Literature Review

Table 1 details a selection of case studies researching the impact of EPC rankings on
housing prices. All of them use the hedonic approach and are based on transaction
or listing prices; most of them consider EPC ranks as categorical measures of energy
efficiency and report marginal prices in terms of semi-elasticities. It is worth saying
that while most of the studies report a positive correlation between prices and energy
efficiency, in some cases this relation is reversed. This latter is the case of Oxford in
the study of Bio Intelligence Service et al. (2013) and is produced by a poor control
of location variables. For this reason, in this paper large efforts have been made in
order to take into consideration the large quantity of attributes influencing prices.
Also, it is evident that the impact is larger in the selling market than in the leasing
one.

The very different hedonic agendas found across the EU respond to differences
in: climate, income, energy/housing prices and, perhaps, environmental concerns. In
general, the studies made in Spain do report a relatively small impact in relation to
northern countries. Nevertheless, such studies require to be revisited since both of
them were produced using data just after the EPBD transposition came into force.
With the exception of thework ofChegut et al. (2014) that has found a “gentrification”
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process for the London offices certified under the BREEAM scheme, none of the
studies have researched the spatial implications of EPC impact as it is done in this
paper as next explained.

3 Study Area, Data and Methodology

3.1 Study Area

Barcelona metropolitan area (AMB) is selected as a study case. In order to identify
the limits of this agglomeration the travel-to-work method based on interaction value
(Roca et al. 2009) has been used. Such approach also allows to detect subcentres,
which is relevant since accessibility to centralitiesmight impact on prices. As a result,
the functional AMB is formed by 184 municipalities comprising 3,759 km2 and 5.22
million inhabitants (Fig. 1).
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Fig. 1 Delimitation of the functional AMB
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3.2 Methodology

After having delimited the study area, the methodology comprises 5 steps:

(1) First, an ordinary-least-square (OLS) hedonicmodel has been calibrated in order
to identify the marginal price of EPC ranking.

(2) Second, the same model has been re-calibrated eliminating the EPC ranking as
an independent variable, but maintaining all the remaining significant attributes.
The residuals of such model have been saved.

(3) Third, the residuals of the aforementioned model have been used as a dependent
variable in a Geographical Weighted Regression (GWR) using solely the EPC
ranking as the independent variable. This procedure enormously contributes to
save computing resources.

(4) Fourth, using the Monte Carlo test, it has been investigated whether the coeffi-
cient for EPC ranking depicts a non-stationary variation across the metropolis.

(5) Finally, those statistically significant local coefficients for EPC rankings
have been used to identify their correlation with socioeconomic and housing
attributes.

3.2.1 Ordinary-Least-Square Model

In the literature there is little advice on the functional form that hedonic models shall
adopt (Can 1992; Sheppard 1999; Malpezzi 2003; Epple et al. 2018). Nonetheless,
the semi-log function has been intensively used in the context of property analysis.
Marmolejo and Gonzalez (2009) summarized the advantages of semi-log function:
(i) it helps to normalize the price and residual distributions which is fundamental
for OLS analysis; (ii) the resulting coefficients are semi-elasticities (i.e. coefficients
express marginal price variation in percent terms) so, the used form is:

ln(P)i = βi +
n∑

s=1

βis ASis +
n∑

m=1

βim E Aim +
n∑

a=1

βia Sia + εi (1)

where: the logarithm of price P of an apartment i depends on a set of variables
related to: AS architectural structural attributes; EA environmental and accessibility
attributes; and S socio-economic attributes while ε is the error.

In the AS dimension, there are covariates and factors related to physical structural
features (e.g.: area and dwelling’s quality) and facilities (e.g.: lift, heating or air-
conditioner). The construction year is correlated with energy efficiency, since in
Spain there have been at least two construction codes with implications on thermal
isolation. So, older houses, especially those constructed before 1981, exhibit a lower
performance compared to those constructed after 2007 where advanced techniques
and criterions for energy efficiency are applied. This As-dimension also includes the
EPC rank.
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The EA dimension includes environmental and accessibility indicators, such as
noise pollution, next-to-sea location, employment density, accessibility to highways
and train stations as well as distances to centralities.

In the S dimension, education level and income are key factors. It includes the
percentage of residents holding a university degree living around each of the analyzed
apartments. In order to depict a wider picture of the socio-economic structure of the
city, a Principal Component Analysis (PCA) has been computed departing from
the professional positions (e.g. managers, clerks, blue collar workers, etc.). The
resulting principal-components represent proxies for high, medium and low-income
population. Socioeconomic indicators are relevant for price formation and “green-
market-premiums” since income and education are correlatedwith purchasing power,
social prestige and environmental concerns (Banfi et al. 2008; Himmelberg et al.
2005).

3.2.2 Geographically-Weighted-Regression Model

Since the primary interest is to study the possible variation of EPC rank marginal
price, a GWR has been used. This approach has many advantages: (i) it considers the
impact of independent variables in amore flexible way, (ii) it resolves autocorrelation
issues, and (iii) represents a “soft window” approach to submarket identification.

The GWR adjusts as many regressions as there are observations. In these regres-
sions, the further away the observations are from the pivotal point, the less weight
(i.e. importance) they have in the estimation of the B coefficients (one different for
each regression). The weighting matrix is calculated as follows:

wi j =
{
1−

(
di j
hi

)2
}2

i f di j < hi otherwise = 0 (2)

where w is the weighting space matrix, i is the pivotal point of the regression, j is
each of the N observations included in the local regression and h is the distance from
the Nth j point (Charlton et al. 2005). When the density of the observations is not
constant throughout the space, it is advisable to use an adaptive kernel, making it
possible to relax the geometry of the analysis area, which may not be isotropic from
point i.

As it has been said, the dependent variable in the GWR-Model are the residuals
of model I (after removing the EPC ranking as explanatory variable) and the only
independent variable in the GWR-Model is the EPC ranking.
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3.3 Data

Selling listing prices for apartments is the primary source of information. Such infor-
mation has been retrieved from Habitaclia, one of the leading web-based property
listings in Catalonia. The original dataset comprises 40,844 flats and includes archi-
tectonic, structural attributes as well as geo-locations. Data refers to April 2016, it
is to say, almost 3 years after the RD 235/2013 made it mandatory to include EPC
ranking in real estate advertising. Despite such obligation, in the sample only 15.28%
of the listings does include EPC rankings.

In order to control all the location attributes that might influence prices (i.e. envi-
ronmental quality, accessibility and socioeconomic structure of neighborhoods) a
comprehensiveGIShas been built departing from the data-sources detailed inTable 2.

All the contextual information has been incorporated into each of the analyzed
dwellings using a spatial query departing from a buffer of 300meters of radius around
each of the dwellings. In order to eliminate outliers a twofold approach has been used:
(i) first, all the cases with price values located beyond±2 Std. Dev from the average
price have been removed, (ii) second, the remaining of the cases have been depurated
using the Mahalanobis Distance. This latter procedure allows to remove the cases
whose price is not explained by the covariates but rather by other unmeasured aspects,
such as landscaping or specific decorations (Li 2005). The depurated sample includes
5,497 cases.

Table 2 shows the statistical description of sample´s attributes. The average val-
ues are: 217,205 Euro; 86.8 m2; and 1.36 bathrooms. Regarding the facilities of
condominium, 10% of apartments are equipped with swimming pool and 67% have
a lift; 46% of the listed apartments have air conditioners and 68% are equipped with
heating systems. In terms of quality of finishes/equipment, 34% of the advertisings
claim for high-quality kitchens and 6% have chimneys; meanwhile 12% have a ter-
race larger than 20 m2. The presence of terraces and balconies in very dense and hot
Mediterranean cities is very appreciated by consumers.

The average construction/full-refurbishment year is 1972, 70% of the sample
has been constructed before 1981 when non-thermal isolation was required by law,
22% between such year and 2007 when the more restrictive technical building code
(CTE) was approved, the remaining 7% was built after that year, implying a better
compliance with energy efficiency criteria. Regarding EPC ranking the average class
is 2.73, where the most efficient class in Spain is A= 7 and the worst is G= 1, only
16% of the sample is ranked as class A, B or C. All in all, it depicts a housing stock
where thermal energy efficiency has a large room for improvement.

Figure 2 shows the average EPC ranking for municipalities containing more than
251 apartments. Interestingly, the coastal southern area, in the Garraf County, depicts
a relative low energy efficiency benchmark. This zone comprises a relatively diverse
typology of municipalities ranging from metropolitan subcentres, such as Vilanova,
to more touristic cities such as Castelldefels and Sitges. In the interstitial municipal-
ities of such poles, an important number of sprawling developments emerged during

125 is the average of apartments by municipality no considering the municipality of Barcelona.
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Table 2 Descriptive statistics of variables for the depurated sample

Variables N Min. Max. Media Std.Dev. Sources

Architectonic attributes (AS)

Price
(Euro)

5,497 47,800 830,000 217,205 145,908 A

Unitary
price
(Euro/m2)

5,497 505 10,172 2,457 1,230 A

Area m2 5,497 20 258 86.82 29.65 A

Num.
baths

5,497 0 4 1.36 0.55 A

Condo
swimming
pool

5,497 0 1 0.10 0.30 A

Lift 5,497 0 1 0.67 0.47 A

High-
quality
kitchen

5,497 0 1 0.34 0.48 A

Air cond. 5,497 0 1 0.46 0.50 A

Heating 5,497 0 1 0.68 0.47 A

Chimney 5,497 0 1 0.06 0.23 A

Recently
refur-
bished

5,497 0 1 0.18 0.39 A

EPC rank
(A = 7, G
= 1)

5,497 1 7 2.73 1.22 A

A,B,C
EPC rank

5,497 0 1 0.16 0.36 A

Large
terrace

5,497 0 1 0.12 0.32 A

Construction
year

5,497 1881 2016 1972 25 A

Built
(<1981)

5,497 0 1 0.70 0.46 A

Built
(1981–2007)

5,497 0 1 0.22 0.42 A

Built
(>2007)

5,497 0 1 0.07 0.26 A

Environment & accessibility attributes (EA)

Near-to-
sea
200 m

5,497 0 1 0.03 0.18 C

(continued)
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Table 2 (continued)

Variables N Min. Max. Media Std.Dev. Sources

Highway
ramp

5,497 0 1 0.89 0.32 C

Near-to-
train-
station

5,497 0 1 0.53 0.50 C

Distance-
to-
highway
(km)

5,497 0.01 10.73 1.98 1.54 C

Distance-
to-
subcentre
(km)

5,497 0.01 17.47 4.11 2.91 C

Distance-
to-CBD
(km)

5,497 0.12 60.65 16.34 14.31 C

Noise
annoyance
(%)

5,497 5.15 77.43 38.58 11.56 B

Employment
density
(Jobs/km2)

5,497 6.00 7.89 3.56 3.35 B

Socioeconomic attributes (S)

University
pop (%)

5,497 0.01 0.51 0.15 0.10 B

High-
income
PC

5,497 −2.39 2.61 0.23 0.98 B

Medium-
income
PC

5,497 −1.46 2.09 0.42 0.52 B

Med-low-
income
PC

5,497 −2.67 3.43 −0.15 0.88 B

Notes Own estimation using data from: (A) Habitaclia listing database (2016); (B) Dwelling and
population census INE (2001): Data from 2011 Census have been discarded due to unrepresenta-
tiveness at census tract level; (C) Tele Atlas (2010) and GIS-own-vectorization (2016): Accurate
distance among census tracts has been calculated using TransCAD. In brackets is the year of the
source of information
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Fig. 2 Distribution of EPC rank at municipal and dwelling’s level

the second part of the 20th Century, most of them of low quality. This same trend of
low-quality houses, in a lesser extent, is also located in some suburbs located at the
Pre-littoral mountain range in the Maresme Coast and aroundMontseny area. On the
contrary, Barcelona and some of the nearest municipalities that have concentrated the
development of recently completed homes do exhibit a better average performance.
The uneven distribution of energy efficient apartments along the city reinforces the
need to explore the spatial implications on price formation.

4 Results

4.1 The Impact of EPC Ranking on Housing Prices

Using similar information fromNovember 2014, Marmolejo-Duarte (2016) reported
that each of the EPC ranks increases 0.85% the price of flats in Barcelona, while in
our model (OLS-Model 1 in Fig. 3), such premium increases up to 1.7%. Implying
that 15 months after the first results reported in Barcelona the importance of EPC
ranking has almost doubled. Nonetheless, according to beta coefficients (calibrated
using standardized values), in relation to other attributes energy efficiency remains
one of the less important.
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OLS

R2

adjusted R2

Sigma (SE)

Variable B SE Beta Sig. B SE Beta Sig.

Intercept 9,958 0,038 0,000 9,981 0,038 0,000

Area sq m 0,014 0,001 0,715 0,000 0,014 0,001 0,721 0,000

Area (sq m)^2 -3,51E-05 0,000 -0,380 0,000 -3,56E-05 0,000 -0,386 0,000

Num baths 0,117 0,009 0,108 0,000 0,122 0,009 0,112 0,000

Lift 0,109 0,011 0,086 0,000 0,113 0,011 0,090 0,000

Condo swimming pool 0,164 0,013 0,084 0,000 0,165 0,013 0,084 0,000

Large terrace 0,145 0,012 0,078 0,000 0,141 0,012 0,076 0,000

Air cond 0,086 0,008 0,072 0,000 0,088 0,008 0,074 0,000

Heating 0,084 0,009 0,066 0,000 0,087 0,009 0,069 0,000

High quality 0,151 0,022 0,044 0,000 0,145 0,022 0,042 0,000

High quality of kitchen 0,049 0,008 0,039 0,000 0,049 0,008 0,040 0,000

Lift  x story level 0,008 0,002 0,037 0,000 0,008 0,002 0,036 0,000

EPC Rank 0,017 0,003 0,034 0,000

Recently refurbished 0,043 0,010 0,028 0,000 0,049 0,010 0,032 0,000

Chimney 0,068 0,017 0,026 0,000 0,063 0,017 0,024 0,000

Employment density 2,67E-05 0,000 0,151 0,000 2,71E-05 0,000 0,153 0,000

Distance to highway (km) 0,038 0,003 0,098 0,000 0,039 0,003 0,100 0,000

Near to sea 200m 0,225 0,021 0,068 0,000 0,219 0,021 0,066 0,000

Highway access 0,122 0,015 0,065 0,000 0,122 0,015 0,065 0,000

Distance to subcentre (km) 0,013 0,002 0,065 0,000 0,013 0,002 0,065 0,000

Noise annoyance 0,003 0,000 0,053 0,000 0,003 0,000 0,054 0,000

Near train stat ion 0,030 0,008 0,025 0,000 0,031 0,008 0,026 0,000

Distance to CBD (km) -0,003 0,000 -0,073 0,000 -0,003 0,000 -0,074 0,000

University pop (%) 0,023 0,001 0,388 0,000 0,023 0,001 0,385 0,000

Med low income PC 0,046 0,007 0,068 0,000 0,046 0,007 0,068 0,000

Model 2 (Excluding  EPC rank) 

Envrionment & 
Accessibil ity 

Attributes (EA)

Model 1 (Including EPC rank) 

Socioeconomic 
attributes (S)

Architectonic 
attributes (AS)

0,795

0,794

0,270

0,794

0,793

0,270

Fig. 3 Estimation of OLS with EPC and without EPC variables

The apartments’ AS, AE & S attributes statistically significant at 99% of confi-
dence explain almost 80% of the price variation.

• In the architectonic structural dimension (AS) the most important attribute is the
built area, the introduction of the squared area with a negative coefficient suggests
the existence of diminishing returns in price formation (i.e. the larger the flat, the
lower the marginal price increment). The presence of a lift and a swimming pool
are the next attributes to enter in this dimension, implying an increase of 10.9
and 16.4% respectively in listing prices. Near in importance is the presence of a
large terrace, which contributes to increase prices in 14.5%. It is worth saying that
large terraces tend to be preset in penthouses (àtics in Catalan) enjoying natural
light, privileged views and quietness. So, their presence might be proxying for
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a privileged house situation. The interaction coefficient for the attribute “level *
lift” reveals that high stories do increase the price of apartments only if they are
lift serviced. The presence of air conditioner and heating increase prices 8.6 and
8.4% respectively signaling the importance of thermal comfort in a context where,
despite the climate benignancy, buildings in general are poorly isolated.

• In the (EA) dimension employment density is the most important variable. Such
density has been intensively used as an indicator of centrality in urban studies.
Dense employment means ease of interaction, increased urban accessibility and
presence of services. Accessibility to CBD is also an important variable; the semi-
elasticity of this attribute suggests that each kilometer that the apartment is sepa-
rated from the municipality of Barcelona the price decreases 0.3%. Nonetheless,
distance to functional subcentres does not necessarily follow that rationale, since
the positive sign suggest that prices increase 1.3% for each km that such dis-
tance increases. This latter finding is coherent with the fact that dynamic property
markets have been located far from historical subcentres. The positive sign of dis-
tance to highways imply different things. On the one hand, metropolitan-highways
are located in peripheral areas, so being far from such areas imply centrality; on
the other hand, such infrastructures produce noise and car emissions. The third
covariate in importance is the proximity to sea which increases 22.5% prices.
The positive sign of noise annoyance requires an explanation. In this case noise
annoyance refers to the proportion of households that declared in the Census that
environmental noise is a problem in their neighborhood. Although, environmental
noise is basically produced by cars, it is also produced by services such as shops,
schools and mainly leisure activities happening both in private and public spaces.
For that reason, it proxies for well-serviced zones where open-air activities occur.

• Finally, in the (S) social dimension the model highlights the percentage of people
holding a university degree as the most import locative variable. This attribute
is related both to income and social perception of the space, since well-educated
population tend to have relatively high salaries at the time that it is seen as a desir-
able source of positive externalities. In this dimension also enters the principal-
component related to low medium-low income population, comprised by clerks
and even qualified blue-collar working population, despite the fact they do not
hold a university degree they have an acceptable income.

Model 2 is specified in the same manner than Model 1, except that EPC ranking
has been deliberately excluded as an independent variable. As it can be seen, most of
the covariates and factors maintain both their relative importance and semi-elasticity
(the maximal variation in semi-elasticity terms is 0.6%). Nonetheless, the adjusted
R2 slightly falls in relation to Model 1, confirming that EPC ranking does play a role
in price formation. The residuals of Model 2 have been used in the GWRmodel next
explained.
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4.2 Does EPC Ranking has a Stationary Impact
on Residential Prices?

As discussed prior, in order to analyze whether EPC ranking has a stationary impact
on price formation, a GWRmodel has been implemented. According to conclusions
of Fotheringham et al. (2003) and Brunsdon et al. (1998), the lower the AIC, the
higher the adjustment of the model, although an extremely small AIC signals an
overfitting issue (Guo et al. 2008). Considering this warning, in this study the optimal
bandwidth band is bounded by 200–300 m following a cross-verification process.

Significance of the spatial variability in GWR estimation can be examined more
formally by conducting a Monte Carlo Test (see Hope 1968) and its results indicate
non-stationary spatial impacts, if p-value is found to be less than 0.05.

According to Table 3, GWR-model exhibits an R2 suggesting that 17% of the
variance of residuals of Model 2 can be explained by the EPC ranking when spatial
flexibility is allowed. This variable appears as significant at 99% of confidence and,
as expected, it is positive in all the quartiles, although some cases have a negative
unexpected sign (i.e. the lower the energy efficiencymeasuredbymeansEPC ranking,
the higher the price). Furthermore, according to the Monte Carlo Test, the impact
of EPC ranking on prices is not stationary across the space. Figure 4 depicts the
spatial distribution of EPC local-coefficients from the GWR analysis. The colors
represent the importance of EPC rank according to such coefficient. As it can be
seen dwellings with negative energy impact on housing prices locate mainly in three
areas: (1) southernAMB (inmunicipalities such as Sitges, Calafell, El Vendrell, etc.);
(2) middle-northern AMB (mainly Llinars del Valles); and (3) middle and northern
Barcelona. Municipalities with green color are the most positive sensitive area and
located in subcentres of AMB (mainly Terrassa and Sabadell) and SantMarti District
in Barcelona.

4.3 Relationship between EPC Ranking Variation
and Urban, Social and Housing Attributes

So far, the results suggest that there is a non-stationary impact of EPC ranking on
price formation. Although most of the cases result into a positive expected sign
there are some exceptions where local-coefficients for EPC rank have resulted with
a reversed sign. In order to explore this situation, and more generally, the trends
on EPC rank variation the cases: (1) have been selected if the local coefficient for
EPC rank is statistically significant at 90% of confidence, (2) the selected cases have
been clustered in 4 groups. Group 1 clusters all the local negative coefficients2 (138

2In order to double check the results of theGWRmodel, a specificOLSmodel has been implemented
only with the 138 cases where the local GWR coefficient is negative. In this latter OLS model the
variable to explain is the residuals fromMOD 2, and the unique explaining variable is the EPC rank.
The resulting OLS coefficient is negative and equivalent to−0.055 (sig= 0.01) which is almost the



Spatial Implications of EPC Rankings Over … 65

Table 3 Estimation results for geographically-weighted-regression model

Geographically-weighted-regression model (3.0)

R2 0.186 AIC 281.542

R2 adjusted 0.170 Sigma (SE) 0.246

B distribution
statistics

Monte Carlo
significance
test

Lower-
quartile

Mean Upper-
quartile

P-values

Intercept −0.122 −0.060 0.010 0.000***

EPC_Ord 0.004 0.019 0.032 0.000***

ANOVA

Sum of
squares

df Mean square

OLS_residuals 398.7 2 N nearest-
neighbours

282

GWR_improvement 72.5 99.03 0.733 Num.
locations to
fit

5497

GWR_residuals 326.2 5395.97 0.060

F Sig.

4.917 0.000

Note ***Significant at 0.01% level. Dependent variable: residuals for MOD 2. This procedure has
been computed using GWR 3.0

cases), Group 2, 3, and 4, roughly have the same quantity of positive cases following
a tercile criteria (471 cases each one). As a result, only 1,550 cases are analyzed (see
Fig. 5).

From the spatial distribution (Fig. 5), it seems that larger positive impacts of EPC
ranking locate in three areas: (1) the largest subcentres, such as Terrassa and Sabadell;
(2) the northern Maresme coastal area, such as Canet de Mar and Arenys de Mar; (3)
some districts in Barcelona. Conversely, Group 1 cases exhibiting a negative impact
concentrate in Sitges.

Figure 6 contains the average value for each of the AS, EA, and S attributes of the
analyzed subsample for each of the four groups. According to Fig. 6 the following
conclusions can be drawn:

• There is a clear (inverse) correlation between the impact of EPC ranking price and
quality of apartments. Namely the higher the impact, the lower the unitary price,
built area, quality of kitchen, number of bathrooms, presence of condominium

same than the average of the GWR local coefficients. These results endorse the findings reported
here.
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Barcelona

Sitges

Terrassa
Sabadell Maresme Coast

Calafell
El Vendrell

Llinars del Vallès

Legend

Highway

Coefficients of Energy Ranking

0.042 - 0.063

0.021 - 0.042

0.000 - 0.021

-0.054 - 0.000
0 10 20 30 405

Kilometers

Fig. 4 Distribution of EPC local-coefficients from GWR

facilities such as swimming pool. Less clear is the relationship with the presence
of terrace, construction year or heating.

• Also, there is a correlation with locative factors. The larger the EPC ranking
impact, the smaller the proximity to train (suburban train and subway) and metro
stations, the higher the proximity to metropolitan-highways (located in peripheral
locations), and smaller the annoyance of noisy (well serviced) zones.

• Finally, in the (S) social dimension, the larger the impact, the smaller the pro-
portion of well-educated population, and the fewer the presence of high-income
population.

On the other hand, the areaswhere the local-coefficient forEPC ranking is reversed
have: relatively new dwellings, depicting the largest average price, with state-of-the-
art qualities and facilities, located next to the sea and decidedly populated by the
wealthy population. It seems, therefore, that in this coastal submarket the energy
performance in buildings is not the main priority for households, producing, in that
way, an erratic outcome. At the same time, the larger impact of EPC rakings is located
in areas of poor-quality housing inhabited by low income population. In such areas,
oriented towards tourism, the proximity to sea, and amenities such as swimming
pool, are the main drivers of prices irrespectively the energy efficiency of housing.
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5 Conclusions

Several hedonic pricing studies have explored the impacts of mandatory EPC labels
on dwellings’ price among the European Union (EU). However, the majority of
them investigates areas with temperate oceanic climate (Bio Intelligence Service
et al. 2013; Brounen and Kok 2011; Fuerst et al. 2015; Hyland et al. 2013), while in
Mediterranean climates the evidence on EPC market premiums for efficient hous-
ing is scarcer. In Spain the seminal evidence reported by De Ayala et al. (2016)
and Marmolejo-Duarte (2016) shows a very small impact of EPC ranking on sell-
ing prices. Nonetheless, the reactivation of the national real estate market, after the
2007–2015 crisis, and mainly the impressive increase in the price of utilities claims
for revisiting such conclusions. This paper helps to fill that gap by studying the recent
hedonic agenda of EPC rankings in Barcelona, one of the largest urban agglomer-
ations in the EU. In doing so, listing information of selling apartments is analyzed
using a hedonic approach. The results of the OLS model suggest that each EPC rank
increases 1.7% the selling price of apartments; that’s almost the double in relation to
previous findings (Marmolejo-Duarte 2016). Thus, the first conclusion of the study
reported here is the increase in importance of EPC ranking in a relatively short
period of time. However, compared to results of other climatic zones, the G-A class
improvement is still modest: as said, in Barcelona price increase is 10.2%, whereas
in Ireland it is 19.9%, in the Netherlands is 15% and in England 12% as reported in
Table 1.

Barcelona

Sitges

Terrassa
Sabadell Maresme Coast

Legend

Highway

Energetic Premium Group

Group_1

Group_2

Group_3

Group_4
0 10 20 30 405

Kilometers

Fig. 5 Distribution of EPC significant local-coefficients from GWR
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Group 1 2 3 4

N 138 472 470 470

Average B EPC rank local coefficient -0.05 0.03 0.04 0.05

Mean Mean Mean Mean F Sig.

Price (Euro) 353,264 205,647 163,012 153,626

Unitary price (Euro/Sq. m) 3,809 2,401 1,914 1,843 170.6 0.000

Area sq. m 95.91 83.85 85.96 84.92 7.2 0.000

Num. baths 1.67 1.32 1.32 1.25 23.4 0.000

Condo swimming pool (%) 34% 6% 13% 7% 35.2 0.000

Lift (%) 0.67 0.69 0.7 0.69 0.2 0.918

High quality of kitchen (%) 38% 29% 35% 28% 3.4 0.017

Air cond. (%) 0.46 0.43 0.42 0.37 1.9 0.136

Heating (%) 90% 59% 67% 72% 17.4 0.000

Chimeney (%) 0.06 0.02 0.04 0.04 1.5 0.200

Recently refurbished (%) 15% 24% 19% 16% 3.6 0.012

High quality 0.04 0.02 0.03 0.02 0.9 0.440

EPC rank (A=7, G=1) 2.36 3.13 2.83 2.72 14.8 0.000

A,B,C EPC Rank (%) 12% 21% 18% 11% 5.8 0.001

Large terrace (%) 24% 10% 11% 10% 7.9 0.000

Construction year 1983 1973 1978 1974 10.7 0.000

Built before 1981 (%) 50% 73% 63% 71% 11.3 0.000

Built between 1981 and 2007 (%) 43% 15% 26% 21% 16.9 0.000

Built after 2007 (%) 7% 12% 12% 7% 2.6 0.049

Near to sea 200m 25% 3% 1% 3% 53.9 0.000

Highway access 99% 92% 79% 87% 19.9 0.000

Near train station 62% 62% 47% 40% 19.4 0.000

Distance highway (km) 0.80 2.18 1.93 1.87 28.0 0.000

Distance to subcentre (km) 6.84 5.24 4.46 3.35 73.5 0.000

Distance to CBD (km) 33.35 12.63 22.31 23.09 143.0 0.000

Noise annoyance (%) 37.94 41.90 37.54 33.54 53.9 0.000

Employment density (jobs/sq km) 178 4143 2417 2208 90.2 0.000

University pop (%) 0.24 0.13 0.11 0.12 146.3 0.000

High income PC 1.58 0.14 -0.18 -0.05 147.6 0.000

Medium income PC 0.23 0.55 0.33 0.50 87.9 0.000

Med low income PC -0.40 0.11 -0.05 -0.31 35.6 0.000

ANOVA TEST

Architectonic attributes (AS)

Environment & Accesibility attributes (EA)

Socioeconomic attributes (S)

Fig. 6 Statistical description for 4 groups
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In general, the reviewed studies have found the impact of EPC ranking to be larger
in the selling market in relation to the leasing one, and larger in cheap, small and
rural located houses, perhaps because such dwellings are targeted to people with
family budgets more sensitive to energy savings. Nonetheless, none EPC study has
researched the spatial implications of energy efficiency marginal price. An exception
is the work of Chegut et al. (2014) that reports a “gentrification” (sic) process for the
London office market. According to these authors, in such scenario a new BREEAM
certified building exhibits a marginal market premium lower than the previous cer-
tified neighboring office building, implying in that way a spatial competence. In
Barcelona, Marmolejo-Duarte (2016) also reports that EPC ranking only becomes
statistically significant when location control variables are introduced into models,
suggesting a kind of spatial dependence that must be extensively explored. For that
reason, the second objective of this research is to explore whether EPC ranking
agenda is stationary across the city. In order to investigate such item, a geographical
weighted regressionmodel has been implemented. For the sake of simplicity, the pro-
cess has consisted in regressing the residuals of OLS hedonic model in which EPC
ranking has not been introduced. The results, refrained by Monte Carlo Test, suggest
that EPC ranking coefficients are not the same across the metropolis of Barcelona.
On the contrary, there are deep variations: as a matter of fact, in a selected pocket
of the metropolis the sign of the local-coefficients is reversed. Looking closer this
erratic “residential submarket”, it can be noticed that it is formed by state-of-the-art,
relatively new coastal group of dwellings (including the “exclusive” Sitges area),
located precisely in a zone inhabited by wealthy population. So, what is clear is that,
in this area, energy efficiency is not a priority in relation to other residential and
locational attributes (for example in Sitges, dwellings facing the extremely expen-
sive waterfront were constructed when compliance with isolation requirements was
scarce), making the coefficient for local EPC ranking appear as erratic.

The deeper analysis of local EPC ranking coefficient undercovers more serious
menaces coming from the price formation in relation to energy efficiency. It seems
there is a clear correlation between the importance of EPC rank on price formation
to the quality, location and socioeconomic conditions. The larger the impact of EPC
ranking on property prices, the lower the quality, less central and less wealthy the
neighborhood where dwellings are located. It is to say, the areas depicting the worst
of the architectonic conditions of apartments inhabited by the lesswealthy population
are those where EPC rankings have a larger impact on housing prices. This finding
has enormous implications for public policy from the social cohesion perspective,
since precisely low-income areas are inhabited by less educated population with
large barriers to find economic resources leading to housing retrofit. So, a pretty well
intended environmental policy, such as energy labels coming from the EPBD might
have negative unexpected social consequences. By increasing the negative impact of
low energy efficiency, an important brown discount appears, undervaluing the main
asset of poor population. There are some possible explanations for this finding. On
the one hand, there is the fact that low quality energy efficiency conditions imply a
larger impact of low-income family budgets coming from energy bills. On the other
hand, we see the fact that in low quality market segments most of the amenities
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and facilities such as lift, air conditioning & heating systems, large terraces or even
swimming pool are absent. Therefore, in absence of quality differentiating attributes,
EPC energy ranking may play an incorrect quality differencing role (Marmolejo-
Duarte and Chen 2019a). For that reason, it is necessary to review the strategies
regarding the communication strategy of the EPC scheme, aswell as, the implications
of efficient homes over household’s budgets and the environment.Aswell to construct
robust indicators of architectonic quality in order to better isolate the impact of energy
efficiency on housing prices.
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An Analysis of the Energy Efficiency
Impacts on the Residential Property
Prices in the City of Bari (Italy)

Pierluigi Morano, Paolo Rosato, Francesco Tajani and Felicia Di Liddo

Abstract With reference to the current topic of the energy efficiency of residential
properties, the aim of this research is to analyze the contribution of the energy perfor-
mance component on the housing prices. The study has been carried out on a sample
of two hundred residential properties recently sold and located in the city of Bari
(Italy). In addition to the characteristics of energy performance, the main influencing
factors considered by buyers and sellers in the transactions have been detected. For
this purpose, a data-driven technique has been implemented, that employs a genetic
algorithm to identify the best functional expressions. The outputs obtained highlight
an appreciable influence of the energy factors on the housing prices. The results
could be a useful support for both the private and public actors operating in the field
of residential property management.
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1 Introduction

The topic of the energy efficiency of buildings plays an increasingly important role
in the international policies in order to contain the energy consumption of buildings
and, in general, to reduce the impact of CO2 emissions and greenhouse gases in the
environment.

In Italy, the energy efficiency goal has been specified by the Legislative Decree
No. 102 promulgated in 2014, that provides for a program to improve the energy
performance of buildings aimed at saving 20 Mtoe/year of primary energy and
15.5 Mtoe/year of total energy by 2020 (Italian Ministry of Economic Development
2017).

The construction sector represents the main focus of the energy issue: in fact, it
consumes about 40% of the EU’s final primary gross energy and about 75% of the
present buildings are inefficient. This is the main input from which the need for a
decisive action of energy retrofit is developed, aimed at accelerating the renovation
of the buildings in order to make them more attractive to consumers. The benefits
resulting from these operations are both environmental and economic, contributing
to the growth of the construction sector that alone accounts for about 9% of the EU’s
Gross Domestic Product (ENEA 2017).

Currently there are several tools for monitoring and promoting energy efficiency
in the countries of the European Union. Through the Directive 2012/27/EU (2012), a
series of measures for energy containment and, in general, for a more conscious use
of energy sources, has been defined, aimed at achieving 20% improvement in energy
retrofit by 2020 across the European Union. The installation of heat and energy
consumption counters in every property units located in buildings with centralized
heating system has become mandatory since December 31, 2016.

In recent decades, also in Italy the energypolicies (ItalianLegislativeDecree 2005;
Italian Law 2016; Italian Law Decree 2013) have been characterized by a positive
and significant change: new regulatory instruments have been introduced and new
technical and fiscal measures have been implemented. Among these, the 65% tax
deductions for expenses incurred by December 31, 2017 for the implementation of
energy efficiency actions have been an important incentive for the optimization of
renewable energy resources. The current Italian regulation for energy efficiency in the
households (ItalianMinistry ofEconomicDevelopment 2015) targets specific actions
to be eligible for tax deduction: (i) the decrease in energy requirements for heating,
(ii) the interventions aimed at improving the thermal insulation of buildings (e.g.
through the replacement of the window frames), (iii) the installation of thermal solar
panels, (iv) the substitution of winter air conditioning systems through condensation
boilers and heat pumps.

The overall potential savings on a national scale that can be achieved by adopt-
ing specific technical criteria on new or refurbished buildings, have been estimated
equal to 5.0 Mtoe/year in the period 2021–2030, respect to the maximum value
of 9.0 Mtoe/year that could be reached, subdivided between 3.5 Mtoe/year for the
residential sector and 1.5Mtoe/year for the office sector (Federici andMartini 2017).
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In recent years, in the European and international context, the strategies aimed at
increasing the energy efficiency of existing and new buildings highlight and demon-
strate the importance and the relevance of the issue under analysis (Berto et al. 2018;
Del Giudice and De Paola 2018; Khan et al. 2018). However, the studies on the
impacts of the building energy performance on the Italian real estate market are still
in the early stages (Fregonara et al. 2017; Manganelli et al. 2019), and the research
developed mainly focuses on the economic and financial conveniences of the retrofit
investments rather than on the relationship between the energy efficiency and the
market value (Copiello and Gabrielli 2017; Morano et al. 2017). Actually, the topic
of the buildings energy efficiency is still quite recent in Europe and mainly in Italy:
it is only with the Directive 2002/91/EC that the European Community has promul-
gated the guidelines for the buildings energy performance calculation, by introducing
the mandatory Energy Performance Certification (EPC) in the construction, sale and
lease phases of a property; furthermore, people awareness about the energetic issue
and the respective response of the market seem to be quite new. Indeed, the market
transactions between the buyers and the sellers of residential properties highlight
different behaviors as regards the energetic issue, which depend on both the “sen-
sitization” actions promoted by the local Public Administrations and the social and
economic conditions of the specific territorial contexts.

At international level, the analysis of the effects of the energy performance of res-
idential properties on selling prices has already been studied by several researchers
(Waters and Elder 2007). In recent years, in fact, there has been an increasing spec-
ulation on the linkages between the selling prices and the energetic component of
buildings. Although, generally, professionals and academics perceive a positive rela-
tionship between property prices and energy performance, there is still a lack of solid
andbalanced evidence to support thefinancial conveniences that can be obtained from
high energetic characteristics in the residential sector.

Over the past 30 years, the several studies that have focused on examining the
housing market in the residential sector have simultaneously explored the nature of
the relationship between the energy efficiency and the property value (Dinan and
Miranowski 1989; Halvorsen and Pollakowski 1981; Johnson and Kaserman 1983;
Laquatra 1986; Quigley and Rubinfeld 1989). Frequently, researchers have shown
that there is a direct relationship between the energy efficiency and the housing
prices, mainly due to the high attention for the energy retrofit in buildings during
the last decade, which has led to a renewed interest in measuring the contribution of
the energy component in real estate markets. Brounen and Kok (2011) have carried
out the first empirical research on a large scale, studying the correlations between
the energy labels and the housing prices in the Netherlands. The results obtained
have demonstrated that the energy efficiency has a positive influence on the property
selling prices. Similar results were obtained by Högberg (2013) that has valued
the impact of energy performance on residential property selling prices in Sweden:
through a hedonic process, the research has confirmed the expected outputs of a
positive influence of the energy performance improvements on the selling prices.

However, recent studies have led to opposite results, by showing an inverse corre-
lation between the energy components and the housing prices. Fuerst andMcAllister
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(2011), with reference to the UK context and implementing a hedonic regression
method on a study sample, have not found any significant functional links between
the property energy performance and the respective housing prices and/or rents.
Other studies have shown similar outputs (Murphy 2014; Zalejska-Jonsson 2014),
highlighting a lack of awareness of the positive effects in terms of economic savings
generated by property energetic improvements and the use of innovative technologies
for the achievement of high levels of energy efficiency.

2 Aim

The topic of the present paper concerns the framework outlined. Regarding the res-
idential property segment of an Italian city, the aim of the research is to examine
the contribution of the property energy performance on the housing selling prices.
The results obtained may be a reference for the various public and private actors
operating in the territory: (i) for investors (real estate funds, pension funds, etc.), for
construction companies and for individuals owners of properties, that could check
ex ante the advantages—in terms of market value increases against the necessary
refurbishment costs—related to the energy efficiency interventions that determine
higher energy labels of the properties; (ii) for credit institutions, that will be able to
ascertain to what extent the loan granted for energy retrofit actions is compensated by
the increase in the property market values; (iii) for the Public Administrations, that
could verify the sensitivity of the local contexts towards the energy saving issues and,
consequently, better calibrate the incentive policies and the quality and the intensity
of communication (Guarini 2016; Morano et al. 2014; Calabrò et al. 2019). Further-
more, even if the present research focuses on residential private properties, the issue
of the energy efficiency impacts on the property values is extremely important also
for public buildings.

The correlations between the property prices and the main intrinsic and extrinsic
variables considered by the buyers and the sellers in the negotiation phases (e.g. total
surface, presenceof the parking, presenceof the lift, distance from thenearest subway,
distance from the nearest highway, etc.) have been explained through an econometric
analysis. For this purpose, an innovative Automated ValuationMethodology (AVM),
called Evolutionary Polynomial Regression, has been implemented, that uses multi-
objective genetic algorithms to search those model expressions that simultaneously
maximize the accuracy of the data and the parsimony of the final mathematical
functions. The analysis has carried out in the context of the city ofBari, that is themain
city of the Apulia region (Southern Italy). The study sample consists of two hundred
residential units sold in the two-year period 2016–2017 throughout the municipal
territory. In recent years, the city of Bari has been affected by a growing focus on
energy policies, with particular regard to the problem of energy savings by adopting a
Sustainable Energy Plan and implementing the European project “Smart Cities” (Di
Turi and Stefanizzi 2015), in which the requests for energy efficient renovations of
domestic buildings in order to reduce energy bills, to improve social status (Pettifor
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et al. 2015) and thermal comfort, or to increase property values (Jacob 2006) are
broadly accepted. From the climatic point of view, the city of Bari is characterized
by a temperate and windy climate, with temperatures that during the winter seasons
oscillate between +5.3 and +12.6 °C and in the summer periods range between +
18.5 and +27.5 °C, and by the presence of east and mistral winds for most of the
year. For this city, as for most cities in Southern Italy, the energy efficiency especially
concerns the phenomenon of the summer cooling than the winter heating.

The paper is structured as follows. In Sect. 3, the case study and the variables con-
sidered in the model have been illustrated. In Sect. 4, the implemented methodology
has been explained. In Sect. 5, the application of the AVM to the case study has been
described and the main results obtained in terms of specific statistic performances
and empirical reliability of the functional relationships have been outlined and the
results have been interpreted. Finally, in Sect. 6, the conclusions of the work have
been discussed.

3 Case Study

The case study concerns a sample of two hundred residential properties located in
the city of Bari (Southern Italy) and sold in the two-year period 2016–2017. For
each residential unit of the selected sample, the main factors that contribute to the
formation of the selling prices in themarket segment considered, have been identified.
These are the characteristics that, according to the experience of appraisers and real
estate agents consulted, are the most influent determinants on the residential selling
prices. Therefore,with the support of the estate agents operating in the city ofBari, for
each property of the sample, the explanatory variables considered are the following:

• the unit selling price, expressed in e/m2, that represents the dependent variable
of the model [P];

• the total surface of the property, expressed in square meters of gross floor area of
the property [S];

• the number of the bathrooms in the property [B];
• the floor on which the property is located [F];
• the presence of the lift [L]. In the model this variable is considered as a dummy
variable, in particular the absence of the service is indicated with the value “zero”,
whereas the presence is represented by the value “one”;

• the presence of the parking [C]. In themodel this variable is interpreted as a dummy
variable, in particular the value “zero” indicates the absence of the parking space,
whereas the value “one” denotes its presence;

• the quality of the maintenance condition of the apartment, taken as a qualitative
variable and differentiated, through a synthetic evaluation, by the categories “to
be restructured” [Mp], “good” [Mg] and “excellent” [Me]. Following the logic
of the dummy variables, the score “one” is assigned to the category that defines
the specific quality of each property, and the score “zero” for the remaining two
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categories (Hardy 1993). In particular, the “to be restructured” state refers to prop-
erties that require significant refurbishment interventions, due to the fact that the
functionality of the property is compromised by the inappropriate conditions of the
elements that compose it; the “good” state indicates properties whosemaintenance
conditions are acceptable and whose functions can be conducted without heavy
interventions. Finally, the “excellent” state refers to buildings characterized by
construction and aesthetic high quality, possibly affected by recent redevelopment
and renovation initiatives;

• the EPC label [E], expressed, according with the current regulations, through
the denominations from A4 (the highest level) to G (the lowest level). In the
present research, the EPC labels from A4 to A are gather into a single explanatory
variable (EA). Therefore, the variables considered are specified by the following
abbreviations, which recall the label they belong to: EA, EB, EC, ED, EE, EF, EG.
Each parameter is interpreted as a dummy variable, assigning a score equal to
“one” to the EPC label of the property and, consequently, the score equal to “zero”
to all the others;

• the age of the building in which the residential unit is located [Y ]. This variable is
calculated as the difference between the year when the property was sold and the
year of construction of the building;

• the distance from the nearest highway, expressed in kilometers it takes to get there
by car [T ];

• the distance from the nearest subway, expressed in kilometers it takes to walk to
it [W ];

• the municipal trade area in which the property is located, considering the geo-
graphical distribution developed by the Italian Revenue Agency, because of the
different location characteristics that contribute to the formation of the selling
prices. In particular, five trade areas are defined by the Italian Revenue Agency:
“central”, “semi-central”, “peripheral”, “suburban” and “rural”.With regard to the
city of Bari, the Italian Revenue Agency considers four trade areas: “central” [Uc],
“semi-central” [Usc], “peripheral” [Up], “suburban” [Usb]. For each property, the
score “one” is assigned if the property belong to the specific trade area, whereas
the score “zero” is reported for all the remaining locational factors.

4 The Method

Themethod implemented is theEvolutionary Polynomial Regression. This technique
uses a simple genetic algorithm engine, in order to combine numerical and sym-
bolic regression methods using polynomial structures (Giustolisi and Savic 2009).
The method is a versatile symbolic regression tool based on experimental data. The
generic expression is given as Eq. (1) shows:
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Y = a0 +
n∑

i=1

[
ai · (X1)

(i,1) · . . . · (Xj
)(i,j) · f

(
(X1)

(i,j+1) · . . . · (Xj
)(i,2j)

)]
(1)

where n is the number of additive terms, ai are numerical parameters to be valued, Xi
are candidate explanatory variables, (i, l)—with l = (1, …, 2j)—is the exponent of the
l-th input within the i-th term in Eq. (1), f is a function constructed by the process.
The exponents (i, l) are also selected by the user from a set of candidate values (real
numbers). The structure of f is set by the user, according to any physical insight.
The number and the complexity of the solutions that the methodology will generate
depend on the maximum number of terms allowed and on the possible exponents
that the user defines in the preliminary phase.

The central idea of the methodology is to search the best form of the function,
that is a combination of independent variable vectors (the chosen variables, model
inputs), by performing a regressionwith the Least Squaresmethod to obtain the value
of the coefficients of each variable.

The accuracy of each equation returned is checked through the Coefficient of
Determination (COD), defined in Eq. (2):

COD = 1− N − 1

N
·

∑
N (yestimated − ydet ected )

2

∑
N (ydet ected − mean(ydet ected ))

2 (2)

where yestimated are the values of the dependent variable estimated by themethodology,
ydetected are the collected values of the dependent variable, N is the sample size in
analysis. The model performance is higher when the COD is close to the unit value.

Another potentiality of the proposed methodology is the ability to simultaneously
pursue different objective functions. In this sense, it is possible to define an optimal
Pareto frontier of the prefixed objectives, usually conflictual, such as (i) the maxi-
mization of the model accuracy, through the satisfaction of the appropriate statistical
criteria of verification of the equation; (ii) the maximization of the model’s parsi-
mony, through the minimization of the number of terms (ai) of the equation; (iii) the
reduction of the complexity of the model, through the minimization of the number
of the explanatory variables (Xi) of the final equation. In this way, a range of models
is offered to the operator, among which it is possible to choose the most appropri-
ate solution according to the specific needs, the knowledge of the phenomenon in
analysis and the type of experimental data used.

5 Application of the Model

5.1 Equations

Themethodology is implemented considering the structure of the basic model identi-
fied in Eq. (1), without the f function selected. Each term of the algebraic expression



80 P. Morano et al.

is assumed as a combination of the inputs, coincident with the explanatory variables
raised to the proper numerical exponents. In particular, in order to obtain a wide
range of solutions, the possible exponents are in total eleven, with the maximum
reachable value equal to “3” and the minimum value equal to “−3” (−3, −2, −1.5,
−1, −0.5, 0, 0.5, 1, 1.5, 2, 3).

In accordance with the mathematical formulations generally found in current
literature (Cassel and Mendelsohn 1985) the log-linear model has been used.

The implementation of the methodology has generated eleven models, reported in
Table 1, that show different direct and inverse relationships between the dependent
variable of the model (selling prices) and the independent explanatory variables cho-
sen. Each of the models is characterized by a different number of additive terms and
consequently by a different number of variables and, moreover, by a different level of
accuracy in terms of COD. In particular, the models identified progressively present
a growing number of terms and independent variables, sometimes also combined
with others in the same term or repeated several times in the expression.

Although it involves a complication in terms of reading and interpretation of the
phenomenon, this circumstance is compensated by a gradually increasing degree of
precision. The COD relating to the models obtained, in fact, grows from a minimum
value of 42.25%, obtained for model (1), up to a maximum value of 71.38% cor-
responding to the model (10). The performance indicators show on average a high
statistical reliability of the models obtained.

It should be observed that an increase in the precision in the explanation of the
observed prices (i.e. in terms of the growth of COD) does not correspond to an
excessive increase in the complication of the functional relations. For this reason, in
this circumstance, it is considered appropriate to focus on the last equation—model
(10)—characterized by additive terms of simple interpretation and a COD equal
to 71.38%. The root mean squared error (RMSE) is equal to 3.426% for the model
chosen. The mean absolute percentage errors (MAPE), that is the average percentage
error between the prices of the original sample and the values estimated, is equal to
3.589%. The maximum absolute percentage errors (MaxAPE), that is the maximum
percentage error between the prices of the original sample and the values estimated
by the model, is 14.052%.

Analyzing the model (10), the variables selected by the methodology as the most
influential in the explanation of the housing selling prices in the city of Bari are the
following: the lowest EPC label (EG), the highest EPC label (EA), the “excellent”
maintenance conditions (Me), the presence of the lift (L), the total surface of the
property (S), the distance from the nearest subway (W ), the “to be restructured”
maintenance conditions (Mp), the location of the property in a suburban trade area
(Usb). With reference to the energetic influencing factors and to the maintenance
conditions of the properties, the model considers that the “extreme” conditions of
these variables (EA and EG,Me andMp) mainly contribute on the housing prices for-
mation. Therefore, the housing prices of the chosen sample are significantly affected
by the extreme values for the energetic variable, and are characterized by an almost
“indifferent” appreciation for the intermediate EPC labels. It should be also noted
that the model does not consider significant the variable “floor” on which the prop-
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erty is located (F), even if, in empirical terms, it is well known that the residential
units placed on the highest floors—particularly those on the top floor—are generally
more affected by the action of the cold in winter and the heat in summer.

The mathematical expression of the model (10) allows to immediately verify
the empirical consistence of the signs of some explanatory variable coefficients. In
particular, themodel highlights the inverse correlation between the unit selling prices
and the EPC-G label (EG), whereas it outlines the direct proportionality between the
unit housing prices andEPC-A label (EA) and the “excellent”maintenance conditions
(Me). The other variables are combined with each other, so the interpretation of the
functional relationships requires a more accurate analysis.

5.2 Empirical Analysis of the Functional Links in the Model

In order to quantitatively specify the contribution of each independent variable
selected by the model (10) in Table 1 in the formation of the selling prices, an
exogenous simplified approach has employed that, instead of determining the par-
tial derivative of the dependent variable with respect to the i-th variable, provides
for the variation of the i-th variable studied in the variation interval in the observed
sample, keeping constant the values of the other variables. In Fig. 1 the functional
relationships obtained are represented.

The results obtained lead to interesting considerations.
First of all, the “extreme” EPC labels (EG and EA) have a significant influence

on the housing selling prices, equal to −26.44% for the EPC-G label and +27.94%
for the EPC-A label. In the case of the “excellent” maintenance conditions (Me) the
percentage of increase in housing prices is equal to +25.36%. Graph IV in Fig. 1
shows a direct relationship between the variable “presence of the lift” (L) and the
property prices: in particular, the increase in prices recorded following the presence
of the lift is equal to +16.61%. The functional relationship shown in the graph V of
Fig. 1 confirms the empirical evidence of a decrease in housing prices at a higher
distance from the nearest subway (W ): by analyzing the marginal changes in selling
prices according with variations of W in the range of values allowed in the study
sample—from 0 to 12 km—an important contribution of the variable is observed if
the apartments are located near the subway, whereas the furthest residential units are
progressively less influenced by this variable. These considerations are summarized
in Table 2: it is clear that up to a 1 km distance from the nearest subway, the weight
of the variable W on the property prices is over 20%, whereas for higher distances
there is a contribution lower than 10%.

As regards the impact of the two dummy variables Usb (location of the property
in a suburban trade area) andMp (the “to be restructured” maintenance conditions),
as the model returns functional relationships that provide the significance of their
contribution on housing prices when the two variables are present at the same time, it
is only possible to analyze their “combined” incidence, i.e. both variables are equal
to a unit value—the property characterized by a “to be restructured” maintenance
conditions and, simultaneously, located in a suburban trade area. In this circumstance,
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Fig. 1 Evolutionary trend of the variations of the unit housing prices (e/m2) according to the
variables of the model
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Table 2 Marginal variations
in selling prices related to the
variable distance from the
nearest subway

W (km) � Unit selling prices [%]

0–1 −21.36

1–2 −9.48

2–3 −7.35

3–4 −6.24

4–5 −5.52

5–6 −5.00

6–7 −4.61

7–8 −4.30

8–9 −4.04

9–10 −3.82

10–11 −3.64

11–12 −3.48

an inverse correlation between the housing prices and the two independent variables
considered is highlighted: in particular, the unit selling prices decrease by 57.68%.

Finally, with regard to the total surface of the property (S), the model selects
this characteristic among those able to explain the phenomena of the property prices
formation, but in combination with other factors: in particular, it is combined, in an
additive term (fifth of the second member’s addendum), with the variables presence
of the lift (L) and distance from the nearest subway (W ), and, in another additive
term (sixth of the secondmember’s addendum), with the “to be restructured” mainte-
nance conditions (Mp) and the location of the property in a suburban trade area (Usb).
Graphs VII and VIII in Fig. 1 describe two different situations. The first (Graph VII)
in which the dummy variables that are combined with the surface (L, Mp and Usb)
are characterized by a value equal to “one”, and the second (Graph VIII) in which
Mp/Usb (or both) is equal to “zero” and the presence of the lift is verified (L= 1). The
results obtained from these two analyzes confirm the empirically expected phenom-
ena: in both cases, the functional relationship between the unit selling prices and the
total surface is inverse, but the weight of the size of the apartment is more important
in the circumstances characterized by a “depressed” market demand, i.e. affected
by properties located in a suburban trade area (Usb) and with “to be restructured”
maintenance conditions (Mp). In these situations, if the unit selling price decreases
are on average equal to−25%—for 20m2 amplitude classes—up to properties with a
total surface equal to 120 m2, for larger surfaces the unit prices “collapse”, highlight-
ing an absence of the sale market for these types of residential properties (Table 3).
On the other hand, the contribution of the characteristic total surface to the housing
prices is lower when the presence of “to be restructured” maintenance conditions
(Mp) and the location of the property in a suburban trade area (Usb) are not verified:
in this contingence, the contribution of the total surface is on average equal to −3%
(Table 4).
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Table 3 Variations in selling
prices related to the variable
total surface

S (m2) � Unit selling prices [%]

20–40 −16.54

40–60 −20.81

60–80 −25.49

80–100 −30.12

100–120 −34.58

120–140 −38.82

140–160 −42.81

160–180 −46.58

180–200 −50.11

200–220 −53.41

220–240 −56.51

240–260 −59.41

260–280 −62.12

280–300 −64.65

300–320 −67.02

320–340 −69.23

340–360 −71.29

360–380 −73.22

380–400 −75.01

6 Conclusions

As regards the context of the city of Bari (Southern Italy), the present research
aims to analyze the possible contribution of the energy performance component
on the housing selling prices. The study has been carried out on a sample of two
hundred residential properties sold in the period 2016–2017, for which, in addition
to the characteristics of energy performance, the main influencing factors that in the
reference market segment are involved in the selling phenomena have been detected.

The implementation of a data-driven technique has allowed to select a model
characterized by a good statistical reliability and, at the same time, by a discrete
simplicity in the empirical interpretation of the functional relationships between the
housing prices and the explanatory variables. The model obtained has shown that
the highest (EA) and the lowest (EG) energy performance label identify the main
contributions on the housing prices for the sample considered. In particular, the
“extreme” EPC labels have a significant influence on the housing selling prices, by
determining a variation (respectively negative for EPC-G and positive for EPC-A)
equal to approximately 27.00%. This phenomenon could be explained due to the
fact that the highest energy performance usually characterizes new properties or
apartments affected by recent renovations, i.e. residential units that present excellent
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Table 4 Variations in selling
prices related to the variable
total surface

S (m2) � Unit selling prices [%]

20–40 −7.30

40–60 −5.65

60–80 −4.78

80–100 −4.23

100–120 −3.83

120–140 −3.53

140–160 −3.29

160–180 −3.09

180–200 −2.92

200–220 −2.78

220–240 −2.66

240–260 −2.55

260–280 −2.46

280–300 −2.37

300–320 −2.30

320–340 −2.23

340–360 −2.16

360–380 −2.10

380–400 −2.05

maintenance conditions. On the other hand, the lowest energy performance level
(EPC-G) pertains to properties characterized by “to be restructured” maintenance
conditions and/or by obsolete technological elements.

It is not by chance that the poor conservative state is characterized by a significant
weight, although the variable “to be restructured” maintenance conditions influences
the selling prices only when it is combined with the location of the property in a
suburban trade area, denoting the effective identification, through themodel selected,
of a high complementarity between these two characteristics.

Although the results obtained refer to the context of the city of Bari, the work is
part of the research topic inherent the energy issue in progress and, togetherwith other
studies completed and presented in the reference literature, can be a useful reference
tool for future insights of the impacts of the energy component in the process of the
housing selling prices formation.

Finally, it should be noted that for the city of Bari, which is located in Southern
Italy, the energy efficiency concerns more the phenomenon of the cooling in summer
than the heating in winter. In this sense, it may be interesting to propose a comparison
between the results obtained for the city of Bari and the outputs related to a study
sample located in a city in Northern Italy, eventually in a geographical context more
dynamic from the social and economic point of view.
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Economic Feasibility and Environmental
Sustainability for the Refurbishment
of the Early 20th Century Buildings
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Abstract This paper aims to examine the theme of energy retrofit within the cir-
cumscribed field of refurbishment interventions on load-bearing masonry buildings
built in the early 20th century. These include a remarkable share of the fabric of
many European cities and, in particular, they can be found in geographical areas
characterized by a Mediterranean (mild) climate. The main objective is to increase
the climate resilience of the buildings by verifying the economic feasibility and the
environmental sustainability of the interventions, and moreover by observing the
specific architectural features of the buildings. We put forward alternative retrofit
solutions carrying out synoptic comparisons of several technological solutions and
types ofmaterials, assisted by the use of digital tools such as BIM. In order to increase
the environmental compatibility of the intervention, this article carries out a closer
examination of the comparison between the employment of nanostructured, conven-
tional—of synthetic origin- and natural materials. The selection of the best inter-
vention solution required the elaboration of an iterative flexible integrated process
of assessment of energy, technological, economic, environmental and architectural
aspects. The methodology we propose here is applied to the case study of Palazzo
Utveggio (Palermo, Italy).
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1 Introduction

Existing building heritage may be divided into two main categories: energivorous
buildings erected between the 1960s and 1990s and passive buildings, abounding in
bioclimatic solutions, which were built until the appearance of the Modern Move-
ment.

Energy retrofit interventions on existing buildings must therefore consider a great
variety of technological, structural, architectural and energy characteristics and must
weigh up differentiated types of interventions.

When it is the case of buildings of particular architectural value, and with refined
construction features, it is necessary to enhance their passive building characteristics
by analyzing and restoring all the devices and expedients used in the construction as
a defence from hot and cold weather before implementing any technical solutions of
intervention. Besides, it is necessary to preserve and safeguard the specific features
and values that become morphologic-constructive constraints: these buildings need
specific care and a contextualized method of design approach for the intervention.
This approach refers to the debate on the forms of preservation of historical buildings
which may be regarded as acceptable and is opposite to the Façadism, according to
which only the façade is retained (Richards 1994). However in Italy, the Façadism
is not adoptable for buildings of such high cultural value. Traditional buildings are
connoted by an intrinsic resilience ab origine, which can certainly be increased both
in the structural dimension and in the energy aspect; this is often somewhat affected
by posthumous interventions of doubtful quality and lacking awareness.

Of course, the choice of the solutions implies the selection of materials from the
quite broad market offer and becomes an instrument for the achievement of living
comfort and environmental sustainability of the interventions.

The operative implementation of energy retrofits is conditioned by economic
feasibility that can be achieved through the Discounted Cash FlowAnalysis (DCFA),
the outcome of which depends significantly on the market prices of the chosen
materials and on the energy price trend. In particular, the use of innovative materials,
which have not yet reached a full industrial maturity, can be penalized by very high
prices and by the non-inclusion in the DCFA of all positive externalities such as,
improvement of the comfort degree, reduction of greenhouse gas emissions, low
ecological footprint, use of secondary raw materials.

Many European countries use several financial instruments of environmental pol-
icy for partially compensating private costs in exchange for social benefits and for
leveraging investments in energy retrofit of buildings (iNSPiRe 2014), such as:

• provision of incentives to owners of real estate subjected to energy retrofit, e.g.
‘Conto termico’ in Italy, incentives for passive houses in Austria, Residential
Energy Efficiency Credit Line REECL in Bulgaria, Green Deal in Great Britain;

• financing of energy audit studies in Finland;
• granting of loans at subsidized interest rates, e.g. in Great Britain and Austria;
• tax breaks in France, Bulgaria and Italy.
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The assessment of energy retrofitting actions falls under the evaluation of com-
plexity, which is a challenge that the estimative discipline has to face when environ-
mental and territorial, architectural and historical goods are involved in a project. In
this context, financial and economic evaluations and multicriteria models play a key
role (Figueira et al. 2005; Napoli 2014, 2018; D’Alpaos and Bragolusi 2018) as they
may support the decision-making process at different levels, from a single retrofitting
action to a urban or territorial strategy (Beccali et al. 2017; Lombardi et al. 2017).
They may also elaborate different procedures depending on the retrofit type, such as
the construction of nZEB buildings (Barthelmes et al. 2016), or the retrofit of existent
residential buildings (Gagliano et al. 2017; Mangialardo and Micelli 2019; Verbeek
and Hans 2005), as well as of historical-architectural monuments (Fiore et al. 2016;
Nesticò and Pipolo 2015) or of public buildings (Napoli et al. 2017a). Furthermore,
evaluations can assume morphogenetic connotations (Napoli 2015) as they are able
to produce useful information (Napoli et al. 2017b) to modify the alternatives in
order to harmonize different project objectives, such as energy, environmental and
economic, and to reach the best possible solution.

This paper proposes a methodology that can be applied into the specific field
of energy retrofit interventions on buildings erected in the early 20th century. The
buildings, which constitute the fabric of a large number of districts in Italian and
European cities (Mibact 2015; EN 16883:2017), have a structure made of load-
bearing masonry or a mixed structure and we thought it appropriate to analyze them
in relation to their geographical location, characterized by the usually temperate
Mediterranean climate.

Themain objective is to increase the climatic resilience (Mamì 2012) of traditional
buildings, respecting their architectural characteristics so to grant a good degree of
comfort, even in conditions of heavily modified climate (mild winters, humid-hot
summers with always more frequent episodes of torrid heat and variable humidity);
at the same time we aim to verify the possibility to achieve economic and financial
expedience and environmental sustainability.

We propose and explore alternative retrofit solutions which, though included in a
wider project on the entire building, concern interventions on exterior walls (which
constitute a significant percentage of the enclosure), carrying out specific synoptic
comparisons between different types of materials (nanostructured, conventional—of
synthetic origin- and natural).

Furthermore, we have developed the analysis and enhancement of the building
original devices for passive heating and cooling, that is the thermoregulation, also
in the absence of heating and cooling systems, thanks to the relation with the atmo-
spheric agents (sun and wind in particular) (Franco et al. 2015, 2017). As a matter
of fact, the passive cooling of this type of buildings used to be obtained thanks to
the significant thickness of the walls, to devices of defence from direct sunrays and
to natural ventilation systems aimed to push away masses of hot air in the summer
season (Rodriguez-Linan et al. 2017).
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In order to verify the actual feasibility of the interventions in the current market
conditions, we carried out detailed price surveys so to determine the investment costs
and took into consideration the fiscal incentives provided by the Italian laws. The
methodology we have used is tested on a case study: Palazzo Utveggio (Palermo,
Italy), a building with highly valued architectural and artistic qualities.

2 The Proposed Method

The technological and architectural peculiarities of heritage buildings constructed in
the early 20th century, the attention to environmental compatibility of interventions
and the client’s economic feasibility constitute the elements upon which the method
proposed here is focused. This method was elaborated to support the planning of
several alternative energy retrofits employing different materials available on the
market and included a feedback practice.

Our method is composed of the following steps (Fig. 1):

• Documental and morphologic-constructive analysis;
• Clime and energy analysis;
• Laws and constraints analysis;
• Energy retrofit and alternative technological solutions;
• Energy balance and economic analysis;
• Energy efficiency and economic feasibility tests;
• Choice of the best alternative.

2.1 Documental and Morphologic-Constructive Analysis

A large number of the urban buildings erected in the early decades of the 20th century
has a high architectural quality and is the result of designs by architects and engineers
who were well known and active on the local territory and often also in the rest of the
country. It is appropriate to carry out a documental analysis of the archives which can
provide information on the original plans and the possible existing transformations.
Moreover, it is useful to acquire information on the contractors, on the—mostly
local—materials used and on the building techniques.

Following a specific geometric and building survey, possibly implemented with
interactive systems such as the Building Information Modelling, with dedicated
libraries families, it is necessary to analyze the typo-morphological aspects of the
building, the technological specificities and to identify the current performance that
the building offers undermultiple dimensions, such as structural, technological, ener-
getic, morphological and, if the case, artistic aspects.
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Fig. 1 Structure of the proposed method
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2.2 Clime and Energy Analysis

The climatic analysis, which includes wind and sun analyses, provides plenty of
specific data on the environmental and urban context in which the building is located.
In a systemic vision and aided by updated software, the contextual dynamics of
temperatures and winds, the sun diagram, the morphology of the blocks and the
single building allow to investigate the current energy performance of the building
and of its indoor environment, the thermic behaviour of single elements and of the
building system in relation to environmental factors over different seasons. This
is essential to determine discomfort conditions, the requirements of thermal input
and primary energy, and the need to implement new performances through retrofit
interventions in order to obtain greater energy efficiency and a better living quality.

2.3 Laws and Constraints Analysis

In order tomeet the requirements of environmental sustainability and energy savings,
the rules and regulations encourage an adjustment of the building leading to full
energy efficiency within the thresholds of presumable living comforts. In the case
of historical buildings, bound by specific legislative and non legislative dispositions,
the objective must necessarily be to ‘improve’ their energy performance, or rather
to define the best possible solution towards efficiency but always respecting and
safeguarding their valuable qualities and characteristics of cultural interest. It is
therefore necessary to identify the normative obligations that those who are going
to carry out an intervention on the buildings must respect; besides, it is necessary
to determine the formal, morphological and construction constraints singled out in
the building as they impose invariability, compatibility and integration (Pinto et al.
2017). The requirements connected to the users’ wellbeing and comfort as well as
energy savings requirements, though codified in normative dispositions, find their
limits in the acknowledged and physically intercepted values of the edifice, this is a
condition which imposes a revision of thresholds and objectives.

Such specificity makes it as indispensable as ever to develop an operative method
contemplating feedback practices in order to reconsider design objectives and inter-
vention solutions.

2.4 Energy Retrofit and Alternative Technological Solutions

The solutions for the increase of the energy performance of the building must be
refined starting from the performance analysis and the climatic analysis. As said
above, the priority is to enhance the original bioclimatic characteristics; the system
integration must follow all other priorities and it must involve the lowest possible
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energy consumption. Above all, for winter heating, the interventions on the enclosure
are of primary necessity (exterior walls, roofs, and possibly solid ground floors)
because of its role of interface with the outdoor environment. It is almost always
impossible to create an external wall ‘coating’ for the types of building which are the
subject of this study, because of the characteristic façades and plaster. Therefore, we
are left with the possibility to work in a careful and compatible way on the interior
surfaces by integrating several insulating sheathing boards and, as regards doors and
windows, especially on glass surfaces which can be replaced with double glazing.

The market offers a wide range of specific materials which can also be combined
together. At present we can choose highly innovative materials, such as nanostruc-
tured ones, conventional materials, natural and eco-compatible ones. In any case,
we can work on the number of layers, on the thickness and on the specificity of the
materials according to their thermal conductivity, density, and thermo-hygrometric
regulation ability, as well as to their durability and costs.

For summer cooling it is important to rely on the inertial masses of the walls, on
cross and stack ventilation for the circulation of air masses so that the hot air and
humidity can be more easily pushed away.

It is crucial to knowwell the building and the possible solutions in order to develop
consistent and compatible integrations which may grant the efficient functioning of
the whole building-system (exclusion of thermal bridges, unknown relations and
inconsistencies, incompatibility and reciprocal harmfulness of the solutions).

2.5 Energy Balance and Economic Feasibility

The economic feasibility of energy retrofitting alternatives is assessed by applying
the DCFA, that discounts the flow of annual revenues and costs. It has been chosen
because is able to verify whether the real estate owners reach the economic feasibility
also when numerous constraints are introduced in order to respect the architectural
characteristics of historical buildings. Another requirement is to verify how much
the use of innovative or eco-friendly materials can be competitive at market prices
in comparison to the common in use materials. The cost of the alternative, in fact,
is strongly influenced by the prices of the chosen materials and by the reduction in
energy consumption that is converted into monetary savings on the cost of bills.

Financial instruments provided for by lawmay support economic feasibility. Cur-
rently, the Italian “Conto Termico 2.0” (Ministerial Decree 16/02/2016) provides
incentives to public and private entities for energy retrofit of buildings. The awarding
of incentives is differentiated on the basis of the following factors: type of retrofitting
action, public or private applicant, transmittance and climatic zone. The incentive is
calculated according to the conditions in Fig. 2 and then is divided into five annual
instalments, or is disbursed in a single instalment when it is lower than a minimum
value.

Another instrument of environmental policy is the tax benefit as the tax deduction
on IRPEF (personal income tax) or on IRES (corporate income tax) provided by
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Fig. 2 The “Conto Termico 2.0” incentives for public entities

the 2018 Italian Budget Law (Law 205/2017) for work on the external envelope
of existing residential buildings (Fig. 3). The deduction is divided into 10 annual
instalments.

Fig. 3 Tax deductions (Law 205/2017)
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2.6 Verification of Energy Efficiency and Economic
Feasibility

The comparison between the baseline energy performances and those of the
retrofitting alternatives allows to quantify the energy saving and to know the cor-
responding energy class of the building.

If the increase in energy efficiency is slight, especially over the costs and the used
resources, we return to the stage of processing the retrofitting solution, by modifying
for example the type of action and materials, or to the stage of the objectives of the
project. The economic feasibility of an energy retrofitting action are measured by the
Net Present Value NPV and the Internal Rate of Return IRR, which are calculated
on the basis of the cash flow according to the following formulas:

NPV = −C0 +
n∑

t=1

(Rt − Ct)

(1 + r)t (1)

−C0 +
n∑

t=1

(Rt − Ct)

(1 + IRR)t = 0 (2)

where: C0 is the investment cost at the year 0; Rt is the revenue at the year t; Ct

represents the operating cost at the year t; r is the discount rate; n is the numbers of
years in the time frame of the analysis.

With reference to the specific scope of this study, Rt is the operating income
corresponding to the savings on the annual cost of the energy vector (electricity,
methane, etc.) and the revenue from any tax benefits. The economic feasibility is
verified for NPV ≥ 0 and for IRR > rs, where rs is a threshold value of the discount
rate that represents the opportunity cost of the capital.

3 Case Study: Palazzo Utveggio (Palermo, Italy)

The case study chosen is Palazzo Utveggio (built in 1903 on a project by Ernesto
Basile, Sicilian architect exponent of international modernism and Italian Liberty)
as a representative case of the high architectural quality buildings that constitute the
middle and upper class districts of the north expansion of Palermo between the end
of 19th century and the first decades of the 20th century along via Libertà. Today
the property is owned by the ‘Istituto dei ciechi’ of Palermo. The recognition of the
historical-artistic value of the property is attested by a decree of constraint (April
1977) of the ‘Assessorato alla Pubblica Istruzione’ of the Region of Sicily, which
declares “Palazzo Utveggio of historical-artistic interest, for the senses and for the
effects of Law n. 1089/1939”.
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Fig. 4 Location of Palazzo Utveggio in the 19th century expansion zone

3.1 Documental and Morphological-Constructive Analysis

Palazzo Utveggio is located in an area where, between 1891 and 1892, the National
Exhibition curated by Basile took place. The land was developed later in square
blocks along with the construction of via Libertà. Palazzo Utveggio, which occupies
an angular lot between via XXSettembre and via Siracusa (Fig. 4), has a symmetrical
plant and rises on 4 levels, excluding the basement floor, with a courtyard to the rear
(Vassallo 2012).

The Documental analysis relates the sketches, watercolours and drawings of
project by Basile to the existent building through a survey within 2016–2017. In
the absence of documentation attesting the transformative process of the building
construction, we can find significant volumetric and compositional differences, as
the coping roof was characterized, in the original drawings of the project, by a hipped
roof adorned with wrought iron decorations which perhaps were never made; today
there is an impluvium roofing instead, and, in correspondence of the stairwell, a
cubic turret with a single compartment (Fig. 5).

The building was studied through old and current photos, surveys, archival
research and CAD measured drawings. The three-dimensional and computerized
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Fig. 5 Left: Render (BIM Software). Right: comparison between the sketch by Basile in 1900 and
the current CAD drawing 2016-2017

Fig. 6 Details of the frescoed vault, the flooring in cement tiles and the basement of the front in
via XX Settembre

model of Palazzo Utveggio was built through the CAD and BIM model (Archicad
20—Graphisoft) for implementation in the energy calculation software (Termolog
Epix 8—Logical soft s.r.l).

The morphological-constructive analysis is declined in the study of the rich mate-
rial and decorative apparatus (especially in themain fronts), of themasonry structures
(made with biocalcarenite ashlars), of the stained glass and of the technological par-
titions (floor, roofing, ceilings, etc.) (Fig. 6).

3.2 Clime and Energy Analysis

The climatic analysis consists in the study of the dominant winds, of the solar path
and of their environmental impact to macro and microscale. The orography and
the compact volumetries of the regular blocks do not allow the wind channelling. In
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Fig. 7 Solar chart in the area of Palazzo Utveggio

particular, the data of the solar path relative to the buildingwere analysed highlighting
the conditions on the solstices (Fig. 7).

The preparatory analyses are useful for the energy analysis. The inputs of the
energy calculation software are the data regarding both the block-building system
(Fig. 8) and the construction system of the building (Fig. 9) that translates the geo-
metric and constructive information from the 3D BIM model of Palazzo Utveggio
in thermo technical information within the energy audit software. Further inputs are
the thermal data on the hourly temperatures of the reference locality and on the
relationship between them, and the primary energy requirements in a non-stationary
but dynamic mode (Fig. 10). According to the results of the energy audit, Palazzo
Utveggio was assigned to the energy-efficiency class E.

3.3 Laws and Constraints Analysis in Palazzo Utveggio

There is currently no organic energy retrofit legislation on architectural heritage, but
a series of approaches to energy efficient use in historical heritage (e.g. UNI—EN
16883:2017).
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Fig. 8 Analysis of the input data of the block-building system



102 G. Napoli et al.

Fig. 9 Analysis of the input data of the constructive system
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Fig. 10 The inputs data of the energy audit software

The identification of the constraints imposed by the characteristics of the building
is the specificity and the added value of the method which, nevertheless its complex-
ity, reveals the more critical factors of the retrofitting intervention. Some of the most
specific constraints are identified through the mapping of the elements of high archi-
tectural values in addition to the overall morphological-constructive structure: the
floorings and ceilings. The floorings are made with cement tiles in drawing, which
compose a weave of dense and coloured geometries with a strong aesthetic impact,
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in staterooms in Carrara marble tiles in the filter and common spaces. The ceilings,
arched wooden “camorcanna” vaults, result in almost all the rooms decorated with
frescoes by Salvatore Gregorietti (appreciated painter and decorator of the Liberty
Palermo style) (Fig. 6).

The main fronts of the building (via XX Settembre, via Siracusa), as represen-
tatives of Basile’s stylistic facies, are considered constraints, because of historical
plaster Li Vigni (particular kind of lime mixture, dolomitic sand and colourings,
endowed with extraordinary durability and stone effect, that was patented and dif-
fused in Palermo in the Liberty period) and of the polychrome tiles (Fig. 5).

3.4 Energy Retrofit and Alternative Technological Solutions

The objective of the retrofit is the improvement of the thermal performances although
the method is commonly used, the approaches to pursue it can be different depending
on the choice of techniques and materials. We chose the following:

• Nano-structured technical and materials → A (nano-tech);
• Techniques and materials commonly used in the market → B (conventional);
• Technical and materials of natural origin → C (eco-friendly).

The main criteria, on whose basis the identification of the three retrofitting solu-
tions produces different scenarios, are: the insulating power with regard to the Alter-
native A, the cost with regard to the Alternative B, and the environmental impact
with regard to the Alternative C, of the materials chosen with the mapping of the
constraints and the understanding of the systemic working of the building (Genova
et al. 2018).

In particular, it is considered appropriate to act on:

• Passive ventilation. Ventilation is allowed by the planned demolition of the floor
and ceiling on the stack of central staircase and by the mechanical opening of the
window fan-light of the apartment doors. These actions aim to trigger the chimney
effect (ascending hot air flows). Also, the realization of ventilation holes in the
attic facilitates the passive cooling (Figs. 11, 12 and 13);

• Insulation of the building envelope (in vertical parts) on which the three retrofit
alternatives are concentrated. According to the degrees of freedom left by the con-
straints for the insulation it was considered to intervene with the exterior sheating
(fronts on the inner courtyard) and interior sheating (main fronts). As regard the
windows, the presence of certain decorative silhouettes in the frames and in the
shutters allows the substitution of the single glass with double glazing with vac-
uum (gas, Nanogel, etc.). We decided not to replace the frame because the wood
of the windows is an excellent insulating material. The roofing (horizontal part of
the building envelope) with an attic between the impluvium roof and the vaulted
ceilings does not require retrofit: this is already an effective insulating system
especially in temperate climates with mild winters, a specific condition of city of
Palermo (Figs. 11, 12 and 13).
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Fig. 11 Passive ventilation and insulation of the building envelope

With regard to the rooms, the presence of frescoed vaulted ceilings suggests
no intervention. In any case, wooden vaulted ceilings, floors mainly in wood, and
cavities that they generate are excellent solutions of thermal and acoustic insulation.
Moreover there are no heat flows between the rooms to the various levels, since the
latter having to find in the same temperature conditions.

Figure 14 shows the output of the energy audit that was carried out on the existing
condition (EC), as well as on the 3 retrofitting alternatives, namely A, B and C. It
results that the global primary energy consumption (KWh/m2*y) of the building was
almost halved, whereas the energy class reached the more efficient class E.

3.5 Energy Balance and Economic Feasibility

The energy balances of the retrofitting alternatives were provided and compared to
the baseline balance to verify whether the energy performance objectives set for the
Palazzo Utveggio were reached. If none of the alternatives satisfied them, the method
requires the return to the step of retrofitting alternatives or of reformulation of the
project objectives.
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Fig. 12 The retrofit interventions (building section and plan)
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Fig. 13 The external solid wall with reference to each alternative
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Fig. 14 Outputs from the energy audit software

The economic analysis was carried out by appraising the cash flow of the
retrofitting alternatives with regard to three possible scenarios:

• Scenario S1—None fiscal advantage. The alternatives are not supported by any
fiscal advantages;

• Scenario S2—Incentives. The alternatives receive the incentives provided by the
“Conto Termico 2.0”;

• Scenario S3—Tax deductions. The alternatives were implemented applying the tax
deductions on personal or corporate income tax.
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Fig. 15 The implementation cost of the energy retrofitting alternatives

After defining the scenarios, the cash flow elements are defined:

• the time horizon was set equal to 20 years (the economic life of the action);
• the unitary period of analysis was the year;
• the costs were divided into cost of energy and the cost of the alternatives imple-
mentation. The unit cost of electricity was e 0.27/KWh and it was assumed an
annual increase of 0.05%. The costs of the alternatives were appraised according
to the Price List of the Sicily Region of 2018, whereas the prices of other works
or materials, as internal and external insulating panels, were obtained through a
direct market survey. The total implementation costs of each alternative are shown
in Fig. 15;

• there were two groups of revenues, the operating revenues and those deriving from
any incentives or tax deductions. The former were equal to the annual energy sav-
ings from the energy audit multiplied by the energy cost. The latter, corresponding
to the “Conto Termico 2.0” incentives, were calculated by applying the coeffi-
cients in Fig. 2 to the cost of each alternative and then were divided into 5 annual
instalments. Since all alternatives concern opaque envelope and window frames,
this kind of incentives can only be requested by a public ownership of the building,
and it may be compared to the effects of other fiscal instruments of environmental
policy. The revenues resulted from the tax deductions on IRPEF or IRES were
obtained by applying the coefficients in Fig. 3 to the cost of each alternative, and
then were divided into 10 annual instalments;

• the discounting rate in terms of opportunity cost of capital was set equal to 2.95%,
whichwas the profitability of the Italian TreasuryBonds (BTP) inNovember 2018.

Combining all the previous factors, the cash flows of the alternatives were calcu-
lated for the three scenarios, obtaining nine different cash flows that are reported, in
a simplified form, in Fig. 16.
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Fig. 16 Cash flows of the retrofitting alternatives

Fig. 17 NPV and IRR of the retrofitting alternatives

The Net Present Value (NPV) and the Internal Rate of Return (IRR) were cal-
culated by applying respectively the Formulas (1) and (2) to measure the economic
feasibility of the three alternatives (Fig. 17).



Scenarios of Climatic Resilience, Economic Feasibility … 111

4 Verification of Energy Efficiency and Economic
Feasibility of the Alternatives

The results of the energy audit indicate that all the alternatives, A, B, and C, produce
a considerable improvement in energy efficiency as their total energy consumption
decrease significantly, respectively by 44.3, 39.8, and 39.6% in comparison to the
baseline level, causing an upgrade of the building energy class from E to B (Fig. 14).
This means that the alternatives B Conventional and C Eco-friendly have very good
performances but lower than that of the alternative A, which used advanced nano-
technological materials.

This first ranking is compared to the results of the economic feasibility. Figure 18
shows the NPVs against the discount rate in the scenarios S1, S2 and S3, and fur-
thermore, a red line indicates the threshold discount rate.

In the scenario S1, the alternative A is not cost-effective, despite generating great
energy efficiency, because of the high cost of the innovative nano-technological
materials which is not sufficiently compensated by the flow of the bill savings. The
alternatives B and C, on the other hand, reach a great economic feasibility even at
high discount rates.

The implementation of incentives in the scenario S2 makes economically feasible
all the alternatives, although the alternatives B and C maintain their economic per-
formances much higher than that of the alternative A, which keeps a positive NPV
only for discount rates up to 4.56%.

In the scenario S3, the tax deductions lead to an even more intense increase of all
the NPVs and confirm the alternatives B and C as the best ones, while the NPV of
the alternative A reduces its gap compared to that of the others.

The analysis of the IRRs gives analogous results, as only the IRR of the alternative
A Nano-tech in the scenario S1 is lower than the discount rate threshold, while the
maximum IRR is equal to 15.82% for the alternative C Eco-friendly in the scenario
with tax deductions.

5 Conclusions

This work reasserts the specificity of the intervention on existing buildings and the
completeness of traditional buildings. It shows how the latter already responded to
the needs of living standards through building techniques and expedients, often in
a refined way, following scenarios of needs which were complete although they
certainly need to be revised today. Thus, each retrofit plan has to begin from the
enhancement of the systemic functioning of the building. Starting from there, the
actions which seem to be the most effective are those which aim at integrating
the bioclimatic functioning with accurate solutions, but as non-invasive as possible:
circumscribed and occasionallyminimal solutions, which achieve satisfactory results
in terms of living comfort and considerable economic savings.
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Fig. 18 The NPVs of the alternatives in different fiscal scenarios
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The choice of eco-compatible bio-based materials, often inspired by tradition and
already corroborated by ethical reasons (they are sustainable, low carbon, with a low
ecological footprint, etc.), proves to be duly successful and to provide good value for
money. Of course, in the sustainable dimension, they are preferred to conventional
materials of synthetic origin, just as effective, and to innovative materials with high
technological value, which are remarkably effective but still too expensive.

The outcomes also confirm the need for a multidisciplinary approach to the refur-
bishment of the existing real estate asset, including also the case of energy improve-
ment, to verify whether the proposed alternatives reach the economic feasibility and
generate private profits as well as social benefits.

This study shows how the economic analysis may support whichever private
decision-making process of owners, developers, or designers, and also may assume
a morphogenetic function in the process of designing the alternatives, especially
when the feedback between the phases of planning the alternatives and of checking
the results is provided.

In addition, economic analyses may also contribute tomeasuring the effectiveness
of the financial instruments of environmental policy applied to the energy retrofit of
buildings. In fact, even if these instruments caused lower public revenues (in the
case of tax deduction) or higher public expenditures (in the case of incentives),
they are nevertheless compensated by several positive environmental externalities,
such as lower primary energy consumption, reduction of pollution and greenhouse
effect, and by positive microeconomic and macroeconomic impacts as they support
technological innovation and induce increased private investments.
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An Integrated Decision Support System
for the Sustainable Evaluation
of Pavement Technologies

Giancarlo Paganin, Marta Dell’Ovo, Alessandra Oppio
and Francesca Torrieri

Abstract The choice of different kind of technologies to be adopted for the con-
struction of road pavement is a subject of great interest both in the international and
in the Italian context. Pavement is one of the most expensive component in the road
infrastructure system. The analysis of the literature, as well as the empirical expe-
riences, shows that from a sustainable perspective the decision problem concerning
the choice of technologies to be adopted, has turned the attention towards evaluation
methodologies able to integrate aspects that are not directly measurable in monetary
terms, such as the environmental aspects (Zhang et al. 2010; Lidicker et al. 2013;
Torres-Machi et al. 2017). The present contribution proposes an Integrated Evalua-
tion System to support the choice between two different road paving technologies,
namely interlocking concrete blocks paving and bituminous conglomerate. In order
to evaluate the most convenient and sustainable option by considering economic and
environmental costs, the proposed approach is based on the integration of different
evaluation models, each capable of capturing multiple and complementary aspects.
Specifically, the Life Cycle Costing Analysis (LCCA) has been firstly applied, as
a decision criterion introduced by the Legislative Decree 50/2016 for the evalua-
tion of the financial aspects related to the entire products’ life cycle. The results
obtained are then verified according to the Whole Life Costing (WLC) approach,
by introducing also the “Event related costs” in addition to the main environmental
costs. Finally, the choice between the different road paving alternatives has been sup-
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ported by a Multicriteria Analysis, that allows to carry on the comparison between
the two abovementioned options by a comprehensive analytical framework based on
the economic, social and environmental dimensions of sustainability. The proposed
evaluation approach allows to test the robustness and the degree of suitability of the
alternative options under investigation by pointing out the trade-off among all the
aspects involved and by integrating three different methodologies.

Keywords Road pavement · Project sustainability · Life cycle cost analysis ·
Whole life costing ·Multicriteria analysis · Event related costs

1 Introduction

In 2017 there were about 113,500 accidents in urban areas in Italy, some of which
were caused by poor road surface conditions due to inefficientmaintenance and safety
of the road network (Istat 2017). The problem is especially acute in urban areas,where
deteriorated infrastructures, obsolescent facilities and serious congestion problems
are resulting in economic loss, environmental damage and societal harm (ACI–Istat
2017).

Considering that urban roads represent a large percentage of total roads all over
the world and in particularly in Italy they amount to 79% of the total network (Istat
2013), the choice of a sustainable pavement typology, as a part of the road infras-
tructure, can play a relevant role in reducing energy consumption, improve safety
(fatalities, injuries, property damage), and reducing construction, maintenance, as
well as rehabilitation costs (FHWA 2010).

In this context, the choice between different types of pavement, based not only
on the criterion of the minimum investment cost, but also on the entire life cycle of
the product with particular attention to maintenance and management costs and to
social and environmental sustainability impacts (Holt et al. 2011; Nassiri et al. 2013)
is strategic.

Actually sustainable pavements refer to technical characteristics that encompasses
the pavement’s ability to achieve the engineering goals for which it has been con-
structed, to preserve and improve surrounding ecosystems, to efficiently use finan-
cial, human, and environmental resources and finally to meet basic human needs
such as health, safety, equity, employment, comfort and happiness (FHWA 2010).
Even when benefits and costs are difficult to be quantified, it is important to use a
consistent approach in analyzing trade-offs between different pavement typologies,
by including the priorities and values of the organization or project, costs, impact
magnitude, duration, and risk.

Therefore, the growing awareness about the potential environmental and social
externalities, has turned the attention towards methodologies which are able to inte-
grate within the evaluation process also aspects that are not directly measurable
in monetary terms, such as environmental and social aspects (Zhang et al. 2010;
Lidicket et al. 2013; Torres-Machi et al. 2017).
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Under this perspective, the whole life cycle of the product and the “Event-related
costs” are two essential aspects to be taken into consideration.

The present paper proposes an Integrated Decision Support System for the evalu-
ation of different road pavement technologies, namely interlocking concrete blocks
pavement and bituminous conglomerate.

In order to evaluate the most convenient and sustainable option, not only from
a financial, but also from an economic, social and environmental point of view, the
proposed methodology is based on the integration of different evaluation models,
each capable of capturing multiple and complementary aspects.

Firstly, Life Cycle Costing Analysis (LCCA) has been applied as a decision crite-
rion introduced by Legislative Decree 50/2016 for the evaluation of financial aspects
related to the products’ entire life cycle, then verified according to the Whole Life
Costing (WLC) approach, by introducing also the “Event related costs”.

In order to take into account the qualitative aspects, that are difficult to bemeasured
in monetary terms, a Multicriteria Analysis has been developed with the aim to point
out the trade-off between the two pavement options according to awide set of criteria,
rather than to the only financial discount criterion of the LCCA and the WLC.

The paper is structured as follows: Sect. 2 presents the evaluation approach with
specific reference to the types of road pavements to be compared; in Sect. 3 the
project alternatives and the application of the proposed methodologies are described
and results discussed. Then preliminary conclusions on the base of the analysis
carried out and future prospects for research follow.

2 Methods and Materials

Products in general have a life cycle: they are produced from raw materials, used by
consumers, and eventually disposed. A product’s life cycle is generally broken down
into six stages (Wimmer and Züst 2003):

• product design;
• raw material extraction and processing;
• manufacturing of the product;
• packaging and distribution to the consumer;
• product use and maintenance;
• end-of-life management: reuse, recycling and disposal.

In every stage of their life cycle, products interact with other systems: therefore
life cycles are called open cycles. Moreover, life cycle approach can be split into two
main branches: Life Cycle Costing Analysis and Life Cycle Assessment.
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Life Cycle Costing Analysis (LCCA) is a method of economic evaluation of the
project,which analyses the overall costs related not only to the construction phase, but
also to the maintenance, operating and disposal ones until the end of the expected life
cycle, that are essential in order to take a certain investment decision. By comparing
the life cycle costs of various solutions, this method allows to identify the most cost-
effective alternative, that is the one with lowest LCC. According to the technical
standard ISO 14044, Life-Cycle Assessment is the environmental oriented part of
the Life cycle approach and a tool for examining the total environmental impact
of a product through every step of its life—from obtaining raw materials through
producing it in a factory, selling it in a store, using it in the workplace or at home, and
disposing of it. It is an objective procedure used to evaluate the environmental impacts
associated with a product’s entire life cycle, through the quantitative determination
of all exchange flows between the product system and the ecosphere with respect to
all the transformation processes involved, from the procurement of materials (these
may be recycled instead of new ones) to their end for this product (i.e. disposal or
recycling into a new product). The objective of the LCCA is to determine, among
various alternatives of a project, the one with the lowest environmental impact for
the entire life cycle.

When undertaking investment option appraisals, many variables in addition to
LCC variables can impact on the value-for-money assessment and they should be
taken into account. For certain forms of construction procurement, these additional
variables represent a relevant part of the investment options’ evaluation and appraisal
process and they can be considered as Whole Life Cost (WLC) variables. Typically,
the difference between WLC and LCC analysis is that the variables for WLC can
include awider range of externalities or non-construction costs, such as finance costs,
business costs and income streams. Thus, LCCA can be used as an instrument per
se or it can be part of the WLC. There are numerous costs associated with acquiring,
operating, maintaining, and disposing of a building or building system.

With special respect to roads, costs usually fall into the following categories
(WBDG 2016):

• Initial and Construction Costs;
• Fuel Costs;
• Operation, Maintenance and Repair Costs;
• Replacement Costs;
• Residual Values-Resale or Salvage Values or Disposal Costs;
• Finance Charges-Loan Interest Payments;
• Not-Monetary Benefits or Costs.

In order to compare costs that are incurred in different time during the life cycle of
a project they have to be made time-equivalent. To make monetary values homoge-
neous with respect to the financial value of time, the LCC, LCCA andWLCmethods
convert them to present values by discounting them to a common point in time,
usually the base date. In a formal way
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NPV =
n∑

t=0

Ci

(1+ r)n

where

n is the time horizon
Ci are the total costs
r is the interest rate.

The interest rate used for discounting is a rate that reflects an investor’s opportunity
cost ofmoney over time,while for public investment it can be assessed by considering
an investment without risk.

LCC, LCA and WLC require that costs and benefits are measured in monetary
terms. Multicriteria Analysis (MCA) allows to overcome this constraint, as it is
capable to deal with the multiple dimensions of evaluation problems (e.g. social,
cultural, ecological, technological, institutional, etc.) and with conflictual instances
emerging over the entire life cycle. MCA techniques allow to combine assessment
techniques with judgement methods, thus providing decision makers with a solid
analytical basis for complex choices.

In the field of MCA, a broad series of different quantitative and qualitative eval-
uation methods has been developed (Keeney and Raiffa 1976; Nijkamp et al. 1990;
Vincke 1992; Saaty 1996; Roy 1996, 2005; Bouyssou et al. 2012; Greco et al. 2016).
We will focus our attention on the so-called Definite software (Janssen et al. 2000),
which contains a set of multicriteria techniques for ranking problems and is able to
support all decision processes, from problem definition to report generation.

In the present paper the above introduced methodology will be applied in order
to compare two different type of pavement, namely the interlocking concrete blocks
pavement and the bituminous conglomerate. In the following paragraph the two
alternative options are described and the obtained results are reported.

3 Case Study

This section reports the results of LCCA andWLC applied for the comparison of the
two abovementioned different techniques of road paving. The objectivewas to define
a methodology to introduce into the LCC calculation the event related costs (cost of
uncertain externalities) in order to assess the whole life cost of the two solutions.1

1The two options has been defined and analyzed by Locatelli F., Schicchitani S., Life Cycle Cost
and Whole Life Cost of interlocking concrete block pavements: the role of event related costs and
externalities, Master Degree Thesis, Academic Year 2015–2016; supervisor: prof. G. Paganin.
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3.1 Life Cycle Cost

The calculation of Life Cycle Cost has considered:

– Initial costs: construction costs are taken into account, while survey and design
costs are not considered reasonably assuming that they are very similar for both
the paving alternatives.

– Operational costs: maintenance costs are taken into account, while running costs
are not considered since the options under investigation are two road pavements.

– Disposal costs: disposal costs are taken into account and also reuse value is con-
sidered for interlocking block paving that can be reused after removal from the
road.

The service life for the LCC calculation it has been assumed equal to 40 years
(FHWA 2013). The FHWA (Federal Highway Administration of US Department of
Transportation) recommends to carry out the analysis in a period long enough to
include at least one rehabilitation activity, thus suggesting a period of 35/40 years
for all the pavement projects. This work sets a pavement service life at 40 years.

The rate of the government bonds (similar to the “pavement investment” under
the point of view of both starting date and duration) has been assumed as discount
rate (NPRA 2005); the choice has been on bonds issued by the Italian government
the 1st September 2014 and lasting 30 years at a rate of 3.25%.

Two possible applications have been considered for the LCC calculation: super-
market car park andmunicipal roads. This choice is based on the fact that interlocking
concrete blocks paving are particularly suitable and normally used for those purposes.

The analysis has considered two possible types of soil on the basis of their bearing
capacity (CBR Ratio according to ASTM D1883—16 “Standard Test Method for
California Bearing Ratio (CBR) of Laboratory-Compacted Soils”) which influences
the design and construction of the superstructures (base course and sub base course):
the two soils considered assume CBR = 3% and CBR = 10%.

Therefore, the LCC calculation has been performed for 4 different combinations:

– supermarket car park (1) CBR 3% and (2) CBR 10%;
– municipal road (3) CBR 3% and (4) CBR 10%.

In the following, only the case of municipal road will be described.
The construction cost has been calculated assuming the price list of Comune di

Milano of year 2014 (Tables 1 and 2).
For what it concerns the maintenance costs, several sources (Hunter 2006; Di

Mascio et al. 2010; Comune di Milano 2016; Monici 2013) have been taken into
account and modified reflecting possible and reasonable adjustments on the basis of
suggestions given by some skilled professionals in this field. The maintenance costs
come from the following list of work activities (See Maintenance plans in Tables 3
and 4).

The results of the LCC assessment are included in the Table 5.
The results of the LCC assessment show that, over the life cycle, the operational

costs may be higher than the initial capital investment leading to reconsider the
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Table 1 Construction costs for the interlocking concrete paving for municipal roads (CBP.B)

Concrete block paving—CONSTRUCTION

Layer Thickness (cm) Unit price Cost (e/m2) (t = 0)

CBR = 3% CBR =
10%

CBR = 3% CBR =
10%

Block paving 8 8 22.73 e/m2 22.73 22.73

Laying course 4 4

Base course
(Hydraulically
bound layer)

30 24 37.20 e/m3 11.16 8.93

Geotextile 1.70 e/m2 1.7 1.7

Sub base course
(Granular mix)

32 24 20.37 e/m3 6.52 4.89

Excavation 74 60 9.47 e/m3 7.01 5.68

CON02 49.12 43.93

Table 2 Construction costs for the bituminous conglomerate paving for municipal roads (BIT.B)

Bitumen conglomerate—CONSTRUCTION

Layer Thickness (cm) Unit price Cost (e/m2) (t = 0)

CBR = 3% CBR =
10%

CBR = 3% CBR =
10%

Surface course 4 4 4.80 e/m2 4.8 4.8

Base course
(Binder)

5 5 6.25 e/m2 8.69 8.69

Road base course
(Bituminous bound
layer)

8 8 9.26 e/m2 9.26 9.26

Sub base course
(Granular mix)

35 15 20.37 e/m3 7.13 7.13

Excavation 52 32 10.52 e/m3 5.47 5.47

CON04 32.91 26.73

traditional approach to decisions that, especially for public procurement processes,
are taken normally only by considering initial cost.
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Table 3 Maintenance plan for interlocking concrete paving

Concrete block paving MAINTENANCE PLAN

Intervention
code

Maintenance
instigator

Description Frequency Area affected
(%)

CON01 INITIAL
COSTRUCTION

t = 0 100

M02 Health and
safety
Aesthetics
Maintaining
structural
integrity

CORRECTIVE
MAINTENANCE
Cracked/missing block
replacement

Twice
t = 8
t = 23

2

M04 Health and
safety
Aesthetics
Maintaining
structural
integrity

CORRECTIVE
MAINTENANCE
Depressions/wheelpath
correction

Twice
t = 15
t = 30

5

M06 Intervention on
underground
services

Full depth relocation
reusing blocks, using new
laying materials and new
base materials (granular
mix)

Four times
t = 8
t = 16
t = 24
t = 32

2

OM02 Health and
safety
Maintaining
structural
integrity

ORDINARY
MAINTENANCE
Joint sand restoration

Four times
t = 8
t = 16
t = 24
t = 32

100

DIS02 FINAL DISPOSAL t = 40 100

3.2 From Life Cycle Costing to Whole-Life Costing:
Externalities and Events in a Municipal Road

The LCC assessment for the two types of municipal roads has been implemented
with costs related to potential externalities; in this work other non-construction costs
have not been considered.

The externalities considered in this work are:

1. the damages to people and/or goods, due to the lack of road maintenance. The
basic hypothesis assumed is that these costs can be saved by a concrete block
road compared to a bituminous conglomerate which usually suffers from poor
road maintenance;

2. the externalities of pollution. The evaluation consists in the investigation of the
avoided costs thanks to a photocatalytic concrete block road compared to a normal
bituminous conglomerate paving.
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Table 4 Maintenance plan for bituminous conglomerate paving

Bitumen conglomerate—maintenance plan

Intervention code Maintenance
instigator

Description Frequency Area affected
(%)

CON01 INITIAL
COSTRUC-
TION

t = 0 100

M08 Health and
safety
Aesthetics
Maintaining
structural
integrity

CORRECTIVE
MAINTE-
NANCE
Reseal
cracks/joints

Three times
t = 4
t = 19
t = 29

5

M10 Health and
safety
Aesthetics
Maintaining
structural
integrity

CORRECTIVE
MAINTE-
NANCE
Patching
potholes

Three times
t = 4
t = 19
t = 29

5

M11 Health and
safety
Aesthetics
Maintaining
structural
integrity

New surface
course

Twice
t = 8
t = 23

100

M13 Health and
safety
Aesthetics
Maintaining
structural
integrity

New surface
course and
binder

Twice
t = 15
t = 30

100

M15 Intervention on
underground
services

Full depth
relocation

Four times
t = 8
t = 16
t = 24
t = 32

2

DIS04 FINAL DISPOSAL t = 40 100

Concerning the damages, the cost estimation has assumed data from the insurance
field and it can be gathered from the following steps:

– research of damages statistical tables usually published on the municipal-
ity/province website together with the tender for insurance companies;

– analysis of damages statistical tables. The statistical tables of ten provinces cov-
ering damages for about five years have been considered (Annex 1). For each of
the 10 provinces, damages attributable to lack of road maintenance has been high-
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Table 5 LCC analysis for a
service life of 40 years

CONSTRUCTION COSTS
€/m2 Δ (€/m2) Δ (%)

CBP. B 49.12 +16.21 +49.24
BIT. B 32.91

MAINTENANCE COSTS
CBP. B 15.37
BIT. B 51.65 +36.28 +207.39

DISPOSAL COSTS
CBP. B 3.48
BIT. B 4.28 +0.80 +23.12

LCC COSTS
CBP. B 67.97
BIT. B 88.84 +20.87 +27.74

lighted (potholes, surface depressions, road collapses etc.) and the reimbursement
summed up in order to find a yearly average reimbursement. The yearly average
reimbursement has been then divided by the surface of roads, where the maximum
speed of vehicles is set to 60 km/h, therefore only provincial roads within town
center that are estimated to be the 15% of total provincial road network.

For each of the 10 provinces, the annual mean reimbursement of damages related
to lack of road maintenance has been divided by the surface of urban provincial
roads. This value amounts to approximately 0.20 e/m2.

The Table 6 displays the Whole Life Cost calculation, that takes into account the
problem of lack of road maintenance interventions.

The difference between the two paving options stands in the addition of the costs
related to lack of maintenance, that have been added to the concrete block paving as
a negative value. In fact, these costs are the “avoided” costs of concrete block paving
compared to the bituminous conglomerate ones, which usually suffers lack of road
maintenance.

This is the explanation of the annual additional row “DAM” (connected to dam-
ages) of the annual cost for lack of road maintenance.

The table refers only to the case of CBR= 10%, since the difference with respect
to the LCC does not vary dealing with the soil nature.

The inclusion of the event related costs in the LCC assessment shows a potential
reduction in the whole life costs of the more reliable technical solution that may
reduce the accidents caused by bad conditions of the road surface.

3.3 Costs Related to Pollution

In this paragraph the effectiveness of a photo catalytic block paving as alternative
solution generating positive externalities is investigated, then translated in an eco-
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Table 6 Municipal road pavements, actualized costs including lack of maintenance for different
pavements (CBR = 10%)

CONSTRUCTION COSTS
€/m2 Δ (€/m2) Δ (%)

CBP. B 43.93 +17.20 +64.33
BIT. B 26.73

MAINTENANCE COSTS
CBP. B 15.06

BIT. B 51.01 +35.92 +207.39

DISPOSAL COSTS
CBP. B 3.48
BIT. B 4.28 +0.80 +23.12

LACK OF MAINTENANCE COSTS
CBP. B 6.49
BIT. B

LCC COSTS
CBP. B 55.97

BIT. B 82.02 +26.05 +42.39

nomic value through the study of pollution reduction and finally added to the LLC
evaluation.

Photocatalysis is a natural phenomenon similar to photosynthesis, where a sub-
stance called photocatalyst, through the action of natural or artificial light, starts
a strong oxidation process that converts harmful organic and inorganic substances
into inorganic salts such as nitrates, sulfates and calcium carbonates and leached by
rainwater.

Several laboratory tests performed on concrete pavers samples showed significant
reduction of pollutants (Cassar et al. 2007; Berdahl et al. 2008; Global Engineering
2004; Cassar 2005); a summary of the results is reported in Table 7.

Table 7 Average literature
data for pollutant reduction
due to photo catalytic cement

Pollutant Reduction (%)

PM 47

NOx 67

SOx 47

Total aldehydes 64

Nitrates 74

Yeasts and mold 44
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Table 8 Annual costs for
NOx and PM10 in Italy
(NETCEN European
Environmental Agency)

Pollutant Annual cost in Italy (e/t)

NOx 7100.00

PM10 1200.00

The externality connected to the pollutants reduction can be translated in an eco-
nomic value by considering (Table 8): (i) the amount of roads potentially convertible
into photo catalytic concrete block paving (typically roads in the so called “zone
30” where speed is limited to 30 km/h); (ii) the annual polluting emissions within
ZONA 30 areas (the accounting has been done for municipality of Milano consid-
ering NOx and PM10, those that the photocalythic concrete block may reduce more
effectively) (Bedogni 2013); the annual polluting emissions reduction expressed in
tonn/year. According to literature review an optimistic value of 60% reduction and
a pessimistic value of 30% reduction have been assumed; annual cost per ton of
pollution (the annual cost per ton in Italy has been assumed from the data published
by NETCEN European Environmental Agency).

The economic value of the unitary annual emission reduction in ZONA 30 is then
calculated by multiplying the annual unitary emissions reduction in ZONA 30 by
the annual cost per ton in Italy and the value is then standardized to a m2 of road
(Table 9).

The LCC has been estimated again due to the fact that the photocatalytic block
costs more than a normal one (30.68 e/m2 instead of 22.73 e/m2).

The additional row “POL” (connected to pollution) to the table is the annual
savings (calculated with the method explained at the beginning of this subparagraph)
that the choice of a photocatalytic concrete block paving generates. The amounts of
0.98 and 0.54 e/m2 (each representing the costs of pollution given by the addition
of NOx and PM10 costs respectively for the optimistic and pessimistic scenario) are
charged at the first year and then reported at the appropriate years using the inflation.

For simplicity, the table refers only to the case of CBR= 10% since the difference
with respect to the LCC does not vary with respect to a clay or a silty soil (Table 10).

The inclusion of the pollution related costs (benefits) in theLCCassessment shows
a significant reduction of the whole life cost for the solutions of paving with photo
catalytic elements despite of the higher initial cost.

Table 9 Annual unitary emission reduction in ZONA 30 (e/m2 year)

Pollutant Annual unitary
emissions reduction in
ZONA 30 (t/m2 year)

Annual cost in Italy (e/t) Unitary annual emission
reduction ZONA 30 (e/m2

year)

NOx Optimistic 0.000122 7100.00 0.87

Pessimistic 0.000061 0.43

PM10 0.000009 12,000.00 0.11
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Table 10 Municipal road pavements, discounted costs including pollutions cost (CBR = 10%)

CONSTRUCTION COSTS
€/m2 Δ (€/m2) Δ (%)

CBP. CAT. B. 51.88 +25.15 +94.09
CBP. B 43.93 +17.20 +64.33
BIT. B 26.73

MAINTENANCE COSTS
CBP. CAT. B. 15.33 +0.27 +1.58
CBP. B 15.06
BIT. B 51.01 +35.92 +207.39

DISPOSAL COSTS
CBP. CAT. B. 1.94
CBP. B 3.48
BIT. B 4.28 +0.80 +23.12

POLLUTION COSTS

CBP. CAT. B.
− 31.50
− 17.53

CBP. B
BIT. B

WLC COSTS

CBP. CAT. B. 37.65
51.61

CBP. B 62.47 +24.82
+10.86

+65.53
+20.47

BIT. B 82.02 +44.37
+30.41

+109.19
+54.10

3.4 Multicriteria Analysis

The Multicriteria Analysis (MCA) allows to analyze the problem by broadening the
criteria so far involved and by the use of different measurement scales. In fact, while
monetary evaluation techniques force to select for all the criteria the same scale, the
MCA is based on a multidimensional analytical framework and on a standardization
procedure that allows to compare and then aggregate different indicators (DCLG
2009).

The aim of the following analysis is to explore the performances of the two previ-
ous different type of pavements under the economic, social and environmental point
of view. In detail, the 1. Economic dimension takes into consideration the 1.1 Initial
Investment cost, the 1.2 Maintenance cost, the 1.3 Disposal value, meant as the cost
for the disposal of the material at the end of life cycle and the 1.4 Safety, measured as
a cost since it considers the refund for the losses suffered by drivers and streets’ users.
About the 2. Social dimension, it involves the 2.1 Health impact, considered as an
avoided cost since it evaluates the impact of the air pollution reduction on the health
by the adoption of the alternatives described, the 2.2 Aesthetic takes into considera-
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tion the flexibility of the material to replacement and its adaptability to the context,
2.3 Accessibility to the sub-services as well as the easiness of its temporary removal
and the 2.4 Contribution to accident reduction given by the property of the mate-
rial to not be subjected to wear and tear. The 3. Environmental dimension considers
the 3.1 Pollutant emission during the production cycle and in detail it evaluates the
Global Warming Potential (GWP), while the 3.2 Pollutant reduction if the material
contributes to reduce PM, SOx and NOx in the air, 3.3 Permeability measures as the
stormwater runoff reduction and 3.4 Noise emission according to the noise classifi-
cation of urban road surfaces. The performances of the two alternatives have been
assessed on the basis of previous analysis (see Locatelli and Scicchitani 2016), while
the 3.1 Pollutant emission has been measured by comparing different Environmental
Product Declarations (EPD) as well as by consulting the Oekobaudat dataset. For
the 3.4 Noise emission, has been used the European project “Silence” carried on by
Descornet in 2006 and in particular the state of the art “Noise classification of urban
road surfaces”.

The MCA has been supported by the Definite Software (Janssen et al. 2000), a
Decision Support System (DSS) that allows to rank a finite number of alternatives
given a specific objective and a set of criteria. Table 11 shows the impact matrix
with the performances of the two alternatives in relation to the decision problem as
previously defined. Different unit of measurements have been used in order to better
describe each sub-criterion and the column cost/benefit underlines if the performance
has to be maximized—the higher the better—or minimized—the lower the better.

In order to compare the sub-criteria, the performances have been standardized
and since specific thresholds of acceptability have not been defined, the maximum
standardization have been selected. Consequently, the effect scores have been divided
by the maximum value of the effect and a dimensionless value is assigned, where
1 represent the best performance and 0 the worst (Table 12). The procedure used
to aggregate the score standardized is a compensatory model and in particular the
Weighted Sum Model (WSM):

A = WiXi

where:

A alternatives represents its suitability in the final rank;
Wi is the normalized weight of i-th objective;
Xi is the standardized score (Fishburn 1967).

Considering the criteria weight elicitation, it has been chosen a neutral scenario,
by assigning to the set of criteria and sub-criteria the sameweightswithout specifying
a higher influence for one aspect rather than to another one.
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4 Discussion of the Results

Figure 1 presents the final and the partial rankings obtained through the WSM. The
Definite Software allows to visualize both the overall evaluation of the two alterna-
tives and the performances with respect to the three dimensions under investigation.
The most suitable alternative considering the set of criteria defined is the Concrete
block pavement with an overall score of 49%, while the Bituminous conglomerate
has a significant difference (13%). This evaluation is confirmed by the partial rank-
ings where the winner alternatives keeps its first position both for the Economic
Dimension (47 vs. 12%) and for the Social Dimension (75 vs. 0%). Instead for
the Environmental Dimension there is a slight preference for the second classified
alternative (25 vs. 27%). This result could be explained by the performances in the
impact matrix (Table 11), where the Concrete block pavement scores, as an average,

Table 11 Impact matrix

Alternatives

Criteria Sub-criteria U.M. Cost/benefit Bituminous
conglomerate

Concrete
block
pavement

Economic
dimension

Investment
cost

e/m2 C 26.73 51.88

Maintenance
cost

e/m2 C 51.01 15.06

Disposal
value

e/m2 C 4.28 3.48

Safety e/m2 C 6.49 0

Social
Dimension

Health impact e/m2 B 0 0.76

Aesthetic Qualitative B Low Medium

Accessibility
to
sub-services

Qualitative B Low Medium

Contribution
to the
accident
reduction

Binary B No Yes

Environmental
dimension

Pollutant
emission
(CO2)

Kg CO2 m3 C 191.47 434.00

Pollutant
reduction

Binary B No Yes

Permeability Qualitative B Medium Low

Noise
emission

dB C 81.30 83.20
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Table 12 Standardized matrix

Alternatives

Criteria Sub-criteria Bituminous
conglomerate

Concrete block
pavement

Economic dimension Investment cost 0.48 0.00

Maintenance cost 0.00 0.70

Disposal value 0.00 0.19

Safety 0.00 1.00

Social dimension Health impact 0.00 1.00

Aesthetic 0.00 0.50

Accessibility to
sub-services

0.00 0.50

Contribution to the
accident reduction

0.00 1.00

Environmental
dimension

Pollutant emission
(CO2)

0.56 0.00

Pollutant reduction 0.00 1.00

Permeability 0.50 0.00

Noise emission 0.02 0.00

are higher than the Bituminous conglomerate’s ones with exception, for example,
of the sub-criteria 3.1 Pollutant emission, 3.3 Permeability and 3.4 Noise emission,
that are part of the Environmental Dimension.

In order to test the internal consistency and the robustness of the results obtained, it
has beenmoreover performed a sensitivity analysis (Janssen et al. 2000). In particular
a “What if” analysis has been carried out, by visualizing different perspectives where
it is possible to assign a higher importance to one dimension involved in the analysis.
In this case it has been assigned the same influence to the level of the sub-criteria
and it has been changed the weight at the level of the criteria (Economic Dimension;
Social Dimension; Environmental Dimension) in order to test how much the result
is sensitive to weights’ changes (Fig. 2).

The analysis performed validates the result obtained, showing that the Concrete
block pavement ranks as the most appropriate solution to adopt according to all the
perspectives investigated. The results already obtained by performing the LCC and
theWLChave confirmed this outcome and the evidence emerging by their application
has been useful in the phase (Choice). In detail the LCC has allowed the evaluation of
a project with a wider point of view compared with a simple initial investment esti-
mation and theWLC has investigated the externalities associated with road surfaces.
The integration of these three methodologies provides a multidimensional approach
to face the decision problem and to further legitimate the final choice.
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Fig. 1 Final and partial ranking

5 Conclusions and Future Research Perspectives

Road pavements have increasingly gaining importance in the last few years, given
their economic and social impacts on users and environment.

Starting from an analysis of the state of the art of interlocking block pavements,
the paper focuses on the impact resulting from the use of this solution as an alternative
to the more widespread bituminous conglomerate.

Firstly, the Life Cycle Cost (LCC) has been estimated, thus providing a wider
evaluation perspective than the initial investment estimation, since costs arising dur-
ing the life cycle, from design to disposal including maintenance and operation,
have been taken into account. In order to support sound decisions between the two
alternatives, some of the most evident non-deterministic costs attributable to events
(Event-related costs) and externalities associated with road surfaces have been intro-
duced with respect to a Whole-Life Costing (WLC) analytical framework.

Finally Multicriteria Analysis (MCA) has been applied in order to explore advan-
tages and criticalities expressed both in monetary and not monetary terms. MCA
makes the results operational for decisions as it allows to consider the aggregate and
partial scores, not only as the basis for a rank, but also as a support for exploring
the decision problems and addressing choices towards a sustainable use of resources.
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Fig. 2 “What if” analysis

With respect to the results, the LCC have shown that, despite the construction costs of
the bituminous pavement are lower than the ones of the interlocking blocks, the LCC
of the latter are almost 28% less. This gap grows when lack of maintenance is consid-
ered (� = 42.39%) and it becomes very high when the analytical perspective covers
environmental and social issues, as within theWLC framework (�= 109.19%). This
kind of evidence underlines the effectiveness of integrated evaluation approaches,
based on three non-exclusive methodologies, where the use of one does not exclude
the use of the others being the results strengthened. The final outcome is a trade-off
among the aspects involved and a greater awareness about advantages and weakness
of each alternative.

Annex 1
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Part II
Environmental Improvement Benefits

and Values Creation



The Valuation of Public and Private
Benefits of Green Roof Retrofit
in Different Climate Conditions

Raul Berto, Carlo Antonio Stival and Paolo Rosato

Abstract Green roofs represent a suitable option for industrial buildings refurbish-
ment, providing private and social benefits. Nowadays, in Italy green roof technology
is still uncommon, because of high installation cost that drives the choice towards
more traditional performing solutions, such as cool roofs (CRs). Thus, a thorough
valuation of green roofs benefits in urban contexts is required to encourage their
diffusion. This paper aims to valuate private and social costs and benefits generated
by extensive green roofs (EGRs) compared with cool roofs in three Italian cities:
Trieste, Ancona and Palermo. These contexts are characterized by different Mediter-
ranean climate conditions (North, Centre and South Italy); moreover, residential
areas overlooking industrial settlements take place in each of them, so it is possi-
ble to hypothesize a potential enhancement of landscape value in these properties,
allowing to compare aesthetic benefits due to green roofs upon industrial buildings.
The study has been based on literature review and on simulation of energy perfor-
mances of EGR and CR alternatively considered as refurbishment solution for a
reference industrial building taking place in each industrial settlement. For the social
side, the externalities deriving from EGRs and CRs, such as aesthetic enhancement,
biodiversity preservation and natural habitat provision, carbon reduction, air quality
improvement, stormwater control, have been monetized according to available data
for the cases of study. The analysis demonstrates that a private investor has a poor
convenience to implement EGR rather than CR. On the other, a positive Net Present
Value (NPV) derives from social cost-benefit analysis comparing EGR and CR, due
to the EGR positive externalities. The valuation of the positive externalities let the
calculation of economic incentives amount to promote the diffusion of green roofs
in the Mediterranean area. On this basis, an annual reduction of local property tax
has been considered as incentive form. Further, a sensitivity analysis with Monte
Carlo simulation of both private and social benefits evaluation has been performed
for each of three case studies. This technique properly evaluates the final effects on
private investments in the presence of random unpredictable variables, depending
either on climate conditions or on market observation, that influence their economic
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affordability. Finally, through the comparison of the three contexts, an overall discus-
sion about of the influence of climate and urban conditions on the economic analysis
has been conducted.

Keywords Green roof externalities · Cost-benefit analysis · Cash flow analysis ·
Industrial buildings ·Mediterranean climate

1 Introduction

The technological implementation of a vegetable layer on the rooftop of existing
buildings provide several benefits of private and public nature, such as aesthetic
enhancement, control of stormwater run-off volume, improvement of yearly energy
performances and a more comfortable indoor air conditions, mitigation of urban heat
island effect, a longer lifespan of waterproofing rooftop layers (Getter and Rowe
2006; Raji et al. 2015). Extensive green roofs (EGRs) are particularly suitable for
installation on existing buildings because of reduced dead loads burdening on struc-
tural system, though a limited thickness of cultivation layer can be burdened (Cascone
et al. 2018).

In Italy, high construction costs and poor information about social and private
benefits represent the most important cause of EGRs low diffusion (Berardi 2016). It
could be encouraged in stakeholders’ decisions by a higher quality information that
could highlight strengths and opportunities (Brudermann and Sangkakool 2017),
overcoming negative impacts of industrial settlements (Rosato et al. 2016). This
research aims to evaluate social and private benefits for two alternative retrofitting
solutions for existing industrial buildings located in three Italian contexts to define
sustainable policies and economic measures to encourage EGRs diffusion in com-
parison with cool roofs (CRs).

2 Research Background

The retrofit of existing rooftops represents the more suitable action to achieve
a remarkable enhancement of energy performance, a sensible target for private
investors. Moreover, this intervention can enhance environmental performances in
densely populated contexts. In European climates, while CRs represent a typical
solution for the refurbishment of energy non-efficient buildings, GRs could balance
negative effects in urban climates providing interesting performances in the manage-
ment of energy consumption during the whole yearly period (Ascione et al. 2013;
Porsche and Köhler 2003; Richardson et al. 2016; Shafique et al. 2018).

Compared to more traditional roofing solutions, a barrier to GRs implementation
has been found in high initial installation cost; private benefits do not compensate
this cost in private economic evaluation, generating and immediate value loss, con-
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firmed by a significative net present value reduction if compared to a convention
roofing system with a 40-year-long lifespan (Clark et al. 2008; Sproul et al. 2014).
Anyway, previous studies show positive net savings occurring with EGR installation
considering production, delivery andmanagement phases, also considering air pollu-
tion reduction and stormwater control (Bianchini and Hewage 2012; Niu et al. 2010;
Wong et al. 2003). In warm and hot climates, EGRs can perform a payback period
lower than 10 years, showing an effective competitiveness (Peng and Jim 2015). In
the same climate conditions, the installation of EGRs is a lower-risk investment than
an intervention of intensive rooftop greening, in both cases of direct property use
and property selling after installation.

Thus, the valuation of positive externalities provided byGRs, if compared tomore
traditional roof refurbishment solutions, and a higher reliability in terms of struc-
tural safety should be considered for monetization to consider potential economic
measures capable to catch investors’ interest in rooftop greening.

3 Methodology

This study uses cash flow analysis (CFA) for private evaluation and cost-benefit
analysis (CBA) for public evaluation, investigating the use of incentives applied to
the refurbishment of private properties that generates positive externalities according
to an economic model previously tested (Berto et al. 2018). As first assumption, the
model assesses the installation of an EGR, alternative to a CR solution, on the rooftop
of a productive building located in EZIT industrial settlement in Trieste. Refurbished
rooftop lifespan is set 40-years long (Getter et al. 2007; Porsche and Köhler 2003);
during this period, appropriate maintenance operations are considered, in particular
the substitution of waterproofing layer in CR solution is supposed after 20 years
(Hermy et al. 2005; Oberndorfer et al. 2007; Saiz et al. 2006).

If the existing rooftop has a null remaining lifespan, refurbishment occurs at zero
time. The proposed model valuates the present value of private cash flows and social
benefits and costs, detailed as follows.

CGPcr present private cost of CR;
BPgr present private benefit of GR;
BPcr present private benefit of CR;
�CGP difference between CGPgr and CGPcr ;
�BP difference between BPgr and BPcr ;
�BPN net present private benefit, difference between �BP and �CGP;
BEgr present social benefit of GR;
BEcr present social benefit of CR;
�BE difference between BEgr and BEcr .
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Fig. 1 Private costs and benefits of CR and EGR, with reference to rooftop surface

The present private cost (benefit) of the GR (CR), expressed alternatively as
C(B)GP(P)gr(cr) (si), is defined as follows

C(B)GP(P)gr(cr)(si) =
40∑

t=0

C(B)P(P)gr(cr)(si)t · e−δ·t (1)

where δ is the instantaneous market discount rate, t represents time in years, and si is
the GR(CR) surface. Figure 1 shows the trends of present private costs and benefits
depending on the surface of the refurbished rooftop.

Present external benefits of a GR(CR), BEgr(cr) (si) related to surface area si are:

BEgr(cr)(si) =
40∑

t=0

BEgr(cr)(si)t · e−γ ·t (2)

where γ is the instantaneous social discount rate. Figure 2 shows the trends of social
costs and benefits according to the model.

Using the functions �BE and �BPN , it is possible to define the minimum surface
smin for which �BE is above �BPN , as shown in Fig. 3. For green covered areas
greater than smin, the value of positive environmental externalities is above private
costs and GR is convenient from the social viewpoint. The model also allows the
estimation of the economic incentives required to ensure private convenience in the
adoption of EGR over CR, that is at its maximum equal to �BE value and at its
minimum equal to �BPN . For a surface area smaller than smin, positive externalities
derived by GR are not sufficient to ensure private convenience for the intervention,
so the maximum value of any incentive.
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Fig. 2 Social benefits related to CR and EGR

Fig. 3 Private and social benefits functions

The analysis has been conducted for three different industrial settlements in Italy:
the abovementioned EZIT in Trieste, NewCommercial and Industrial Port in Ancona
and Brancaccio industrial area in Palermo (Fig. 4).

CFA analysis for private costs and CBA analysis for public costs and benefits
can be compared with the definition of a reference building, subjected to specific
climate conditions. Moreover, economic analysis conducted in these contexts reflect
local policies and specific items in the local government balance sheet addressed, for
example, to biodiversity preservation, sewage infrastructure management, reduction
of air pollutants.

To compare CRs and EGRs effects in these climatic contexts, a reference three-
storey industrial building has been studied, with reference to the thermal zone located
at the upper floor. The gross area of this floor is 781m2, corresponding to the building
footprint, with a net indoor volume equal to 2480 m3. Rooftop surface, burdening a
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Fig. 4 Industrial settlements in which analysis has been conducted

frame structure in concrete, concur for about 60% of the whole 1300 m2-wide zone
envelope, completed by walls in insulated hollow bricks (29%) and aluminium-
framed double-glazing windows (11%). The rooftop is the only technical element
whose solution variates throughout analysis.

The existing flat roof has a mixed supporting layer in reinforced concrete and
hollow tiles 28-cm thick, not insulted and protected by a bituminous waterproofing
membrane. This solution, that has reached the end of his 40-year-long lifespan,
supports both solutions for rooftop retrofit as detailed in Fig. 5: an insulated CR
with reflective coating, alternative to an insulated EGR with storage element, 10-cm
thick soil substrate and vegetation with Sedum album, Sedum floriferum and aromatic
plants such as Lavandula angustifolia.
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Fig. 5 Description of alternative solutions for existing rooftop refurbishment

4 Value Transfer Approach for Aesthetic Benefit
Monetization

The aesthetic improvement of anthropic areas by giving a pleasant appearance to
rooftop surfaces represents one of the most important benefits of GRs, not provided
by CRs. A conjoint analysis experiment contextualized in Trieste asked individu-
als to quantify their willingness to pay (WTP) for a widespread diffusion of GRs
surrounding their house (Rosato and Rotaris 2014). Accepting a 50% greening of
overall rooftop visible area, WTP in Trieste ranges from 82 to 205 e per property
unit area that overviews GRs.

Trieste industrial settlement is located at the bottom of a hillside upon which
multi-story residential buildings take place, so it is possible to relate WTP to GR
surface unit. For the purpose of this study, it is relevant to achieve WTP amount for a
widespreadGRs diffusion for Ancona and Palermo contexts, then themonetary value
of landscape aesthetic benefit. In absence of a specific conjoint analysis available for
these cities, the best way to obtain WTP at issue is the benefit transfer approach.
This method needs a clear individuation of the benefit to transfer and one or more
reference evaluations: in this case, WTP to view GRs and the study conducted in
Trieste, respectively.According to literature (Brouwer 2000;Desvousges et al. 1992),
reference study is suitable to transfer because it is similar in features to Ancona and
Palermo contexts and it is based on theoretically founded methods.
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The benefit transfer approach used in this study is the adjusted value transfer,
since the unavailability of demand function capable to describe the value to transfer
and based upon primary issues, such as socioeconomics, demographic, attitude and
income level characteristics. To obtain the policy value, the study value is corrected
with a coefficient k that consider the ratio between property average market values
(AMV, in ordinary state of preservation) in the analyzed area in Ancona/Palermo and
Trieste area ones, made available by Italian Real Estate Market Observatory:

WTPTrieste · k = WTPAncona(Palermo) (3)

where

k = AMVAncona(Palermo)

AMVTrieste
(4)

Table 1 shows the results of value transfer.
Thus, landscape aesthetic benefit has been calculated for the contexts of Trieste,

Ancona and Palermo basing on the value transfer approach of WTP. The overall
properties area unit facing the industrial zone EZIT in Trieste is about 62,950 m2

wide, so the property value increase varies between 5.16 and 12.90 e millions.
Rooftop surface visible from these residential properties is about 366,200 m2, of
which half is supposed to be refurbished as EGR. Thus, aesthetic improvement due
to partial roof greening in Trieste varies between 27.99 and 69.97 e per EGR unit
area.

Residential properties area overlooking New Industrial and Commercial Port in
Ancona is about 75,588 m2; property value increases between 6.85 and 17.13emil-
lions, while visible roof surface is about 299,900 m2 and greening surface is
thus 144,950 m2. For Ancona, aesthetic benefit amount varies between 59.60 and
149.00 e per EGR unit area. Analogously, properties area facing Brancaccio indus-
trial zone in Palermo is about 101,150m2; property value increases between 7.45 and
18.63emillions, while visible roof surface is about 304,600m2 and greening surface
is thus 152,300 m2. It results that for Palermo context aesthetic benefit amount varies
between 48.62 and 122.29 e per EGR unit area. Table 2 reports calculation results.

Value transfer concerning aesthetic benefit allows the following valuation of pri-
vate costs and benefits and public benefits of refurbishment solutions. Table 3 offers
a brief view of costs and benefits evaluated and their essential features. Distribution

Table 1 Results of adjusted value transfer approach for rooftop greening WTPs

City AMV
[e mq−1]

Average WTP
[e mq−1]

Minimum WTP
[e mq−1]

Maximum WTP
[e mq−1]

Trieste 1325.00 143.50 82.00 205.00

Ancona 1525.00 165.16 94.38 235.94

Palermo 1190.00 128.88 73.65 184.11
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Table 2 Calculation of aesthetic benefit values for Trieste, Ancona and Palermo contexts

City AMV
[e mq−1]

Average WTP
[e mq−1]

Minimum WTP
[e mq−1]

Maximum WTP
[e mq−1]

Trieste 1325.00 143.50 82.00 205.00

Ancona 1525.00 165.16 94.38 235.94

Palermo 1190.00 128.88 73.65 184.11

Table 3 Description of private and public costs and benefits

Cost/benefit Nature Relevant solutions Time period Distribution

Installation Private CR and EGR One time Constant

Maintenance Private CR and EGR Annuity Constant

Energy consumption Private CR and EGR Annuity Triangular

Landscape Public EGR One time Uniform

Biodiversity preservation Public EGR Annuity Constant

Air quality Public EGR Annuity Constant

Carbon reduction Public CR and EGR Annuity Triangular

Sewage control Public CR and EGR Annuity Triangular

Infrastructure
management

Public CR and EGR Annuity Triangular

considers how economic values have been predicted, depending on intrinsic and ran-
dom variables: by a fixed constant value, or a uniform range between minimum and
maximum values, either a triangular range with a most likely value.

5 Evaluation of Private Costs and Benefits

Private costs, for both refurbishment solutions, refer to initial installation costs,
annual maintenance costs and annual energy consumption costs.

Initial installation costs have been determined according to pricing lists for civil
engineering products and consider, for both solutions, the removal and the disposal
of existing washed gravel tiles and waterproofing membrane.

With reference to energy performances, both refurbishment solutions provide
a reduction in energy supplied for heating and cooling services (Gagliano et al.
2015; Scharf and Zluwa 2017). According to a semi-stationary calculation of primary
energy consumption in the thermal zoneunderneath the rooftop, a higher performance
of EGR in achieved in summer,while for due diligence and additional insulation layer
is needed (Castleton et al. 2010; D’Orazio et al. 2012). Climate data for calculation
have been derived by Regional Environmental Protection Agencies of Friuli-Venezia
Giulia, Marche and Sicily, while prices of natural gas and electricity derive from time
series provided by Italian Authority for Electricity and Gas (AEEG).
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Table 4 Average values of private costs and benefits for CR and EGR retrofit solutions

City Installation costs
[e mq−1]

Energy consumption
costs
[e mq−1 yr−1]

Maintenance costs
[e mq−1 yr−1]

CR EGR CR EGR CR EGR

Trieste 81.39 140.88 4.02 3.65 2.86 2.00

Ancona 81.39 140.88 3.70 3.65 2.86 2.00

Palermo 81.39 140.88 3.44 3.52 2.86 2.00

Finally, maintenance costs valuation has been obtained considering planned oper-
ations at different time frames. A 20-year-long lifespan has been attributed to CR
solution, at whose end a re-roofing intervention has been computed to confirmwater-
tightness and reflection performance; on the other side, after 20 years restoration of
vegetation and cultivation layer is provided in EGR solution.

Private costs are detailed in Table 4.

6 Valuation of Public Benefits

Externalities due to refurbishment solutions effects can be valuated separating EGR
exclusive public benefits (detailed in Table 5) and benefits related to both solutions.
Each public benefit has been valuated as lasting for overall 40-year lifespan, except
for aesthetic benefit whose value has been computed two years after refurbishment,
according to the approach pursued in aesthetic benefit monetization.

Biodiversity preservation and habitat provision consider the potential of attraction
of EGRs replacing impervious surfaces in urban contexts; in this perspective, EGRs
avoid costs for the restoration of natural areas. For each context, valuation derives
from incurred costs in regional government balance sheet; as EGRs cannot be treated
as natural habitats, 20% of this value has been considered appropriate.

Moreover, EGRs perform a dry deposition process of air pollutants and a sec-
ondary control of microclimate. This process provides uptake effects on pollutants

Table 5 Average values of
public benefits exclusive of
EGR-refurbished rooftop
solution

City Landscape
aesthetic
benefit
[e mq−1]

Biodiversity
preservation
[e mq−1 yr−1]

Air quality
improvement
[e mq−1 yr−1]

EGR EGR EGR

Trieste 48.98 3.40E-03 0.13

Ancona 104.30 1.00E-03 0.13

Palermo 85.60 7.60E-05 0.13
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such as ozone, nitrogen dioxides, particulate matter PM10 and sulphur dioxide
(Nowak et al. 2006; Yang et al. 2008). Considering opportune project damage costs
found out in the Energy Environment Economy Model for Europe (E3ME) it is pos-
sible to estimate avoided damage costs for each pollutant (Barker and Rosendahl
2000; Rabl and Eyre 1998).

With reference to positive externalities provided by both CR and EGR solutions,
the main issue to study refers to stormwater control, depending essentially on cul-
tivation layer depth, sorption capacity and vegetation leaf area index and growth
(Castiglia and Wilkinson 2016; Viola et al. 2017; Whittinghill et al. 2015). This
benefit implies a reduction of stormwater volume drained to public sewage system,
due to retention effect expressed mainly by cultivation layer and evapotranspiration
phenomena activated by vegetation. So, on one hand this effect decreases transporta-
tion and purification treatment costs, on the other indirectly reduces the risk related
to severe flood events and provides lower infrastructural management costs. For the
monetization of these externalities, it can be considered that an EGR can reduce
drainage flow rate by 0.5 l/m2 per day in saturation conditions, depending on climate
data about dry periods; then, it can absorb from 35 to 58% of rainfall volume (Hermy
et al. 2005; Mentens et al. 2006).

Carbon reduction benefit is related, for both intervention solutions, to the reduction
of energy consumption for considered energy carriers: natural gas and electricity. An
appropriate value of Carbon reduction tax is detectable according to Kyoto Protocol
(World Bank et al. 2016).

Urban heat island (UHI) effect has been considered an invariant effect in this study,
because both refurbishing solutions provide a valuable effect on the temperature of
air layer lying on rooftop outdoor surface, CR because of its high albedo and EGR
because of photosynthesis process provided (Susca et al. 2011; Takebayashi and
Moriyama 2007). Finally, public costs and benefits values are detailed in Table 6.

Table 6 Public costs and benefits related to CR and EGR retrofit solutions

City Carbon reduction
[e mq−1 yr−1]

Sewage control
[e mq−1 yr−1]

Reduction of
infrastructural costs
[e mq−1 yr−1]

CR EGR CR EGR CR EGR

Trieste 0.26 0.23 0.63E-02 2.12E-02 0.57E-02 1.70E-02

Ancona 0.23 0.23 0.98E-02 3.10E-02 0.61E-02 1.80E-02

Palermo 0.18 0.18 0.66E-02 0.82E-02 1.30E-02 3.50E-02
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7 Determination of Discount Rates

CFA and CBA calculations require assumptions of congruous market and social
discount rates. The latter is defined according to social time preference rate (hereafter
STPR), intended as the value that society associates to current consumption with
respect to the future one (HM Treasury 2003).

STPRconsists of twocomponents, the ratewithwhich individuals relate future and
current consumptions with unchanged per capita consumption ρ and a second addend
related to per capita consumption growth over time that, assumed increasing, will
have lower marginal utility (OXERA 2002; Ramsey 1928; Scott 1977, 1989). This
effect can be quantified with the product of annual growth per capita consumption
g and the elasticity of marginal utility of consumption compared to utility itself μ

(Cowell and Gardiner 1999):

r = ρ + μg (5)

Different discount rates should be used in the valuation of tangible or intangible
effects, cost components and social benefits, matching the principle of time-declining
discount rate (Defrancesco et al. 2014). Thus, in this analysis that considers different
components of costs and benefits, occurring at different timing and time horizons as
detailed in Table 3, a social discount rate variable between 3.0 and 3.5% is assumed,
with reference to 31–75 year-long period and 0–30-year-long period, respectively
(HM Treasury 2003), according to a triangular distribution.

Hypothesizing a similar trend, market discount rate varies between 3.5 and 6.0%,
with most likely value equal to 4.0%.

8 Sensitivity Analysis Results and Discussion

In this section results ofCFAandCBAanalysis are shown for the three Italian contexts
considered. The sensitivity analysis, based on Monte Carlo simulation method, has
been performed with @Risk 7.5 software produced by Palisade Corporation.

The application of Monte Carlo method allows to simulate the effect of some
variables whose behavior influences the valuation of private and public costs and
benefits and, consequently, the economic affordability of the intervention. Thus,
Monte Carlo method represents a valuable tool to develop an informative structure
capable of matching the effects of intrinsic and external parameters related to rooftop
retrofit.

In the model development, variables such as electricity and natural gas prices
and private discount rate are obtained by market observation, thus they are subjected
to unpredictability (Lucius 2001; Neufville 2003; Williams 1991). Then, climate
conditions that affect EGR performances—such as rainfall, dry periods, outdoor air
temperature and solar irradiation on the horizontal—vary throughout the reference
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period 1996–2015; they have been considered random variables like the previous
ones, for each considered context. In Monte Carlo simulation technique, the random
generation of a large number of combinations, once probability distribution curves
are assigned to random variables as described in Table 3, allows to assess final effects
in real estate private investments (French and Gabrielli 2004; Hoesli et al. 2006).

Sensitivity analysis has been performed by the attribution of private costs and
public benefits according to peculiar time periods reported in Table 3. Over a 40-year-
long period, installation costs occur once in the first annuity; moreover, landscape
aesthetic benefit has been valuated once two years after EGR installation, to consider
its full expression in terms of visual aspect. The other costs and benefits occur yearly
and have been discounted according to the distribution of market and social discount
rates, respectively.

With reference to costs and benefits, sensitivity analysis has been performed
according to the following steps.

• Identification of random input variables.
• Definition of probability distribution to random variables.
• Estimate of costs and benefits distribution according to random variables.
• Simulation of private NPV probability distribution for each climate context and
with different incentive policy.

Considering the difference in planned maintenance costs between CR and EGR,
probabilistic CFA shows a poor convenience in adopting EGR: a negative private
NPV has been found in all contexts considered (Table 7).

Conducing 10,000 simulations, the impact of uncertainty on NPV has been eval-
uated. Figure 6 shows the probability density function for private NPV in Trieste,
Ancona and Palermo respectively, which are negative in almost all cases: as excep-
tion, Trieste context shows private NPV value positive with a very poor confidence
value of 0.5%.

Regarding social viewpoint, CBA results shows a social NPV of 17,823.88 e for
Trieste, of 55,151.04e for Ancona and 39,040.42e for Palermo. Sensitivity analysis
performed for each city shows a 76.1%probability of a positive socialNPV forTrieste
and 99.9% for Ancona and Palermo (Fig. 7).

In Trieste context, the present value of the positive externalities provided by GR
compared with CR amounts to 39.026,49 e. So, the maximum reduction on the
annual municipality tax should amount to 55.35%. The minimum, those one brings
the private NPV to zero, amount to 42.54%. The sensitivity analysis, adopting the

Table 7 Public costs and benefits related to CR and EGR retrofit solutions

City Private NPV
[e]

Social NPV
[e]

Externalities present value
[e]

Trieste −29,741.06 17,823.88 39,026.49

Ancona −36,441.15 55,151.04 79,309.75

Palermo −36,976.28 39,040.42 65,541.25
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Fig. 6 Probability distribution for private NPV in Trieste, Ancona and Palermo, from the top to
the bottom respectively
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Fig. 7 Probability distribution of social NPV in Trieste, Ancona and Palermo, from the top to the
bottom respectively
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Fig. 8 Probability distribution of private NPV in Trieste, with maximum incentive (top) and min-
imum incentive (bottom)

maximum reduction on the annual municipality tax, shows a probability of 77.5%
of a positive private NPV. Instead, adopting the minimum reduction on the annual
municipality tax for Trieste, a probability of 29.9% of a positive private NPV, as
reported in Fig. 8, has been obtained.

For Ancona, the present value of the positive externalities provided by GR com-
pared with CR amounts to 79,309.75 e. The maximum reduction on the annual
municipality tax should amount to 80.64%, the minimum to 37.71%. The sensitivity
analysis, adopting the maximum reduction on the annual municipality tax, shows a
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Fig. 9 Probability distribution of private NPV in Ancona, with maximum incentive (top) and
minimum incentive (bottom)

probability of 100.0% of a positive private NPV, while a probability of 32.2% of a
positive private NPV has been found adopting the minimum reduction on the annual
municipality tax (Fig. 9).

For Palermo, the present value of the positive externalities provided by GR com-
pared with CR amounts to 65.541,25 e. The maximum reduction on the annual
municipality tax should amount to 66.64%, the minimum to 38.26%. The sensitivity
analysis, adopting the maximum reduction on the annual municipality tax, shows a



162 R. Berto et al.

Fig. 10 Probability distribution of private NPV in Palermo, with maximum incentive (top) and
minimum incentive (bottom)

probability of 100.0% of a positive private NPV, while a probability of 31.5% of a
positive private NPV has been found adopting the minimum reduction on the annual
municipality tax (Fig. 10).
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9 Conclusions

Through CFA, the difference in costs and benefits between CR and EGR has been
evaluated from the perspective of a private investor, aiming to the refurbishment of
and industrial building rooftop in three different Mediterranean climate contexts:
Trieste, Ancona and Palermo. Using an appropriate market discount rate NPV has
been determined a very poor convenience in all three contexts. For Trieste only a
0.5% probability of positive private NPV is noticed, while in Ancona and Palermo
there is zero probability of positive NPV.

CBA was performed considering the social benefits of CR and EGR, using an
appropriate social discount rate. This analysis shows that for all three contexts EGR
is more convenient than CR and it is possible to overcome EGR lack of economic
affordability byproviding local incentives related to its social benefit value.Anannual
reduction in local property tax rate on buildings has been considered for entire useful
rooftop lifespan. Calibrating the minimum incentive as the amount for NPV equal to
zero, and maximum incentive as amount of all social benefits available, probabilities
of a positive private NPV equal to 29.9 and 77.5% respectively have been found for
Trieste context; analogously, probabilities of 32.2 and 100% have been found for
Ancona, and 31.5 and 100% for Palermo, respectively.

In all cases, climate has little influence on private benefit. Themost discriminating
factor in all contexts is aesthetic benefit, related to the density of residential dwellings
that enjoys the sight of industrial areas refurbished by EGR solutions. Finally, rainfall
conditions along the whole year represent a remarkable factor because it influences
three benefits: reduction of planned maintenance costs of infrastructures, control of
sewage in severe rainfall events conditions, reduction of drained stormwater volume
due to evapotranspiration phenomena.
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Abstract Over the last decade, households’ preferences about energy efficiency
measures in the residential sector have been the focus of a growing body research
employingmodels based on revealed and stated preferences. Analysis of households’
energy consumption and demand elasticities were carried out before with the intent
to forecast the potential of energy efficiency programs, but the recent concerns about
climate change have drawn attention to the causes of this problem. As a result,
the residential and renewable energy sectors have become strategic for the human
being’s future. Different retrofit measures and technical solutions are now available
for the new buildings, but the existing residential stock is more difficult to improve.
More specifically, this implies the investment decision of heterogeneous groups of
homeowners and landlords who differ in terms of the characteristics of their assets,
their financial possibilities and time preferences. Valuation models have helped to
forecast the demand of both market and public goods. Based on different approaches
and theories, these applications have opened new avenues of research, but leaving
some questions unanswered. This work tries to take stock of a debate that is still open
by comparing experiments based on revealed and stated preferences in this specific
field.
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1 Introduction

Measures implemented to improve energy efficiency are now recognized as a means
of reducing greenhouse gas emissions, improving the procurement security, cutting
down import costs, and creating a system less exposed to risks and volatility that
global economic growth inevitably causes. In this direction, the real estate assets
play a fundamental role, involving different economic sectors, from rawmaterials and
technical installations to goods and services related to domestic supplies (Dell’Anna
et al. 2019). Furthermore, facing the key challenge of fighting climate change while
increasing the energy sector sustainability and maintaining economic growth will
not be achieved without buildings energy efficiency. After all, the virtual supply
of energy saved from a higher level of efficiency could generate multiple benefits
to governments, businesses, and households, providing at the same time a market
opportunity for a wide range of sectors (Becchio et al. 2018; Barthelmes et al. 2016).

Despite this trend, the immaterial nature of energy and its interweaving with
everyday life make it difficult to observe and interpret, with the necessary scientific
strictness, family choices and individual behaviors that are closely related to the
sector. In this direction, the work intends to propose a reflection, also starting from
previous experiments (Marmolejo-Duarte andBravi 2017; Bottero et al. 2019), on the
possibilities of observing—and evaluating—households’ choices related to energy
saving, taking into account the role that a correct information plays in determining
them. Although a reasonably large literature surveys various potential market failure
in energy efficiency investment (Allcott and Greenstone 2013; Gerarden et al. 2015),
few efforts have been directed specifically on information programs. In fact, the
intangible resources of communication appear to be an essential item to make the
material resource of the energy works better and determining individual choices that
are consistent to the social well-being (Becchio et al. 2018).

Furthermore, the analysis of user behavior directly involved in relevant public
policies—such as energy policy—has recently attracted the attention of scholars
and policy-makers (Sousa Lourenço et al. 2016). It has been recognized that the
increase in competition does not always offer an effective advantage to the consumers.
Often, individual choices rely on a limited number of heuristics that sometimes
lead to reasonable judgments, and sometimes involve severe and systematic errors
generating contradictory behaviors (Kahneman and Tversky 1984; Gilovich et al.
2002; Peón et al. 2017).

How can valuation approaches to individual choices take this matter into account?
How can these experiments be used profitably, also in order to limit the buildings
energy consumption? This work aims to answer these questions by proposing a rea-
soning about approaches based on revealed and stated preferences. For this purpose,
in Sect. 2 the problem of energy consumption and families’ choices related to the res-
idential sector is analyzed, especially from the market—revealed preferences—point
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of view. Instead, Sect. 3 showshowa stated preferences approachbasedon themethod
of choice experiment could be employed to better understand the decision-making
process and improve knowledge in this field; for this purpose, a brief summary of
the relevant literature is recalled. Conclusions follow.

2 Energy Efficiency Choices Starting from Revealed
Preferences Analysis

Changes from traditional energy production systems to low carbon technologies
imply a shift in investments and not necessarily an increase in them, as well as a
change in market dynamics. The reduction of greenhouse gas emissions does not
imply horizontal cuts in spending as the different role that each socio-economic
sector can play in the process of changing is recognized. The residential and tertiary
sectors are those from which to expect, in the short term, the best results in terms of
energy savings. Particularly, the interventions on the existing building stock appear
to be strategic from this point of view.

The European Union has set some important principles on the buildings energy
efficiency (GU, 2010, L 153/13) with the Energy Performance of Building Directive
recast (EPBD recast). However, the lack of a common definition and evaluation
of NZEBs (Nearly Zero Energy Building) by the Member States has caused some
difficulties and has slowed down the process of efficiency and energy savings (Bottero
et al. 2018a). This led, recently, to the revision of the EPBD (European Commission
2016) emphasizing the urgent need to reduce greenhouse gas emissions by involving
all sectors, including the residential one.

In fact, despite the constant increase in the renewable sources penetration, it is nec-
essary to reduce the amount of energy required to satisfy individuals and households
consumption. The building stock consumes approximately 40% of gross primary
energy, since it includes both the residential and services sectors. The European real
estate assets are indeed old; most of the buildings were built before the implemen-
tation of the energy consumption standards and, in particular for the Mediterranean
countries, the breakdown by construction period is as follows: 37%, 49% and 14%,
respectively for the period before 1960, between 1961 and 1990 and between 1991
and 2010 (BPIE 2011). Therefore, the interventions on the existing stock are impor-
tant because the new buildings represent less than 1% per annum.

Given the urgency of stopping the anthropogenic environmental and energy
impact, a substantial reform of a wide range of domestic energy behaviors is required
in addition to other measures. In this perspective, consumers represent one of the
main actors able to influence the energy transaction towards a post-carbon society
(Fabi et al. 2017; Becchio et al. 2019). On the one hand, the adoption of measures
disseminating sustainable energy sources and technologies, the installation of appli-
ances bringing down the electric load as well as actions reducing the thermal demand
through the building envelope efficiency, represent solutions purely related to new
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investments. On the other, the focus is shifting more and more towards the effects
derived from the change in user behavior, with a lowered energy demand matching a
supply coming from renewable sources. In this perspective, several kinds of research
have been developedwith the aim of investigating the factors that influence the public
acceptability of energy policies (Steg et al. 2015), the adoption of renewable energy
resources by the final users (Barthelmes et al. 2017), and the introduction of energy-
efficient technologies in the private sector. It seems that inclusion in decision making
leads individuals and families to more easily accept energy policies and changes
in energy system, especially if their interests are taken into account (Perlaviciute
and Steg 2014). In this regard, it is necessary to clarify why there are still very low
percentages of investments to improve energy efficiency.

The analysis of revealed preferences shows the presence of many barriers, includ-
ing the investment size and the difficulty in forecasting the expected results. With
regard to financial barriers, the amount of the investment is considered one of the
main limitations to proceed, despite the economic return due to energy savings and
the trend of rising in energy prices. The pay-back period is still another problem
because, according to the single stakeholder, its acceptability could change. A sub-
stantial risk aversion to this kind of investment has also been demonstrated (Newell
and Siikamki 2015). Besides, the choice to invest is faced to the competition with
other types of goods bearing a status symbol and social prestige. In this direction, the
perception and values that real estate assets represent make it difficult to generalize
the policies goals. Tax incentives are not enough because they produce fragmentation
of interventions, rather than achieving economies of scale with greater efficiency and
effectiveness.

Moreover, energy expenditure implies a series of secondary phenomena, includ-
ing split incentive, in which the investor is not the beneficiary of the intervention
–landlord versus tenant or homeowner –, and rebound effect (Schleich et al. 2014),
in which greater consumption offsets the energy saved by increasing efficiency. In
this context, methods based on revealed preferences have not always been capable
of entirely capturing user preferences by observing market behavior.

Many studies have tried to infer information on consumer preferences through
the Hedonic Price Method (HPM), by observing real estate sales (Freeman et al.
2003). HPM is based on Lancaster’s theory (1966) according to which people give
value to a bundle of goods attributes. This approach allows to estimate costs and
benefits associated to the structural and locational attributes that consumers believe
are important when they buy a home. In light of this, a family maximizes its util-
ity by simultaneously moving along each marginal price schedule, where this last
can be interpreted as a household’s willingness to pay for a unit of each attribute.
HPM is generally used for environmental valuation purposes—parks and different
kind of amenities—but, in recent years, a flourishing literature on energy efficiency
demand has been developed. In fact, since 2008, Member States have been obliged
by the European Union to indicate for each building, built, sold or rented, the Energy
Performance Certificate (EPC) that describes the energy performance.

Some studies have shown that buildings with high energy performance level are
appreciated compared to the others (Bonifaci and Copiello 2015; Bottero et al. 2018),



Energy Efficiency Choices and Residential Sector: Observable … 171

although, other applications have found a null impact of EPC ranking on prices
(Olaussen et al. 2017) or only little on some market segments (Fregonara et al. 2017;
Marmolejo-Duarte and Chen 2019). This latter finding interestingly coincides with
opinion-based research, that has found that EPC ranking has a negligible impact on
the housing market (Pascuas et al. 2017). It has also been demonstrated by Olaussen
et al. (2017) that energy efficiency attributes can incorrectly absorb the impact on
prices by other unobserved variables, such as structural ones, producing a spurious
correlation between EPC and other attributes.

Anyway, according to some studies, energy label appears to have achieved sig-
nificant savings by inducing energy efficiency and increasing information trans-
parency (Howarth et al. 2000; Webber et al. 2000). Furthermore, the results suggest
as other incentives—such as green loans, subsidies and tax reductions—can promote
energy savings encouraging real estate developers to offer building characterized by
advanced green features (Gillingham et al. 2009; Buso et al. 2017; Napoli et al. 2017;
D’Alpaos and Bragolusi 2018).

3 Stated Preferences and Energy Efficiency: How Does
a Choice Experiment Could Be Modeled?

Since human choice processes have been analyzed by different disciplines, there
is not a unique theoretical framework to refer to. Ben-Akiva et al. (2002) depicted
the state of the art of Predictive Choice Experiments (PCE) in relation to the more
general field of human behavior analysis and they showed the differences, but also
the fruitful exchanges occurred between the two. In fact, the research goals are
different—prevision and regularity vs. deconstruction and heterogeneity—but this
does not mean that various methodologies could not work together for the solution
of empirical problems. The common objective is still today the individual choice
process modelling in a variety of situations and applications.

As widely recognized, in the PCE, the Random Utility Maximization (RUM)
model is the main referring framework. From the narrowest formulation (Marschak
1960; McFadden 1974, 2001) until today, the evolution of this theory has taken
advantage fromaprogressive hybridization, somuch to identify another generation of
models with a new label, that of Hybrid Choice Models (HCM). The latter have tried
to solve many issues arising from the experimentation: (a) presence of heterogeneity
across decision-makers due to different attitudes and perceptions (Greene et al. 2006);
(b) choice state-dependence (Viscusi and Huber 2012); (c) latent constructs and
cognitive biases (Hensher and Greene 2010) (d) information processing (Denstadli
et al. 2012); (e) time preferences in presence of risk and uncertainty (Glenk and
Colombo 2013; Lundhede et al. 2015).

For the reasons explained before, it is particularly interesting to focus on infor-
mation availability in the consumer choice process, first of all by comparing real and
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hypothetical markets. Some aspects of this problem are often confused. For example,
onewould be led to believe that, while in a realmarkets information is transparent and
accessible, in a simulated one—as in a choice experiment—de facto this cannot be.
On the contrary, it has been widely demonstrated that consumers adapt the decision-
making process to the available quantity of information each time theymake a choice,
real or hypothetical (Payne et al. 1993; Lacetera et al. 2012). From this perspective,
potential sources of behavioral biases could cause: unobserved costs or overstated
benefits, ignored product attributes or use of inappropriate discount rates in presence
of risk and uncertainty.

Especially when the decision involves time preferences, the available information
becomes a strategic item.Moreover, the profitability of energy efficiency investments
depends fundamentally on the rate at which individuals discount future energy sav-
ings related to the initial investment; but individual discount rates exhibit considerable
heterogeneity in experimental studies with time preferences elicitation (Newell and
Siikamki 2015). In this sense, product or service choices may not minimize present
value costs. Gerarden et al. (2015) outline that consumers may be inattentive to
energy costs when purchasing products, but such lack of attention is not necessarily
irrational. Bounded rationality could inhibit from properly balancing benefits and
costs when comparing products or services where energy consuming is involved.

Furthermore, information availability is directly related to the selection bias; in
other words, due to human limited attention, memory and processing capacities, indi-
viduals make decisions based on subsets of information that are easily and immedi-
ately available (Peón et al. 2017). This behavior determines an important collateral
effect that has been tested in the PCE: the regret effect. Individual thinks «I would
not want to regret not choosing or done… something», rather than maximizing the
expected utility. Coherently, regret is defined as what one experiences when a non-
chosen alternative performs better than a chosen one, taking into account one ormore
attributes. Boeri and Longo (2017) show that Random Regret Minimization (RRM)
model explains the respondents’ choices better than RUM, indicating that regret is
an important choice paradigm for renewable energy programs (Chorus 2010). In
other words, the authors suggest that bounded rationality leads individuals to choose
options that minimize their possible losses when considering energy saving.

3.1 Modelling Choice Experiments

In this Section a more specific comparison of choice experiments in the field of
buildings energy efficiency is recalled with the intent to clarify how some of the
issues referred to above could be managed. One of the first experiment in this sector
was probably that of Cameron (1985) who employed data collected by a national
survey on energy consumption. Analysis of households’ energy consumption and
demand elasticities were carried out also before to forecast the potential of energy
efficiency programs (Li and Just 2018), but Cameron took on a choicemodel showing
the demand sensitivity to changes in investment costs, energy prices and income.
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A significant increasing of the relevant literature occurs only in the first decade
of the 2000s, when greenhouse effect on environment and climate becomes more
evident. Scholars probably consider the valuation models based on stated prefer-
ences more manageable, flexible and suitable for describing consumers hypothetical
choices. Sadler’s work (2003) is often cited as a good example of these first studies;
she conducted two choice experiments amongmore than 600 owners of single family
homes across Canada. In one of the two, respondents were asked to choose between
a renovation that does not include energy efficiency retrofits and one that does it
with only two alternatives with three attributes and two levels each. The results show
that energy-efficient renovations are preferred compared to those without energy
retrofits. Later, Banfi et al. (2008) use a choice experiment to evaluate the willing-
ness to pay for energy-saving measures in Switzerland’s residential buildings. These
interventions include ventilation system and insulation of windows and facades; also
in this case, the results suggest that the benefits of energy saving attributes are sig-
nificantly considered by the consumers. While showing that a preference for this
kind of investment does matter, these early applications do not go much further; the
models employed are basically standard, like the Multinomial Logit Model (MLM)
with fixed effects. Other possibilities will be experimented later.

Kwak et al. (2010) estimate the willingness to pay for air-conditioning and
heating considering three main attributes: windows, facade, and ventilation. More
specifically, they test the hypothesis that energy efficiency choices would be nested.
The Nested Logit Model (NLM) relaxes the so-called IIA (Independence of Irrel-
evant Alternatives) assumption—also known as binary independence—organizing
the alternatives into groups and allowing for correlations among them. A little later,
Achtnicht (2011) conducts a choice experiment concerning energy retrofits for exist-
ing houses in Germany; the respondents have to choose between a modern heating
system or an improved thermal insulation for their home. In this case, a Mixed Logit
Model is employed and the investment payback period is included, but removing the
related uncertainty. Rouvinen and Matero (2013) examine how different attributes
of heating systems affect homeowners’ choice following renovations when prefer-
ences heterogeneity is considered; a Random Parameters Logit (RPL) model allows
to relax the IIA assumption identifying the random characteristics and taking under
control consumers heterogeneity. Similarly, Bottero et al. (2019) opt for a RPLmodel
to estimate the residents’ willingness to pay for buildings energy retrofit of an urban
district in Italy. By aggregating costs and willingness to pay for the entire district, the
presence of a potential for improving the energy efficiency is verified with a variation
related to the kind of investment: windows substitution or facades insulation.

More specifically and about information availability in households’ decision-
making, a large number of experiments cannot be found in this field. A certain
attention is concentrated on the attributes selection process and the choice sets cre-
ation as well as the inclusion of information related to the greenhouse effect and the
consequences of fossil energies consumption in general. Less work has been devoted
to verifying the presence or absence of eventual biases able to influence the individ-
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ual behavior. For example, Philips (2012) presents the results of a choice experiment
used to investigate the preferences of landlords and tenants for insulation and heating
retrofit in New Zeland. The first are willing to pay more for a heating appliance than
any other option; on the contrary, the second have a lowwillingness to pay for heating
substitution and would prefer under-floor insulation. Accordingly, a poor informa-
tion may be a reason why many landlords are not willing to pay market prices for
energy efficiency upgrades. About that, Michelsen and Madlener (2012) analyze the
influence of the preferences for specific attributes of residential heating system on the
homeowners’ adoption decision in Germany. They found there are different drivers,
especially from sociodemographic and spatial point of view. Particularly important
is the difference between newly and existing buildings.

Some studies consider reasons and motivations that encourage homeowners to
carry out building energy retrofits as well as barriers against such investments. For
example, Achtnicht and Madlener (2014) directly investigate the reasons for and
against building energy retrofits in Germany, but also apply a choice experiment
involving different measures. Even though the most homeowners wait until single
building elements are approaching the end of their useful life, before considering
options for renovation or replacement, it seems they consider whether or not the
additional costs for energy efficiency retrofit is affordable and profitable. Besides,
the incentive effect of expert recommendations appears to be significant.

More recently, some authors have outlined that the decision to retrofit should go
beyond mere cost-benefit considerations and include other aspects as, for example,
increase in indoor comfort. By means of a choice experiment, different thermal
energy-saving measures in residential buildings have been investigated taking into
account the individuals’ environmental concerns (Galassi and Madlener 2017). This
last seems to be important in explaining consumers’ heterogeneity. That the concerns
about the environment and climate change are increasing in public opinion is however
a fact (Alberini et al. 2018), and today the demand for transparent information about
costs and benefits of energy saving measures could require urgent answers. Starting
from the analysis of the literature, Table 1 summaries the main estimation models
that have been used for the development of choice experiment method (Soeckai et al.
2018).

4 Conclusions

Buildings energy efficiency is clearly a strategic sector to mitigate the climate change
effects that are becoming devastating and irreversible. In the last decades, scholars
have given a large contribution to the knowledge of consumers’ behavior, also in
uncertain conditions as those characterizing the energy consumption. It was demon-
strated that information availability and environmental concerns are important to
drive families’ investment decision towards more efficient products. At the same
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Table 1 Main estimation framework and econometric analysis models

Estimation
framework

Random utility maximization (Marschak 1960; McFadden 1974, 2001;
Borchers et al. 2007)

Random Regret Minimization (Chorus 2010; Chorus et al. 2014; Boeri and
Longo 2017)

Hybrid Choice Models (Ben-Akiva et al. 2002)

Econometric
analysis model

Multinomial Logit Model (Banfi et al. 2008; Andrews and Krogmann 2009)

Mixed Multinomial Logit Model (Achtnicht 2011)

Nested Logit Model (Kwak et al. 2010; Ma and Burton 2013)

Random Parameter Logit (Rouvinen and Matero 2013; Ward et al. 2011)

Latent class (Janssen et al. 2017; Rhead et al. 2018)

Scale adjusted latent class (Magidson and Vermunt 2007; Islam 2014)

Heteroskedastic Multinomial Logit (Swait and Adamowicz 1996)

Generalised Multinomial Logit (Fiebig et al. 2010)

time, the existent real estate assets need stronger and aimed policies able to over-
come the fragmentation of single private initiatives.

The state of the art of revealed and stated preferences analysis in this specific
field shows research advancing but also the incapacity to translate findings in practi-
cal advice for the policy-makers. Besides, econometric models based on inferential
analysis bring with them the problem of the validity of the results under sampling
conditions. Usually, with stated preferences, respondents sampling requires more
effort and resources, in front of smaller samples, than revealed preferences. These
last are investigated through more extensive surveys, generally at the national level.
What should probably be tested is the possibility of integrating directly observable
consumer behavior with choice experiments. This has already been attempted but not
in this specific sector. For example, the analysis of the investment choices already
made by the families could identify their status quo and allow, through an interview
based on a choice experiment, to keep heterogeneity under control. As well as panel
data could help to understand how it is possible to increase sensitivity and sustainable
behavior in energy consumption.

Although estimates of willingness to pay captured through studies based on
revealed and stated preferences should be considered with caution, they could pro-
vide very important indications for the policy maker. Considering low-cost energy
efficiency solutions, identified through a cost-optimal approach, can help to define
the strategies to be adopted or to be subsidized by government subsidies. Or, when
energy policies for reducing energy consumption include an expensive cost, energy
measures combined with awareness campaigns, could provide a low-cost solution.
Further developments may include hybrid models for defining future energy sce-
narios for the city. Actually, in the urban field analysis they are limited and little
explored. Indeed, attention is shifting more and more towards energy issues at the
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district and city scale. In this context, starting from the consumers’ current behaviors
captured by revealed preferences methods, future scenarios can be designed using
the stated preferences by the consumers involved. In this case the analysis of user
behavior becomes of considerable importance. Moreover, in a vision of a sustainable
city, the buildings cover only a part of the causes that can be mitigated to achieve the
energy and environmental objectives to which the Member States must refer. In this
direction, integrated energy savings strategies capable of involving different sectors
could achieve greater benefits for the whole community.
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Comparative and Evaluative Economic
Analysis of Ground Mounted
Photovoltaic Plants

Manuela De Ruggiero, Benedetto Manganelli, Samuele Marchianò,
Francesca Salvo and Daniela Tavano

Abstract Energy produced from renewable sources has assumed an increasingly
central role, thanks to the investments in renewable energy and the agreements
reached during the last Conferences of the Parties. This paper deals with the
economic-estimative evaluation of two photovoltaic plants with similar peak power
and geographic position located precisely in the areas of Mandatoriccio and Cam-
pana (Calabria, South Italy). The evaluation method used is the Discounted Cash
Flow (DCF), a financial procedure that allows to simulate the entire life cycle of the
photovoltaic system, from the acquisition date. This method has been implemented
by applying an experimental combination of the Build up Approach and the analyti-
cal method based on the ascending and descending influences that act on the specific
risks related to photovoltaic investment. This paper also highlights the importance of
the energy potentially produced by the photovoltaic plants to obtain a very objective
estimation value. For this purpose, the annual energy production was estimated using
the simplified Siegel method. Thus it was possible to compare Siegel data with real
ones supplied by their managers, to carry out a comparative estimative analysis of
the two photovoltaic plants covered by our article.

Keywords DCF · Siegel method · Photovoltaic plant

1 Introduction

The first studies on the evaluation of photovoltaic systems were theoretically devel-
opedbyWebbandHarris (Harris 1984;Webb1980) in the early 1980s.They indicated
the income capitalization approach as the most suitable evaluation method, by taking
into account that these systems generate cash flows during their life.
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In the newmillennium, therewas an exponential growth of the photovoltaicmarket
with the installation of numerous photovoltaic systems on the roofs of residential,
retail and office buildings, but also on the ground. According to a study conducted by
the Lawrence Berkeley National Laboratory (Hoen et al. 2011) and set in California,
the houses provided with photovoltaic systems and sold in the period from 2001 to
2009 have a greater market value compared to those newly construction and provided
with a photovoltaic system.

Nowadays, since the market value of properties is strongly influenced by the pres-
ence of photovoltaic systems, the Appraisal Institute has tried to provide guidelines
for the evaluation of green homes with the publication of a book (Simmons 2010)
by analyzing the technical-economic characteristics that influence their value. In the
Photovoltaic Specialists Conference held in Tampa (Florida) on 21 June 2013, the
authors Klise, Johnson and Adomatis discussed on all the factors that influence the
market value of the photovoltaic systems: the feed-in-tariff contribution, the main-
tenance conditions, the aesthetics, the obsolescence, the correct functioning and the
produced energy (Klise et al. 2013a).

The authors also analyzed the main evaluation methods approved by the Interna-
tionalValuation Standards (IVS), such asmarket approach, cost approach and income
approach, in order to understand which allows to attain the most truthful evaluations.
The use of the cost approach is not recommended because it takes into account only
the physical depreciation of the system without considering the feed-in-tariff contri-
bution. At the current state of the photovoltaic market, it is not possible to use the
market approach due to the difficulties of finding a suitable number of comparable
data belonging to the same market segment. The most suitable evaluation procedure
for photovoltaic systems is DCF, because it considers the revenues produced during
their life cycle. In 2012, Sandia National Laboratories developed an evaluation tool
with the purpose of standardizing the appraisal of photovoltaic systems. This tool
uses DCF to determine the market value of the system and it is divided into different
sections: the energy produced, the calculation of the discounting rate, the electricity
tariffs, operation and maintenance (Klise et al. 2013b).

This paper deals with the economic-estimative evaluation of two photovoltaic
plants located in South Italy. The purpose of the paper is to evaluate in an objective
way the market value of the ground mounted photovoltaic plants by using the DCF.
Thus this method was implemented by combining the Build up Approach and the
analytical method that uses the ascending and descending influences. Moreover the
study takes into account of the risks related to the photovoltaic investment and which
allow to calculate the discount rate. In fact, the percentage incidences of the ascending
and descending influences are determined considering the factors that contribute to
the formation of the risks.

The paper also highlights the importance of the evaluation of the energy potentially
produced by the photovoltaic plants for estimating an objective market value. So the
annual energy production has been estimated using the simplified Siegel method.
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2 Methodology

The appraisal of the value of the two photovoltaic plants has been conducted using
DCF due to the difficulty of finding comparable data belonging to the same market
segment. This evaluationmethod allows to simulate the entire life cycle of the systems
considering that their main feature is to generate income during their life (Hasan et al.
2016; Foracci 2009). The energy potentially produced by the system has a great
importance to evaluate the incoming cash flows, which derive from government
incentives (Campoccia et al. 2014), if present, and the sale of produced energy,
considering inflation and deflation of electricity. This method is always applicable
even in countries where feed-in-tariff contribution for photovoltaic systems are no
longer provided. This study also carries out the evaluation of the energy potentially
produced by the system by using the simplified Siegel method.

The choice of using the DCF is very crucial and it depends on the data belonging
to the subject’s market segment. For the evaluation of photovoltaic systems, DCF is
presented in the following form:

V =
n∑

t=1

(Rt − St)

(1 + k)t
− Vf

(1 + k)s
, (1)

with:

Rt expected annual revenues (e/year);
St expected annual operating expenses (e/year);
k discount rate;
Vf final output value (e);
n investment time horizon (years);
s year in which the system has to be dismantled (year);
t generic year (year).

According to formula (1), the current value of the photovoltaic system is obtained
by the difference between the sum of the discounted cash flows and the final exit
value. The expected annual revenues are related to the energy produced by the system
during its operation period. They are divided into fixed revenues, which derive from
government incentives if present, and in variable revenues deriving from the sale of
produced energy. The outgoing cash flows coincide with operating expenses that are
divided into fixed costs, variable expenses and extraordinary maintenance expenses.

The determination of the discount rate is a crucial point of DCF, because even
small percentage variations reflect significantly on the value of the asset.

In our study, due to the difficulty of finding comparable data, the discount rate has
been determined by combining the Build up Approach with the analytical method
based on ascending anddescending influences that act,with a positive or negative sign
respectively, on the specific risks of the factors related to the photovoltaic investment
(Salvo et al. 2017; Forte et al. 1974). The percentage incidences of the ascending and
descending influences are determined considering the factors that contribute to the
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formation of the risks, such as: geographic position of the system, nominal power
of the system, photovoltaic cells material, the age of the system, inclination and
orientation of the panels, feed-in-tariff contribution, etc.

The formula for determining the discount rate is the following:

K = Kf + PR, (2)

where:

K discount rate;
Kf risk-free rate;
PR risk premium.

The risk premium can be written according to the following formula:

PR =
m∑

i=1

Ri =
m∑

i=1

(
Rtmedio +

n∑

i=1

Ai −
n∑

i=1

Di

)

= Rtmedio +
n∑

i=1

Ai −
n∑

i=1

Di, (3)

with:

Ri generic risk related to photovoltaic investment;
Rtmedio average rate of the real estate investment;
Ai ascending influences;
Di descending influences.

The risks associated with photovoltaic investment are:

– context risk (Rcont), related to the geographic position of the photovoltaic system
and the presence of shading areas caused by natural obstacles on the site or by the
inclination of the panels;

– endogenous risk (Rend), related to the technical characteristics of the photovoltaic
system and the purchase prices of electricity;

– financial risk (Rfin), linked to the specific investment;
– system risk (Rsist), linked to changes in the regulatory and fiscal framework;
– insurable risk (Rass), linked to the possibility that exogenous events of particular
gravity, such as thefts and natural disasters, can cause damage to the modules;

– property risk management (Rgest), related to the system management.

An average theoretical risk is quantitatively determined for each risk (Table 1)
by taking into account of the data provided us by some private equity funds which
invest in photovoltaic plants.

The ascending and descending influences are determined for each risk considering
all the circumstances that influence photovoltaic investments. Each of the Tables 2,
3, 4, 5, 6 and 7 consider one the risk factors associated with photovoltaic investment.
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Table 1 Risk factors of the photovoltaic investment

Typology of risk Range (%) Rtaverage (%)

Context risk 0.25–2.50 1.38

Endogenous risk 0.30–2.00 1.15

Financial risk 0.50–1.50 1.00

System risk 0.50–2.00 1.25

Insurable risk 0.20–1.00 0.60

Property risk management 0.20–1.00 0.60

Total 5.98

Table 2 Ascending and descending influences for the context risk

Risk typology Factors Ascending influences (+) and
descending influences (−)

Context risk (Rcont) Geographical location of the
system

South Italy −(1.10 ÷ 1.20)%

Centre Italy −(0.60 ÷ 0.80)%

North Italy −(0.20 ÷ 0.35)%

Presence of the shadow areas +(0.15 ÷ 0.40)%

Table 3 Ascending and descending influences for the endogenous risk

Risk typology Factors Ascending influences (+) and
descending influences (−)

Endogenous risk (Rend) Nominal power of the system
(kW)

Small size (P < 100 kW) +0.30%

Medium size (100 kW ≤ P ≤
1000 kW)

−(0.20 ÷ 0.40)%

Large size (P > 1000 kW) −(0.50 ÷ 1.00)%

Solar cell material

Monocrystalline silicon −0.25%

Polycrystalline silicon −0.20%

Amorphous silicon −0.05%

Age of the system +(0.15 ÷ 0.30)%

Tilt and orientation of the panels ±0.10%
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Table 4 Ascending and descending influences for the financial risk

Risk typology Factors Ascending influences (+) and
descending influences (−)

Financial risk (Rfin) Feed-in-tariff contribution

I feed-in-tariff contribution −0.45%

II feed-in-tariff contribution −0.35%

III feed-in-tariff contribution −0.30%

IV feed-in-tariff contribution −0.20%

V feed-in-tariff contribution −0.10%

None feed-in-tariff contribution +0.30%

Table 5 Ascending and
descending influences for the
system risk

Risk typology Factors Ascending
influences (+) and
descending
influences (−)

System risk (Rsist) Quotes of the
investment returns
in the photovoltaic

±0.50%

Table 6 Ascending and descending influences for the insurable risk

Risk typology Factors Ascending influences (+) and descending
influences (−)

Insurable risk (Rass) Power of the system +(0.10 ÷ 0.35)%

Disaster risk +(0 ÷ 0.20)%

Theft risk +(0.10 ÷ 0.40)%

Table 7 Ascending and descending influences for property risk management

Risk typology Factors Ascending influences (+) and
descending influences (−)

Property risk management (Rgest) Repairs

Periodical −0.30%

Non periodic +(0.50 ÷ 2.00)%

Reliability of the SGR ±0.25%

2.1 Evaluation of the Energy Produced by the Photovoltaic
Systems Using Siegel Method

The energy potentially produced by a photovoltaic system per year depends on the
annual solar irradiation, which varies according to geographic position (Castillo et al.
2016) and hours of daylight in the different months of the year. Other influential
factors on energy production are: angle of inclination of the panels on the horizontal
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plane (tilt), their orientation in relation to the south (azimuth), efficiency of the single
photovoltaic module and the efficiency of the whole photovoltaic system (Mehleri
et al. 2010; Kacira et al. 2004; Hussein et al. 2004).

The evaluation of the produced energy is a very important step because the return
of the investment is directly linked to the amount of kWh of energy produced by
the plants (Mondol et al. 2007). Therefore, the annual energy production has been
estimated using the simplified Siegel method (Siegel et al. 1981;Mazzeo et al. 2015).
This method allows to evaluate themonthly average daily efficiency of a photovoltaic
system, which is influenced by the monthly average daily values of the external air
temperature and the incident solar radiation (4). The formula used to calculate the
monthly average daily efficiency is the following:

η̄ = ηR ·
[
1 − β · (

Ta − TR
) − β · (τα) · V · E

n · Uc

]
, (4)

where:

η̄ monthly average daily efficiency;
ïR efficiency at reference temperature TR and solar radiation of 1000 W/m2;
β slope of photovoltaic array;
Ta external air temperature;
n number of hours per day;
τα medium module transmittance-absorptance product;
Uc overall thermal loss coefficient;
V dimensionless function of the sunset angle, the monthly average daily clearness

index and the ratio of the monthly average daily total radiation on the array to
that on a horizontal surface;

Ē incident solar radiation;
TR reference temperature.

It is possible to calculate the monthly average daily electrical energy supplied by
the photovoltaic system through the use of the following formula:

Ēe = η̄ · ηBOS · A · Ē, (5)

where:

Ēe monthly average daily electrical energy supplied by the photovoltaic system;
η̄ monthly average daily efficiency;
A area of the photovoltaic field;
Ē incident solar radiation;
ïBOS BOS (Balance of System) efficiency.

It must be considered that the evaluated energy virtually produced by the system
will decrease during its operation period due to the loss of efficiency and the possi-
ble failures that entail the production block. Losses are indicated with the parameter
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Balance of System (B.O.S.) that varies from 15 to 25% for medium and large pho-
tovoltaic systems. By contrast, the efficiency is given by the ratio between the actual
energy fed into the grid and the energy produced by the panels. It can vary formedium
and large installations from 75 to 85%. In our study, we have hypothesized that the
annual production of energy undergoes a decrease due to faults and malfunctions
equal to 2% per year constant and the decay of energy performance equal to 0.9%
per year.

3 Case Study

This study treats the appraisal of two ground mounted photovoltaic plants located in
Campana and Mandatoriccio (Calabria, South Italy). The plant located in Campana
has a peak power of 997.92 kWp, while the other has a peak power of 977.50 kWp.
Both systems benefit from IV feed-in-tariff contribution for a period of 20 years
(Table 8).

Table 8 Main features of the photovoltaic plants located in Campana and Mandatoriccio

Main features Photovoltaic plant in
Campana

Photovoltaic plant in
Mandatoriccio

Peak power 997.92 kWp 977.50 kWp

Latitude 39.431450 39.474927

Longitude 16.811425 16.842094

Date entered into operation 21/12/2012 28/06/2012

Photovoltaic module
technology

Polycrystalline silicon Monocrystalline silicon

Mounting position Ground Ground

Total number of modules 4158 3910

Tilt 28° 28°

Azimuth 0° 0°

Efficiency index (%) 75 75

Losses (%) 25 25

Feed-in-tariff IV—0.222 e/kWh IV—0.2235 e/kWh

Annual potentially producible
energy

1,190,000 kWh 1,240,000 kWh
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3.1 Evaluation of Photovoltaic Systems Using the Simplified
Siegel Method

The annual energy production of both plants is calculated using the simplified Siegel
method (4) and (5). The annual energy produced by the system located in Campana
is equal to 1,365,775.50 kWh, while the value for the other system is 1,365,775.46
kWh (Table 9).

After evaluating the energy potentially produced by the systems, it is possible
to determine the incoming cash flows considering the government incentives and
the sale of energy in the free market (Table 10). This evaluation also considers the
performance decay of photovoltaicmodules performancemainly due to their physical
obsolescence (Table 11).

The expenditure cash flows are given by the sum of fixed costs, variable costs
and extraordinary maintenance costs (Table 12). Both plants are not subject to the
payment of the single municipal tax (IMU).

The expected cash flows are determined by the difference in revenues and expen-
ditures (Table 13).

The discount rate is determined with the Build up Approach (2) implemented
with the ascending and descending influences (Tables 1, 2, 3, 4, 5, 6 and 7). The
following risks are calculatedwith the theory of ascending and descending influences
(Table 14).

Table 9 Performance of the photovoltaic plants in Campana and Mandatoriccio

Photovoltaic plant in Campana Photovoltaic plant in
Mandatoriccio

Month Ee (kWh) Ee (kWh)

Jan. 76,141.80 72,734.49

Feb. 87,480.30 83,530.19

Mar. 110,465.00 105,338.40

Apr. 123,594.00 117,686.93

May. 131,249.50 124,743.20

Jun. 136,767.10 129,755.26

Jul. 146,760.10 139,129.20

Aug. 147,026.10 139,493.51

Sept. 123,519.80 117,469.08

Oct. 115,252.90 109,816.63

Nov. 85,611.40 81,713.17

Dec. 81,907.50 78,257.63

Annual produced energy 1,365,775.50 1,299,667.70
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Table 10 Incoming cash flow of the photovoltaic plant located in Campana

Year Production taken
from the reference
date (kWh/year)

IV feed-in-tariff
(e/kWh)

Projections of sales
prices (e/kWh)

Total revenues (e)

2017 418,561.92 0.222 0.0614 e118,635.16

2018 1,272,072.37 0.222 0.0609 e359,862.69

2019 1,258,821.62 0.222 0.0604 e355,433.96

2020 1,245,570.87 0.222 0.0598 e351,019.55

2021 1,232,320.11 0.222 0.0593 e346,619.46

2022 1,219,069.36 0.222 0.0587 e342,233.69

2023 1,205,818.60 0.222 0.0582 e337,862.24

2024 1,192,567.85 0.222 0.0577 e333,505.10

2025 1,179,317.10 0.222 0.0571 e329,162.29

2026 1,166,066.34 0.222 0.0566 e324,833.79

2027 1,152,815.59 0.222 0.0560 e320,19.62

2028 1,139,564.84 0.222 0.0555 e316,219.76

2029 1,126,314.08 0.222 0.0550 e311,934.22

2030 1,113,063.33 0.222 0.0544 e307,663.00

2031 1,099,812.57 0.222 0.0539 e303,406.10

2032 933,974.17 0.222 0.0533 e257,151.50

Table 11 Incoming cash flow of the photovoltaic plant located in Mandatoriccio

Year Production taken
from the reference
date (kWh/year)

IV feed-in-tariff
(e/kWh)

Projections of sales
prices (e/kWh)

Total revenues (e)

2017 307,641.60 0.235 0.0614 e91,195.78

2018 1,210,500.10 0.235 0.0609 e358,180.72

2019 1,197,890.72 0.235 0.0604 e353,802.43

2020 1,185,281.35 0.235 0.0598 e349,437.77

2021 1,172,671.97 0.235 0.0593 e345,086.73

2022 1,160,062.59 0.235 0.0587 e340,749.32

2023 1,147,453.22 0.235 0.0582 e336,425.54

2024 1,134,843.84 0.235 0.0577 e332,115.38

2025 1,122,234.47 0.235 0.0571 e327,818.85

2026 1,109,625.09 0.235 0.0566 e323,535.95

(continued)
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Table 11 (continued)

Year Production taken
from the reference
date (kWh/year)

IV feed-in-tariff
(e/kWh)

Projections of sales
prices (e/kWh)

Total revenues (e)

2027 1,097,015.71 0.235 0.0560 e319,266.67

2028 1,084,406.34 0.235 0.0555 e315,011.02

2029 1,071,796.96 0.235 0.0550 e310,768.99

2030 1,059,187.59 0.235 0.0544 e306,540.59

2031 1,046,578.21 0.235 0.0539 e302,325.82

2032 494,045.24 0.235 0.0533 e142,448.27

Table 12 Expenditure cash flow of the photovoltaic plants located in Campana and Mandatoriccio

Photovoltaic plant in Campana Photovoltaic plant in Mandatoriccio

Year Insurance
policy (e)

Expenditure
for admin-
istration,
mainte-
nance and
utilities (e)

Total
expenditure
(e)

Insurance
policy (e)

Expenditure
for admin-
istration,
mainte-
nance and
utilities (e)

Total
expenditure
(e)

2017 e1,213.33 e20,238.93 e21,452.27 e1,213.33 e20,238.93 e21,452.27

2018 e3,749.20 e62,234.72 e65,983.92 e3,749.20 e62,234.72 e65,983.92

2019 e3,861.68 e62,234.72 e66,096.40 e3,861.68 e62,234.72 e66,096.40

2020 e3,977.53 e63,790.59 e67,768.11 e3,977.53 e63,790.59 e67,768.11

2021 e4,096.85 e65,385.35 e69,482.20 e4,096.85 e65,385.35 e69,482.20

2022 e4,219.76 e67,019.99 e71,239.74 e4,219.76 e67,019.99 e71,239.74

2023 e4,346.35 e68,695.49 e73,041.84 e4,346.35 e68,695.49 e73,041.84

2024 e4,476.74 e70,412.87 e74,889.61 e4,476.74 e70,412.87 e74,889.61

2025 e4,611.04 e72,173.20 e76,784.24 e4,611.04 e72,173.20 e76,784.24

2026 e4,749.37 e73,977.53 e78,726.90 e4,749.37 e73,977.53 e78,726.90

2027 e4,891.86 e75,826.96 e80,718.82 e4,891.86 e75,826.96 e80,718.82

2028 e5,038.61 e77,722.64 e82,761.25 e5,038.61 e77,722.64 e82,761.25

2029 e5,189.77 e79,665.70 e84,855.47 e5,189.77 e79,665.70 e84,855.47

2030 e5,345.46 e81,657.35 e87,002.81 e5,345.46 e81,657.35 e87,002.81

2031 e5,505.83 e83,698.78 e89,204.61 e5,505.83 e83,698.78 e89,204.61

2032 e5,671.00 e85,791.25 e91,462.25 e5,671.00 e85,791.25 e91,462.25
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Table 13 Expected cash flow of the photovoltaic plants located in Campana and Mandatoriccio

Photovoltaic plant in Campana Photovoltaic plant in Mandatoriccio

Year Expected cash flows (e) Expected cash flows (e)

2017 e97,182.89 e69,743.51

2018 e293,878.77 e292,196.80

2019 e289,337.57 e287,706.03

2020 e283,251.44 e281,669.65

2021 e277,137.26 e275,604.53

2022 e270,993.94 e269,509.58

2023 e264,820.40 e263,383.70

2024 e258,615.49 e257,225.77

2025 e252,378.05 e251,034.61

2026 e246,106.89 e244,809.05

2027 e239,800.80 e238,547.85

2028 e233,458.51 e232,249.77

2029 e227,078.75 e225,913.52

2030 e220,660.19 e219,537.78

2031 e214,201.50 e213,121.21

2032 e165,689.25 e50,986.02

Table 14 Risks calculatedwith the influences theory for the plants located in Campana andManda-
toriccio

Risk typology Rtaverage (%) Ascending influences
(+)

Descending influences
(−)

Context risk 1.38 – −1.10%

Endogenous risk 1.15 – −0.45%

Financial risk 1.00 – −0.20%

Risk system 1.25 – −0.50%

Insurable risk 0.60 0.30% –

Property risk
management

0.60 – −0.50%

PR = ∑n
i=1 Ri 3.53%

The calculated risks coincide for both system, because they have similar technical
characteristics and similar geographical position. The discounting rate (Table 15) is
obtained using Eq. (2).

The market value of the systems is determined through Eq. (1) after calculating
the discount rate. The final exit value of Eq. (1) is considered null, because the
dismantling of the modules is not at the expense of the purchaser (Tables 16 and 17).
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Table 15 Discount rate

Risk free rate—German Bund at 10 years Risk premium Total

0.371% 3.53% 3.901%

Table 16 Discounted cash flow of the photovoltaic plant located in Campana

Year Expected cash flow (e) Discounting coefficient
(e)

Discounted cash flow (e)

2017 e97,182.89 0.962454644 e93,534.12

2018 e293,878.77 0.926318942 e272,225.47

2019 e289,337.57 0.891539968 e257,956.00

2020 e283,251.44 0.858066783 e243,048.65

2021 e277,137.26 0.82585036 e228,873.90

2022 e270,993.94 0.794843515 e215,397.78

2023 e264,820.40 0.765000832 e202,587.83

2024 e258,615.49 0.736278604 e190,413.05

2025 e252,378.05 0.708634762 e178,843.86

2026 e246,106.89 0.682028818 e167,851.99

2027 e239,800.80 0.656421803 e157,410.47

2028 e233,458.51 0.631776213 e147,493.53

2029 e227,078.75 0.608055951 e138,076.58

2030 e220,660.19 0.585226274 e129,136.14

2031 e214,201.50 0.563253745 e120,649.79

2032 e165,689.25 0.542106183 e89,821.17

Market value (V) e2,833,320.36

Table 17 Discounted cash flow of the photovoltaic plant located in Mandatoriccio

Year Expected cash flow (e) Discounting coefficient
(e)

Discounted cash flow (e)

2017 e69,743.51 0.962454644 e67,124.97

2018 e292,196.80 0.926318942 e270,667.43

2019 e287,706.03 0.891539968 e256,501.43

2020 e281,669.65 0.858066783 e241,691.37

2021 e275,604.53 0.82585036 e227,608.10

2022 e269,509.58 0.794843515 e214,217.94

2023 e263,383.70 0.765000832 e201,488.75

2024 e257,225.77 0.736278604 e189,389.83

2025 e251,034.61 0.708634762 e177,891.85

2026 e244,809.05 0.682028818 e166,966.83

2027 e238,547.85 0.656421803 e156,588.01

(continued)
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Table 17 (continued)

Year Expected cash flow (e) Discounting coefficient
(e)

Discounted cash flow (e)

2028 e232,249.77 0.631776213 e146,729.88

2029 e225,913.52 0.608055951 e137,368.06

2030 e219,537.78 0.585226274 e128,479.28

2031 e213,121.21 0.563253745 e120,041.32

2032 e50,986.02 0.542106183 e27,639.84

Market value (V) e2,730,394.88

3.2 Evaluation of Photovoltaic Systems Through
the Provided Real Data

The incomes generated by photovoltaic systems are calculated considering the
energy data actually produced. The photovoltaic system located in Campana pro-
duced 1,455,000 kWh in 2016, while the one located in Mandatoriccio produced
1,350,000 kWh in 2016. Revenues from incentives and the sale of energy are shown
in Tables 18 and 19.

Table 18 Incoming cash flow of the photovoltaic plant located in Campana

Year Production taken
from the reference
date (kWh/year)

IV feed-in-tariff
(e/kWh)

Projections of sales
prices (e/kWh)

Total revenues (e)

2017 1,338,797.76 0.222 0.0614 e114,594.79

2018 1,324,851.95 0.222 0.0609 e378,738.96

2019 1,310,906.14 0.222 0.0604 e374,077.92

2020 1,296,960.33 0.222 0.0598 e369,431.96

2021 1,283,014.52 0.222 0.0593 e364,801.07

2022 1,269,068.71 0.222 0.0587 e360,185.24

2023 1,255,122.90 0.222 0.0582 e355,584.49

2024 1,241,177.09 0.222 0.0577 e350,998.81

2025 1,227,231.28 0.222 0.0571 e346,428.19

2026 1,213,285.47 0.222 0.0566 e341,872.65

2027 1,199,339.66 0.222 0.0560 e337,332.18

2028 1,185,393.85 0.222 0.0555 e332,806.78

2029 1,171,448.04 0.222 0.0550 e328,296.44

2030 1,157,502.23 0.222 0.0544 e323,801.18

2031 1,143,556.42 0.222 0.0539 e319,320.99

2032 1,338,797.76 0.222 0.0533 e314,855.87
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Table 19 Incoming cash flow of the photovoltaic plant located in Mandatoriccio

Year Production taken
from the reference
date (kWh/year)

IV feed-in-tariff
(e/kWh)

Projections of sales
prices (e/kWh)

Total revenues (e)

2017 291,260.39 0.235 0.0614 e86,339.81

2018 1,221,438.65 0.235 0.0609 e361,417.37

2019 1,208,715.33 0.235 0.0604 e356,999.52

2020 1,195,992.01 0.235 0.0598 e352,595.42

2021 1,183,268.69 0.235 0.0593 e348,205.07

2022 1,170,545.37 0.235 0.0587 e343,828.47

2023 1,157,822.05 0.235 0.0582 e339,465.61

2024 1,145,098.73 0.235 0.0577 e335,116.51

2025 1,132,375.41 0.235 0.0571 e330,781.15

2026 1,119,652.09 0.235 0.0566 e326,459.54

2027 1,106,928.77 0.235 0.0560 e322,151.69

2028 1,094,205.45 0.235 0.0555 e317,857.58

2029 1,081,482.13 0.235 0.0550 e313,577.22

2030 1,068,758.81 0.235 0.0544 e309,310.61

2031 1,056,035.50 0.235 0.0539 e305,057.75

2032 538,000.16 0.235 0.0533 e155,121.81

The tables below show the operating costs of the system and the expected cash
flows (Tables 20 and 21).

Table 20 Expenditure cash flow of the photovoltaic plants located in Campana and Mandatoriccio

Photovoltaic plant in Campana Photovoltaic plant in Mandatoriccio

Year Insurance
policy (e)

Expenditure
for admin-
istration,
mainte-
nance and
utilities (e)

Total
expenditure
(e)

Insurance
policy (e)

Expenditure
for admin-
istration,
mainte-
nance and
utilities (e)

Total
expenditure
(e)

2017 e1,213.33 e20,238.93 e21,452.27 e1,213.33 e20,238.93 e21,452.27

2018 e3,749.20 e62,234.72 e65,983.92 e3,749.20 e62,234.72 e65,983.92

2019 e3,861.68 e62,234.72 e66,096.40 e3,861.68 e62,234.72 e66,096.40

2020 e3,977.53 e63,790.59 e67,768.11 e3,977.53 e63,790.59 e67,768.11

2021 e4,096.85 e65,385.35 e69,482.20 e4,096.85 e65,385.35 e69,482.20

2022 e4,219.76 e67,019.99 e71,239.74 e4,219.76 e67,019.99 e71,239.74

2023 e4,346.35 e68,695.49 e73,041.84 e4,346.35 e68,695.49 e73,041.84

(continued)
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Table 20 (continued)

Photovoltaic plant in Campana Photovoltaic plant in Mandatoriccio

Year Insurance
policy (e)

Expenditure
for admin-
istration,
mainte-
nance and
utilities (e)

Total
expenditure
(e)

Insurance
policy (e)

Expenditure
for admin-
istration,
mainte-
nance and
utilities (e)

Total
expenditure
(e)

2024 e4,476.74 e70,412.87 e74,889.61 e4,476.74 e70,412.87 e74,889.61

2025 e4,611.04 e72,173.20 e76,784.24 e4,611.04 e72,173.20 e76,784.24

2026 e4,749.37 e73,977.53 e78,726.90 e4,749.37 e73,977.53 e78,726.90

2027 e4,891.86 e75,826.96 e80,718.82 e4,891.86 e75,826.96 e80,718.82

2028 e5,038.61 e77,722.64 e82,761.25 e5,038.61 e77,722.64 e82,761.25

2029 e5,189.77 e79,665.70 e84,855.47 e5,189.77 e79,665.70 e84,855.47

2030 e5,345.46 e81,657.35 e87,002.81 e5,345.46 e81,657.35 e87,002.81

2031 e5,505.83 e83,698.78 e89,204.61 e5,505.83 e83,698.78 e89.204,61

2032 e5,671.00 e85,791.25 e91,462.25 e5,671.00 e85,791.25 e91,462.25

Table 21 Expected cash flow of the photovoltaic plants located in Campana and Mandatoriccio

Photovoltaic plant in Campana Photovoltaic plant in Mandatoriccio

Year Expected cash flows (e) Expected cash flows (e)

2017 e93,142.52 e64,887.55

2018 e312,755.04 e295,433.45

2019 e307,981.53 e290,903.13

2020 e301,663.85 e284,827.31

2021 e295,318.86 e278,722.86

2022 e288,945.50 e272,588.72

2023 e282,542.65 e266,423.78

2024 e276,109.19 e260,226.89

2025 e269,643.95 e253,996.91

2026 e263,145.75 e247,732.64

2027 e256,613.36 e241,432.87

2028 e250,045.53 e235,096.33

2029 e243,440.97 e228,721.75

2030 e236,798.37 e222,307.80

2031 e230,116.38 e215,853.14

2032 e223,393.62 e63,659.56
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The value of the discounting rate is the same for the two appraisal cases above
(Tables 18 and 19). The market value of the systems is shown in Tables 22 and 23.

Table 22 Discounted cash flow of the photovoltaic plant located in Campana

Year Expected cash flow (e) Discounting coefficient
(e)

Discounted cash flow (e)

2017 e93,142.52 0.962454644 e89,645.45

2018 e312,755.04 0.926318942 e289,710.92

2019 e307,981.53 0.891539968 e274,577.84

2020 e301,663.85 0.858066783 e258,847.73

2021 e295,318.86 0.82585036 e243,889.19

2022 e288,945.50 0.794843515 e229,666.46

2023 e282,542.65 0.765000832 e216,145.36

2024 e276,109.19 0.736278604 e203,293.29

2025 e269,643.95 0.708634762 e191,079.08

2026 e263,145.75 0.682028818 e179,472.99

2027 e256,613.36 0.656421803 e168,446.60

2028 e250,045.53 0.631776213 e157,972.82

2029 e243,440.97 0.608055951 e148,025.73

2030 e236,798.37 0.585226274 e138,580.63

2031 e230,116.38 0.563253745 e129,613.92

2032 e223,393.62 0.542106183 e121,103.06

Market value (V) e3,040,071.06

Table 23 Discounted cash flow of the photovoltaic plant located in Mandatoriccio

Year Expected cash flow (e) Discounting coefficient
(e)

Discounted cash flow (e)

2017 e64,887.55 0.962454644 e62,451.32

2018 e295,433.45 0.926318942 e273,665.61

2019 e290,903.13 0.891539968 e259,351.77

2020 e284,827.31 0.858066783 e244,400.85

2021 e278,722.86 0.82585036 e230,183.38

2022 e272,588.72 0.794843515 e216,665.38

2023 e266,423.78 0.765000832 e203,814.41

2024 e260,226.89 0.736278604 e191,599.49

2025 e253,996.91 0.708634762 e179,991.04

2026 e247,732.64 0.682028818 e168,960.80

(continued)
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Table 23 (continued)

Year Expected cash flow (e) Discounting coefficient
(e)

Discounted cash flow (e)

2027 e241,432.87 0.656421803 e158,481.80

2028 e235,096.33 0.631776213 e148,528.27

2029 e228,721.75 0.608055951 e139,075.62

2030 e222,307.80 0.585226274 e130,100.37

2031 e215,853.14 0.563253745 e121,580.09

2032 e63,659.56 0.542106183 e34,510.24

Market value (V) e2,763,360.43

4 Conclusions

Energy produced from renewable sources has an increasingly central role, thanks to
the increase in investments made in world renewable energy markets and to policies
against climate change. By analyzing the literature on the evaluation of photovoltaic
systems, it resulted that the most suitable evaluation procedure for photovoltaic sys-
tems is DCF because it takes into account of the incomes generated during their life
cycle. The aim of our study consisted in implementing the evaluation of the discount
rate by combining the Build up Approach and the analytical method that uses the
ascending and descending influences. The determination of discount rate is a crucial
point of DCF, because even small percentage variations reflect significantly on the
value of the asset. The ascending and descending influences act with a positive or
negative sign respectively on the specific risks of the factors related to the photo-
voltaic investment. Moreover, the paper highlight the importance of the evaluation of
the energy potentially produced by the photovoltaic plants because it directly influ-
ences the incoming cash flows. So the annual energy production has been estimated
using the simplified Siegel method.

The present study compares the data provided by the Siegel method with real data
of energy produced by two photovoltaic plants located in Campana and Mandatoric-
cio (Calabria, South Italy) and consequently the appraisal values obtained consid-
ering the estimated energy with Siegel data and real data. By comparing the results
obtained, it can notice as the results provided by the Siegel method are very close
to the results obtained by the real data. So the use of the simplified Siegel method
and the combination of Build up Approach with the analytical method, that uses the
ascending and descending influences, allow to get an objective market value of the
photovoltaic plants evaluated.
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Eco-system Services and Integrated
Urban Planning. A Multi-criteria
Assessment Framework for Ecosystem
Urban Forestry Projects
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Abstract In theworld the cities development must take place through urban sustain-
able interventions. This aims at promoting city economic growth, protecting citizens
health and safeguarding natural and environmental components. In this perspective,
forestry initiatives, raise the environmental, social and cultural quality level, as well
as the income capacity of territory urban portions in joint manner. These are multiple
benefits, noted as eco-systemic services, which provide regulation, support and recre-
ational activities for population. However, the urban interventions including, also and
not only, forestry—definable as Ecosystem Integrated Forestry Projects (EIFP)—are
less considered as one of the main action modalities to apply within urbanized areas.
This is due to the complexity both to jointly evaluate eco-system services produced
by EIFP, both to develop initiatives in urban areas and provide services consider-
ing not only specific dimensional standards, but also the multidimensional effects
that single initiative generates within urban context of reference. Thus, an economic
evaluation methodology is defined according to multi-criteria logic based on the
system of functional relationships between objectives, targets and performance indi-
cators. The proposed methodology helps to define logical-mathematical models able
to answer different evaluation questions related to EIFP. The construction of such
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models can be made using Linear Programming algorithms as tools for expressing
functional relations between elements characterizing the problem to be solved.

Keywords Sustainable development · Land use · Economic evaluation · Urban
forestry projects · Multi-criteria decision analysis · Operational research

1 Introduction

The phenomena on rapid climate change, exponential demographic growth, migra-
tion and concentration of the population in urban areas that are more and more
extensive and unequal each other (Urban Sprawl) have determined the progres-
sive reduction of the environmental and natural system’s factors of many states
(Scovronick et al. 2017). In particular, the urbanization and expansion phenomena
of the cities have returned over time territorial structures characterized by the ever
wider occupation of originally agricultural, natural or semi-natural surfaces for the
realization of artificial coverings (buildings, infrastructures, etc.) (Eigenbrod et al.
2011). This has produced effects on the urban quality level not only ecological-
environmental, but also economic-productive and socio-cultural type (Torre et al.
2017).

At the same time, the use of urban planningmodels based on designmethodologies
of functional zoning subjected to quantitative constraints has produced a territorywith
areas inside the same city conurbation with specific morphological, environmental,
functional, productive, socio-cultural features.

In front of this, the need to implement intervention strategies that consider jointly
economic growth, protection of existing natural and environmental resources and
safeguarding the population well-being in optic to promote sustainable territory
development within urban and extra-urban areas is recognized (Jabareen 2006; Farr
2012).

According to European Environment Agency (EEA), the soil resource must be
considered as an integrated system (land system)made of biophysical and human land
subsystems (EEA 2018). Based on this point of view, the components of land use and
land cover (EC 2007) are elements of same process of landscape transformation. This
unified vision of the land defines alternative ways of using it through an integrated
territory planning in relation to ecosystem services produced by natural element.

Since the early years of 21st century, initiatives developed at international level,
such as the Millennium Ecosystem Assessment (MEA) in 2005, and European level,
such as The Economics of Ecosystems and Biodiversity (TEEB) in 2010, focused
on eco-system services assessment (MEA 2005; TEEB 2010), also with reference
to urban forestry initiatives (Seppelt et al. 2011; Boerema et al. 2016). The main
types of eco-system services are related to the production of Regulating (Climate
Regulation, Flood Regulation, Water Purification), Cultural (Aesthetic, Educational,
Recreational, Cultural Heritage), Provisioning (Food, Fresh-water, Wood and Fiber)
and Supporting (Soil Formation, Primary Production) activities.
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The United Nations (UN) Global Agenda for Sustainable Development (2015)
describes 17 Sustainable Development Goals (SDG) that UN member states have
agreed to pursue by 2030 in order to implement government policies for ensuring
environmental, economic and social sustainability of the territory (UN 2015). On the
basis of these SDG, in particular the one about land degradation (SDG15), and the
aim of the European Biodiversity Strategy 2020 (EC 2011) to maintain and restore
ecosystems with their services, the EEA in its report Land systems at European level
(EEA 2018) assesses the state of land systems, the trade-offs resulting from policy
decisions and the impacts of observed changes.

Since the last decade of 21st century, intervention models based on Ecosystems
Management (Alberti and Waddell 2000) have been applied within urban policies of
many European cities in order to «[…] impact [on] human activities from production
of food, fiber and foorage to protection and restoration of ecosystem» (Williams et al.
1997). The use of these models involves the execution of actions for an ecologically
sustainable management of natural resources (Nature Based Solutions), even when
present or/and included in the consolidated fabrics of the city (Kabisch et al. 2016).
From some examples of Nature Based Solutions in Europe (Maes and Jacobs 2017)
it can see how the sustainable management and use of existing natural capital allows
multiple benefits in an integrated manner with reference both to the citizens health
and the socio-economic development of territory (Verburg et al. 2013). The effects
generated by interventions involving the protection and/or inclusion of «[…] all trees
in the urban area, inclusive of individual street trees and clusters of park trees, and
peri-urban forests extend to the outer metropolitan area» (Urban Forestry) (Endreny
2018) correspond to the production of Eco-system Services (ES) that «[…] establish
a balance between human and ecological values […] for the wellbeing of human
societies» (Bell et al. 2005; Díaz et al. 2015).

In relation to international classification on ES, the Food and Agriculture Orga-
nization (FAO) has identified 10 Key Issues to express what goods and services are
produced by forestry initiatives according to eco-systemic logic (FAO 2016). Some
Key-Issues concern biodiversity, bio-physical and ecological targets of the environ-
ment (Ecological Targets); others economic (Structure-Strengthenin Targets) and
socio-cultural (Recreational Targets) ones (Yahdjian et al. 2015). In urban forestry
interventions the primacy of a target type is function of both economic, social and
environmental objective to be pursued (MEA 2005), and the urban scale of interest
(single building, city block in which local urban streets fall, urban neighborhoods
often to be redeveloped) (Goméz-Baggethun and Barton 2013).

In this context, in Italy a debate has been developing around the need to incor-
porate eco-system services production (Micelli 2004; Agrimi 2013; D’Onofrio and
Trusiani 2017) within regulatory instruments related to the determination and sizing
of urban services (public parks, parking lots, collective services) designed still in
2019 in a quantitative way according to urban planning standards specified in the
1968 Ministerial Decree n°1444, that favorite the monofunctional, land use. The
need to consider in qualitative and multifunctional terms the effects that such urban
services can produce over time if they are defined and evaluated within an integrated
strategic land use planning is increasingly recognizing. In particular, considering



204 M. R. Guarini et al.

the functional relationships among the type of service and the characteristics of the
urban intervention area is possible to favorite the territory transformation in an inte-
grated sustainablemanner. So, each private and/or public areas to be redevelopedwill
be evaluated in terms of eco-systemic effects that each alternative design solution
produces on the territory.

On the basis of Target type and corresponding Key Issues, it is possible to encour-
age the creation of interventions, definable as Eco-system Integrated Projects based
on principles of urban forestry (EIFP), realized on completely or partially free and/or
degraded urban areas (Guarini et al. 2018).

Although the focus on such initiatives is progressively growing, mayors, planners
and other urban decision-makers are often unaware of the crucial economic, social
and environmental benefits that EIFP can provide. They often place a low priority
on inclusion of forests elements in urban fabrics. Therefore, budgetary resources are
allocated in different way to other civic areas—such as health, welfare and safe-
ty—for the interest to consider only the immediate consequences of financial nature,
or to separate the environmental aspects from the corresponding repercussions of
economic and social type.

In order to produce multiple effects on territory with EIFP, it is useful to use
Integrative Ecosystem Assessment Frameworks (De Groot et al. 2010). They are
about «[…] a formal synthesis and quantitative analysis of information on relevant
natural and socioeconomic factors, in relation to specified ecosystem management
objectives.» (Levin et al. 2009). The IEAF methodology consists of: (i) identifying
ecosystem goals related to safeguarding the population well-being, the economic
development of the territory and the protection of existing natural components; (ii)
defining of targets to be pursued according to objective to be achieved and the eco-
systemic service type produced; (iii) using of specific indicators in order to measure
quantitatively and/or qualitatively the effects deriving from the eco-systems The use
of IEAF is useful for solving problems regarding sustainable land use planning (Daily
et al. 2009; Baró et al. 2016), natural resources management (Tallis and Polasky
2009) and biodiversity conservation (Chan et al. 2011). This also with evaluative
methodologies and techniques based on multi-criteria logics with which to express
the multidimensional character of initiatives including forestry (Wilson and Howarth
2002).

From these premises, the work aim is to provide a methodology through which
to evaluate the eco-system services that the realization of EIFP can produce in urban
contexts. The use of this methodology allows to solve some evaluation problems
linked to initiatives developed according to eco-systemic logics on the basis of appro-
priate evaluation criteria and specific performance indicators chosen according to the
objective to be pursued.

Below, are illustrated in the Section: (Sect. 2) the criteria and corresponding main
indicators used in the case of urban forestry interventions (Sect. 2.1) and the multi-
criteria evaluation techniques most often used to solve some evaluation problems
concerning forestry (Sect. 2.2); (Sect. 3) the evaluationmethodology for interventions
in urban areas that include forestation (Sect. 3.1) and an example of optimization
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model built according to integrated eco-systemic logics (Sect. 3.2); (Sect. 4) the
conclusions and the potential for the future applications of the proposed model.

2 Materials and Methods

2.1 Urban Forestry Projects. Criteria Classes and Indicator
Sets

On the basis of the considerations in Sect. 1, the paper objective is to define an
evaluation methodology for projects realized according to eco-systemic logics and
including forestation. The execution of EIFP in un-built and/or decommissioned
areas in more or less densely built urban context allows, on the one hand, to raise
their quality level, on the other, to reach a more homogeneous level of services
among various parts of the city’s articulation favoring the integration of the nat-
ural and built environment with a view to unitary territory development. This is
possible considering socio-cultural (e.g. by improving the psycho-physical citizens
well-being), ecological-environmental (e.g. by improving air quality) and economic-
financial (e.g. by increasing themarket value of properties in reference context) point
of view.

In order to express the multi-dimensional character of these initiatives, the use
of multiple representative indicators of environmental, social and economic type
is required. For this purpose, the indicators most commonly considered in urban
forestry interventions can be utilize in order tomeasure the effects that such initiatives
generate on the territory, and then proceed to the selection of those most appropriate
in function of specific evaluation case to be solved. Finally, the values of the selected
indicators can be aggregated to each other, so as to obtain an evaluation index,
definable Total Eco-systemic Value (TEV), representative of the project’s ability to
pursue multiple objectives in an eco-systemic integrated key.

With a view to integrated urban planning, urban renewal and/or regeneration
initiatives, that are conducted through forestation, pursue targets relative to: psycho-
physical citizens wellbeing, safeguard of natural and environmental components,
economic, social-cultural development of the area (Van Elegem et al. 2002). Accord-
ing to the Target type to be achieved and the eco-system service, Key Issues to be
considered during the design phase are identified (Fig. 1).

The achievement degree for the aforementioned objectives can be expressed with
appropriate evaluation criteria and performance indicators useful for quantitative
and qualitative surveying of the ecosystem services that urban forestry interventions
produces.

From the cases study known in the literature (Clark et al. 1997; De Groot et al.
2010;Dobbs et al. 2011;Kenney et al. 2011;Barron et al. 2016), someCriteriaClasses
can be identified (Fig. 2e), such as specific performance Indicators (Fig. 2f) which
include morphological, urban, social, economic and environmental parameters, able
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Fig. 1 Ecosystem services, targets and key issues

to define ex-ante and ex-post the reference context according to an eco-systemic,
and not, point of view proper of forestry projects. Based on the general objectives to
be pursued (Fig. 2a) and specific Sustainability Development Goals defined in the
respect of natural and socio-economic intervention area characteristics (Fig. 2b), it
is possible to establish the indicator type to be considered in the evaluation phase,
always in the respect of the Targets (Fig. 2d) and Key Issues (Fig. 2c).

The selection of indicators to be used in evaluation phase depends on the prob-
lem type to be solved, which, in the case of forestry, may concern, for example,
selection cases between different management options of urban forestry, ordering of
design alternatives in function of predetermined targets to be achieved, and optimiza-
tion solutions about financial evaluation issues (e.g. for the allocation of monetary
resources between projects) and strategic territory planning actions (e.g. for the
selection of urban areas that are best suited to the forestation).

These problems related to various kinds decisional fields can be solved by using
evaluation methodologies based on multi-criteria logics able to consider in the
decision-making phase the multiple aspects of EIFP in joint manner.
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Fig. 2 Logical-functional relations system for the evaluation of ecosystem integrated forestry
projects
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2.2 Multi-criteria Assessment Tools for Urban Forestry
Projects

The use of multi-criteria evaluation methodologies allows to consider environmen-
tal, social and cultural aspects separately or in combination with the financial one.
This can be done through the use of appropriate assessment techniques that make it
possible to carry out integrated assessments bymaking references both to themorpho-
logical characteristics of urban context, and to the effects generated on the territory
according to the evaluation question to be solved (Varma et al. 2000; Sheppard and
Meitner 2005; Diaz-Balteiro and Romero 2008).

Considering case studies known in the literature in which some of the most wide-
spread multicriteria analysis tools have been applied (Ishizaka and Nemery 2013), in
order to solve evaluation problems related to urban forestry projects it can be used:
(i) the Analytic Hierarchy Processes (AHP) for the selection between different man-
agement options of urban forestry (Van Elegem et al. 2002; Wolfslehner et al. 2005;
Stirn 2006); (ii) Tecniques for Order of Preference by Similarity to Ideal Solution
(TOPSIS) (Opricovic et al. 2004; Chee et al. 2007); (iii) Goal Programming (Walker
1985) in order to rank design alternatives in consideration of ideal solution to pursue;
(iv) optimization algorithms of the Operational Research (OR) useful for answering,
for example, questions of financial type about distribution of monetary resources
available among alternative investment projects (Guarini et al. 2018; Nesticò et al.
2019).

Among the multi-criteria tools, the ones of the OR allow to solve evaluation prob-
lems through logical-mathematical paradigms able to provide an optimal solution
to the posed question. In particular, it is possible to solve many evaluation prob-
lems also referred to EFIP by structuring multi-objective optimization mathematical
models based on Linear Programming (LP) principles both Continuous (CLP) and
Discrete (DLP) type (Vercellis 2008). Specifically, the CLP can solve different cases.
Some of these regard the definition of the amount of monetary resources to be dis-
tributed between forestry interventions in the respect of an available budget (Guarini
et al. 2018); others the selection of urban areas that are better suited to forestation
(Nesticò et al. 2019); others the creation of the best investment projects portfolio
assessed through urban sustainability criteria (Nesticò and Sica 2017), and still the
multi-site land-use allocation solved also using GIS tools (Aerts et al. 2003).

In general, linear programming models, both continuous and discrete type, can
be implemented through specific mathematical programming tools, such as, for ex-
ample, MatLab, A Mathematical Programming Language (AMPL), Excel, Lingo,
Lindo. The selection of the software to be used depends on the number of parameters
and constraint conditions characterizing the evaluation problem. Specifically, the
AMPL software corresponds to a mathematical language used to describe and solve
optimization problems (Schoen2006), in particular schedulingones (Dolan andMosé
2002). This language is well suited to modelling decision-making cases related to
urban renewal projects developed according to eco-systemic logics (Bagstad et al.
2013; Nesticò and Sica 2017).
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3 An Evaluation Protocol for EIFP

3.1 Linear Programming as Tool for the Definition
of the Evaluation Methodology for EIFP

The methodology proposed in order to evaluate the effects produced by EIFP on
the territory is developed using linear programming principles of the OR. Thanks
to them it is possible to express the relationships between elements characterizing
the evaluation problem through linear mathematical expressions of simple algebraic
construction.

According to an evaluation function f of the type:

f : D → R (1)

to each alternative of the Decision Domain (D) is associated a summary indicator
(Total Value) that is image of the data characterizing the aspect of the decision
problem that is examined.Depending on the evaluation function, the selection criteria
(Ci) and the corresponding performance indicators (Ii) may differ (Vercellis 2008).
In particular, the index corresponding to the Total Value, which may be either of
a monetary nature or of another species, is a function of the Goal j-th (Gj) to be
achieved and the parameters characterizing the evaluation case.

Specifically toEIFP, each project identifies an alternativeDi,whose characteristics
are expressed with criteria (Ci) detected through appropriate performance indicators
(Ii). Each indicator expresses unequivocally economic, social and environmental
aspects of the i-th area both before and after the intervention including forestation.
The parameters belong to the economic, social and environmental territory system
are elements to be defined according to the aims connected to the evaluation prob-
lem to solve. From the linear combination of the each indicator’s values, the Total
Eco-systemic Value (TEV) ex-ante (TEVin) and ex-post (TEVfin) to the realization of
initiatives carried out according to the EIFP model is obtained. This index expresses
the eco-systemic component of the area subjected to EIFP, and not only the con-
verted soil obtained considering in the design phase specific dimensional standards
in correspondence of each type of service to be realized. The use of this index quali-
fies urban design in an integrated ecosystem view (Integrated Ecosystem Design). It
defines a modus operandi that combines the services generated by forestation and the
standardized transformation processes of land use based on the use of dimensional
parameters referring to the type of urban service to be achieved (Not Ecosystem
Design).

As in Fig. 3, the design levels developed in an eco-systemic key, and not, produce
different increments of overall eco-systemic value. This according to the ability to
operate in urban areas with initiatives re-including forestation as element to support
the production of services useful for the integrated development of urban reference
context.
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Fig. 3 Levels of integrated eco-system urban planning. Increases in total ecosystem value due to
EIFP

The difference �TEVi between TEVi_fin and TEVi_in estimates the increase of
the eco-system value of the area following the intervention re-including forestation.

On the basis of �TEVi regarding i-th area, such that:

max
∑

i� TEVi = max
∑

i�
(
TEVi_fin − TEVi_in

)
(2)

the TEVi_fin can be:

(i) obtained through a mathematical formulation of the type:

TEVi_fin = TEVi_in + �TEVi (3)

(ii) correspond to a known reference parameter (PARAMETER) assumed as target
to be reached through EIFP.

In particular:

• in (i), the determinationof thefinal eco-systemvalueobtainedwithEIFP is function
of the increase value (�TEVi) measured in corresponding to each representative
performance indicator related to the service type in exame;

• in (ii), the final eco-system value is taken as reference parameter (target) to be
achieved. This is useful, for example, when it is necessary to ensure the achieve-
ment of a given value of TEVi_in for all the areas on which can realize EFIP, also in
order to establish an equitable distribution of available financial resources among
alternative projects of same type.

The terms (TEVi_fin), (TEVi_in), (�TEVi) are also elements for the structuring of
linear algebraic expressions that allow to characterize the system to be solved. Such
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relationships can express suitable constraint conditions (ϕm), established according
to evaluation problem and constraint type.

Thus, the writing of linear algebraic expressions, in which the elements charac-
terizing the problem to be solved are placed in polynomial relation between them,
allows to structure evaluation models based on multi-criteria logics referred to EIFP
using linear mathematical systems of the type:

⎧
⎪⎪⎨

⎪⎪⎩

TEVin/fin = f(Ci, Ii)

max
n∑

i=1
�TEVi = �(TEVfin − TEVin)

ϕm ≤ ≥ PARAMETER

(4)

3.2 Evaluation Protocol for EIFP. an Optimization Model
for Integrated Sustainable Urban Development

Using linear algebraic expressions such as those in (4), it is possible to define eval-
uative models for EIFP in view of both design and urban planning in order to limit
the size of the land for a specific community service, but also to orient the process
of determination and dimensioning urban services on the basis of the increase of the
Total Eco-Systemic Value obtained thanks to projects including forestation.

In fact, on the basis of system (4), it is possible to formalize multiple and different
mathematical models in which the objective function (that can be a maximization
and/ or minimization function), and the constraints of various nature (technical-
design, economic-financial, socio-cultural, ecological-environmental) depend on the
evaluation problem type to be solved.

In general, the structuring of these models cut through the:

1. identification of the sustainability objectives to be pursued, and definition of the
corresponding evaluation criteria in compliance with the Targets and the eco-
systemic service produced;

2. selection of indicators for each criterion according to the assessed evaluation
question, and estimate of each indicator through quantitative and/or qualitative
measurement systems;

3. writing of logical-mathematical relations between elements that define the eval-
uation problem, and definition of multi-criteria evaluation model;

4. implementation of the evaluation model through the use of mathematical pro-
gramming software, and analysis of the results.

As regards the identification of the objective (point 1), it can be specifically envi-
ronmental (for example, the decrease in the carbon dioxide production in atmo-
sphere), economic-financial (for example, the increase in the urban rent of specific
territory portions), as well as social type (for example, the improvement of psycho-
physical population wellbeing), or it can regard all these aspects in optic of integrated
multidimensional urban transformation (see Sect. 1).
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In order to quantify the achievement of the prefixed objective type, it is necessary
to identify criteria and corresponding indicators (point 2) that allow to measure the
degree of objective achievement with respect to the ex-ante status that define the
intervention area before the execution of EIFP (see Sect. 2.1).

The indicators and criteria considered are, then, elements for the structuring of
evaluation models (point 3) referring to EIFP based on the �TEVi obtained as a
result of initiatives including forestation (see Sect. 3.1). Pursuing equalizing logics
useful for standardizing the distribution of value, expressed in terms of eco-systemic
services, between urban areas with different TEVi_in, the increase in value of the i-th
area following EIFP can be compared to that of other intervention areas formalizing
a linear mathematical expression of type:

TEV(i−1)_in + �TEV(i−1) = TEVi_in + �TEVi = TEV(i+1)_in + �TEV(i+1) (5)

in which the TEVfin of the i-th area assumes the same value to be reached through
EIFP in each intervention area.

This modus operandi in eco-systemic key can also support the decision-making
systems concerning the optimal allocation of financial resources ( 2i) among alterna-
tive projects in accordance with budget available. This correspond to writing a linear
constraint of the type:

∑
εi Ci ≤ BUDGET (6)

in which the investment cost Ci of the i-th project is related to the available Budget.
In addition to constraint expressions (5) and (6), there may be further technical-

design conditions to be taken into account in the planning phase of specific urban
areas. For example, some constraints (like the inequality number 7) can express the
limit of the available land amount (bij) relative to the i-th area to be allocated to j-th
service (xij) obtained after EIFP.

xij ≤ bij (7)

Others, however, may concern, for example, the relationship between the amount
of available land in the i-th area to be allocated to the j-th type service (xij) and the
users number (aj) beneficiaries of the service produced by EIFP. This condition can
be expressed through a mathematical expression of the type:

∑
i
∑

j aj xij ≤ Bi (8)

where Bi represents the total i-th area to be redeveloped with EIFP.
On the basis of the problem to be solved, the constraint relations [(5), (6), (7),

(8)] can be combined jointly or severally within a single mathematical system of the
type:
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⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

max
∑
i

�TEVi · εi

TEV(i−1)_fin = TEVi_fin = TEV(i+1)_fin∑
i
Ci · εi ≤ BUDGET

xi j ≤ bi j∑
i

∑
j
a j x̄i j ≤ Bi

(9)

In this way, it is possible to define mathematical models supporting the deci-
sions useful for orienting urban planning and design towards principles aimed at the
integrated eco-sustainable development of the city.

The implementation of the evaluation model will take place through the use of
mathematical software programming that solve the specific evaluation problem (point
4).

4 Conclusions

An integrated vision between natural and built environment define alternative action
strategies respect to the common ways of land use based on standardized interven-
tion practices aimed to consider financial, social, cultural and environmental factors
useful for territory development. Against to such a manner to operate in the city,
the interventions based on eco-systemic logics, which also include urban forestry
(EIFP), create transformation processes able to produce eco-systemic services on
the territory.

The multidimensional character of the EIFP invites the use of evaluation mod-
els with which can consider the plurality of the effects produced by this type of
interventions during the planning of settlement initiatives, especially in respect of
the morphological-urban characteristics of the reference context. Only the use of
evaluation protocols based on multi-criteria analysis allow to structure evaluation
models for EIFP established according to the objective to be pursued in the context
of integrated sustainable urban development. The steps that define the structure of the
evaluation protocol for EIFP can be to help especially for the technicians—but not
only—who must support Public Administration in the choice of planning solutions
for territory portions within urban and/or extra-urban areas preferring eco-systemic
logics. As well, these steps can lead the structuring phase of logical-operative models
able to answer specific evaluation questions related to EIFP. The use of such models
makes it possible to carry out evaluations in favour of an integrated urban planning,
as well as to improve the transparency of choices also through the use of operational
tools in which different constraints and generic objectives of the problem to be solved
are expressed with the mathematical syllogisms of linear programming proper of the
Operational Research.

In this perspective, new research developments may initially concern the study
and definition of the relationships between elements regarding socio-cultural and
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economic-productive system of examined urban context, and the effects produced
by the presence of natural elements. This integrated manner to urban land use in eco-
systemic view support the realization of intervention practices valuated according to
its consequently eco-systemic value increase. A further point for new study concerns
the choice and use of the mathematical programming techniques most suited to
solving the considered evaluation problem, and the applicability limits deriving from
their use.
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Innovation of Off-Site Constructions:
Benefits for Developers
and the Community in an Italian Case
Study

Alessia Mangialardo and Ezio Micelli

Abstract The search for new tools to regenerate existing cities in an economically
and environmentally sustainable way is at the heart of a lively debate at national
and international level. The collective agenda is focused on the search for innova-
tive production processes that guarantee at the same time durable, economic and
minimum consumption of environmental resources interventions. This objective can
be pursued by adopting the new paradigm of industrialization capable of capturing
variety and efficiency through the use of new technologies. The aim of the research
is to investigate, through a qualitative analysis of an Italian case study of a hotel con-
struction process, what are the benefits and costs both of a private nature—for the
construction companies and any developers—and of a public nature—related to the
community—linked to an off-site project. The case study analyzed highlights how,
compared to traditional construction procedures on site, the off-site construction is
able to reduce by more than half the costs and timing of design and implementation.
Finally, off-site construction helps to reduce the waste of resources and gives the
possibility of disassembling and reusing construction components in other places
and the reuse of materials in line with other industrial sectors and according to the
principles of the circular economy.

Keywords Retrofit · Pre-fab construction · Off-site construction · Construction
industry · Circular economy

1 Introduction

The search for new tools to regenerate existing cities in a sustainable way is at the
centre of a lively debate at national and international level. The collective agenda
is focused to find innovative production processes that guarantee both sustainable
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and economic interventionswithminimumconsumption of environmental resources.
While these purposes are known and officially recognised in urban policies, the con-
struction industry does not seem to be ready for such challenges. The evident decline
in the construction sector’s performance in terms of productivity, delivery certainty,
skills shortages and data transparency necessitate radical innovation (ANCE 2018).
This objective can be pursued by industrialising the design phases, the construction
process and the entire life cycle of the work, transferring themain site activities to the
factory, adopting the new paradigm of industrialisation capable of capturing variety
and efficiency through the use of new technologies.

The purpose of the paper is to investigate, through the qualitative analysis of an
Italian case study of a patented construction system to build modular hotels, what
are the benefits both of a private nature—for the construction companies and any
developers—and of a public nature—referred to the community—linked to an off-
site project. Numerous national and international examples have shown that off-site
construction processes can considerably reduce project and construction costs and
the possibility of making design errors or mistakes during construction.

While in some European countries, such as the United Kingdom, the Nether-
lands, Sweden and Finland, off-site construction has become an established
practice—adopted mainly by governments for the construction of social or public
housing—in the Italian peninsula this production system has not yet fully established
(Ganiron and Almarwae 2014; Mangialardo and Micelli 2018a, b; Vernikos et al.
2013). There are many reasons for this. The first one can be attributed to the
substantial drop—by more than 36% in ten years (ANCE 2018)—in investment in
construction. This negative economic situation is attributable to the economic crisis
that has hit the country since 2008 with the consequence of a drastic decrease in
investment and research in innovation. Furthermore, the construction sector has not
been able to grasp the needs of a demand that has profoundly changed its investment
choices and its spending capacity: it is necessary to identify building interventions
at lower prices with greater attention linked to the sustainability of the interventions.

Nevertheless, the lack of knowledge of product quality and the lack of confidence
in a poorly publicised construction system are the reasons of a low affirmation of
off-site construction practices in Italy. Finally, the Italian construction industry is
characterized by a completely different supply chain compared to other types of
industries, which makes the innovation production process more complex. The plu-
rality of players operating in the sector, both on the demand and on the supply side,
often cause overlapping responsibilities and failures. These actors operate individu-
ally and hardly work at an integrated level in order to achieve common and shared
purposes. The final aim is to pursue immediate speculative objectives rather than to
achieve long term benefits improving costs and construction times. As the numerous
international cases show, off-site construction are able to respond to many needs:
interventions are faster, economically and environmentally sustainable and qualita-
tively better than on site processes and durable over time.

The paper is divided into four parts. The first identifies the benefits of off-site
construction by comparing it with the traditional production system. The second part
presents the Italian case study. The third, thanks to the elements that emerged from



Innovation of Off-Site Constructions: Benefits for Developers … 219

the case study, interprets and highlights some aspects of off-site construction that
have been little explored by the scientific the literature of the sector and, finally,
the conclusions summaries the results and outline the future developments of the
research

2 The Renovation of the Construction Industry Through
off Site Processes

Dang and Low (2015) define the construction sector as an economic activity that
involves the entire construction process from the production of raw materials to the
manufacture of construction components, providing professional services such as
design and project management and the execution of works in situ. From this point
of view, the construction sector is an economic activity that intersects all economic
sectors starting from the primary one, for the extraction of building materials, to the
secondary one, for the processing of raw materials and the realization of building
elements, and finally the tertiary sector because it provides management, design,
control and consulting services for the entire building intervention.

From the industrial and productive point of view, there are clear gaps that have
led to an exponential drop in productivity compared to other industrial sectors. Even
today, a building that employ traditional construction technologies is built with the
same principles of the last century: examining only the automotive sector one should
ask oneself howmuchwould cost vehicles today if they were produced with the same
techniques of a century ago (Mangialardo and Micelli 2018a, b; Boyd et al. 2013).

Nevertheless, in recent decades some construction companies have started an
industrialisation process that has led to test innovative construction methods: off-
site construction has become a valid alternative to the traditional onsite construction
process. Off-site construction is based on the industrialisation of the production of
building components, which are transferred to the site and assembled very quickly.

Based on the degree of off-sitework, off-site construction is divided into four types
(Kamali and Hewage 2016). The first concerns the under-assembly of small-scale
components, such as windows or precast concrete blocks. The second type con-
cerns non-volumetric components that are assembled in the factory, such as building
cladding panels. The third type involves the off-site construction of entire volumet-
ric units that are transferred to the construction site and assembled directly. Among
these, bathroom cells are frequently used. The last type is represented by the entirely
modular construction: the building components are produced and assembled in the
factory. The finished modules are transferred to the site and assembled directly gen-
erating in a short time the complete building.

The benefits of an off-site approach to the construction sector are known in the
literature (Boyd et al. 2013; Court et al. 2009; Fan et al. 2017; Goulding et al.
2015; Mangialardo and Micelli 2018a, b; Roy et al. 2003; Sparksman et al. 1999)
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Table 1 The benefits of
off-site construction

Categories Benefits

Time – Increased speed in the
construction process

– Fast tracking

– Increased certainty in
delivery times

Costs – Less qualified labour

– Lower maintenance costs

– Lower cost of professionals

– Fewer variants in progress

Production process – Use of controlled production
facilities

– Economies of scale

– Possibility of transporting
building components even to
distant locations

– Increased transparency

– Increased productivity

– Skill in transporting
components required

Respect for the environment – Reduction of dust, GHG
emissions and noise

– Less waste of raw materials

– Recycling and reuse of
waste materials

Elaboration of the authors

and depend on the different level of prefabrication. Nevertheless, many benefits are
common to all types of off-site construction (see Table 1).

With regard to the timing of the construction of a building, the speed of execution
of the works is reduced by more than half compared to the use of onsite processes
(Boyd et al. 2013). This is due not only to a considerable simplification of the
construction process thanks to the industrialisation of the technologies used, but also
thanks to the failure of interrupting construction on site due to the adverse climate.
Furthermore, the fast tracking of the components together with the possibility of
combining different types of work (hydraulic, electrical, plant engineering, etc.)
without the need to wait for a professional to continue the work, allows a significant
time saving. As a result, there is greater certainty related to delivery times. Ballard
and Howell, authors of empirical observations regarding the assignment of weekly
operations in a construction process, state that in on-site construction processes the
probability of time deviations due to high waste of time and resources is equal to
40% of cases. On the contrary, in off-site construction, more than 90% of cases are
on time (Boyd et al. 2013; Mangialardo and Micelli 2018a, b).
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On the cost front, there are considerable savings that can range from 7% (Boyd
et al. 2013) to 30% (Kamali and Hewage 2016; Na 2007). This is due to the use
of less qualified workers, a lower cost of professionals, a reduction in costs on site,
the possibility of achieving economies of scale. Furthermore, a greater control of the
materials and of the construction process allows to increase the quality of the finished
product with consequent lower maintenance costs and with a lower probability to
provide for variations during thework. As a result, in spite of traditional construction,
where only 69% of the buildings respect the initial budget, off-site construction
guarantees greater predictability of costs (Boyd et al. 2013).

The production process is completely renewed: 85% of the works are carried
out in the factory, significantly reducing accidents at work and congestion on the
site. In addition, the need to transport large building components requires significant
material strength. For this reason, there is a greater guarantee concerning the high
quality of the materials and there is an increased ability to transport components
in situ. Furthermore, the use of controlled production facilities guarantees greater
certainty in pursuing the client’s objectives. An innovative way of conceiving the
business and the supply chain offer new sales opportunities in places that are also
quite far from the factory. Work in the factory guarantees the possibility to proceed
without interruption and is up to three times more productive than work on site.
Finally, there is greater transparency of the materials used due to greater traceability
of products from the production line to on-site installation. This is possible thanks to
the use of advanced technological instruments such as the QR code, the BIM and the
IT systems to provide the supply chian to the customer with updated data (Ekholm
and Molnar 2009).

From an environmental point of view, off-site construction ensures a significant
reduction in the production of waste materials and at the same time increases the pos-
sibility of recycling and reuse of unused material. The development of Pug and play
modules also makes it possible to dismantle the modules and place them elsewhere.
Furthermore, the factory production guarantees the reduction of dust on site, noise,
GHG emissions, energy consumption and the movements of all those who work on
site (Nadim and Goulding 2010).

3 An Application of Off-Site Constructions in the Tourist
Accommodation Sector: Empirical Evidence
from an Italian Company

In order to understand how the innovation of off-site processes brings benefits to the
private sector and the community, it was decided to analyse an off-site construction
process for the construction of hotels all over the world. This choice is not unin-
tentional: in Italy, the tourist accommodation industry is constantly expanding and
represents more than 10% of the national GDP. Again, due to its simple and typically
modular plan volumetric conformation, hotels are verywell suited to the development



222 A. Mangialardo and E. Micelli

of off-site construction processes. For this reason, in 2010 an important multinational
furniture manufacturer, which made the optimization of the construction process and
the simplification of management activities its world-famous business model, with
the help of a well-known Italian construction and engineering company and an inter-
national hotel chain, patented an innovative technology to build hotels around the
world. Today, this construction system is employed to produce hotel modules in Italy
that are then transferred and built all over the world.

The principle on which this project is based is represented by the use of an indus-
trialized system that involves a higher quality of what is produced in the factory. As a
result, buildings can be constructed in absolute safety, with a considerable reduction
in assembly times and with a significant economic advantage. Thanks to the light-
ness of the building components, this construction systemmakes it possible to create
structures of considerable size and allows easy transport: as an example, to date, this
technology has been used for the construction of numerous hotels in Italy, England,
Norway, Denmark, Germany and also in countries outside the EU. Furthermore, this
technology has been designed according to anti-seismic criteria and is often also
used for the reconstruction of industrial buildings damaged by earthquakes.

The off-site level used is almost complete: the entire structure is built in the factory
and assembled on site. The toilet area and the central access corridor to the rooms
are entirely manufactured and assembled at the factory and the three-dimensional
module is transferred to the site for assembly with the rest of the structure. The hotel
rooms and common areas, on the other hand, are made up of two-dimensional panels
that are produced in the factory and assembled in situ. In short, the construction
process on site is reduced only to the construction of the foundations, the assembly
of the construction components and the plug and play connections.

The construction process involves the installation of all the systems (electrical,
hydraulic, mechanical and ventilation) in the factory: the motors are incorporated
into the central corridor leading to the hotel rooms. The hotel rooms can be very
large, while the finishes, furnishings and sanitary equipment are made in accordance
with local regulations.

In addition, each component of the structure (including the systems) is completely
traceable: thanks to the insertion of QR code you can access any information about
the product, check the workings and tests the performances. Again, in the event of
damage or breakage of any component, by scanning the QR code it is possible to
order the piece to be replaced, check the stock or the time required for shipment and
finally read the assembly instructions.

There are two types of production lines. The first concerns the three-dimensional
modules (bathrooms and systems). The second line refers to the production of two-
dimensional panels such aswalls, floors, facades, corridors and roofs. The production
capacity linked to the development of this technology is surprising: in just eight hours
for the first production line it is possible to create two complete bathrooms as well as
the necessary plant engineering for two hotel rooms; for the second production line
it is possible to produce thirty-six panels, corresponding to eight rooms: one room
per hour.
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Table 2 Comparison between offsite construction technology and a traditional construction system
to built an hotel

Categories Off site technology Traditional system

Time Duration of the construction
site: 6 months

Duration of the construction
site: 15 months

Costs Construction: 18,000
Euros/room

Construction: 60,000
Euro/room

Transportation: 3500
Euros/room (in Italy)

Transportation: 0

Production process Factory production: 22 days Factory production: 0 days

Number of people employed
for the production: 160

Number of people employed
for the production: 0

Number of days in the
construction site: 150

Number of days in the
construction site: 375

Number of people employed
in the construction site: 20

Number of people employed
in the construction site: 25

Respect for the environment Reduction of the waste
materials more than the 40%

Km travelled to reach/return
the factory: 0

Km travelled to reach/return
the factory: 30

Km travelled to reach/return
the construction site: 100

Km travelled to reach/return
the construction site: 100

Considering the construction of a 90 room hotel, Table 2 compares the benefits in
terms of time, cost, production process and respect for the environment through the
use of off-site construction of the case study presented and the traditional construction
system. Data referring to the traditional way to build an hotel have been reached
through interviews to experts in the fields.

With regard to the duration of the construction site, the time is significantly
reduced: if with the traditional system it was possible to build the hotel in 15 months,
the construction process off site allows to reduce the duration to only six months.

The reduction in costs is extremely significant: the construction cost per room is
18,000 Euros, which is about one third of the traditional construction system. Even
if you add up the considerable transportation costs to the construction site—which
change on the basis of the kilometers travelled by the factory and the difficulty of
reaching the construction site—the construction costs would still be considerably
lower than the costs of the traditional construction system.

Unlike on site processes, this system involves production in the factory: to produce
all the components it takes about 22 days with the help of 160 workers. The time
required to develop in the plant is therefore 3520 man days.

Once all the building elements have been produced, the number of construction
days needed to assemble the components and finish them is 150, using 20 workers
(about 3000 man days). The traditional construction system involves a considerably
longer construction phase: each component is made on site and on average it takes
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375 dayswith 25workers to complete the hotel (equal to 9375man days). The off-site
construction system therefore saves 2855 man-hours.

Another important aspect concerns the manpower employed. The company that
has patented this technology has taken on numerous workers from the factory who
live near the work site. On average, each worker travels a maximum of 30 km per day
to and from their home and back to the factory. For those who have to assemble the
pieces on site, the movements will be higher, sometimes it is necessary to organize
real transfers, but the times of work in situ are significantly reduced. In addition, the
manpower required to produce the building components in the factory does not have
to be skilled, which leads to considerable savings in terms of wages.

From an environmental point of view, the use of a traditional construction system,
in addition to requiring the presence of trained and specialized labor, involves a
significant displacement of staff who are forced to travel several kilometers every
day to reach the site but may also be forced to move throughout the duration of
construction. Finally, the use of off-site production processes makes it possible to
significantly reduce waste: the panels are produced to the necessary size without
producing waste material.

4 Off-Site Construction in the Hotel Sector: A New
Opportunity to Renew the Construction Sector

Many studies have compared the performance between off site constructions and
traditional construction methods in terms of cost, energy performance, and overall
sustainability of the process. Off-site constructions, thanks to the involvement of
modularity for construction elements, guarantee better performance (Sonego et al.
2018). The off-site technological system for the construction of hotels is just one of
the many best practices that aim to innovate the construction industry to make this
sector more performing from every point of view. In particular, the case study has
made it possible to understand how factory production—and therefore a different
approach to the value chain compared to traditional construction—bring significant
advantages in the construction phase and in the finished product to construction
companies, developers and the community.

On the construction company side, off-site construction involves a standardised
supply chain approach that is more similar to the manufacturing industry than the
traditional construction sector. The high degree of standardization and repeatability
greatly facilitates project implementation. The use of digital manufacturing allows to
increase the efficiency, productivity and competitiveness of the construction sector
through the design of prototypes easily adaptable to a variety of functions while
ensuring the refinement and variety of the individual project (Grosskopf 2017). The
Italian company analyzed, has shown how it is possible to manage the complexity
and complications of construction sites located in different places despite requiring
exclusive needs. Although each individual project is unique, the information flows
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and materials are similar. Therefore, the purpose of the Italian company’s project
was to share and integrate knowledge to create a construction system that could be
replicated and adapted to the different needs of the client. Normally, in the traditional
construction industry this does not happen: the project is unique and with non-
repeatable specifications. In this way it is possible to guarantee the efficiency of each
individual project to achieve immediate objectives and to ensure greater profit for
the company.

As the company argued, in the short-term off-site construction is more expen-
sive to develop because it requires a greater expenditure of resources and significant
investment in new factories, professionals and technologies. Construction has tradi-
tionally not been very capital intensive, drawing investment mostly from the con-
sumer. Getting certifications and launching a sales network is highly capital intensive
and requires a shift to more industrial management of the company. Yet, the produc-
tion process of off-site construction requires considerably shorter construction times
compared to the traditional system. Nevertheless, the number of workers involved in
the factory is considerably higher than the entire workforce involved in the develop-
ment of a traditional construction site. The costs of the surplus labour and the initial
investments are quickly repaid by achieving economies of scale that would not be
possible in traditional construction.

For similar reasons, once the prefabrication construction system is implemented,
the construction cost of a hotel room is about two-thirds lower than in the traditional
construction system. In addition, the time savings associated with the construction
is very relevant and it can positively influence the internal rate of return of the
development investments.

Finally, in order to optimize off-site construction processes as much as possible, it
is necessary to provide for an integrated design that allows for the optimal assembly
of components on site while involving multi-disciplinary and multi-level suppliers.
For this reason, unlike traditional construction, suppliers and distribution networks
are often predefined. Furthermore, in traditional construction a frequent cause of
wasted time and effort is independent control of each link in the production chain.
This often leads to considerable time and economic wastage, which generally occurs
earlier than when they are actually recognised. This discontinuous control, combined
with relationships that are not always collaborative, reinforce problems and imply
a solution to be found in a short time and with the least possible expenditure of
resources. The company analyzed uses a valuable tool that is able to avoid most of
these problems: the use of “Building InformationModelling”, the so-called BIM 4D,
adds the time factor in the construction program to the classic BIM. This program
makes it possible to predict most of the drawbacks by avoiding last-minute changes
on site, eliminating waste due to production on site and making the installation phase
faster. Furthermore, the use of similar technologies allows the design of standard-
ised systems while guaranteeing the maximum variety of designs and finishes. This
principle makes the use of current off-site technologies completely different from
the prefabricated systems that have been used for the construction of many buildings
located in the Italian suburbs.
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On the developer point of view, mass customization is a crucial innovation. The
limited repetitiveness of the construction sector risks dissipating a significant amount
of knowledge between the implementation of a project and the other. Moreover, the
lack of common strategic objectives, the lack of loyalty and the propensity to share
resources and information make the production process of traditional construction
particularly hostile to the development of innovative construction systems (Goulding
et al. 2012). For this reason, the customer who requested the development of the
construction system analyzed is a multinational whose business model is based on
standardization and the production of modular furniture elements: as in furniture,
off site constructions ensure at the same time a great variety of aesthetic and
functional benefits making more cheaper the construction interventions. The mass
customization is already a common practice in several sectors such as fashion, where
you can customize an article produced in series as a dress and has been applied
to many other sectors such as the automotive industry. Through this productive
approach, manufacturers produce small, automated elements that can be arranged
in different ways and generate different configurations. Thanks to this technology,
investors have the opportunity to fully customize their projects produced in series.

Finally, for the community the benefits are manifold and concern the environmen-
tal sustainability that derives from off-site constructions. The production of waste
materials can be reduced by up to 40% (Boyd et al. 2013). Yet, the company analyzed
stated that the ability to cut and assemble the material in the factory allows them to
significantly reduce waste. Furthermore, the possibility of guaranteeing a fixed work
site with shorter travel times than on site construction sites, allows for a significant
reduction in pollution as well as an increase in the well-being of workers.

5 Conclusions

The benefits of off-site construction sector arewell known. The increase in productiv-
ity, the greater transparency of the data, the construction system used, the reduction
of costs and delivery times together with the increase in the quality level of the final
works are just some of the benefits that off-site construction offer. Off-site construc-
tion can become a valid alternative to traditional construction technologies in order
to avoid the crisis that has hit the sector and to guarantee people quality construction
that is at the same time economically and environmentally sustainable.

This article has presented, through the analysis of an Italian case study applied
to the hotel construction sector the many benefits of this construction processes for
the community and all the actors of private nature. In particular we highlighted how
innovation in the construction sector through off-site construction would benefit the
community and the private sector without one being to the detriment of the other.
The principles and objectives on both sides seem to ensure sustainability, efficiency
and lower development costs.

From the point of view of the private actors at stake, the benefits in economic,
financial and productive efficiency terms are significant. The case study has made it
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possible to understand how, thanks to the development of economies of scale, it is
possible to reduce construction costs by making these processes more convenient.
Off-site construction processes ensure optimum performance by reducing construc-
tion times and work in progress variants. From the public point of view, the positive
externalities linked to respect for the environment, improvement of workers’ welfare
and lower production costs are evident. It is not coincidence that several European
countries use off-site technologies for the construction of public residences or social
housing.

Future research may concern many aspects. First of all, from a pure privately
point of view could be investigated the economic benefits deriving from the use of
off-site processes. Furthermore, from a social and environmental point of view, all
the positive externalities they generate could be investigated and measured.
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The Urban Park as a “Social Island”.
The ANP in the Participatory Project
of Parco Uditore in Palermo

Grazia Napoli and Manfredi Leone

Abstract An urban park provides many environmental and recreational facilities
and services, and moreover it may become a catalyst for social energies and an
instrument of community identification. This paper analyses whether participation
and bottom-up planning may compensate institutional absences in implementation
of urban parks, and how multiple criteria model may support socially shared deci-
sions about their management. These issues are examined from the singular case of
Parco Uditore in Palermo (Italy) that is located in a land which has been surprisingly
undeveloped, despite the expansion of the city. The phases of promotion, planning
and implementation of the park were the result of a synergistic but spontaneous col-
laboration of multiple actors, whereas an Analytic Network Process model has been
built in the current management phase. The model has been provided for supporting
a structured participatory process between promoters-managers and users for the
selection of the best project among several alternatives, in order to strengthen the
environmental, recreational and social role of the park.

Keywords Participatory process · Decision aid · Analytic network process ·
Urban park · Bottom-up planning

1 Introduction

Urban Park and green areas have assumed an increasingly important role in recent
years for the growth of cities as they have contributed to improving the quality of
life of urban communities. Moreover, they constitute an important qualitative feature
in any urban location and have a direct influence on real estate sub-market prices
along with the economic feasibility of private investments (Napoli 2015a; Napoli
et al. 2016, 2017).
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In 19th-century London, the implementation of squares in the urban fabric and the
Garden City theory contributed a lot to reflect on urban quality due to the presence
of green areas.

In Italy, the importance of urban green has been awarded with the adoption of
urban planning standards (Interministerial Decree 1444/1968) which made manda-
tory a significant share of public green areas and/or facilities in the new design of
cities. Unfortunately, in Sicily, the share of existing public green areas is often consid-
erably lower than the legal national minimum, and moreover in some neighborhoods
of the capital, Palermo, the green standard does not even exceed the measure of
0.5 m2/inhabitant versus the minimum of 9 m2/inhabitant.

This inadequate condition has promoted, especially in the last decade, a re-
appropriation of public spaces by the citizens and, consequently, an identification
of new and often green ways of conceiving their fruition and management. A certain
inertia of the public administration, pointed out by the scarcity of economic resources,
is opposed to the strong will of the communities to overcome some operational bar-
riers and to seize public spaces, as well as launch new forms of management.

This condition is not an exclusively Italian prerogative. The beginning of the
21st century shows several European communities taking possession of forgotten
spaces, cultivating abandoned areas, protecting the landscape and its inhabitants
where contemporary society has hastily turned its back. A transversal and European
search for “democratic gardens”, that produces models of great interest and quality,
has in the community the main engine and actor. A democratic research of new
poetry, conducted through the experience of sociability, drives towards a new urban
aesthetic dimension (Walker and Simo 1994).

The “spontaneous” urban park of the 21st century is also the result of these experi-
ences, a constellation of bottom-up processes characteristic of today’s liquid society
consolidating and shaping quality spaces/places, ephemeral and solid, evanescent
and present, temporary and permanent.

There are numerous experiences of “atypical” European ways of making land-
scape (Lambertini 2013) that represents the evolution of a design thought that is both
historically rooted and expressing a new spatial and vital dimension. We would like
to mention Normand Park, a 2010 work by KLA—Kinnear Landscape Architects,
created after joining a design competition. The project stands out for its ability to
translate a social project into quality spatial outcomes. The intervention is a larger
part of a local urban regeneration program launched by the Hammersmith and Ful-
ham Council of London. In this case, huge investments were made available for the
recovery and improvement of a system of strategic parks with respect to the local
social dimension and the district space system. In particular, the artistic laboratories
in which the inhabitants of the local community participated, had a strategic role,
specifically involving different segments of the population and entrusting to differ-
ent artists (videomakers, writers, and photographers) with the task of developing
ideas and processes for recognizing the local landscape, evoking ancient customs
and outlining future awareness (Lambertini 2013).

Another case of important involvement of the community in a process of garden
construction is the experience of the Jardin DeMain, self-construction of urban gar-



The Urban Park as a “Social Island”. The ANP … 231

dening managed by the COLOCO Studio with the Municipality of Montpellier and
some local associations, which engaged the community in a design process in the
early stage (April/September 2010) and in its realization later (8–9 October 2010).
The building site lasted only 24 h thanks to the preventive preparation of the area,
and the planning of the gardens desired by the inhabitants, reversing the status of an
abandoned parking area surrounded by dwellings. The transformation was a commu-
nity festival, connecting public utility and landscape: the act of building, expressed
by the inhabitants, was a form of collective reconquest of the city and its public
spaces (Lambertini 2013).

The development of ‘spontaneous’ parks or gardens can be the result of structured
or unstructured participation: anyhow taking decision is complex as they involve
different social actors and concern various aspects, e.g. environmental, economic,
administrative, social, and thus multicriteria evaluations may support decision mak-
ing in such a context.

A large number of Multiple Criteria Decision Aid (MCDA) has been developed
in order to manage the intrinsic complexity of private or public decision problems
(Napoli 2018) such as choice, ranking, sorting and description (Roy 1981) or elimina-
tion (Bana e Costa 1996), and design (Keeney 1992). Subsequently, the selection of a
MCDA method among those available—e.g. Electre, MAUT, Macbeth, Promethee,
Rough sets, AHP and AHP—has to be based mainly on the type of decision prob-
lem and, also, on the required input data (Figueira et al. 2005; Ishizaka and Nemery
2013; Bouyssou et al. 2006). The MCDA models have been used in a wide variety
of fields such as environmental problem with interaction between criteria (Bottero
et al. 2015), or development of historical heritage (Della Spina and Calabrò 2018),
urban energy retrofitting scenarios (Lombardi et al. 2017), or urban renewal projects
and urban planning (Nesticò and Sica 2017; Saaty and De Paola 2017).

The Analytic Network Process (ANP) method, in particular, was developed by
Saaty (2005) as a generalization of the Analytic Hierarchy Process (AHP) which
deals with dependencies, and it is characterized by the following features: it allows
dependence between criteria to be modelled, the input is pairwise comparison made
by the decision maker DM, and the output is a classification with scoring. Many
decisions regarding environmental (Bottero and Ferretti 2011) or land and urban
development have been supported through the ANP (Napoli and Schilleci 2014;
Napoli 2015b; Napoli et al. 2019).

This study proposes a multiple criteria model applied within an entirely bottom-
up process of implementation and management of a public park, aiming to transform
social non-structured participation into structured participation. The methodological
approach is based on the combination of different techniques supporting the bottom-
up decision-aiding process from a series of alternative actions to the choice and
implementation of the best one. The future actions for the development of the park
are initially defined through some active listening techniques (direct collection of
user votes or by social media), while the ANP model is built by a focus group.
Furthermore, as the DM is not a single subject but rather formed by representatives
of different social groups, the ANP model is applied separately according to the
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judgments expressed by each representative. Lastly, an aggregation technique is
used to obtain the final ranking and choose the best action.

2 Methodological Approach

The steps of the proposed methodology are the following:

• analysis of legislation and rules regarding the parks, in particular urban standards,
the urbanMaster Plan, andEuropean experiences of bottom-up processes for urban
green spaces;

• analysis of participatory management of the park;
• building of a multiple criteria model to aid the decision process involved in park
management and development;

• application of themodel to each representative of the social groups and aggregation
of the individual rankings;

• transfer of the result of the model to a further participatory process for the imple-
mentation of the best actions.

2.1 Regulations, Tools and Functions. Training,
Management and Use of the Park

The term park may refer to different levels of legislation and rules. When the training
intervention scale is the urban one, the reference norm is generally the “urban stan-
dards” that are technical specifications for setting the minimum dimensions, except
for the amount of square meter per inhabitant to be allocated to general public green
or sport green. For the urban provisions, there are also the “F area” parks, whose
endowment of 15 m2. per inhabitant is certainly a true reserve of quality for the mod-
ern cities. On the other hand, if we look at the contemporary cities and, in particular,
at a large city like Palermo, we realize that the standards are definitely below the
minimums by law and, in some cases, these are non-existent.

Quality and quantity of urban green areas are positive features as much for the
inhabitant’s wellbeing, as for the ecosystems, as the green lowers the average sum-
mer temperature and may contribute to reach a hydrogeological urban equilibrium
and reduce the effects of an increasingly out of control climate. In this context the
implementing actors are public. If some administrations have preferred to invoke the
presence of private actors, in concession or entrustment, for the “sport green”, the
realisation of the “public green” can only be prerogative of the public bodies, whose
institutional duties concern the development and management of this piece of the
city.

Parco Uditore, on this matter, is an absolute innovation: the land ownership stays
public, hosts different amenities, is managed by a highly motivated and efficient
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collective despite the “poor cooperation” of the offices, and is a reference point for
many citizens. From a methodological point of view, the administration was able
autonomously to build an identity, a management model, a communication strategy.
In the end the Park has become an identity and a transversal and inclusive aggregation,
and is a place of recognition and reflection to its community like few others in Italy
(Lassus 2004). For all these reasons, ParcoUditore can be defined as a “social island”.

2.2 Participation and Multiple Criteria Analysis

The ANP has been selected among several different multicriteria models because
of several reasons. First of all, ANP allows relationships among the elements of a
system to be modelled, which means that the network model is able to correspond
to each specific decision problem. The input data are DM’s judgements that may be
obtained from direct interviews with all the actors involved in the decision process.
The ANP output is a ranking with scores, so it allows identifying the best alternative
and provides the relative distances between the ranking positions of the others.

According to Saaty, the type of relation introduced in the model between all the
elements and the alternatives is the feedback type, whereas there may be feedback
and dependences within and between the clusters of elements (nodes).

The ANPmethod is set on the following steps: definition of DM’s objective, iden-
tification of the alternatives, clusters and nodes of each cluster, and of the feedback
or dependence relationships between all the elements.

Themodel is founded on pairwise comparisonmeasurements in accordancewith a
ratio scale of 1–9 expressed by the DM and following the relationships-dependence,
feedback, and loop-that are designed in the network. The pairwise comparison
matrixes, as well as unweighted, weighted and limit super matrixes are calculated
on the basis of DM’s judgements, and then a column of the limit matrix corresponds
to the final priority vector. The implementation of the procedure, by using the Super
Decisions 2.8 software, gives as results the priorities between clusters, the priorities
by clusters, and the ranking of the alternatives.

When the model is applied to two or more DMs and in the case of different
rankings, it is necessary to express the relative importance given to each DM and
to calculate the weighted average scores. Moreover, the sensitivity analysis may be
used to assess whether the final ranking is stable and how the output varies according
to different weight systems.
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Fig. 1 Left: the city of Palermo and the location of Parco Uditore; upper right: the park perimeter;
lower right: the park area in the 2004 Master Plan and the F12, F15 and IC1 uses

3 Parco Uditore: The Case Study of an “Illegal” Park

3.1 The Birth of Parco Uditore

Parco Uditore opened to the public only in 2012, although the rural fund in which
the park insists has a very long history, indeed the Morello-Uditore estate can be
already identified in the old maps of the geographic system of the Piana di Palermo,
commonly called “Conca d’Oro” due to the luxuriant colour of the citrus fruits
that filled it. In the map drawn by Strachwitz in 1825 (Dufour 1992), the structure
of the roads, fences and fields of the estate are easily identifiable as well as the
neighbourhood ofUditore, located along one of the routes connecting the countryside
to the center of Palermo (Fig. 1, left).

The Morello-Uditore estate suffered of major changes between 1937 and 1943,
when the Italian General Petroleum Company (AGIP) acquired the north-western
part of it and built a large underground fuel storage center, to protect it in case of
bombing of the city,1 along with some tunnels and a small barrack which is still
existing. The area also includes a rural building, a great gebbia2 and some remaining

1Effectively suffered in March 1943.
2From the Arabic word ‘Gabyia’: It means water reservoir.
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cultivations of prickly pear cactus,3 set in parallel rows, existing from 1940s and
covering a large part of the estate until the mid-nineties of the twentieth century.

In 1963 the property was transferred from the AGIP to the Sicily Region and it
was then leased to the Gelsomino family and used for private agricultural production
for two decades, despite being under public ownership. The Gelsomino family was
accused of collaborating with the Mafia superboss Totò Riina—who was suspected
of using the estate to hide himself—so, after his arrest (1993), the leasing contract
was rescinded. In 1996, the prickly pears plants left were largely extirpated and the
area was no longer accessible excepted for a few regional administration offices. The
estate is currently bordered by Via Cimabue, Via Uditore, Viale Leonardo Da Vinci,
Piazza Einstein and by the Circonvallazione (Viale Regione Siciliana) (Fig. 1, upper
right).

According to the city Master Plan, the area should be largely occupied by a
Museum (F12), an Office Equipment and public Management Executive Offices
(F15), and a religious Center (IC1) (Fig. 1, on the lower right). The demolition of
the AGIP warehouse is also planned in order to build a new Management Center of
the Sicily Region, but luckily the project was never realized.

Studies conducted by Manfredi Leone and Giuseppe Barbera,4 created the basis
for a first research on the area (Amoroso 2009, www.parcouditore.org) and for other
scientific publications afterwards. This activity also supported the birth of a group
of citizens who had the “dream” of obtaining a new public park in the place that had
been a fenced area for more than twenty years.

3.2 Synergies Between Social and Institutional Actors

In mid 2011 a wide campaign took off in order to consolidate the pioneer group of
Parco Uditore: a wide collection of thousands of signatures (eight thousand) was
obtained through numerous public events held between 2010 and 2011. All these
subscriptions, supported by social networks (Fig. 2), led the pioneers group to obtain
an invitation to ameetingwith the Town Planning City Committee.Moreover, aMas-
ter Plan modification5 was registered for the current Master Plan under the signature
of Leone and Barbera but, despite several meetings, it was never fully defined, nor
approved, so the Park (since the opening) has never got a legal status.

The park is still operative after 6 years from its inauguration (October 15th, 2012)
(Fig. 3) due to the tenacity of the working group that laid the foundations of the
project6 and to the political support of the Regional Cabinet of Economy—the office

3Opuntia ficus indica.
4Professor of Horticulture, Department of Agricultural Studies, University of Palermo.
5It is a formal and legal process according the Urban Planning Regional Act (L. R.S. 71/1978).
6The pioneers group was formed by Manfredi Leone, Giuseppe Barbera, Piero D’Angelo, Geri
Presti, Paola Valenza, Massimiliano Rotolo, Giovanni Callea, Christian Blais. Several helps were
provided by Francesco Alfieri, Girolamo Barbaccia, Mariano Capitummino, Luciana Carapezza

http://www.parcouditore.org
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Fig. 2 Parco Uditore in the social network and other events
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Fig. 3 Views of Parco Uditore

owner of the estate—who took the first concrete actions to allow the opening of the
park, although with low-cost constraints (Leone and Valenza 2012).

Gaetano Cascino, Annalisa d’Acquisto, Rosita Giammellaro, Silvia Giarratano, Daniela Livaccari,
Sebastiano Lombardo, Giovanni Lo Sasso, wrongstudio.com.

http://wrongstudio.com
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To provide the park with all the needed goods, a call for solidarity involved some
small companies and local suppliers, and a multinational company as the sponsor
that provided the necessary equipment for the play area and the outdoor gym.

The pioneer group established itself in the “Associazione Parco Uditore”, and in
the “Cooperativa Sociale Parco Uditore” later. Thanks to an agreement between the
Departments of Economics and the Department of Land and Environment of the
Sicily Region Government, the Associazione Parco Uditore entrusts the administra-
tion of the newborn Park, with the cooperation and under the scientific supervision of
the Department of Architecture of the University of Palermo. A public call in 2017
stated the assignation of the asset to the newly formed social Cooperative for a time
span of 15 years.

A little-known news is that Parco Uditore has been twinned with St. James Park,
one of the most celebrated urban parks in the world connecting Buckingham Palace
and 10 Downing Street.

Despite the willingness and foresight of some public managers of the Sicily
Region, the parkmanagement has been very difficult due to the lack of public funding
that would guarantee the minimum support for worthwhile initiatives, for which the
Cooperative has always been financed for with other means.

Another noteworthy topic is the legal consistency of the Park. The constraints
preordained to expropriate for public equipment (F12, F15 and IC1 land uses) have
expired since a long time ago, but the area has never acquired the legal status of
Public Green to achieve the standard by law (Interministerial Decree 1444/1968).
On the contrary, in drafting the Provisional Scheme of the new City Master Plan,
called “Palermo 2025”, it was thought to cross the Park area with a new road. Such a
proposal triggered a popularmovement conveyedby the socialmedia—ParcoUditore
page—which advised the municipal offices to revisit the scheme. The destination for
public green/urban park seems currently to be finally assumed in the planning process
that is still on-going, although it has never been showed to the public yet.7

3.3 Resilient Strategy: Fundraising and Participation

The aforementioned condition of being “non-financed” by the (public) owner of
the area has forced the (private) Cooperative that runs the Park to look for finan-
cial support through self-funding and other initiatives, in order to provide a good
maintenance of the park.

The supplies of network services (electricity and water supply) are charged to the
Regional Government Offices, who funded just fewworks for the first transformation
of the Fondo Uditore into the park and the replacement of the well fence with a new
red painted metal fence for the opening of the park (2012). As a side note, the starting
cost of the park was of 0.50 Euro/m2 versus the technical literature that estimates the
average cost of a complete urban park around 50 Euro/m2.

7January 2019, the Master Plan Palermo 2025 has not been published yet.
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Fig. 4 Fundraising activity

After the first round of participation in the supplies and services necessary to
open the park, underlined by the partial sponsorship of these costs, the Cooperative
has started facing with the need to cover the management costs and looking for
more appropriate financial coverage and has stimulated further participation of the
supporters, which today (January 2019) stands at 38,000 on the dedicated Facebook
page.

The cooperative has been able to immediately set up a direct relationship with its
users always interested in the promoted event and initiatives. Many of the users are
also direct supporters and over the years the park managers have formed a corollary
of companies that funds the park with donations and/or free services.

The cooperative carries out various activities:

– periodic celebratory parties;
– short supply chain markets (food);
– summer entertainment for children;
– educational projects with schools;
– social projects supported by funding bodies (foundations);
– sports parties promoting a healthy lifestyle and supporting the local sport teams.

Those events led the community to bond with the place and have promoted social
aggregation; indeed, they are an opportunity for fundraising campaigns to support
Parco Uditore and carry out routine maintenance (Figs. 4 and 5). It should be noted
that the staff is formed by volunteers who works 360 days a year, covering the
opening hours and the management of the park; all contributions and sponsorships
are aimed at maintaining the property through a concretely visible range of actions
and a non-canonical “participation”.
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Fig. 5 Spring colour party

3.4 Structured Participation and Multicriteria Analysis

As previously described, the implementation of Parco Uditore has involved mul-
tiple social and institutional actors—such as citizens’ groups, social cooperatives,
volunteers, the University of Palermo and the Government of the Sicilian Region.
Nevertheless in the first phases of promotion, design, implementation and initialman-
agement the participation was unstructured, as it was based on voluntary agreements
and negotiations between all the actors (Fig. 6). In the current phase the cooperative
is trying to build a structured participation by promoting several activities of listening
that involve promoters-managers and users in order to select the actions (e.g. services
and equipment) that strengthen the environmental, recreational and identity role of
the park.

The development of an Analytic Network Process model (ANP) is a step of this
on-going process and, afterwards, the results of the model will be the topic of a
forthcoming workshop with citizens and associations for a shared implementation
of the selected actions (Fig. 7).

The “Call for ideas” for Parco Uditore was one among other initiatives for an
active participation of the park users and was managed by a group named “Crowd-
funding civico—idee per il territorio” (Fig. 8). In this campaign, citizens used a
semi-structured questionnaire to express their preferences among 45 actions that
were divided into three categories “Outdoor equipment”, “Sports and leisure” and
“Kids playground facilities”. Each category was divided into two further groups:
“Equipment”, “Spaces” and “Activities”. The questionnaire allowed the park users
to also make supplementary suggestions. In 10 campaign days, 1473 questionnaires
were collected and the preferences were 43, 37 and 20% respectively for the “Out-
door equipment”, “Sport and leisure” and “Kids playground facilities” categories,
whereas “Shading system” was the most voted action.

A cluster of alternatives, that includes some of the park manager proposals as well
as the most voted actions by the users, was evaluated through the implementation of
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Fig. 6 Steps and actors of
the participation process
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the Analytic Network Process to choose which action will be implemented and also
to obtain a ranking of the alternatives.

The alternative actions are the following (Fig. 9):

A—Recovery of a rural building. In the park, there is a rural building, currently not
in use, that may be refurbished to become an indoor venue for recreational activities
that cannot be carried out in the open during winter. This action would allow a more
intensive use of the park during the autumn andwinter months, especially by children
living in the neighbourhood.
B—Recovery of a warehouse. Another building, which was originally a warehouse,
may be turned in a place for educational activities in collaboration with schools and
associations. This action may support the offer of initiatives to the entire community
during the whole course of the year.
C—Sports facilities and kids playground. This alternative includes some of the most
voted actions in the “Call for ideas” previously described. The action provides for
the placement of new sports equipment, such as a beach volleyball court, but also of
other games for children (swings, slides, bounce houses, etc.).
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Fig. 7 Current steps of the participatory process of Parco Uditore

Fig. 8 Collection points of questionnaires

D—Outdoor lighting system. Currently the use of the park depends on the duration
of solar lighting. The realization of the outdoor lighting system may extend the park
opening hours throughout the year favouring the organization of night events in the
summer.
E—Shading systems in open spaces. This action was the most voted in the “Call for
ideas” campaign and is clearly considered by users as a necessary improvement for
the summer season, given that the city of Palermo is located in a Mediterranean area.
Shading systems may be totally natural (i.e. trees) or made of natural materials.

A focus group, formedby the parkmanagers and few representatives of theUniver-
sity of Palermo, was put together to elaborate the evaluation model. The interactions
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Fig. 9 The “Alternative actions” cluster

within the group led to the definition of: the main criteria of the model (Clusters), the
nodes of each cluster, and moreover the network of interactions between the nodes.

The clusters are the following: “Social sustainability”, “Environmental sustain-
ability”, “Political sustainability”, “Economic feasibility”, and “Alternatives”. The
model is represented graphically in Fig. 10, whereas Fig. 11 contains the definitions
of the nodes expressed by the focus group.

With reference to the interactions and according to the theoretical foundations
of the ANP, the cluster “Alternatives” has interaction relationships with all the
nodes; moreover 9 additional relationships between the clusters have been identi-
fied (Fig. 12).

4 The Results of the ANP Model for a Structured
Participation

The model was applied according to the Saaty’s procedure which requires the deci-
sion maker to express a preference judgment among all the pairs of elements that
are correlated. In this case study, the judgments were expressed separately by two
members of the focus group that have different roles, namely Actor 1, as a represen-
tative of the cooperative that manages the park, and Actor 2, as a representative of the
University of Palermo who has participated in the promotion, design and manage-
ment process of the park. The judgments were processed using the Super decision
2.8 software. The index of consistency varied between 0.04 and 0.12. The individual
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Fig. 10 The clusters, nodes and network of relationships of the ANP model

priorities were mathematically aggregated by both weighted average mean method
(WAMM) and geometric mean method (GMM) to provide a final ranking.

The outcome in Table 1 shows that the individual rankings were significantly
different, as the alternative C was the best one for the Actor 1 while just fifth for the
Actor 2, and by contrast the alternative E was the best one for the Actor 2 while third
for the Actor 1. Moreover, the rankings were different also for the other alternatives.
Analysing the results, it can be noted that the alternativesD andE obtained very close
scores for the Actor 1 and consequently they could be considered equivalent, and the
same went for the alternatives C and D for the Actor 2. All these divergences may
depend on the different skills and expertise of the actors, and also on the dissimilar
potential uses that each actor prefigured for the park, in particular with regard to the
alternatives C and E.

Given the difference between the two rankings, they were aggregated by applying
theWAMMandGMM, and giving initially the sameweigh (w) to each actor’s scores
(w1 = 0.5 for the actor 1, and w2 = 0.5 for the actor 2). According to the aggregated
scores in Table 2, it emerged that the alternatives C and E got almost the same score,
indeed the prevalence of the alternative E on the alternative C was very slight and
equal to 0.7 and 7.7%, the former referred to the weighted average, the latter to the
geometric mean scores. Making the consistency analysis (Fig. 13), it resulted that
the weighted average scores of C and E became equal for a weight distribution of
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2.1 Integration to the ecological system. The park integration with the 
ecological system can be increased depending on the type of action.    
2.2 Eco-friendly materials. Even if any action in the park will be implemented 
using eco-friendly materials, there could be differences according to intervention 
types.  

1.1 Duration of the use. The improvement of the social and recreational 
function of the park also depends on the possibility of use during the whole 
course of the year and in the daytime, even at night and in the evening.  
1.2 Neighbourhood residents. Services or equipment can be provided to meet 
the needs of the neighbourhood residents.  
1.3 Numerousness and variety of user types. The social function of the park 
depends on how the services and equipment are able to satisfy the largest type 
of users and to increase the number of users.  
1.4 Urban participation. Park services and equipment can be used to promote 
activities open to the entire citizenship.  

3.1 Coherence with the Master Plan. Although the land use according to the 
Master Plan may vary, the consistency of the alternatives has to be verified.  
3.2 Approval procedures. Different types of works or services require approval 
procedures that can be significantly different in terms of time and complexity.  

4.1 Easiness to carry out. An ease technical implementation of the actions and 
time for completion of equipment or service are taken into account.  
4.2 Fund-raising. Each type of action may successfully be fundraised both for 
the potential involvement of users and for the possibility of finding sponsors.  
4.3 Human and financial management resources. After implementation, the 
equipment or service needs financial or human resources to manage it over 
time.  

2. ENVIRONMENTAL SUSTAINABILITY  

3. POLITICAL SUSTAINABILITY 

4. ECONOMIC FEASIBILITY 

1. SOCIAL SUSTAINABILITY 

Fig. 11 Definition of the nodes of the clusters

w1 = 0.51 and w2 = 0.49. Only if it is given a greater importance to one of the actors,
an alternative could obtain a significant prevalence on the other, in particular for
w1 > 0.51 the best alternative is C, for w2 > 0.49 the best alternative is E.

The final weighted ranking in Table 3 proposed an ex-equo first position for the
alternatives C and E, and consequently the DMs suggested to the Cooperative to
implement both of them.
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1.4 Urban participation 
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Fig. 12 The relationships between the nodes

Table 1 The ranking of the actions for each actor

Actions Actor 1 GMM scores

Normals Ranking Normals Ranking

A-Recovery of a rural building 0.185186 4 0.187814 3

B-Recovery of a warehouse 0.059406 5 0.239565 2

C-Sport facilities and kids playground 0.326936 1 0.149034 5

D-Outdoor lighting system 0.219143 2 0.153638 4

E-Shading systems in open air 0.209329 3 0.269948 1

Table 2 The rankings for the aggregated scores (importance of the actors: w1 = 0.5, w2 = 0.5)

Actions WAMM
scores

Ranking GMM
scores

Ranking

A-Recovery of a rural building 0.186500 3 0.186495 3

B-Recovery of a warehouse 0.149485 5 0.119296 5

C-Sport facilities and kids
playground

0.237985 2 0.220736 2

D-Outdoor lighting system 0.186390 4 0.183490 4

E-Shading systems in open air 0.239638 1 0.237714 1

5 Conclusions

The experience of Parco Uditore is, in some ways, unique: by norm, by practice, by
context. It is not common a park run by private actors. In this case the choice was
the natural (not obvious) consequence of a bottom-up process in which the team of
volunteers plays the roles of promoter, designer, builder, manager, and is supported
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Fig. 13 The scores of the alternatives C and E to the combinations of importance of the actors

Table 3 The final ranking Actor 1 Actor 2 Final

1st C E C, E

2nd D B

3rd E A A, D

4th A D

5th B C B

by an ever-present community, which has been joined over the years by many other
groups and/or individual citizens, who have strengthened this social island.

In the current management phase, the cooperation between diverse types of actors
has been supported by several listening and structured participatory processes and
by an ANPmodel to select the best alternatives for the park management. The results
are very interesting, as the individual rankings were not identical as a consequence
of the divergent points of view of the different actors. According to the aggregated
weighted scores, two alternatives resulted equivalent and were both selected for their
implementation.

Further studies will support the next participatory activities of Parco Uditore,
especially the application of the ANP model to more than two actors, in order to
represent the point of view of other users or of the public administration, and more-
over the implementation of the formerly selected actions in the Laboratory with
neighbourhood residents.

Acknowledgements Grazia Napoli edited 1, 2.2, 3.4, 4 and 5; Manfredi Leone 1, 2.1, 3.1, 3.2, 3.3
and 5.
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Peri-urban Open Spaces and Sustainable
Urban Development Between Value
and Consumption
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and Maria Andreoli

Abstract Current rates in population growth and urbanization are threatening sus-
tainability. Increasing soil consumption and dwellings with inadequate characteris-
tics need to be counteracted to ensure well-being of present and future populations.
Urban planning is currently characterized by an approach based on standards and
restrictions, and, as such, is unable to cope with the above problems. An Ecosystem
Service (ES) approach can be valuable in assessing current quality of life in urban
settlements and in planning for its improvement. Green open spaces and relation-
ships between urban, peri-urban and rural areas are very important in the provision of
EcosystemServices (ESs) to built-up areas.Whilemany authors focus on approaches
aiming to provide a monetary value for ESs, others are more interested in how to
operationalize ES use in planning, without having to assess ES monetary value. The
authors propose an integrated AMC-GIS approach aiming to improve planning by
providing a three-dimensional spatial analysis of productive, protective and cultural-
recreational ESs based on the integration of the three RGB channels. Resulting maps
provide a spatial representation of the mix of the three ES categories and stress
the multifunctional role of many open spaces. Although the model requires further
refinement and testing, preliminary results show that this approach may represent an
innovative tool both for urban planning and design and for monitoring and correcting
urban projects that are already underway.
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1 Introduction

The European Environmental Agency (EEA) has recently issued two reports (EEA
2016a, b) highlighting the contribution of urbanization to soil consumption and its
increase. Scientists and citizens are increasingly aware that the destruction and alter-
ation of peri-urban open spaces bring about negative effects in terms of territory
resilience and capacity to provide Ecosystem Services (ESs) and functions vital for
the well-being of population living in the neighbouring built-up areas (MAE 2005).
Anthropization and urbanization are the main drivers of negative effects. Indeed, the
role of anthropization on climate change and its impact cannot any longer be over-
looked, as well as the challenges arising from globalization processes, e.g. ensuring
food security and preventing depletion of territorial assets. Priority in the search of
effective solutions should be given to cities, where are currently living about 74% of
the European and 55% of the world population (UN 2018).

In Italy, Ministerial Decree 1444/681 (Repubblica Italiana 1968) addressed, but
not solved, the problemof urban residentwell-being by introducingUrban Standards,
e.g. a maximum ratio between spaces used for residential and industrial settlements
and other spaces. When urban standards were introduced, Italy was going through
a process of intense urban growth aiming to accrue private rents. At the time, they
represented an important innovation, shifting the focus fromprivate to social interests,
e.g. the need to guarantee public spaces and to build a “sense of citizenship”.

In the current scenario, quantitative and restriction approaches such as the one of
urban standards are no longer adequate. Complexity of issues asks for new planning
instruments, based on a multi-dimensional definition of citizen well-being and pay-
ing greater attention to issues such as ecological debt of cities and health conditions
of urban residents. Within the urban perimeter of many cities (Hansen et al. 2015)
there are still significant green, both agricultural and non-agricultural, areas that
fulfil important functions. Open spaces, e.g., as permeable land surfaces, improve
resilience in the case of heavy rainfall allowing the natural drainage of water and
its filtering. Green spaces, depending on their hosting natural or cultivated vegeta-
tion, provide a different mix of services, e.g. biodiversity conservation, provision
of recreational and socialization spaces, and even places where urban dwellers can
grow food. The potential of open spaces depends both on their specific characteris-
tics and on the relationships—in terms of accessibility, closeness to specific urban
context and functions, etc.—that they have with the context where they are located.
Although open spaces can be considered as common goods, they are usually regarded
as inert surfaces, whose potential or effective roles in providing services are neither
understood nor acknowledged.

When dealing with a larger territorial scale, it is necessary to focus on the impacts
caused by an urban continuum, i.e. the urban sprawl, that blurs the boundaries

1DM 1444/68 fixed urban standard, e.g. fixed a maximum ratio between spaces used for residential
and industrial settlements and other spaces, i.e. public spaces or spaces for collective uses, public
green spaces, parking places. This resulted in a minimum amount of 18 m2 of public other spaces
for each existing or future inhabitant.
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between city and countryside in terms of fragmentation of ecological connections,
increase of environmental costs generated by life-styles and services, etc. (Assennato
2014).

In conclusion, a shift from the old urban standard approach to new planning
approaches taking into account the provision of ESs, may constitute an important
innovation in planning and guarantee a higher quality and resilience of urban settle-
ments.

2 State of the Art

Since the publication of MEA in 2005 (MEA 2005) there have been many the-
oretical and methodological studies on the assessment of ESs, among which The
Economics of Ecosystems and Biodiversity by Stanford University (Sukhdev 2008),
World Business Council For Sustainable Development (2011), UK National Assess-
ment, Ecosystem Services Partnership (ESP), and Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES), started in 2012 by the
United Nations. In the European Union, an ESmapping has been provided byMAES
(Mapping and Assessment of Ecosystems and their Services) (Maes et al. 2013)
that utilized a Common International Classification of Ecosystem Services (CICES)
(Costanza et al. 2014; Haines-Young and Potschin 2013).

Despite the large scientific production already existing, the debate on how to apply
the ES approach, e.g. on the spatial level and on the assessment model to be used,
is still open. The main challenges in integrating the concept of ESs and values in
landscape planning, management and decision-making have been described by de
Grot et al. (2010). As regards ES valuing, some researchers focused on monetary
methods (Braat and de Groot, 2012; Costanza et al. 1997, 2014), while others have
preferred non-monetary evaluations (Kandziora et al. 2013), evaluation by means of
aggregate indicators or evaluation of thermodynamic and biophysical type. Usually
the final outcome of a monetary evaluation is the Total Economic Value, namely
the sum of use and non-use values associated with a resource or an aspect of the
environment. However, monetary valuation will always capture only a part of the
“true” or total value of an ecosystem or service (de Groot et al. 2010). Monetary
evaluations have been used, e.g.: (a) to increase the public decision-maker awareness
on the environmental costs of anthropic activities; (b) to highlight the degree of
depletion of natural capital; and (c) to verify the possibility of introducing tools
for promoting ES provision by agents or territories, as in the case of Payments for
Ecosystem Services (PES).

When evaluating ESs, an important aspect is the territorial scale on which one
operates. A very large share of ESs is threatened by pressure on various levels, e.g.
political, economic, and cultural level. For some ESs, such as climate regulation,
the proper reference scale is the global one. Vice versa, when ESs are used for
land planning, many researchers consider an approach taking into account location
specificity (MAE 2005) as more appropriate to highlight significant aspects of ES
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multifunctionality (Potschin and Haines-Young 2013). According to Cortinovis and
Geneletti (2018), a main issue in the operationalization of the ES concept in plan-
ning is the one of multifunctionality, since the common assumption is that to each
area corresponds one single function, and from this derives the current approach to
ecosystem-based actions as solution to specific issues. This conflicts with the multi-
functionality of urban green infrastructures. Indeed, these authors stress that, despite
the exponentially-growing number of studies on urban ESs, a successful transfer is
still lagging behind, and the operationalization of the ES concept is far from being
in place.

ConsideringES valueswhen drafting planning toolsmay consent the development
of a new vision of the territory where built-up areas complement open spaces, by
integrating them into infrastructures and existing networks, with the aim to support
and strengthen them.Moreover, amultifunctional approachmay improve vertical and
horizontal coherence among interventions, in order to promote social interaction,
leisure, etc. The above approach is defined as “Rural Urbanism” (Buonanno and
Terracciano 2014) and it is based on the presence of a connective fabric made of
open spaces; this fabric supports and sustains the city and makes it more sustainable
and resilient. On a wider scale, Rural Urbanism may create a stronger relationship
between agriculture and city through a design strategy in which agriculture takes
a central role inside the processes of enhancement of open spaces. This implies a
shift of perspective from the restriction of non-urbanized space consumption, by
preventing new urban expansion, to the evaluation of ES provided by open spaces, in
order to give them visibility, quality and social and productive values, in alternative
to real estate value. According to Magnaghi (2013) “in the attempt to re-qualify
structural factors in favour of self-sustainable development, the planning of open
spaces assumes an all important role. This is because the process helps to re-establish
a relation between the city and the rural world which, in turn, becomes instrumental
if the tendency towards the degradation of urban, metropolitan, environmental and
landscape systems is to be inverted”.

The main challenge of the Rural Urbanism approach is to safeguard unbuilt land
and to promote modern projects of environmental enhancement, of conservation and
public fruition. Sustainable land management requires “experimental” urban designs
based on settlement choices of densification that neither increase the urban sprawl
nor present the typical characteristics of the compact city that reproduce the classic
contrast between city and countryside. The increase of urban density bymeans of void
elimination consents the realization of the so-called “agglomeration economies”,
e.g. wider distribution of infrastructure fixed costs, reduction of unitary costs, higher
density of firms andworkers, socio-economic and service qualification, improvement
of public transports, energy saving. Nevertheless, densification can result in a further
impoverishment of the city itself, as a consequence of the progressive elimination of
permeable areas that are a resource to be safeguarded.

In conclusion, urban standards should be innovatively redesigned as flexible and
dynamicperformance standards, able to reflect evolvinghumanneeds. In otherwords,
it is necessary to focus on quality rather than on quantity, e.g. on the immaterial
services provided rather than on the physical infrastructures through which they are
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provided; this for promoting a more rational use of urban space, meeting the social
needs of urban residents (Garzarelli 2014).

In this framework, we present amodel of geographicmulticriteria analysis (AMC-
GIS) for a non-monetary evaluation of ESs provided by open spaces. Thanks to this
model it was possible to define the value of some ESs provided by each unit of
open space located within an urban context. Aim of the model is to evaluate the
opportunity/potentiality/suitability of open spaces, on which tailored strategies for
the integration between urban spaces and rural and peri-urban spaces may be based,
in order to promote processes of urban regeneration. Themodelmay also be useful for
monitoring and improving urban planning schemes and projects, which are already
in the process of implementation.

3 Methodology

Most of the services and benefits provided by open spaces are not exchanged on
markets and, as such, they are difficult to be evaluated in monetary terms. Besides,
the value of an ES is strongly dependent on the relations it has with the space and
context where it is produced. Themodel presented in this chapter, unlike other studies
dealing with ESs in planning, e.g. LIFE-SAM4CP project (Giaimo et al. 2016), uses
a spatial non-monetary approach based on Geographic Multicriteria Aiding Tech-
niques (GIS-MCA), ranking spatial alternatives according to their specific and often
conflicting evaluation criteria, represented by standardized map layers (Malczewski
1999, 2006a, b; Malczewski and Rinner 2015). MCA techniques consider an area
as homogeneous and use a single value, usually either the average or the sum, to
describe the impacts caused by a transformation. However, the hypothesis of invari-
ance in space of criteria value is scarcely realistic. Through the integration of MCA
and GIS it is possible to build models of spatialized MCA based on small units, as
the one that we propose, taking into account the variability of values in space.

Among the several multicriteria analysis techniques available (Beinat and
Nijkamp 1998;Malczewski andRinner 2015; Roy 1996) the Saaty’s Analytic Hierar-
chyProcess (AHP) has been chosen (Saaty 1980) since it allows to segment a complex
decision-making problem into smaller and simpler sub-problems composing a hier-
archical structure, within which it is always possible to measure the influence each
part has on the whole system.Moreover, there are a number of studies demonstrating
the process of hierarchical structuring of spatial decision problems using the con-
cept of AHP in GIS-MCDA. The hierarchical structure is organized in three levels,
namely goals, criteria, and alternatives. Criteria are described through attributes and
sub-attributes, in order to reach elementary indices represented by cardinal or ordi-
nal values that can be reliably measured or assessed (Malczewski and Rinner 2015;
Rovai and Andreoli 2018).

In this model, criteria represent the three categories into which ESs are classified
by CICES (Haines-Young and Potschin 2013), namely productive, protective and
recreational-cultural ESs. Attributes characterizing each criterion were chosen based
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Fig. 1 Steps in the assessment of ecosystem services provided by open spaces and landlocked areas

on literature, previous researches, specific features of the case-study area and spatial
data availability. Alternatives are spatial and are represented by units which contain
the attribute values.

The following Fig. 1 describes in detail the steps of the assessment of ESs.
In the first step of the analysis (see Fig. 1), the identification of urban and peri-

urban green open spaces has been carried out by superimposing a regular grid to
the Regional Technical Map (CTR) at a scale of 1:10,000 and to aerial photographs.
Three grids have been tested, namely 180 × 180 m, 60 × 60 m and 30 × 30 m,
among which the smaller was chosen to allow greater detail (Fig. 2). For each unit,
represented by a square of the 30 × 30 m grid, built-up areas have been measured
both in terms of surface and in terms of share on the total area. The units characterized
by a share of built-up areas higher than 30% have been considered as “built-up areas”
and discarded as well as clusters smaller than 5 squares, i.e. 4.500 m2.

Attributes have been based on the information gathered from “GEOscopio”2 geo-
portal, a webGIS tool that allows accessing, querying and displaying geographical
data about Tuscany (Italy). FromGEOscopio one may access the Regional Technical
Map (CTR), aerial photos starting from 1954 and maps about several themes that are
relevant for planning.

2http://www.regione.toscana.it/-/geoscopio.

http://www.regione.toscana.it/-/geoscopio
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Fig. 2 Identification of urban and peri-urban green open spaces

Fig. 3 Criteria and attributes for the assessment of ecosystem services provided by urban and
peri-urban green open spaces

In the next step, for each criterion related to an ES category, the attributes char-
acterizing it have been defined. These attributes are described in Fig. 3 and in the
following paragraphs.

Productive services include ESs related to open space capacity to produce agricul-
tural and food goods, and thus are mainly related to the production of an economic
value. Attributes included in this criterion are the following: (a) land suitability
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for cultivation; (b) type of management, i.e. professional, semi-professional, hobby,
abandonment, and (c) crop category.

Protective services are mainly related to open space capacity to ensure the con-
servation and reproduction of environmental and ecological resources. This criterion
has been described through the following attributes: (a) soil permeability and ground-
water recharge capacity; (b) habitat maintenance and protection; and (c) ecological
connectivity.

Recreational-cultural services are mainly related to the capacity of a natural and
rural context to contribute to the psychological andphysicalwell-beingof inhabitants.
The relevant attributes for this criterion are the following: (a) distance from areas
characterized by high population density, that gives an estimate of people who can
benefit from these ESs; (b) distance from environmental detractors, whose presence
and closeness decrease the value of other positive ESs; (c) persistence of elements
and structures of the historical agrarian fabric, e.g. dense road and water distribution
networks, tree rows, small plot size, etc. and, (d) panoramic view from walking and
cycling paths, mainly related to landscape fruition.

Some of the attributes have been built on the base of sub-attributes, as in the
case of “environmental detractors” attribute, that takes into account the presence of
motorways, highways, airports, railways, disposal installations, commercial zones,
industrial zones, parking places and landfill of waste.

Criteria and attributes have been evaluated through pair-wise comparison and
standardized according to the Analytic Hierarchy Process method, by implementing
the following steps:

(a) Hierarchical segmentation of the problem, where the classification of ESs into
categories (criteria) and the attributes through which they are assessed have
been decided (see Fig. 3);

(b) Pair-wise comparison by using themethod of “paired comparison technique”. In
this preliminary test, pair-wise comparison has been performed by interviewing
a panel of experts, including some of the authors and their fellow researchers.
Attribute scores have been normalized to a 0–1 range using linear transforma-
tion;

(c) Consistency analysis with the aim of verifying that evaluations are consistent;
(d) Hierarchical recomposition of attributes. In this step a value for each attribute

was assigned to each 30 × 30 m unit;
(e) Computation of criterion values. The total score for each criterion was com-

puted as a weighted sum of the scores assigned to each attribute (see step d)
characterizing that criterion. Weights have been obtained by pairwise compari-
son involving the same group of experts;

(f) Spatial representation on maps of the values attributed to ESs.

The vector grid was overlapped to the data about attributes used to define the three
ES categories and evaluated by using information taken from topographic databases.
Each unit or cell inherited, for each of the “n” characteristics describing each attribute,
the value computed through the Analytic Hierarchy Process.
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Fig. 4 Recreational-cultural criterion. Extract from the map of the value of environmental detrac-
tors located on the area under analysis

Figure 4 represents the spatial distribution of one of the attributes belong-
ing to recreational-cultural ESs, namely “Environmental detractors”. This attribute
describes the reduction in value open spaces suffer when they are located in prox-
imity of an infrastructure, such as a major road or an airport, having negative effects
in terms of visual impacts, emissions and noise. The methodology for assessing the
value of this attribute required the assignment of weights to all the type of detractors
by means of a pairwise comparison, and the definition of the zone within which open
spaces are negatively affected by each environmental detractor. Darker red shadows
in Fig. 4 identify the areas where open spaces are mostly suffering for the presence
of detractors. Since this attribute represents a “cost” or “negative effect” for society,
when producing the aggregate map of recreational-cultural ESs provided by open
spaces, it has been normalized according to an inverse scale.

Then, for each ES criterion attribute values were aggregated according to the
scheme described in Fig. 3. Table 1 shows the weight used to compute criteria value.

Each aggregated value represents the capacity of each land unit to provide a
specific ES. In order to avoid the ambiguity that may result from adding very het-
erogeneous services, authors decided not to sum up the values of the three criteria.
Indeed, the total value of all the ESs provided may not be able to highlight in a proper
way the role of some ESs in specific spatial areas. Moreover, a mono-dimensional
gradient of ES provision might even be wrongly interpreted as an inverse indicator of
artificialization suitability. For the above reasons, the authors propose as the final step
of the analysis amap providing a three-dimensional evaluation of ES categories. This
map describes the mix of main functions provided by each unbuilt cell belonging to
the case-study area.

The three-dimensional evaluation has been obtained by using a chromatic gradient
with three components built through the integration of the RGB channels of a 24-bit
image. In other words, the values of the maps describing each ES category, after
being standardized into a 0–256 gradient, have been utilized as channel of an RGB
image, where red represents recreational-cultural services, green protective services
and blue productive services (see Fig. 5).
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Table 1 Weight used to
compute criteria values
starting from attribute values

Criterion Attribute Weight

Land suitability for
cultivation

0.50

Productive ESs Type of management 0.30

Crop category 0.20

Soil permeability and
groundwater recharge
capacity

0.25

Protective ESs Habitat maintenance and
protection

0.25

Ecological connectivity 0.50

Distance from highly
populated areas

0.25

Cultural-recreational
ESs

Distance from
environmental detractors

0.25

Persistence of the
historical agrarian fabric

0.25

Panoramic view from
walking and cycling
paths

0.25

Fig. 5 Explanation of the chromatic representation of the three Ecosystem Service categories
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The proposed model has been tested on some areas located in the Tuscany Region
(Italy). Although the results are only preliminary and further research and tests should
be carried out, the authors deem themodel they propose to be an innovative and poten-
tially useful tool for integrating ESs in planning. Some of the results are presented
and discussed in the next section.

4 Case Study. Description, Results and Discussion
of Preliminary Tests

4.1 Case-Study Area Description

As case-study area has been chosen the Florence-Prato valley, namely an intermon-
tane basin of alluvial origin that is surrounded by a range of hillswith an extraordinary
value in naturalistic, agricultural, and landscape terms. This territory was deemed as
highly suitable for testing our model since it was shaped by significant, both synergic
and conflictual, interactions between modernization trends and the permanence of
historical roots and geophysical features, interactions that resulted in very complex
settlement patterns, characterized by intense fragmentation.

Aerial photographs from 1954 show a well-balanced agricultural landscape,
marked by easily recognised typical elements. In the following years, the urban
expansion surrounded in a compact waymajor andminor historical centres, although
at different times and with different intensity. Then urban areas expanded more and
more up to give raise to two big conurbations, the first one to the north, the second
one to the south. Besides, many significant linear settlements arose at the sides of the
main road networks, while smaller ones developed alongside historical roads (Paba
et al. 2017; Rossi and Zetti 2018). This urban expansion brought about a new resi-
dential fabric with wide meshes and varying density, which has deeply transformed
the old settlement pattern. Many industrial plants, storage facilities and commercial
activities were then born, creating a new productive fabric (Regione Toscana 2015;
Zetti 2013).Moreover, the case-study areawas interested by a progressive increase of
several types of infrastructures such as linear transport infrastructures (e.g. A1/E35
motorway, railways, etc.), energy infrastructures, airport infrastructures, that taken
together resulted in a very high infrastructure density.

In summary, the case-study area was affected by intense processes of soil con-
sumption that have especially influenced rural landscape of lowlands, and caused:
(a) fragmentation of the agricultural fabric; (b) marginalization of agriculture; (c)
depletion of landscape characteristic elements such as historic drainage systems,
minor road networks and tree lined roads; and (d) loss of habitats and species typical
of lowland agricultural areas (Regione Toscana 2015).

The evaluation of ES provision focused on the area described in Fig. 6, which
was delimited on the base of aims and parameters characterizing the research project,
rather than on the base of administrative boundaries. The area is bounded, on the
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Fig. 6 Map of the case-study area

south by Arno river, on the north by the foot of the surrounding hills, on the west
by Bisenzio river and on the east by the consolidate part of Florence city. Seven
municipalities are partly included in the case-study area; Florence, Sesto Fiorentino,
Calenzano and Campi Bisenzio with a significant share of their total surface, while
Prato, Scandicci and Signa only with a low share. The case-study area has a size of
6800 ha, 3053 of which—accounting for 45%—are built-up areas, i.e. areas covered
by some sort of artificial element. Unbuilt areas are heavily fragmented and have
surfaces going from a few thousand square meters to more than 500 ha, as in the case
of the central part of the case-study area, which is intercluded among motorways,
airport and main cities on the northern side.

4.2 Case-Study Results and Discussion

The final outcome of the research is a map (see Fig. 7) obtained by overlapping the
maps related to the three ES categories according to the chromatic gradient described
in Fig. 5. This map, in the authors’ opinion, describes and visually represents the
specific functions provided by the open spaces located inside the case-study area.
Figure 7 should be interpreted as a description of the spatial distribution, rather than
of the intensity, of the three categories of ESs provided by open spaces.
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Fig. 7 Map of Ecosystem Services mix provided by each spatial unit of the case-study area

Figure 7 shows that in the central part of the case-study area there is a prevalence
of open spaces providing both recreational-cultural and productive ESs, with an
increase of productive in respect to recreational-cultural functions when moving
from north-east to south-west. This area represents a sort of central island that is
fundamental in ensuring the resilience of the whole territory and as such, it is suited
to the creation of an agricultural park. The north-western part is characterized by
the presence of many small islands survived to the urban sprawl, which have mainly
a productive function and are usually characterized by the presence of olive groves
and vegetable orchards.

The above short considerations arise from a general analysis of Fig. 7 but, if
zooming on specific locations and focusing on specific functions, the map is able to
provide for each specific area a deeper knowledge on which tailored interventions
may be based.

In conclusion, although the model needs further research, refinement and tests,
in the authors’ opinion preliminary results show that it has the potential to produce
maps able to accommodate open spaces multifunctionality and to provide decision-
makers with a useful knowledge framework for planning and design decisions, with
the aim to go beyond or at least to complement the approach of urban standards.
Indeed, as Pulighe et al. (2016) argue, mapping ecosystem services would allow
urban designers and planning practitioners to help and inform policymakers during
the decision process and management of urban landscapes.

The case study focused on three categories of ESs in order to test and calibrate
the model in terms of interpretation and evaluation and the results where shortly
described only in terms of criteria.Nevertheless, in practical applications, the analysis
could be organized to provide additional and more detailed information.
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ES spatial analysis may represent a support for a better localization of policy inter-
ventions, such as agricultural aid, programmes for the conservation and enhancement
of ecological connectivity, actions for the promotion of the social and cultural role
of rural spaces, aiming to enhance open spaces and the functions they provide. In
summary, unbuilt land should be considered as an active subject in the production
of well-being and not as a void inert space. Indeed, in the authors’ opinion, planning
can no longer neglect the role of unbuilt areas, either if currently abandoned and
going through renaturalization processes.

5 Conclusion

The Ecosystem Service approach makes apparent the fundamental role that open
spaces play in providing functions and services useful for city sustainability and
resilience and the consequent need for policies aiming to open space safeguard and
enhancement.

Starting from the debate on the effectiveness of urban standards in ensuring pop-
ulation well-being, this study has tried to evaluate the suitability of ES assessment
as an approach to go beyond, or at least to complement, the current use of urban
standards in planning. Urban standards state only a minimum ratio between residen-
tial and industrial areas and other areas and, as such, consider a parking place or a
public park as having the same effect on resident well-being. In the authors’ opinion,
a planning approach that do not consider open space features and spatial relationship
with built-up area, may no longer be considered as adequate. The model may over-
turn the current approach to counteract soil consumption, based on standards and
constraints, by emphasizing the multifunctional role of open spaces and contribute
to slow down urban sprawl and to prevent agricultural land abandonment.

The innovativeness of the proposed spatial multicriteria model lays in a repre-
sentation of open space multifunctionality, that do not requires monetary evaluation
and the definition of trade-off among Ecosystem Services, as in the case of addi-
tive methods. Although the model is still experimental and needs further testing and
refinements, it nevertheless allowed the authors to:

– Represent spatially located results with the aim to provide an immediate and
intuitive picture of the ES evaluation;

– Identify areas withminor or major suitability/capability to provide Ecosystem Ser-
vices and the areas that demand for urgent interventions in terms of conservation,
redevelopment, etc.

Moreover, it allows conducting scenario analyses, by changing weights given to
attributes according to stakeholders’ demands.

Thanks to the spatial analysis of area suitability in providing Ecosystem Services,
the proposed model may represent an important decision-aid tool: (a) when planning
the introduction or the implementation of integrated environmental and territorial



Peri-urban Open Spaces and Sustainable Urban Development … 263

policies or (b) to steer public–private partnerships, e.g. among farmers and public
administrations, in order to reproduce and enhance ES provision at local level.

Themodel is an attempt to innovate planning approaches and instruments by intro-
ducing systems that may evaluate the opportunities/capabilities/suitability of open
agricultural and non-agricultural spaces and assess specific intervention strategies
between peri-urban rural spaces and urban spaces, with a view to urban regenera-
tion. The aim is to promote the coexistence and synergy between urban functions and
rural functions, thus ensuring the provision of ecosystem services that are critical for
urban dweller well-being.

Results highlight the high value of a mapping technique based on the above
described principles in terms not only of ex-ante evaluation of planning choices, but
also as a monitoring tool for planning instruments that are already underway, in order
to adequately correct urban designs, when necessary.
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From Ecosystem Service Evaluation
to Landscape Design: The Project
of a Rural Peri-urban Park in Chieri
(Italy)

Emma Salizzoni, Marco Allocco, Davide Murgese and Giorgio Quaglio

Abstract The concept of Ecosystem Services (ES), namely the benefits that people
obtain from ecosystems, clearly highlights the added value that environment and
landscape conservation provides for the society and the economy and, more gener-
ally, for human well-being. In the last decade, several studies dealt with the needs
and ways of integrating ES evaluation into spatial planning policies to foster sus-
tainable development. More recently, the relationship between ES evaluation and
landscape design has been increasingly investigated too, and ES have been proposed
as a conceptual framework for addressing landscape architecture towards multifunc-
tionality objectives. This chapter presents the first outcomes of an applied research
that assumed ES evaluation—understood both as biophysical assessment and eco-
nomic valuation—as a tool to sustain landscape design choices at the local scale.
The study evaluated ES in a rural peri-urban area of Chieri (Turin, Italy), to support
the project of a rural-recreational park. In the envisaged park, agricultural, natural
and recreational areas coexist and a more sustainable relationship between the dense
city and its peri-urban context is promoted. ES evaluation allowed to highlight at
the site-scale the ES performance of alternative design choices and to draft possible
pathways for the implementation of Payment for Ecosystem Services schemes.
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1 Introduction

Ecosystem Services (ES) are commonly defined as the benefits that people obtain
from ecosystems (MEA 2005). The ES paradigm can be more accurately described
through the so-called “service cascade” model (De Groot et al. 2010; Haines-Young
and Potschin 2010), that links, as a chain, the concepts of ecosystem’s biophysical
structures and processes, functions, services, benefits, and values. The core idea is
that ES are those ecosystem functions, underpinned by biophysical structures and
processes, that provide benefits to people and thus can be valued.

This strong anthropocentric perspective (Wunder and Thorsen 2014)—that trans-
lates a wide range of ecosystem “functions” into “benefits” for people, highlighting
the “instrumental” values of nature—has been at the hearth of a long debate in terms
of environmental ethics (McCauley 2006; Jax et al. 2013) and deeply criticized by
whom opposed to it a biocentric approach based on the “intrinsic” values of nature.
One of themost convincing counter-arguments to these critics is that theES concept is
not meant to replace a biocentric approach, but to provide additional and compelling
arguments to address the current ecological crisis (Schröter et al. 2014). It is precisely
this anthropocentric perspective that makes ES a useful bridging concept between
biophysical-ecosystem aspects and human welfare (Braat and de Groot 2012). It is
no coincidence that the link between ES and the Sustainable Development Goals
2030 (United Nations) is tight (Wood et al. 2018). The ES concept can thus clearly
highlight the added value that environmental and landscape conservation provides
for human well-being and the advantages of sustainable development policies.

These potentials of the ES paradigm are closely linked to the explanation and
communication of the benefits connectedwithES, and so to the capacity of translating
the environmental benefits in “values”, as envisaged in the service cascade model.
In this regard, the suitability of joint evaluation of both biophysical and economic
values of ES is widely acknowledged. Economic valuation has undeniable power in
terms of awareness raising and in supporting decision-making (Mavsar and Varela
2014).

The integration of ES evaluation into spatial planning policies, to address them
towards sustainable development objectives, is however still an open and experi-
mental issue (Lerouge et al. 2017). Several studies addressed the question of how to
operationalize ES evaluation for spatial planning and landscape planning in partic-
ular (see, among the others, Gómez-Baggethun and Barton 2013; Von Haaren et al.
2016). To this regard, the “spatialization”, through GIS-based mapping, of both bio-
physical and economic values of ES is a crucial step (Maes et al. 2012; Häyhä et al.
2015).
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In the last decade, the relationship between ES and landscape design has been
increasingly investigated too. Environmental issues and goals have already entered
landscape design discipline since the Sixties (McHarg 1969), but the link between
landscape design and ES is more recent. After the publication of the MEA Report
(2005), the ES paradigm started to fertilise landscape design science (Nassauer and
Opdam 2008; Termorshuizen and Opdam 2009). Despite certain epistemological
gaps between the concept of ES and the discipline of landscape architecture (Van
Lierop 2011), an increasing number of studies proposed ES as a conceptual frame-
work for landscape design, to address it towards multifunctionality objectives, that
is the capacity of providing environmental, economic and social benefits (Lovell and
Johnston 2009). Performance indicators for designed landscapes based on the deliv-
ery of ES were defined as well (Windhager et al. 2010; Sustainable Sites Initiative
2015).

However, the application of the ES concept to landscape design poses some spe-
cific issues. One of the most compelling issue concerns the scale of evaluation.
Assessment methods need to be suitable for the scale to which they are applied
(Mooney 2014). At local scale ES evaluation should rely on empirical and in situ
collected data. ES evaluation is usually developed at large scales, while measure-
ment of ES in smaller, more disturbed landscapes and designed landscapes is rarer.
Still, small scale urban and peri-urban areas can represent an excellent opportu-
nity to improve ES performance as part of the design process. A local ES eval-
uation can moreover allow defining systems of Payments for Ecosystem Services
(Wunder 2005), empowering local actors in landscape management and increas-
ing the effectiveness of landscape design through long-term maintenance of those
landscape elements that provide ES (Antunes et al. 2010).

This chapter presents the first outcomes of an applied research that took up the
challenge of evaluating ES at the local scale and in particular in a rural, peri-urban
area.

ES evaluation—both in terms of biophysical assessment and economic valua-
tion—was based on a careful in situ survey and was conceived as a driver for the
area’s landscape design, supporting its conversion to a rural-recreational park. Eval-
uation was developed both for the area’s current state and for three different design
scenarios, allowing to highlight the ES performance of alternative design choices
and to draft possible pathways regarding the implementation of PES schemes.

2 Territorial Context and Research Objectives

The research area, known as Fontaneto, is a rural area of 100 ha situated close to the
city ofChieri (Turin, Italy). It is a typical residual peri-urban zone (Fig. 1), surrounded
by residential and industrial buildings and transport infrastructures (railway and high-
speed roads). The area, which is crossed by two minor watercourses (Rio Tepice and
Rio del Vallo), is predominantly characterized by an intensive agricultural activity
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Fig. 1 The Fontaneto area

(cereal and forage crops), that has non-negligible impacts on the nearby residential
areas, due to the use of chemical plant protection products and fertilizers.

Despite some circumscribed restoration projects developed by the Municipal-
ity—such as tree planting or the setting up of recreational areas (Area Cittadino
Albero) and community gardens (Progetto CentOrti)—today Fontaneto presents a
general low environmental and landscape quality (Fig. 2).

Concerning land property, it is worth mentioning that the area is mainly private
and highly fragmented (439 cadastral parcels and 175 owners).

However, Fontaneto is also an area in transition. In 2019 the Municipality
approved a modification of its local urban plan (Variante strutturale n. 15 del Piano
Regolatore Generale Comunale). According to this modification, that is explicitly
aimed at maintaining and enhancing ES provided by soil,1 some areas of Fontaneto
that were previously classified as industrial zones and golf courses have been con-
verted in rural areas. The Municipality aims to create a rural-recreational park in
which sustainable agricultural areas, natural areas, and recreational areas can coex-
ist. In Fontaneto there is, therefore, rooms for testing new pathways of development
aimed at fostering amore sustainable relationship between the city and the peri-urban
rural context.

The research here presented—developed by SEAcoop, in collaboration with
Politecnico di Torino, on behalf of Città Metropolitana di Torino (December
2017–July 2018) and the Chieri Municipality (October 2018–today)—meant to sup-
port the area’s transition towards an “alliance” with the city, developing a design
vision based on Fontaneto’s environmental and landscape enhancement. To this aim,

1The drafting of the local urban plan modification was supported by the LIFE + project SAM4CP
(http://www.sam4cp.eu/en/).

http://www.sam4cp.eu/en/
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Fig. 2 The Fontaneto landscape
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the concepts of ES andNatural Capital (Missemer 2018) have been assumed as opera-
tional paradigms to address the area’s design towards the requestedmultifunctionality
and to envisage a peri-urban park capable of delivering provisioning, regulating and
cultural ES. Evaluation has thus been conceived not only as a knowledge tool but also
as an operational tool, able to sustain and address landscape design choices.

3 ES Evaluation for Fontaneto’s Landscape Design

3.1 Methodological Framework

In order to make evaluation an effective tool to sustain the landscape design choices
in the Fontaneto area, ES evaluation has been developed as tightly interwoven with
the design phase. More specifically, the research has been carried on through the
following main steps:

• first of all, we evaluated ES with regard to the baseline, namely the current state
of the area;

• secondly, we drafted a Masterplan that defined landscape design interventions
aimed at enhancing ES in the area. We focused on the linkages between landscape
elements andES provision, in order to understandwhich landscape attributes could
be manipulated to add or maintain a particular ES (Mooney 2014);

• thirdly, we defined three different implementation scenarios of the envisaged
design interventions and we evaluated ES provided by each scenario to high-
light the value of ES provided by diverse design choices and the differences with
respect to the baseline;

• finally, we defined some possible pathways for the activation of PES schemes in
order to implement design interventions.

Evaluation has been carried out in relation to nine ES (Table 1). Starting from the
ES classification framework provided by the Common International Classification
of Ecosystem Services (CICES, V5.1, 2018, cices.eu), ES were selected according
to their representativeness of the main ES classes (Provisioning, Regulation and
Maintenance, and Cultural ES) and the primary functions currently performed by
the area and envisaged by the project.

In order to evaluate ES, both biophysical and economic indicators were defined.
Indicators, instead of computer-based modelling tools, were used, since modelling
tools, that have been widely developed in recent years2 and that are generally useful
for assessing services at regional and river basin scales, are not always effective at

2See, among the others, ARIES (http://aries.integratedmodelling.org/), or InVEST (https://
naturalcapitalproject.stanford.edu/invest/).

http://aries.integratedmodelling.org/
https://naturalcapitalproject.stanford.edu/invest/
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the local scale (Pandeya et al. 2016). Because of the site-scale of the evaluation,
indicators, when possible, rely on empirical and in situ collected data (e.g. water
quality is based on the analysis of extracted soil samples, Habitat maintenance on
the observation of local avifauna, Agricultural production on the survey of local
agricultural land uses).

With respect to the economic valuation, we referred to a Total Economic Value
(TEV) approach (Pearce 1993) andwe considered the different ES as direct (Agricul-
tural production, Wood production, Groundwater, Recreation, Aesthetic values) and
indirect (Hydrogeological protection, Habitat maintenance, Water quality, Climate
regulation) use values of ecosystems (the non-use values have not been assessed).
To define ES monetary values, we made use of various estimation methods—mar-
ket price, replacement cost, avoided cost, benefit transfer—that have been selected
considering the valuation aim (i.e. the type of ES to be valued) and data availability.
Concerning each ES, the annual values (provisioning of ES throughout 12 months)
were calculated.

3.2 Indicators and Evaluation Methods

Hereafter, the evaluation methods applied in order to calculate indicators are syn-
thetically described.

Agricultural production—This indicator was assessed considering, for each culti-
vation, the “standard production” as defined by INEA, the National Institute of Agri-
cultural Economics, for the Piedmont Region (market price method). This method
entailed a preliminary in situ survey of the actual types of cultivations existing in the
area.

Wood production—In this case too, an in situ survey of the main forest typologies
was carried out in order to assume a volume of extracted wood for vegetation type (on
the basis of the Piedmont Regional Forest Regulation 2011, no. 8/R). The monetary
values associated to the assumed volume were defined through an analysis of the
local market (market price method) and direct contacts with the local forestry offices
(“Sportelli forestali”, Piedmont Regional Law 4/2009).

Groundwater—This ES was evaluated by considering the following elements: (i)
available groundwater amount assessment; (ii) assessment of water needed for the
Fontaneto area crops. Available groundwater was calculated according to the local
hydrogeological setting. Shallow aquifer materials (where groundwater for farming
use is stored) are represented by an alternation of silty-sands levels and clay levels.
According to aquifer storage coefficient, average groundwater stored volume in the
Fontaneto area is about 8 mm3. Crops annual water-need was defined according to
Piedmont Region official methodology and resulted in an average annual volume
of 1.4 mm3, indicating a full provision of the service by the local aquifer. Value
of water provisioning service was calculated by considering Piedmont Region fees
for groundwater withdrawal concessions in agriculture (market price method), that
are referred to water discharge (e/l/s). Assumptions made for the model were the
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following: (a) water provision assured by a single well providing the annual water
volume requirement defined for the study area, (b) within an irrigation period from
April to September. Resulting water-discharge for the hypothetic well is about 92 l/s.
Piedmont Region fee for each l/s is 0.55 e/l/s: total service value for the 100 ha is
51 e/yr, and ES value is 0.51 e/ha/yr.

Hydrogeological protection—The value of this ES was calculated with reference
to the role of riparian vegetation in river banks erosion protection. Replacement cost
method was applied: cost related to the construction of retaining structures (eco-
logical engineering retention walls, riprap) was calculated for all sectors potentially
affected by erosion in case of water flow increase during intense rainfall. The total
length of these sectors was defined by GIS analysis and field survey. ES value was
then calculated as the product of retaining structure cost (e/m) times the total length
of riverbanks potentially affected by erosion. Unit cost was defined according to
official Piedmont Region public work pricelist. Total costs were modulated by con-
sidering a discount rate of 3% (UE reference rate) over a 20 years period (estimated
structure lifetime) and then divided for the Fontaneto area, to obtain an ES value of
1366 e/ha/yr.

Habitat maintenance—This ES is intended as the capacity of an ecosystem to
maintain nursery populations and habitats (CICES, V5.1, ES code: 2.2.2.3). The
assessment of the ES was firstly carried out by referring to the two followings indi-
cators: the farmland bird index (this indicator allows to assess, by “point count”
method, the demographic trends of the populations of some bird species) and the
“High Nature Value areas”, HNV (this indicator allows to evaluate the extent to
which agriculture can maintain habitats and biodiversity). The ES economic value
was then defined through the avoided cost method—with reference to the subsi-
dies granted under Measure 4.4.1 “Natural elements of the agroecosystem” for the
planting of shrubs and trees (Piedmont Region BU8 22/02/2018 D.D. no. 237 of
15 February 2018) and Measure 10.1.4 “Agri-environmental climate payments” for
the conversion of arable land to permanent forage crops—and the benefit transfer
method for wetlands and watercourses (Scolozzi et al. 2012), and intensive crops
(La Notte et al. 2011).

Water quality—This ES was assessed with reference to soils nitrogen retention.
For the Fontaneto area, nitrogen transfer from soil to superficial water is minimal,
due to the local morphology (plain area). Main interactions are related to nutrient
leaching from soils to groundwater. Nitrogen soil concentration was determined in
the laboratory from soil samples. Grassland soils nitrogen concentration resulted in
being lower than in crop soils. Based on these concentrations and soils volume (1 m
average thickness and 1.6 t/m3 bulk density), total nitrogen content was determined
for each considered land use. ES economic value was defined following a replace-
ment cost approach. Treatment cost for 1 g of N was defined based on treatment
plant costs; this information was applied to calculate the annual cost per hectare for
nitrogen removal (e/ha/yr), both for grassland and crops. The difference between
the two values represents the ES value, 270e/ha/yr (the avoidable cost related to the
conversion to the less impacting land use).
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Climate regulation—The amount of carbon stored by the different land uses (t/ha)
was firstly defined (ERSAF 2013). The market price of emissions was then applied
as regulated by the European Union Emissions Trading Scheme (http://carbon-pulse.
com/, 30 July 2018, 16.91 e/t).

Recreation—In order to evaluate this ES, firstly the number of annual visits was
assumed, considering the main activities carried out in the area and the area’s gravi-
tation basin. The monetary value was then defined through a benefit-transfer method
(unit value transfer). Study sites as similar as possible to the policy site were selected
(Bravi and Curto 1996; Tempesta 2015) and the Willingness to Pay (intended as the
WTPof visitors for an entrance ticket to Fontaneto)was re-modulated (we considered
the rate of inflation and Chieri average income) and transferred to Fontaneto.

Aesthetic values—In this case as well, a benefit-transfer method was used (unit
value transfer) to define ESmonetary value. Due to the scarcity of studies concerning
the economic valuation of agricultural area aesthetic values in the Italian context, we
had to refer to a Dutch study (van Berkel and Verburg 2014). We then transferred
to Fontaneto the re-modulated WTP there defined (intended as the WTP of visitors
for an annual subsidy that supports farmers to maintain the few areas of permanent
grasslands still existing).

3.3 Evaluation Outcomes

According to the sequential steps of the research (Sect. 3.1), firstly we evaluated
the baseline, namely the current provision of ES in the Fontaneto area. Through the
application of the biophysical and economic indicators (Sect. 3.2), we defined, for
each ES, per unit (ha) and per year biophysical and economic values, and we applied
to the different land-uses existing in the area.

The outcomes of the baseline evaluation, with specific reference to monetary val-
ues (Table 2), are in line with the current state of the Fontaneto area. Agriculture
plays the major role (47.07% of the TEV), while the other provisioning ES (Wood
production and Groundwater) present negligible values. Among regulatory ES, val-
ues connected to Climate regulation are considerably high (28.08%, but we should
always keep in mind the great variability of EU ETS carbon price), while those
related to Hydrogeological protection andWater quality are lower (respectively 8.02
and 4.3%). Water quality, in particular, is penalized by the high presence of intensive
agriculture. Habitat maintenance ES too presents a poor performance (2.69%), in
line with the area’s low biodiversity. Finally, with relation to cultural ES, Aesthetic
values are extremely low (0.86%), but the Recreation ES presents a non-negligible
value (8.92%), highlighting the potentials of rural peri-urban areas as recreational
spaces for urban inhabitants.

On the basis of the baseline evaluation outcomes and of the objectives of the
Municipality (Sect. 2), we defined a Masterplan for Fontaneto aimed at improving
the delivery of ES in the area and at meeting the Municipality request for a multi-
functional park where rural, naturalistic and recreational areas can coexist. TheMas-

http://carbon-pulse.com/
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Table 2 Evaluation
outcomes—baseline

Ecosystem services Economic
value e/year

TEV (%)

Provisioning Agricultural
production

101,724.37 47.07

Wood
production

87.96 0.04

Groundwater 45.55 0.02

Regulation
and
maintenance

Hydrogeological
protection

17,325.31 8.02

Habitat
maintenance

5810.30 2.69

Water quality 9297.66 4.30

Climate
regulation

60,698.30 28.08

Cultural Recreation 19,273.92 8.92

Aesthetic
values

1869.97 0.86

TEV 216,133.34 100

terplan entails three main types of landscape design interventions: (i) interventions
explicitly aimed at improving the area’s environmental quality, such as cultivation
changes from cereals to oil and protein crops (soya crops in particular) to grant a
more sustainable agriculture, creation of a wetland to improve local biodiversity,
and planting of riparian vegetation for hydrogeological protection; (ii) interventions
to improve the area’s landscape quality (here meant in terms of scenic-perceptive
values), such as planting of vegetation for the mitigation of the visual impact of
buildings situated inside and nearby the area; (iii) interventions to improve the area’s
recreational potential, such as the setting up of recreational areas and tree-lined bicy-
cle paths (Fig. 3). These three kinds of interventions and the underlying objectives
are obviously strictly interlinked and overlapped.

With regard to interventions, we envisaged three different implementation scenar-
ios: (i) in the first one (the optimum scenario) all the interventions are implemented;
(ii) in the second one (the medium scenario), some landscape elements aimed at
improving the areas’ environmental quality (e.g. wetland and riparian vegetation)
and recreational potential are not implemented; in the third one (the worst scenario)
only tree-lined bicycle paths are implemented.

For each scenario we evaluated the overall ES provided, applying indicators to
the new envisaged land-uses and functions. The comparison between the scenarios
and the baseline, and among the three scenarios (Table 3), gives interesting insights
to support the definition of the final project for the rural-recreational park.

The TEV of ES delivered by each scenario is higher than the baseline. The envis-
aged interventions thus improve significantly the value of ES provided by the area,
even if we consider the worst scenario.



278 E. Salizzoni et al.

Fig. 3 Some of the envisaged landscape interventions: (i) creation of a wetland to improve local
biodiversity; (ii) planting of vegetation to mitigate the visual impact of industrial buildings; (iii)
creation of a tree-lined bicycle path to connect the city to the Fontaneto area and improve its
recreational potential

Concerning the three scenarios, the values of ES differ consistently among them.
In most cases, ES values grow from the worst to the optimum scenario (only Ground-
water and Climate regulation present non-linear dynamics). Agriculture production
is the only ES whose values decrease from the worst to the optimum scenario. This
negative dynamic is due to the conversion of a part of the current agricultural areas
to different functions (e.g. recreational functions, through bicycle paths, or environ-
mental functions, through riparian vegetation). This trend of values catches in an
exemplary way the trade-off phenomena that can occur among ES. As highlighted
by Turkelboom et al. (2018), “we cannot have it all”, that means that maximizing
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Table 3 Evaluation outcomes—scenarios

Ecosystem services Scenario 1
(optimum
scenario)
e/year

Scenario 2
(optimum
scenario)
e/year

Scenario 3
(worst
scenario)
e/year

Baseline
e/year

Provisioning Agricultural
production

95,105.18 96,586.88 99,620.18 101,724.37

Wood production 139.24 119.41 87.02 87.96

Groundwater 45.81 47.22 46.81 45.55

Regulation
and mainte-
nance

Hydrogeological
protection

18,866.34 17,630.23 17,630.23 17,325.31

Habitat
maintenance

6109.17 6092.92 5839.81 5810.30

Water quality 24,282.36 24,246.16 24,028.07 9297.66

Climate
regulation

89,008.39 90,412.60 89,642.13 60,698.30

Cultural Recreation 50,585.83 37,846.65 25,969.91 19,273.92

Aesthetic values 47,886.39 27,841.64 5283.75 1869.97

TEV 332,028.71 300,823.71 268,147.90 216,133.34

the delivery of all ES simultaneously is often difficult, if not impossible. This is par-
ticularly true for provisioning ES (such as agriculture production) whose dynamic
is usually inversely proportional to regulating and cultural ES (Braat and ten Brink
2008). In Fontaneto this relationship arises in a quite clear manner and poses issues
regarding social acceptation and feasibility of the project.

4 Potentialities and Challenges of Payments for Ecosystem
Services

It was also to manage these trade-offs that the research defined possible paths for
implementing Payments for Ecosystem Services (PES) in the area. PES can be
defined as incentive mechanisms to promote the provision of ES. The idea that
underlies PES is that who provide ES should be remunerated for doing so, “putting
a price” on previously un-priced environmental goods (DEFRA 2013). Differently
from compensation actions, that are based on the “polluter pays principle”, PES are
thus based on the “beneficiary pays principle”.

More specifically PES have been defined as “a voluntary transaction where a
well-defined ES (or a land-use likely to secure that service) is being ‘bought’ by a
(minimum one) ES buyer from a (minimum one) ES provider, if and only if the ES
provider secures ES provision (conditionality)” (Wunder 2005, p. 3).
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This theoretical scheme proves to be significantly more complex when applied in
reality. First of all, complex governance systems are usually required. The network
of actors involved in PES can be larger than the dual and straightforward relation-
ship “buyer-provider”, and it can involve, for instance, intermediary organizations,
consultants, governments too (Muradian et al. 2010). Moreover, to grant the main
PES features—i.e. conditionality, additionality and permanence—a long-term ES
valuation and monitoring action is required, that, in turn, asks for multiple compe-
tencies and financial and time resources. Finally, we should recall that the actors,
the scale and the typology of ES profoundly influence the structure of a PES model.
Therefore, every PES is necessarily a site-specific solution. This is even truer in Italy,
where there is not a legal framework for ES (the legislative decree which should have
regulated PES in accordance with the principles laid out by Section 70(1) of Law
221/2015, art. 70.1, is still to be enacted).

All these aspects (complex governance, long-term monitoring, site-specific solu-
tions) make PES a technical testing ground for environmental and landscape poli-
cies. In Italy, moreover, a strong tradition of “command and control” planning tools
and a widespread land property fragmentation do not favour the implementation of
PES, that are less common in our country3 compared to other European countries
(Matzdorf et al. 2014).

However, despite these challenges, we think that PES could represent a valuable
tool for implementing in Fontaneto the landscape interventions described above.
PES could improve the effectiveness of the design action by granting real and long-
term provisioning of ES. Moreover, the use of PES specifically addressed to farmers
in order to incentive them to provide cultural and regulating ES (e.g. by giving up
portions of arable land for creating bicycle paths, or planting andmaintaining riparian
and mitigation vegetation) could contribute to solving the potential social conflicts
linked to ES trade-offs.

5 Conclusions

The presented research aimed to turn into practice ES evaluation, considering it not
as a purely academic exercise but rather as a tool able to impact on landscape design.
To this end, ES evaluation has been thoroughly integrated into the design process,
to support Municipality choices. Moreover, ES evaluation has been considered as
the basis for carrying on PES schemes to implement the Municipality project of the
Fontaneto park. To this regard, the authors are working on the possibility of involving
the Municipality itself as a “buyer” of local ES. A path for activating a PES scheme
between the Municipality and some locale farmers has already been started, and the
Municipality has recently dedicated a part of the 2019 annual budget to finance PES
in the Fontaneto area.

3Beyond some interesting experimentation (see for instance Marino 2017).
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Prospects of research development will concern the deepening of ES evaluation,
and of Cultural ES (CES) in particular (Plieninger et al. 2015; Fish et al. 2016). CES
(Aesthetic values and Recreation) have been evaluated through a benefit-transfer
method. To improve CES evaluation, we have already started to carry on a survey
among local inhabitants concerning CES economic values, using a stated preference
method (choice-experiment). The survey is being carried on both through direct
interviews and web sources (e-mails and social media). The outcomes of the survey
will allow stating more accurately the value of CES in Fontaneto.

A further effort will concern the implementation, in 2019, of PES schemes
between Municipality and farmers. Several operational aspects still need to be stated
(e.g. constitution of landowner association, drafting of a PES contract, definition of
the monitoring process), but, when PES will be activated, we are confident that this
experience will represent an innovative and experimental practice in the national
framework of the landscape planning and design practices.
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Social and Inclusive “Value” Generation
in Metropolitan Area with the “Urban
Gardens” Planning

Luisa Sturiale, Alessandro Scuderi, Giuseppe Timpanaro, Vera Teresa Foti
and Giuseppe Stella

Abstract The natural environment in urban areas, often described as “urban green
spaces”, is recognized by numerous researches and experiences as an important ele-
ment because provide indirect and direct benefits to human health and well-being.
Among the objectives of the 2030 Agenda for Sustainable Development, the Goal
11, Sustainable Cities and Communities, is specifically dedicated to urban systems
and its ambitious goal is “Make cities and human settlements inclusive, safe, resilient
and sustainable”. The “urban green spaces” is a heritage of the complex city, which
requires careful assessment that considers not only the economic variable, but also
the social, environmental and institutional ones. The “urban green spaces” destined to
agricultural activities, defined “urban gardens”, are able to offer answers to renewed
food, environmental and socio-cultural needs. They can therefore be an important
instrument for the integration between building renovation and natural and agricul-
tural environments and could contribute to reducing the vulnerability of the urban
system. Despite growing attention to “urban gardens” in the scientific literature, their
inclusion in urban planning is not yet seen as a strategic element for a sustainable,
resilient and inclusive social city model. The research aims to define the value of
urban agriculture as an important instrument to regenerate abandoned or degraded
urban areas, with a prevalent social and inclusive function. The proposed research
is developed in the neighborhood of the city of Catania (Italy), called “Librino”.
The research analyzes the relations among the beneficiaries of the “urban gardens”
of Librino with the aim of assessing the social and inclusive function of the urban
agricultural cor of the municipal initiative, applying the Social Network Analysis
(SNA) methodology.
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1 Introduction

Sustainable development, rapid urbanization and climate change are themajor global
challenges facing cities as outlined by a growing number of international and local
initiatives/networks and by international policies, such as the 2030 Agenda for Sus-
tainable Development (UN 2015). The document “Transforming our world: the 2030
Agenda for Sustainable Development” is a global call for action directed to all stake-
holders and countries to act in partnership to eradicate poverty, considered as the key
challenge to achieve sustainable development, integrating environmental, social and
economic dimensions. The 2030 Agenda establishes 17 Sustainable Development
Goals (SDGs) and 169 targets to be achieved within the next 15 years, addressing
five key areas of actions: poverty, planet, prosperity, peace and partnership. The Goal
11, Sustainable Cities and Communities, is specifically dedicated to urban systems
and its ambitious goal is “Make cities and human settlements inclusive, safe, resilient
and sustainable”.

Urban resilience aims at increasing the ability of the whole urban system, includ-
ing physical, environmental and socio-economic perspectives, to develop its adaptive
capacity, resisting and recovering shocks and stresses, and at the same time to reduce
its vulnerabilities.

An inclusive city centres on people by understanding that being resilient entails
protecting each person from any negative impact. It actively strives towards social
inclusion by promoting equality, equity and fulfilment of human rights. It fosters
social cohesion and empowers comprehensive and meaningful participation in all
governance processes in order to increase and/or to maintain resilience of an urban
system.

According to the OECD (2014) “…resilient cities are cities that have the ability
to absorb, recover and prepare for future shocks (economic, environmental, social
& institutional). Resilient cities promote sustainable development, well-being and
inclusive growth…”.

The natural environment in urban areas, often described as “urban green spaces”
(e.g., forests, parks, gardens, greenways), is widely considered to be an important
contributor to health and also well-being (Selhub and Logan 2012; Jackson et al.
2013; Jennings et al. 2016; Tzoulas et al. 2007), provide indirect and direct benefits to
human health and well-being, which are defined as EcosystemServices (ESs)1 (Braat
and de Groot 2012; CICES 2015; Atiqul Haq 2011; MEA 2005; Gómez-Baggerthun

1According to Costanza (1991), “… they consist of the flows of matter, energy and information
coming from the stocks of natural capital, which are combined with the services of anthropogenic
artefacts to generate well-being and quality of life…”) offered, which perform the following func-
tions: environmental-regulator; hydrogeological protection; social, recreational and therapeutic;
cultural and educational; aesthetic-architectural.
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and Martin-Lopez 2015) and Cultural Ecosystem Services (CESs), non-material
benefits that arise from human–ecosystem relationships (Sarukhán andWhyte 2005;
Chan et al. 2012).

The “urban green spaces” is a heritage of the complex city, which requires careful
assessment that considers not only the economic variable, but also the social, environ-
mental and institutional ones. They can therefore be an important instrument for the
integration between building renovation and natural and agricultural environments
and could contribute to reduce the vulnerability of the urban system.

In recent years, the relationship between the “city” and the “green” assumes
a strategic role to reconstruct the relationships among natural, rural, and urban
resources in an articulated vision of complex landscapes. This new vision of ter-
ritorial system has oriented urban planning to insert and/or enhance Green Infras-
tructures (GIs),2 in particular “urban gardens”, very often strategically located in
neighborhoods and peripheral areas.

The “urban gardens”, defined as one element of urban GIs, have attracted growing
attention in the literature in recent years (Breuste 2010; Calvet-Mir et al. 2012;
Kabisch 2015; Drilling et al. 2016; Foti et al. 2018; Sturiale and Scuderi 2018).

Despite the growing attention to “urban gardens” in the scientific literature, their
inclusion in urban planning is not yet seen as a strategic element for a sustainable
and inclusive social city model.

The research aims to define the value of urban agriculture as an important instru-
ment to regenerate abandoned or degraded urban areas, with a prevalent social and
inclusive function. The urban agriculture is able to favor, for its own peculiarities,
the creation of systems of relationships among the different stakeholders acting for
sustainable urban development and the increasing of urban resilience.

The proposed research is developed in the neighborhood of the city of Catania
(Italy), called “Librino”. This area belongs to a planning project of 1970, the Japanese
architect Kenzo, for the creation of a development area for Catania metropolitan city.
Since the creation of the satellite neighborhood to date, there has been a gradual
decline in the area with the relative social degradation and the depreciation of the
value of the neighborhood properties.

The research analyzes the relations among the beneficiaries of the “urban gardens”
of Librino with the aim of assessing the social and inclusive function of the urban
agricultural cor of the municipal initiative, applying the Social Network Analysis
(SNA) methodology.

The SNA was useful for characterize the relational network structure created by
participation of residents, retired group, cultural associations, schools and rec center,
farmers, institutions, scientific groups and tertiary companies in social, economic and
environmental project activities.

2Green Infrastructures, according to the Community definition, “… are networks of natural and
semi-natural areas planned at strategic level with other environmental elements, designed and
managed in such a way as to provide a wide spectrum of ecosystem services. This includes green
(or blue, in the case of aquatic ecosystems) and other physical elements in areas on land (including
coastal areas) and marine areas. On the mainland, Green Infrastructures are present in a rural and
urban context…” (DG Environment 2013).
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Thework highlights how, starting froman urban regeneration of theLibrino neigh-
borhood, the generation of social and inclusive value brought by the “urban green
spaces”, and specifically by the “urban gardens”, it is of extreme interest, especially
for the marginal and degraded areas of the urban mosaic. The value generated by the
presence of green spaces in the urban ecosystem, through the application of a vision
of agro-urban-planning, seems to be a valid instrument for achieving the objectives
of realizing resilient and inclusive cities, defined by the DSG 11.

2 Inclusive and Social Sustainable Cities: The Green
Spaces in the Urban Ecosystem

In the development of the metropolitan city, the connotation of “urban green spaces”
has extended, to include the green space of the complex urban ecosystem, com-
posed of various forms of non-built spaces, including gardens, parks, vertical plants,
forestry, agricultural land, wetlands andwaterways (and others green and blue infras-
tructures) (Jim 2002; Monclús 2018; Radovanović and Lior 2017; Scuderi et al.
2016).

The new and more conscious sensibility towards the environmental sphere, sup-
ports the idea of a “green city”, promotes initiatives of structural integration of
the green with the built environment and involves a considerable number of disci-
plines in a cultural and social debate (Bednarska-Olejniczak et al. 2019; Herzele and
Wiedeman 2003).

To assess the sustainability of our cities, indicators have also been developed that
take into account the presence of “urban green spaces”, thanks to the acknowledged
contribution to the quality of life in the city (Gill et al. 2007; Wolch et al. 2014).

In the context of the SDG 11—Sustainable Cities and Communities—among the
11 different targets expected that aim to increasing and enhancing “urban green
spaces” to make the city resilient, inclusive and sustainable, according to the per-
spective of this study, is the one 11.7 “…by 2030 to provide universal access to
safe, inclusive and accessible, green and public spaces, in particular for women and
children, older persons and persons with disabilities…”.

The GIs therefore become an important tool of action for climate adaptation, for
the enhancement of ESs and biodiversity, and for social cohesion (Maloutas and
Pantelidou 2004; Peters et al. 2010; Worpole and Knex 2007) in the model of a
sustainable city of the future and inclusive development (Gupta et al. 2015; Sturiale
and Scuderi 2018).

The urban ESs of the “urban green spaces” are direct or indirect contributions
of urban ecosystems to human well-being (TEEB 2010) (provision of habitats for
species, regulating services like air purification, run-off mitigation, and protection
against climate extremes), cultural services (immaterial benefits) such as opportuni-
ties for recreation, environmental education and spiritual enrichment.
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The social cohesion is considered a key correlate of health in cities (“inclu-
sive cities”), then it’s important to identify factors that facilitate social cohesion
in urban settings. Many recent studies reveal that “urban green spaces” can promote
social cohesion, social relationships and place attachment (Arnberger and Eder 2012;
Seltenrich 2015; Svendsen et al. 2012).

The social aspect is fundamental in the vision of integral development with which
we need to reconsider all the economic, environmental, and territorial processes.
Then, it’s possible consider a new systemic conception of the city, as a space of
interaction between economic, social, cultural, and environmental elements that
characterise a determined community. In this new vision, the urban agriculture
assumes a strategic role to integrate natural and urban resources (Sharp and Smith
2003; Sturiale and Trovato 2013a, b; Sturiale and Scuderi 2018). The urban agricul-
ture helps to improve the GIs of cities, as:

– it provides products (food, fiber, and biomass).
– it generates new services—cultural ecological services—(employment and invest-
ment, tourism and recreation, health and well-being education, social services,
educational services, and therapeutic function).

– it regulates ecological services (climate, water, land management, and disaster
prevention).

– it maintains biodiversity (DG 2013).

In urban and/or peri-urban areas, especially those most degraded, it feels increas-
ingly necessary to support the development of routes that encourage certain activities,
such as social farming and “urban gardens”, that employ the tangible and intangible
resources of agriculture to promote actions of inclusion (Litt et al. 2011; Scuderi
et al. 2018; Sturiale and Scuderi 2018; Wakefield et al. 2007).

The ESs and the CESs must be integrated into the planning and the choices of
urban planning policies, making GIs and eco-innovation the fulcrum of an inclusive,
resilient and sustainable urban transformation.

3 The Contribution of Urban Agriculture
to the Sustainability of Cities: The “Urban Gardens”
in the New Model of Agro-Urban-Planning

The urban planning of the last decades is moving towards instruments that allow the
transformation of the urban mosaic, through the integration of components of the
urban and peri-urban territorial system and the regeneration of spaces, attributing
new functions to support the development and welfare of the community, linking
the different components of the city—territory—environment—agriculture system,
following the three dimensions (social, environmental and economic) of the sustain-
able development approach. The collaboration between public and private actors in
local development evidence a good network of relations between the two types of
institution can encourage the improvement of the territorial system.
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The implementation of GIs promotes an integrated approach to landmanagement,
determines positive effects under the aspect: economic, in the containment of some
of the damages resulting from hydrogeological instability; environmental, in the
fight against climate change and in the safeguarding the quality of environmental
matrices (air, water, soil); social, in promoting the well-being of citizens and their
social relations and promoting social inclusion.

The new relationships between cities and agriculture that are being developed in
Italy (and for many years in other European countries and in the USA as well) point
towards a new model of agro-urban-planning (Butti Al Shamsi et al. 2019; Sturiale
et al. 2010; Sturiale and Scuderi 2014, 2018; Vandermeulen et al. 2006).

Regeneration projects are becoming increasingly common in which urban and
peri-urban agriculture are seen as opportunities for the city (Camps-Calvet et al.
2016; Heimlich and Brooks 1989; Simon-Rojo et al. 2015; Timpe et al. 2015).

The new form of “urban rurality”, better known as “urban agriculture” (Mather
et al. 2006; Mougeot 2000) seems to be finding space that represents a mode of
agricultural enhancement of city green spaces that is able to offer social, alimentary,
environmental, and cultural responses to people’s growing demand for living their
city as an integrated space of buildings, recreation, and landscape (Le Texier et al.
2018; Perino et al. 2014; Zasada 2011).

The new forms of urban agriculture are: vertical green; vertical farm; urban gar-
dens; community gardening; collective green; peri-urban agriculture, agricultural
parks, urban farms, children’s farms, river parks, local products markets, areas of
constructed wetlands, alternative energy farms, nature conservation areas, among
the most common. The urban agriculture seems to represent an interesting model
that is capable of pulling together the multiple social, economic, and environmental
needs of the territories and the citizens in terms of sustainability and participatory
democracy (Breuste and Artmann 2014; Milligan et al. 2004; Scuderi and Sturiale
2019; Sturiale and Scuderi 2016).

In particular, re-elaborating urban sustainability oriented to urban agriculture, we
could identify new functions of the city givenby the interaction of three aspects: inclu-
sive (social dimension), productive (economic dimension) and ecological (environ-
mental dimension), listed in detail in Fig. 1. The three dimensions, although distinct
in their functions, are not in reality separate but tend to integrate each other.

The model of agro urban planning, based on this vision of urban planning inte-
grated by urban agriculture, could help to achieve the objectives of inclusive city and
social sustainability, through the different functions of the urban agriculture.

Among the different forms of urban agriculture, the “urban gardens” and agri-
cultural parks, for the experiences acquired and documented previously, could be
considered effective to achieve the goal of making cities more inclusive and resilient.

In particular, the “urban gardens”may cover a broad range of typologies, including
school gardens, therapeutic gardens, allotment gardens, home gardens, and commu-
nity gardens. The importance of “urban gardens” (Camps-Calvet et al. 2016) is due
to their: social functionality and high intensity of use (Breuste 2010); role in build-
ing resilience (Barthel et al. 2013); contributions to human well-being through the
delivery of ESs (Breuste and Artmann 2014; Langemeyer et al. 2016).
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Fig. 1 The dimensions of urban sustainability oriented to urban agriculture (our elaboration on
FAR source, 2018)

4 The Social and Inclusive Value of “Urban Green Spaces”:
The Case Study of the Urban Garden “Orti ed Arte di
Librino” (Catania)

The city of Catania is the second city, in terms of importance, surfaces and inhabitants
of the SicilyRegionwith an area of 831 km2, about 350,000 inhabitants; the extension
of the urban green is 4,843,660 m2, and the urban green per inhabitant is 16.4 m2.
In relation to the socio-economic development of the city, the green areas play an
important and specific role both as an urban component, for the conservation and
improvement of the landscape and the environment, and as a means for aggregative
purposes for social and cultural integration. The GIs have assumed an important role
in recent urban redevelopment policies and among the various initiatives, the recent
one of the urban garden of Librino is attracting interest among municipalities and
actors involved.

The neighborhood of Librino represents a socially complex area with strong envi-
ronmental degradation; the resident population, about 80,000 people, is characterized
by an unemployment rate of about 50%. In this area, however, is concentrated 20%
of the green areas of the municipality of Catania, mostly abandoned and subject to
degradation.
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Table 1 Definition of the benefits of the project “Orti and arte di Librino” (Catania)

Social Economic Environmental

Safe space
Relational exchange
Food safety
Know how exchange
Awareness of food value
Social inclusion
Better quality of life

Self production
Short supply chain
Savings on food expenditure
Maintenance of public spaces
at no cost
Training projects

Protection of biodiversity
Healthy safety
Improvement of the
landscape
Maintenance of rural culture
Reuse of familiar organic
waste

Source Our elaborations on information provided by the Municipality of Catania

The urban garden called “Orti ed Arte di Librino” (from the name of the neigh-
borhood in which it is located), is part of the “Cities and Regions of the EU for
a sustainable food policy” european initiative, that involved the realization of the
largest urban garden in Europe, coveringmore than 50,000m2 (Fig. 2a–c). It’s placed
among the tools of urban agriculture, provided in urban planning, and provides for
the allocation of lots of land to the residents of the neighborhood, in order to promote
above all the social relations among the actors and the social inclusion.

The cultivations of “urban gardens” present, not for profit, are assigned on loan
to the requesting citizens3 and provide products intended for family consumption
according to biologic methods. They have educational, therapeutic, social, environ-
mental value contributing to preserve, to conserve and to enhance the interstitial
green areas between the built-up areas of the mostly uncultivated areas and destined
for abandonment and degradation. They promote the social relations, the cohesion
and social governance, the exchange of knowledge and the enhancement of the urban
environment.

The benefits of the urban garden of Librino are shown in the Table 1 classified
in the three dimensions of sustainable development (economic, environmental and
social).

There are different types of gardens assigned: family, social, community, educa-
tional, non-profit associations. Specific types of applicants, recipients, dimensions
and functions are associated with each type of gardens.

After two years from the start and the assignment of the first lots of the “Orti e arti
di Librino” (municipal initiative started in 2016), the data related to the assignments
show that 80% is destined to single subjects, for the remaining 20% of the lots to
schools and associations.

At the end of 2018, around 90 lots of about 200 m2 were assigned, with different
criteria depending on the type of garden; the typologies of activated gardens are
familiar (mainly), social, educational and associations.

In relation to the degraded area and themarginal neighborhood inwhich the garden
is inserted, it emerges that it represents the hope of having safe spaces, improvement
of the landscape and a different form of social inclusion that allows the connection

3A fee of 0.42 e/m2/year is foreseen for the duration of the concession—4 years.
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Fig. 2 a Localization of the urban garden “Orti ed Arte di Librino” in Catania (overview). b Local-
ization of the urban garden “Orti ed Arte di Librino” in Catania (Viale Castagnola). c Localization
of the urban garden “Orti ed Arte di Librino” in Catania (Viale S. Teodoro)
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between the suburbs and the city. The importance of the urban garden of Librino
is the location in a socially disadvantaged neighborhood, whose uncultivated green
areas are subject to urban decay. It represents a first but important step for urban
regeneration but, above all, for the social rehabilitation of the resident population
and for the inclusive function.

5 Methodology

The research aims to evaluate the complex system of relationships of the relational
network that different actors havedeveloped aroundvarious urban agriculture actions,
activated by the municipal project in the urban garden of Librino.

The SNA (Scott 2000; Hanneman and Riddle 2005) is an analytical-scientific
method that analyzes social reality starting from its reticular structure assuming that
the actors participate in the social life creating links with other actors and that these
ties influence the mutual behaviour.

All actors involved in social, economic and environmental projects activity
(Comino et al. 2016), both in the preparatory phase and in the executive phase,
are in relation to each other. The relationship or tie is determined by co-participation
in the activities. The relational network generates social capital on the territory.

The research was carried out in 2018, saw a first phase, desk-work, study of the
project and evaluation of the initiative based on the documentation provided by the
Municipality of Catania.

In the next phase, field work, a direct investigation was carried out in this area in
order to characterize the first lots of land allocated for the launch of the urban garden
of Librino.

The collection of information was performed using the “face to face” interview
methodology, interacting with the technicians of the Municipality of Catania, the
sector stakeholders and the residents of the area.

The survey tool was the questionnaire, specially prepared, given to 500 subjects
with a direct interest in the Librino area. The questionnaire was structured in order to
collect the relationships between the subjects active in the management of the area
and the actions activated for the construction of the urban garden of Librino.

The actors of the network studied are: resident citizens; retired groups; cultural
associations; schools/rec centres, farmers; institutions; scientific groups; tertiary
companies.

The projects/actions in the urban garden of Librino have been brought together in
three keys to understanding social, economic and environmental aspects in relation
to the multifunctionality that the urban garden has in the territory (Table 2).

A binary affiliation matrix (actors× actions) that relates the actors to the actions
was constructed. Each matrix element assumes a value of 1 if there is a participation
in a specific project, otherwise assumes value of 0.

Starting from the affiliation matrix, the following can be calculated: (a) the actors
× actors matrix where each matrix element represents the number of participations
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Table 2 Theme and actions (relative ID code) in which the actors of the network participate

Themes Actions ID code

Social Food education projects S1

Training projects S2

Actions for employment insertion S3

Actions for presence in the territory S4

Economic Agricultural production E1

Self-sustaining E2

Investments for implementation and
management

E3

Improvement of the urban context and
relative valorization of the building
value

E4

Environmental Actions to improve the quality of the
landscape

A1

Actions to improve the climate A2

Actions for the reduction of pollution A3

Projects to enhance biodiversity A4

Source Our elaborations on information provided by the Municipality of Catania

in the project activities that the i-row actor have with the j-column actor; (b) the
actions× actionsmatrix where each matrix element represents the number of actors
that the i-row action shares with the j-column action. Both matrices are squares and
symmetrical.

By means of dedicated software, in this specific case through UCINET 6.587
(Scott 2000; Borgatti et al. 2002; Hanneman and Riddle 2005), it is possible to elicit
both the graph of the network and certain characteristics such as density and level of
centrality.

In the graph the nodes (actors and actions for the affiliation matrix, actors for the
actors × actors matrix and actions for the actions × actions matrix) are connected
and linked via a line with the arrowhead pointing to the direction of the link. In the
case of the actions × actions and actors × actors matrices, the length of the line
connecting two nodes is proportional to the strength of the tie between them.

The density, extracted from the dichotomised matrix, is the ratio between the
number of effective links and the number of dyads (pairs), or of all the possible
dyadic links theoretically existing. In the case that the matrix has a value of 1 then
we have the maximum density. That is, each node is connected with all the others
in all directions (incoming and outgoing). If the density value is zero, then all the
nodes of the network are disconnected.

The centrality level, in this case, is calculated through an index called Power
Degree. The Power Degree of a node is the overall number of bonds that it possesses,
understood as in-degree and out-degree, namely the number of links that arrive or
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depart from a given node. It is useful, for the purposes of comparison between
networks, to normalise the absolute value and compare it to the total number of
possible links (that is, to k − 1, where k is the number of actors in the network).
The measures of in and out-degree have great importance in sociological terms,
expressing the role played by the actors involved, in that the more links one actor
has, the more power he possesses, conferring therefore, a greater opportunity of
choice. This autonomy makes it less dependent on the other actors, and therefore
more powerful. The direction of centrality poses the nodes as emitters or receivers of
information, and therefore distinguishes a role that is dynamic or is one of reference
(Scott 2000; Borgatti et al. 2002; Hanneman and Riddle 2005).

6 Results: The Evaluation of Existing Relationships

Affiliation network

Figure 3 shows the graph of the network formed by affiliation matrix connected to
the urban garden of Librino. In particular, red colour corresponds to a different actor
and blue color to an action; the arrows indicate the direction of the bond; the length
of the ties indicates the intensity of the exchange of information between the nodes
in the preparatory and executive phase of the projects.

The graph shows that resident citizens, cultural associations and schools have a
great ability to attract linkswith other actors in the network compared to other entities
in the territory. Another aspect of the network that emerges is that all the subjects
involved are very dynamic in the flow of information concerning the preparation and
execution of the projects.

Fig. 3 Graph of the relational affiliation network
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Table 3 ID action and actor code and associated % normalized degree (Nrm Deg) measured

ID action code Nrm Deg (%) ID actor code Nrm Deg (%)

A2 58.44 Cultural associations 79.59

A3 58.44 Resident citizens 67.35

S2 45.45 Schools/rec center 59.18

E4 42.86 Scientific groups 59.18

A1 40.26 Retired groups 57.14

E3 37.66 Institutions 55.10

S1 32.47 Tertiary companies 55.10

S4 29.87 Farmers 16.33

A4 28.57

E1 24.68

S3 18.18

E2

Source Our elaboration and data collected directly from the survey

The communications among the participants instead have a low level, in fact it
goes towards an overlap of star networks, where every central element is represented
by all the other subjects.

From the density measures, it is evident how the network triggers about 57%
of the possible ties, highlighting a medium system of relationships. The value of
standard deviation, quite high, in relation to the density value, indicates, however,
not a uniform commitment of all the actors to the actions (Density (matrix average)
= 0.5729, Standard deviation = 0.4947).

The centrality indicates the action or the actor who is at the center of the network,
that is, attracts more ties and it is quantified through the normalized power degree
index (Table 3).

The action or the actor identified are those that most influence the network and
have a role as a possible reference point.

The central actions are: Environmental actions (in particularA2: action to improve
the climate andA3: actions for the reduction of pollution); Social actions (S2: actions
to training projects); Economic action (E4 actions: improvement of the urban context
and valorisation of property values).

It’s interesting to highlight that the actions linked to the specific agricultural
production are located in the last place, demonstrating that urban agriculture, in the
marginal context considered, has a mainly social and environmental functions and
non-productive.

This result can also be highlighted by the relationships among the actors of the
network. Indeed, the central actors are: Cultural associations and Resident citizens.
Farmers have a marginal role (contrary to what one might think). The results confirm
that the function of “urban gardens” is not the economic-productive one of agriculture
but that of activating actions of social cohesion and safeguarding the urban landscape.
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7 Conclusions

In the city, the agricultural dimension has been reinforced, with diverse functions
and various types of integration with the urban mosaic, that allow for a response to
the objective of public planning and management entities of the city according to the
sustainable model in its three dimensions (economic, environmental, and social).

The urban sustainability is oriented towards planning that will have to consider
green spaces in the design of the urban landscape to offer the population significant
opportunities to interact with nature and be able to benefit from the ESs offered
by them. The “urban gardens” managed collectively, such as allotments gardens or
community gardens, these are examples of such places.

The project of the Municipality of Catania has shown that it can promote coor-
dination among the different dimensions of sustainable development, by increasing
the flow of information, sharing experiences and creating knowledge and trust.

The network identified with the proposed case study seems to assume still greater
significance for the metropolitan area of Catania, in which the needs of the urban
and the rural contexts meet. The model of integration studied presents the following
characteristics: dynamicity, reciprocity, and relationality.

The social and relational network of the “urban gardens” of Librino has favored
the synergistic use of endogenous resources (human, economic, environmental, tech-
nological) of rural and urban territories in a climate of mutual trust among the actors
(networking, partnership) that it must be supported by adequate planning and multi-
level governance actions.

However, SNA analysis show as the relational network, developed during the
project activities, can be improved both in terms of participation of all the actors
involved and in terms of the type of activity. The development approach currently
underway, as shown by the centrality measures, is strongly oriented to social and
environmental aspects, especially involving the resident citizens and the cultural
associations, leaving a marginal role to the farmers for the economic aspects.

This process, then, necessitates the support of adequate instruments of agro-urban
planning that in our country are, from the research conducted, in some cases designed
and operationally effective, in other cases only in the design phase and, in many other
urban realities, unfortunately still absent.

The “urban gardens” are characterized by the prevalence of the social and envi-
ronmental function, the agricultural practice is only functional to the activation of
social inclusion and environmental actions.

In the urban context, the combination of an ortho-farmer turns into a ortho-social-
green garden.

It would be desirable the recourse to models of urban governance in which the
human and social function of agriculture is recognised and reinforces its role as
an instrument for the re-conquest of social, economic, and environmental values in
urban and peri-urban areas, above all in areas with social difficulties.

This is the task that is now up to the current administrators: to reverse the route
and demonstrate that the coupling of economic growth and land consumption is no
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longer sustainable. It’s necessary to replace the expansive building processes with the
virtuous ones of urban regeneration, in which the GIs and, in particular, the “urban
gardens” take on an increasingly important role for their functions of social inclusion
and environmental protection.

In such a systemic model of integration of urban and peri-urban resources, the
agriculture is not seen merely as the set of traditional factors of production of agri-
cultural goods, but also as an actor who is part of a system of integrated relationships
with the actor of the city (agricultural enterprises, other enterprises, institutions, and
local communities) for the sustainable and inclusive development of the city.
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Environmental Economics
and Evaluation of the Benefits Deriving
from the Regeneration of Natural
Ecosystems: The Case of the Diecimare
Nature Oasis

Domenico Tirendi

Abstract The intensification and progressive urban growth of the last decades has
led to a significant loss of green and naturalistic areas in our cities. Above all in
Italy, the creation of new public green spaces can’t keep up with the development of
the built-up areas. Although it is necessary to provide citizens, through the planning
and design of cities, with standards relating to green spaces, the endowment of these
often seems lacking, not even meeting the minimum requirements. Living in the
city today does not mean living well. Migration from rural areas has progressively
increased urban density and anthropogenic pressure towards natural ecosystems. For
this reason, in 2015 the United Nations approved the Global Agenda for Sustainable
Development (https://sustainabledevelopment.un.org). In particular, Objective 11 of
the 2030 Agenda aims to “make cities and human settlements inclusive, safe, durable
and sustainable” through actions aimed at “protecting and safeguarding the cultural
and natural heritage of the world”. Based on this perspective, the objective of the
present study is to provide the public operator with elements able to bring out the
economic and social benefits related to the adoption of policies of regeneration,
reconstruction, recovery, reuse of natural resources and landscape of an important
naturalistic area progressively and inexorably abandoned: the Diecimare Park. This
is a naturalistic oasis, managed for years by the WWF, an area occupied by chestnut
groves and beech trees, elms, alders and poplars planted in the 1700s on the hills
that separate the Lattari mountains from the Picentini mountains extending into the
municipalities of Cava de’ Tirreni, Mercato San Severino and Baronissi. It is a very
precious area to be protected and rediscovered as it constitutes a veritable spontaneous
botanical garden where hundreds of species of flowers and fauna are mixed. Making
an economic assessment of natural and forested public resources to improve and
implement services offered to users (information totems, creation of shuttles to/from
the city center, creation of car parks, redevelopment of existing paths, creation of new
bird observation posts, provision of suitable areas for recreational activities, guided
visits by experts, etc.) allows to relate the size of the expenditure to be incurred for
the recovery of the forest heritage. These economic benefits can often “escape the
market”. As they are a public resource, but, through specially prepared assessments,
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such as the Contingent Valuation (CV) that uses questionnaires to be given to a
sample of tourists and residents we can “capture” some intangible benefits such as
preserving the quality of life and biodiversity.

Keywords Natural parks · Economic evaluation of natural assets · Contingency
assessment · Travel cost method

1 Introduction

Although it is necessary to provide citizens, through the planning and design of
cities, with standards related to green spaces, their endowment often seems lacking,
not even meeting the minimum requirements. In fact the era of the industrial city,
aptly described by Calvino (1963) in “Marcovaldo ovvero le stagioni in città” is now
over, at least in Italy.

Parks, therefore, represent the last barrier to oppose the widespread overbuilding
of the cities affected by an often ornamental nature.

2 Taxonomy of Landscape Values

Many people, including environmentalists, believe that economic disciplines have
not only seriously faced problems related to the natural environment, but have often
been co-responsible for the upheavals perpetrated against, as they are limited and
oriented towards the sole pursuit of economic efficiency to be achieved minimizing
the difference between benefits and costs.

In reality, this could have been shared with a traditional economic approach, but
since the 60s (Turner et al. 1993), Environmental Economics have paved the way for
the monetization of benefits (also in the form of opportunity costs) that nature can
provide, with great economic value.

Nature, in fact, above all in the formof “Park” or naturalisticOasis offers a series of
benefits related to the self-regulation of natural or geo-bio-chemical cycles of water,
oxygen, carbon, nitrogen, phosphorus, etc., to provide a suitable habitat, food and
regenerative capacity for biodiversity, to mitigate disasters such as landslides, floods,
to provide food, materials and energy to people (economic capital) and also to offer
tangible and intangible benefits of type aesthetic and recreational, visual-perceptive,
therapeutic, educational, cultural, historical, spiritual and religious to people (See
Fig. 1: Matrix green typologies in urban areas and related services performed by
Millennium Ecosystem Assessment 2005, re-elaborated by PN Studio 2010).

In this regard, the Millennium Ecosystem Assessment describes four categories
of eco-system services that can be grouped into four broad categories (Millennium
Ecosystem Assessment 2003):
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Fig. 1 Perceived benefits

– life support (such as nutrient cycle, soil formation and primary production);
– regulation (such as climate and tide regulation, water purification, pollination and
pest control);

– supply (such as the production of food, drinking water, materials or fuel);
– cultural values (including aesthetic, spiritual, social, educational and recreational
ones).

Attempting to “capture” these benefits is the task of every researcher who sets
himself the ambitious goal of evaluating the landscape.

The landscape is a public resource fromwhich society derives both benefits for use
and non-use (Signorello 2007). The present contribution aims to offer a summary of
the commonly applied methodologies for the economic evaluation of the landscape
(Santos 1998; Stellin and Rosato 1998; Nunes 2002; Tirendi 2003; Signorello et al.
2005), not neglecting highlighting the most significant aspects and operational prac-
tices of the updated literature concerning the estimation of goods without a market,
as well as applying these methodologies to the economic evaluation of a naturalistic
Oasis today immersed in degradation and victim of abandonment: the Diecimare
Park.

The landscape is a public resource linked to a specific territory, nowadays pro-
gressively more fragile because it is subject to “pressures” of various kinds. When it
concerns the protection of the natural landscape, which becomes increasingly scarce,
due to the wild cementification that has changed the face of our country from the
1950s to the present day, public intervention is invoked up by everyone demanding
protection at an appropriate level.

People receive numerous benefits from the landscape whether they use it or not,
as summarized in Fig. 1. Its value is not directly detected by the market (shadow-
price); however, to know howmuch these benefits “weigh” inmonetary terms (in fact
normally only direct and indirect costs are very well known) this exercise is not at all
infertile or academic as it is necessary to strengthen and justify public intervention,
especially in times such as the current ones of economic crisis, “spread” to the stars,
containment of costs of public expenditure and constant growth of inflation.
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A public good such as a landscape, a park or a naturalistic oasis, counting many
benefits and being non-excludable and non-rival in “consumption”, requires complex
and articulated theories and evaluation tools to translate the individual usefulness into
monetary terms.

The Total Economic Value (TEV) (Turner et al. 1993), refers, in fact, precisely to
the assessment of the preferences of individuals and not to the value itself (intrinsic) of
environmental resources. The evaluation of the benefits of individuals starts from the
assumption that people perceive (and therefore are willing to pay) a “price” for these
resources in terms of ticket, tax or contribution, travel expenses, etc. if they receive
from their consumption a utility at least equal to a certain monetary disbursement.
These individuals, in the same way as any consumer, will compare the usefulness
that comes from the use of these goods with the consumption of other goods and/or
alternative services (opportunity costs) related to leisure such as visit to a museum
or a film at the cinema, etc.

TEV can be interpreted as the sum of the use value and the value independent of
use. In turn, the value in use can be traced back to the value of direct use, the indirect
use value, the option value or deferred use, while the value independent of use can
be assessed as the sum of the value of existence and of hereditary or legacy value
(Fusco Girard and Nijkamp 1997).

3 Evaluation Approach

The evaluation of naturalistic and landscape resources, from an exquisitely method-
ological point of view, lends itself to the use of evaluative tools of the Pigouvian type
(Cornes and Sandler 1985), based on the principle “who receives the benefits pays”,
explained through the use of direct evaluation methodologies such as contingency
or indirect assessment such as Travel Costs or Hedonic Prices. The direct methods,
based on the questionnaires to be subjected to predetermined samples of individu-
als, have as a sole contraindication that they have to be considered credible by the
interviewed people, as well as that of minimizing the strategic behaviors of these in
order not to make the whole evaluation process vain.

If the hypothetical scenarios and the chosen payment vehicle should be credible
and strategic behavior minimized or eliminated altogether, the contingency assess-
ment is the evaluation tool that best allows us to provide an accurate estimate of the
TEV. It directly consults the end users of a “product” and allows the construction of
the most appropriate sustainability indicators to grant landscape-territorial planning
with the wishes and preferences expressed by local communities in full transparency,
effectiveness and efficiency, as desired by the European Landscape Convention of
the Council of Europe (https://www.coe.int/en/web/landscape).

The economic value is based on the economic theory focused on rationality and
on the sovereignty of the individual-consumer who will choose to consume one good
rather than another based on his own preferences, or more precisely, from the utility
that derives from it in terms of compensating or equivalent variation. If the variation of

https://www.coe.int/en/web/landscape


Environmental Economics and Evaluation of the Benefits … 307

Table 1 TEV of naturalistic resource, own elaboration

Use value Non use value

Related to the
market

Not related
to the market

Indirect Option Existence Bequest

Wood Landscape Climatic
effects

Biodiversity Biodiversity Biodiversity

Fruits,
mushrooms
and chestnuts

Recreational
services

Salubrity of
the air

Landscape Landscape Landscape

Hunting Rainwater
regulation

Quality of
the air

Quality of
the air

Recreational
services

Fishing Biological
substances

Rainwater
regulation

Market
goods

Reduction of
landslide risk

Biodiversity Quality of
the air

Increase of
the price of
homes

Climatic
effects

the offer of a naturalistic asset such as the Parco Diecimare produces an improvement
of individual well-being, the compensatory variation (VC) expresses the maximum
willingness to pay (WTP) to ensure an improvement and the minimum willingness
to accept (DAA) to offset the loss compared to the expected improvement. If the
variation in the offer of the Parco Dicimare, viceversa, would result in a deterioration
of individual well-being the equivalent variation (EV) corresponds to the maximum
willingness to pay WTP to avoid that decrease in usefulness as well as the minimum
willingness to accept a sum of money for compensation for the damage suffered.

TEV of a naturalistic resource can be summarized in Table 1.
Contingent Valuation (CV) (Carson 1997) is an assessment method based on “de-

clared preferences” through the administration of questionnaires on selected samples
of individuals who are asked to express their maximum willingness to pay to obtain
an improvement or to avoid a deterioration or the loss of a certain public resource
under investigation.

It is concretely structured in three phases (own elaboration):

1. Start (who/how/where/when/why): these questions will introduce questions in
relation to various aspects: [who] identifying the beneficiaries to be defined
through targets and frames of the reference sample; administration of the ques-
tionnaire (inquiry to be made online, by post, in person, etc., [where] the place
where the property is located and the choice of where to make the surveys (near
the survey site or off site); [when] the time in which to carry out the investiga-
tion, i.e. when having to analyze the “application”: in anticipation of changes
to the “offer”, after a calamitous event, harmful or better in anticipation of this;
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[because] the cause or the purpose of estimation is fundamental. Based on the
purpose it will be necessary to define what value to express in monetary terms);

2. Running (design of the questionnaire, choice of the application format, verifi-
cation in the field with appropriate pilot studies, adjustments in the running and
definitive administration of the questionnaire);

3. Finish (verification of the results obtained, econometric analysis of the data).

The CV is, beyond the limits, a powerful tool, versatile and useful in decision-
making processes concerning the natural environment and cultural heritage. Turner
et al. (2003) report that when a British forestry company thought to drain and use
the Flow Country, a wetland in Scotland visited by only a few people, a contingency
assessment study was started on questionnaires sent by mail to families, which gave
very surprising results. The people, in fact, showed a WTP for the protection of the
Flow Country higher than it would have been possible to gain from the cultivation
of timber plants. What needs to be minimized and excluded is the adoption by the
interviewed subjects of “strategic behavior”.

The detractors of this evaluative methodology, in fact, affirm that the hypothet-
ical nature of the scenarios would imply a vague approximation of the real value.
The estimate made with the CV is recognized to be legally binding in the USA and
regulated by law since the early 90s (Arrow et al. 1993). A 1980 US law, the Envi-
ronmental Compensation and Liability Act, known as Superfund Law, foresaw that
public bodies such as Ministries and Local Governments could claim compensation
for damage to the environment including forests, lakes, water, fauna, flora, swamps,
coasts, soils, slopes, etc. The DOI (Department of Interior) was asked to shed light
on which values and estimation methodologies should be adopted to explain these
damages.

The Ministry, in turn, delegated the NOAA (National Oceanic and Atmosphere
Administration) to pronounce on the validity of the estimates obtained with the VC
and on the opportunity to estimate the passive use values (bequest and existence).
There were oppositions to the TEV estimation criterion and the use of CV, but the
NOAA asked the two Nobel Prizes in Economics Kenneth Arrow and Robert Solow
to chair an expert committee (NOAAPanel) to express themselves on the validity and
veracity of the estimates obtained with the CV for the assessment of environmental
damage. The Panel set seven rules for a correct use of the CV (Carson 1997):

1. CVs must start with an accurate and understandable description of the scenario;
2. CVs must report to the interviewee that the expense for a certain purpose (val-

orization of a park, compensation for damage, etc.) would reduce their spending
capacity for other goods;

3. To inform the interviewees about the presence of surrogate goods, for example
if you are about to ask for a contribution for the maintenance of a certain park to
specify how many are already available or are to be;

4. Add to the interview questions to ‘check’ to see if the respondents have actually
understood the questions and identify the reasons for their answers;

5. To prefer questions in a referendum form: yes or no, to take or leave, avoiding
open questions, to check the maximum availability;
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6. The CV should request the willingness to pay to prevent future accidents rather
than the minimum acceptable compensation for an accident that has already
occurred (even if the second question is the theoretically correct one for an
accident that has already occurred);

7. Prefer the administration of personal interviews, no telephone calls or worse in
an epistolary form.

Indirect evaluations using the Clawson method or Travel Costs (TCM) that can
be used to estimate the recreational use value of a cultural or environmental resource
make it possible to integrate and validate the studies obtained with the CV (Tirendi
2003). The assumption is that the value in use of a resource is worth at least the
cost of the trip necessary to visit it. It seems quite obvious, but to many eminent
economists the question did not seem such a simple deduction, as often the Directors
of the US natural parks turned to them to settle the age-old question of what was
the economic value of a park. Unfortunately they always received a negative answer
because even with safe values there remained a margin of uncertainty. Fortunately,
Harold Hotelling did not think so (Hotelling 1947) and with this insight, dating back
to 1947, but perfected later by Wood and Trice (1958) and by Clawson and Knetsch
(1966), was the first to provide a monetary measure for recreational services.

In short, the value of a “non-market” resource can be deduced by observing the
behavior of some individuals who face a “journey” to enjoy the resource itself. This
consumption includes, in the case of a park, the cost of the trip to reach it, the entry
ticket and the additional expenses incurred on site as well as the opportunity cost
of time. The method presupposes a complementarity between the resource and the
expenditure consumed for use, and therefore can also be applied to determine the
marginal utility of improving the quality of the resource itself.

4 Territorial Context

TheDiecimare Park (Fig. 2) is a naturalistic oasis that extends in themunicipalities of
Cava de’ Tirreni, Mercato San Severino and Baronissi which boasts a thousand-year
history. Around the year one thousand, in fact, the mountains of the Diecimare Park
belonged, thanks to thedonationof theLombardPrinceGisulfo II, to theMonasteryof
the SS. Trinità di Cava de’ Tirreni and the Municipality of Cava de’ Tirreni. Because
of the frequent controversies on how to manage the common property, the Royal
Council of 1580 decreed that the Church used only the right of grazing, while citizens
of Cava were granted the civic use of obtaining lumber. In 1770 the inhabitants
of Casale di S. Lucia attempted, tilling the existing wood, to make the Valley of
Diecimare cultivable, but there were landslides caused by the first rains and the
immediate restoration of the Valley was ordered by the Decurionato, an ecclesiastical
authorities. When in 1866 the immovable properties of the Ecclesiastical Authorities
were transferred to the State, the area of the Diecimare Park also became property
of the State. More recently, due to the excessive exploitation of natural resources, it
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Fig. 2 Map of the park (information panel in the park)

was intended to safeguard a part of this area by creating a protected natural area in
1980. Unfortunately, almost forty years later, it is in a state of neglect and widespread
degradation. The territory specifically concerns an area bounded by the high grounds
of Monte Caruso and Forcella della Cava (832 m asl) and covers about 444 ha.
These terrains have marine origins while the Diecimare plain is made up of debris
and pyroclastic material coming from the Campi Flegrei caldera. The slopes along
Mount Caruso are covered with steppe areas andMediterranean scrubland consisting
ofmyrtle, holmoak, lentisk, heather and strawberry tree.On the other hand, the slopes
of Forcella della Cava are decidedly greener and are characterized by the presence of
oak, alder and chestnut woods. The fauna is very rich especially for insects, among
which the macaon stands out (Fig. 3), a very elegant and colourful butterfly symbol
of the Park.

The Park, due to the very varied presence of butterflies and insects including the
rhinoceros beetle, the bumblebee (Fig. 4), the praying mantis and the stick insect,
as well as being a site chosen by migratory birds, mostly raptors, both nocturnal
and diurnal, and many other smaller species such as titmouse, finches, wagtails and
blackcaps that inhabit many trees, makes up a real open-air educational laboratory
for the observation and study of insects and birds.

The neglect and abandonment, even of theWWF, which until a few years ago was
in charge of this naturalistic oasis are putting a strain on the existence of the Park,
whose infesting vegetation has nowmade some paths impassable. From the entrance
of Cava de’ Tirreni there is a parking lot and a visitor centre (which is currently
closed) where volunteers welcomed people.
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Fig. 3 Macaone butterfly (reproduction of watercolor painting by LuciaMatteo, private collection)

Fig. 4 Signage of the park. Source authors’ picture
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Fig. 5 Bumblebee Source authors’ picture

Inside the Park there were some equipped rest areas that were used mostly during
the summer and Easter Monday, as well has educational observation areas of bum-
blebees, orchids, butterflies (Fig. 5), the wildlife area of roe deer and the depths of
the forest where nature itself demonstrated its daily miracles. There are four main
paths (Fig. 6):

1. The Nature Trail that is easy to follow and full of educational panels, ideal for
school children and beginners as it allows you to have a general view of the
habitats present in the Park, along the faunal area of the roe deer and the orchid
garden.

2. The Path of the Woods that allows you to admire the last patches of mountain
and sub montane forest.

3. The Path of the Falcon that branches off the slopes of Monte Caruso where it is
easy to see hawks and buzzards.

4. The path of the two gulfs, which after an uphill climb allows you to follow the
ridges between Monte Caruso and Forcella della Cava, where you can observe
both the Gulf of Salerno and Naples.
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Fig. 6 Park avenue Source authors’ picture

5 The Survey and Outcomes

The survey was conducted in 2009 on a sample of 500 individuals, when the Parco
Diecimare (at least as far as the territory of Cava de’ Tirreni) was still in good
condition as it was still managed by the WWF. Subsequently, mainly because of
arson and lack of funds, the agreement with the WWF ended and began the slow
and inexorable decline of the area mainly caused by illegal spills of asbestos sheets,
flues and pipes (waste from building sites), from continuous damage to the posters
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still present on the paths of the natural itineraries and fire sighting towers. There are
also damages the picnic area, the small hut that served as a visitor centre (only the
foundations remain) due to by vandalism and by the many fires that have not even
spared the area once reserved for roe deer.

Two questionnaires were used, one with the bidding-game format (subject of this
contribution) and the other in dichotomous format. The technique of eliciting the
application format to be used in the CV investigations involves four main types: (a)
bidding-game, (b) payment card, (c) open-ended and (d) dichotomous choice.

The chosen method of bidding game is based on the simulation of a real “auction
game” between interviewer and interviewee in which, after having defined an initial
price suggested by the interviewer, the price itself is repeatedly modified on the basis
of acceptance or refusal of the interviewee, to establish the maximum price that the
latter is willing to pay to win the asset. One of the main advantages of this technique
derives from the ability to provide comparatively better results than other techniques,
as it constitutes a favourablemarket situation for respondents (Cummings et al. 1986).
Contrarily, one of the main disadvantages of this format is that the price defined by
the interviewer could influence the respondents’ statements by determining what is
called an “anchorage problem” (Blame et al. 1999) at the price initially proposed.
This problem has been resolved offering four different levels of the initial bid: e5,
e8, e10, e16.

After putting the interviewed subject at ease, giving him a series of verification
questions to understand if this was his first visit to the Park (otherwise he had to
register how many times he had visited or he would have visited during the year),
if the visit itinerary included other places (and if so, to avoid the “part of whole
bias”), if he had been particularly interested in the protection of natural resources
and if during the year he had visited other Parks. After this first step, the second phase
was to briefly describe the Diecimare Park, while the third presented the hypothetical
scenario and triggered the “auction game”. The hypothetical scenario was as follows:

“Currently he has not paid anything to access the Park (if the interview is con-
ducted on-site) or currently the entrance to the Park is free and the guided tours
coste3 per person. The Municipalities of Cava de’ Tirreni, Mercato S. Severino and
Baronissi, with the aimof improving and expanding the services offered, are planning
to introduce a shuttle service that connects the entrance with the parking area, the
expansion of the areas intended for picnics, the redevelopment and implementation
of existing routes through the creation of new paths, the introduction of additional
fences and the improvement of services within the Park such as the creation of addi-
tional observation points, information boards and an astronomical observatory and
guided tours by experienced staff. This would require an economic contribution that
would reflect the cost of the new services offered. If you had an entrance ticket for
the Diecimare Park, would you be in favour or against it?”.

The fourth (and last part) of the survey includes the socio-economic characteristics
of the interviewed sample and the geographical area of origin.

The results of the survey in the form of a frequency histogram are shown in Fig. 7.
Subsequently, the cumulative frequency curve was calculated and throughMicrosoft
Excel software to estimate the functional form that would best give mathematical
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Fig. 7 Frequency histogram, own elaboration

Fig. 8 Linear function, own
elaboration
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significance to the data collected. The estimated functional forms were: linear, expo-
nential and logarithmic. The logarithmic function gave a better R-squared (0.95688)
and therefore has been used (Figs. 8, 9 and 10).

The utility of individuals is expressed by the of the consumer’s surplus and is
defined as the positive difference between the price that an individual is willing to
pay to receive a certain good or service and the market price of the same good. The
maximum that an individual is willing to pay is called a “reserve price”. For example:
if an individual is willing to pay e16 for a particular asset, but finally gets the same
good at e10, he will have a (totally psychological) surplus of e6.
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Fig. 9 Exponential function,
own elaboration
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Fig. 10 Logarithmic
function, own elaboration

With reference to the aggregate function of individual annuities, by extension,
consumer surplus is defined as the sum total of individual surplus.

In general, the demand for an asset decreases as the price increases, so the demand
curve has a decreasing trend (see Figs. 8, 9 and 10). In the case of “non-market” goods,
for which individuals can not bear any price, the whole area under the demand curve
will be identified as consumer surplus.

Therefore the logarithmic function proved to be the best option to represent the
curve of the declared preferences.

The area under the demand curve, duly “discounted” to current events, will rep-
resent the recreational use value of Diecimare Park. In the face of 318 visits declared
by the sample of 400 respondents in May and June 2009 we will have:

Consumer’s Surplus =
318∫

1

DAP dN =
318∫

1

(34,385 − 5112 ln F)dN = 3.157e
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Table 2 Number of
inhabitants directly involved,
own elaboration

Town Number of inhabitants

Mercato San Severino 22.346

Cava de’ Tirreni 50.968

Baronissi 17.061

Vmax Vmin Rif. Tab.
Arable land irrigated 107.000 50.000 H703A
Arable land 40.000 20.000 H703A
Irrigate garden 115.000 55.000 H703A
Vineyard 60.000 40.000 H703B
Olive grove 43.000 22.000 H703G
Orchard 90.000 52.000 H703C
Oaks tree field 9.000 6.000 H703D
Coppice wood 7.000 2.200 H703I
Chestnut 43.000 20.000 H703D
Citrus grove 125.000 60.000 H703F
Lemon grove 150.000 70.000 H703F
Carob grove 15.000 10.000 H703M
Pasture 5.000 2.500 H703A
Abbandoned land 15.000 10.000 H703L
Unproductive wasteland 4.000 3.000 H703M

Unit values in euro per hectare

Fig. 11 Unit values in euro per hectare (Iovine and Curatolo 2014)

This value is divided by the number of visits declared to obtain the average DAP
which is e9.93 ≈ e10.00.

This value represents the consumer surplus expressed by the interviewed sample.
To extend the data of the “sample” to the entire population of users of the Park,

reference was made to the total number of inhabitants of the three municipalities
(Table 2) in which the Diecimare Park is located. The assumption is that the “popu-
lation” involved would behave similarly to the sample interviewed on site.

The population is given by the following proportion:
400: 318 = 90.375:X
X = 71.848 visits/year
The consumer’s surplus, therefore, will be: e718.480, which discounted a rate of

social discount of 2% will give a value of use of the Park amounted to e35,924,000
which corresponds to aVET of aboute110,000,000which, considering the 444 ha, it
ensures an economic value of about 248,000e/ha, far superior to the most profitable
crop (Limoneto) present in Cava de’ Tirreni (Fig. 11).
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51% 49% 

sex of the sample

Men Female

Fig. 12 Sex, own elaboration

The following are the statistics on the sample of the interviewees (Figs. 12, 13,
14 and 15).

The results obtained with the Contingency Assessment were subsequently com-
pared with an indirect evaluation method such as the Travel Cost Method. It uses the
following analytical formulation to estimate the value of recreational use, through
the costs incurred to reach the site of interest:

CT =
[
km_tot

Fuel Cost

5

]
+

[
Km_tot

Average value

Income × 12

1730

]
0.333

wherein:

Km_tot is obtained from the complete distance of return;
Fuel cost is obtained from the cost of the fuel used (petrol, gas, diesel);
Average value is obtained from the average speed assumed in southern Italy in mixed
cycles (city/highway);
1730 is obtained from the average annual working hours of an Italian citizen;
0.333 is obtained from the opportunity cost evaluated as a third of the hourly wage.
In light of these considerations, having used the price per liter of petrol as fuel cost,
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Fig. 13 Qualification, own elaboration
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Fig. 14 Age, own elaboration
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Fig. 15 Income, own elaboration

Benevento 9 € 31,00
Avellino 11 € 30,00
Napoli 100 € 18,00
Prov Na 373 € 12,00
Salerno 406 € 6,00

PROV F WTP 
Caserta 2 € 33,00 

Fig. 16 Origin of visitors and travel cost, own elaboration

equal toe1568/l and as an average income of e20,000, the aggregate frequency and
the related curve were obtained, as well as always throughMs Excel we proceeded to
obtain the logarithmic regression that reported a R2 equal to 0.9378, as represented
in Figs. 16 and 17.

The area under the curve was calculated with the following defined integral:

Consumer surplus ==
406∫

1

FN dN =
406∫

1

(40,299 − 4756 ln F)dN = 6,649,389e

which divided the 406 presences returns a value of about e16, which is higher than
e10 estimated with the CV, also because this estimation model also includes the
opportunity cost.

Whether using “artificialmarkets” thatmake it possible to estimate thewillingness
to pay for use and non use values, through the Contingent Valuation, both using the
Travel Cost Method, is necessary to give a monetary value to the environmental
goods.
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Fig. 17 Logarithmic function—estimate of the frequency curve, own elaboration

Precisely because environmental goods are “outside the market”, political and
economic operators are led to underestimate the benefits due to the high uncertainty
that weighs on their overall values and meanings and, on the contrary, to favor those
goods whose advantages are less “blurred” and expressed clearly in monetary terms;
moreover, economic operators who exploit and pollute natural resources are often
not inclined to cover their costs.

The monetary valuation of environmental goods without a market may be more
or less imperfect; nevertheless, an explicitly formulated assessment for the benefit
of political decision-makers and the public is always better than nothing, since in
this case actions are undertaken on the basis of some implicit evaluation, which is
hidden from public opinion (Turner et al. 2003).

This study is emblematic to make the environmental, recreational, touristic and
landscape importance of a site in a state of neglect to be understood through the
benefits (including economic) lost to politicians and citizens, so that everyone is
aware of the richness of our environmental and cultural heritage.
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A Stakeholders-Oriented Approach
to Analyze the Case of the UNESCO’s
Man and Biosphere Reserve CollinaPo

Francesca Abastante and Isabella M. Lami

Abstract The paper investigates the combined use of storytelling and the Simos-
Roy-Figueira (SRF) method to support the identification of the most important deci-
sion criteria in a decision process concerning a valorization strategy for a UNESCO’s
MaB reserve. The approach is illustrated with an Italian case study (“CollinaPo”),
describing one of the four focus groups where it has been applied, as part of a training
course to discover and valorize the values and peculiarities of the area. The choice of
a combination of storytelling and SRF has been also induced by the very varied com-
position of the workshop participants: the twomethods are intuitive and entertaining,
the latter in particular allows to select andweight the criteria on a subjective scale that
stimulate the stakeholders’ acceptance. The fact that several common criteria arose
across of different groups despite the limited time and the variety of the participants,
seemed a positive indicator of the goodness of the choice. The participants pointed
out this sense of “belonging” to UNESCO’s MaB reserve “CollinaPo” beyond the
division into individual municipalities, expressing a clear vision of the need to act
as a “network” on the territory to reinforce the attractiveness of the area. Even if
the article illustrates the results of a single case, it incorporates a series of reasoning
related to three workshops already done in the same project, and other applications
are scheduled.
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1 Introduction

According to the Brundtland report (Keeble 1988), “Sustainable development is
development that meets the needs of the present without compromising the ability of
future generations tomeet their own needs.” This definition has to be understood in an
economic perspective involving environmental, social, technical andfinancial aspects
that together support the so-called green economy. In this sense, the sustainable
development is a globally endorsed principle whose practice is multidimensional and
complex as highlighted by the United Nations General Assembly in the Sustainable
Development Goals of the Agenda 2030 (un.org).

Among the widespread sustainable development programs, particularly interest-
ing is the UNESCO’s Man and the Biosphere (MAB; Dyer and Holland 1988). The
MaB is an intergovernmental scientific program launched in 1971 whose primary
objective is the rationale use and protection of the biosphere resources. In particular,
the MaB aims to analyze and improve the strong interdependence among the envi-
ronment and the people who live it, promoting the protection of natural ecosystems
and the equitable distribution of benefits. In order to reach this objective, the MaB
advocates new approaches to the economic development that are socially, culturally
and environmentally sustainable (unesco.org).

In this perspective, the MAB program can be defined as an evaluation tool of the
UNESCO (Ishwaran et al. 2008) according to four main steps: (i) to identify the
climate changes imputable to the human and natural activities and the subsequent
effects on people and environment; (ii) to study the dynamic relationships among
ecosystems and socio-economic processes considering the de-growth of cultural and
biologic diversity; (iii) to ensure the human and environmentalwell-being in a context
in which rapid urbanization and energy consumption are carriers of environmental
change; (iv) to promote the exchange of knowledge of environmental problems and
solutions and strengthen the education for sustainable development (Ishwaran et al.
2008).

Here emerges the need for policies and strategies to propose concrete actions able
to properly address the sustainable development of the UNESCO’s MaB reserves.

Accordingly, an important element of complexity is constituted by the shallow
knowledge of the MaB reserves in terms of available information useful to design
sensible sustainable development strategies (Brunetta et al. 2018).

To help overcoming this problem, this paper proposes the use of new approaches
in order to support the traditional evaluation perspective based on numerical data
(Abastante et al. 2012). Those new approaches can be defined as “stakeholders-
oriented” since they can make up for the vagueness of information and knowledge
through the interaction between actors and experts (Abastante et al. 2018, 2019;
Abastante 2016; Abastante and Lami 2013, 2018; Beccali et al. 2003) in a par-
ticipatory process. In this sense, the stakeholders-oriented are methodological and
applicative approaches able to integrate themultiplicity of values intrinsic in sensible
and effective decision processes (Lami and Tavella 2019; Tavella and Lami 2018;
Lami and Abastante 2014).

http://un.org
http://unesco.org
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In particular, the paper investigates the use of the Simos-Roy-Figueira (SRF)
method (Figueira and Roy 2002), also known as “playing cards” method, combined
with a previous step based on a “storytelling approach”.

The “stakeholders-oriented” approach has been used to support the discussion
around the UNESCO’s MaB reserve “CollinaPo” (Turin metropolitan area, Italy)
and to identify the most important decision criteria able to support a valorization
strategy of the aforementioned reserve. It is important to stress that this paper reports
the partial results of an ongoing research.

The chapter is structured as follows: after the introduction, Sect. 2 reports the basic
elements of the methodological approach, Sect. 3 analyses the case study applying
the SRF method, Sect. 4 provides the discussions while Sect. 5 concludes the paper
highlighting the future development of the research.

2 Methodological Approach: The Stakeholders-Oriented
Approaches

Determining the importance of the decision criteria and their relative weights to
support the decision choices is complex.

The literature suggests many methods able to help solving this issue (Lombardi
et al. 2017; Lami and Abastante 2014). According to Wang (2009), these methods
can be divided into two main groups:

1. “Equal weights” methods: the weights of criteria are evaluated as Wi = 1/n; i =
1, 2, …n. Equal weights method was popularized and applied in many decision-
making problems.

2. “Rank-order weights” methods: the weight of the criteria takes into account the
relative importance among criteria as:
“w1 ≥ w,≥ · · · ≥ wn ≥ 0,

∑n
i=1 wi = 1”. This method can be usually classified

into two main categories:

(a) Subjective weighting method (e.g. Playing cards, Pairwise comparison,
AHP), which are mainly based on the stakeholders and decision makers’
preferences and visions and are therefore called “stakeholders-oriented”
approaches.

(b) Objective weighting method (e.g. TOPSIS method, Minmax deviation
method), which are based on mathematical methods.

Although the stakeholders-oriented approaches have been rarely considered, we
strongly believe that they can be very helpful in situation characterized by a scarcity
and/or vagueness of the available knowledge. In particular, the stakeholders-oriented
approaches are simple to be implemented and are usually well accepted by the stake-
holders. Interestingly, the stakeholders-oriented approaches (Hamdy et al. 2017) are
very intuitive and engaging methods, which allow clearly to select and rank a set
of preferred decision criteria. Hence, we can affirm that the novelty of this paper
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is based on the stakeholders’ involvement from the early phase of a valorization
strategy process.

The first step of the stakeholders-oriented approach here applied is based on the
storytelling, which is «the set of techniques to tell and share a story that generates
interest and which conveys a message in order to convince and adhere to a conclu-
sion that presents itself as definitive» (Lewi 2009). Storytelling facilitates unlearning
which corresponds to unlearning individual and disciplinary perspectives, as well as
knowledge taken for granted. Writing in a more narrative way improves understand-
ing, it allows us to go beyond the objectivity of scientific and qualitative approaches,
favoring different points of view and interpretations. Storytelling’s goal is to pro-
mote empathy among stakeholders, in order to create the good context for discussing
interdisciplinary issues that can become conflictual.

2.1 Simos Roy Figueira—SRF

The SRF method (Figueira and Roy 2002) is a generalization of the consolidated
approach proposed by Simos (Simos 1990) generally called “Playing Cards” (Siskos
and Tsotsolas 2015; Aşılıoğlu and Memlük 2017). It is considered as a Multicriteria
Decision Analysis (MCDA) because it allows people involved to think about and
express the way in which they wish to hierarchize multiple criteria in a given context
(Figueira and Roy 2002; Zheng et al. 2016).

Themethod demands a limited cognitive effort to the stakeholders involved thanks
to thematerial supports used and the procedure itself. A set of cards is created (similar
in form to playing cards) corresponding to the criteria identified. Similarly to what
often happens in ordinary life when it is necessary to decide which are the most
relevant aspects to take a decision, the stakeholders are invited to define a sort of
criteria (the literature suggests from the least important to themost important). In this
way, the stakeholders will rank in ascending order according to the importance they
want to ascribe to the criteria (Figueira and Roy 2002). The SFR also contemplates
the possibility that there are two or more criteria of equal importance, in this sense
a subset of ex equo “criterion cards” can be built.

The stakeholders are then asked to think about the fact that the importance of two
successive decision criteria in the ranking can be more or less close.

Therefore, the stakeholders insert “white cards” between two levels of the ranking
in line with the logic expressed by Figueira and Roy (2002): no white cardmeans that
the criteria have not the same weight but that the difference between the weights can
be chosen as the unit for measuring the intervals between weights; one white card
means a difference of two times; two white cards mean a difference of three times
and so on. Obviously, the greater the difference between the mentioned weights of
the criteria, the greater the number of white cards.

The last step is the definition of the so called “z value”, whose calculation consti-
tutes the main difference between the original “Playing Cards” proposed by Simos
and the SRF method. To define the “z value”, the stakeholders are asked to express
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how many times, the last criterion is more important than the first one in the ranking.
After the stakeholders’ provided a complete ranking and the ratio through the “z val-
ue”, the preferences expressed are converted into weights using the SRF algorithm.
This step can be supported by the SRF dedicated software (Maystre et al. 1994), or
DecSpace (Costa et al. 2019).

The reader can refer to Figueira and Roy (2002) for more comprehensive details,
since providing a detailed description of the algorithms supporting the SRF method
is beyond the scope of this paper.

3 Case Study: The UNESCO’s MaB CollinaPo

Currently, theUNESCO’sMaB network involves 686 different reserves in 122Coun-
tries and in particular 15 reserves in Italy (Fig. 1).

The CollinaPo reserve (Turin metropolitan area, Italy) obtained the UNESCO’s
MaB acknowledgment in 2016 thanks to the application managed and promoted by
the association called “Ente Parco”, which performs a strong activity of facilitation
of systemic network programs.

The CollinaPo is the most urbanized among the Italian UNESCO’s reserves.
It is a unique territory, far from the traditional stereotype of the natural area but
characterized by environmental and landscape wealth difficult to find elsewhere. In
fact, the CollinaPo reserve includes an anthropized tissue where a river and a hill
coexist together with different natural habitats, historical architectural excellences
and a metropolitan area (biosferadelpo.org).

As showed in Fig. 2, the UNESCO’s MaB CollinaPo involves 86 Municipalities
of the Turin metropolitan area and it is located along the river Po axis between the
foothills of Turin, where the river heads north, and that of the upper plain.

From a natural point of view, the CollinaPo reserve shows two extremely inter-
esting elements: the river Po and the Turin hill. In particular, the reserve comprises
different protected green parks and numerous sites inserted in the so called “Nature
Network 2000”, which identifies 35 habitats of community interest as a testimony
of a high biodiversity (unesco.org). Those habitats are called “core areas” and are
surrounded by protective buffer zones in order to properly guarantee the ecologic,
functional, physical and territorial continuity. This is possible mainly thanks to the
river Po, which acts as an ecologic corridor protecting the core areas with the riparian
vegetation.

http://biosferadelpo.org
http://unesco.org
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Fig. 1 The location of the 15 Italian UNESCO’s MaB network. Source biosferadelpo.org

Parallel to the nature elements, the reserve is characterized by many economic
activities as agriculture, industries, tourism. If properlymanaged, those can constitute
an advantage for the territory in exam since they make the reserve a laboratory for
experimentation and implementation of sustainable management practices of natural
and cultural resources. The CollinaPo reserve assumes a key role for the conservation
of biodiversity: the system is indeed an important ecological network that performs
the crucial function of conservation of species, communities as well as ecosystems.

In this heterogeneous situation, the aim of the paper is to identify the decision
criteria able to support the requalification and enhancement of the UNESCO’s MaB
CollinaPo proposing effective valorization strategies in a sustainable perspective.

http://biosferadelpo.org
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Fig. 2 Location of the UNESCO’s MaB CollinaPo. Source parks.it

3.1 Application of the SRF

In order to reach the aforementioned objective, we applied a combination of story-
telling and SRF method as a stakeholders-oriented approach (Abastante et al. 2017).
The present research is based on four different focus groups on the territories of the
CollinaPo reserve, and it is part of a training course to discover and valorize the
values and peculiarities of the area, funded by Iren Local Committees. The course
includes two training modules (one of which is partially structured in workshops)
and guided tours, repeated in four different municipalities of the 86 municipalities in
the MaB CollinaPo. The course is intended for citizens interested in enhancing their
territory, operating in several sectors. Since the research is still ongoing, this paper
aims at reporting the first results obtained during the one of the focus groups.

The stakeholders involved in the discussion and participating to the focus group
were 20 citizens and representatives of the Public Administration with different
backgrounds and jobs and between 25 and 80 years old (Table 1).

FromTable 1 emerges that the composition of the participants is balanced in terms
of gender and jobs.

After having identified the stakeholders, the focus group has been structured into
four main working sections. During the first one, we presented to the stakeholders the
objectives of the focus group paying particular attention to the theoretical aspects of

http://parks.it
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Table 1 Composition of the stakeholders

Current job Female Male Total

Teacher 2 0 2

Restoration/commercial activities 2 1 3

Tourism 2 2 4

Public administration 2 2 4

Student 1 1 2

Association 0 3 3

Retired 2 0 2

Total 11 9 20

the urban sustainability processes (Lami 2019) as well as to the SRF methodological
approach. In the second section, we use a simplified version of the storytelling, asking
to the stakeholders to reflect about the possible decision criteria perceived as the key
elements of the territory, answering to specific questions. In the third section, the
stakeholders worked in groups. Finally, a general discussion was stimulated, starting
from the comparison of the different rankings. In the following text we will illustrate
the last three phases.

In order to support the stakeholders in thinking about the decision criteria, we
posed them three questions that should be able to stimulate the definition of the
problems and potentialities of the territory highlighting the point of views and thought
of each stakeholder. In this perspective, the storytelling is used to develop shared
vision and future goals, through narrations from a personal point of view.

The questions were of the type:

1. In your opinion, which are the main strengths and weaknesses of the ter-
ritory in exam? Describe with a maximum of 4 sentences which are the most
important characters of the reserve CollinaPo from different point of view (natu-
ral/touristic/cultural/gastronomic…).
2. In your opinion, what is missing or what could be developed in the recep-
tive/tertiary/residential/tourist sector? Describe with a maximum of 4 sentences
which are the most promising sectors able to guide a valorizing strategy of the ter-
ritory.
3. In your opinion, which are the decision criteria/key elements useful to evaluate
the actions proposedat point two?Describewith amaximumof 4 sentenceswhichare
the decision criteria useful for a public administrator in order to guide a valorizing
strategy of the territory considering a limited budget.

After having privately answered to the three aforementioned questions, the stake-
holders were better situated to face the group work. They were therefore divided
into three heterogeneous groups supported by facilitators with the aim of discussing
the different point of views and to define the most important criteria reaching the
consensus.
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Once each group defined an agreement in terms of the decision criteria to be
considered, they were asked to provide a ranking of the decision criteria using the
sets of “criterion cards” and “white cards” according to the SRF method.

In Fig. 3, the yellow cards refer to the social aspects, the green cards refer to the
environmental, the blue cards refer to the technical while the red cards refer to the
economic aspects. As it is possible to notice, the overall social aspects identified
by the three groups are 5, the environmental aspects are 2 while the technical and
economic aspects are 6.

Accordingly, the number of criteria related to each aspect is quite balanced with
the exception of the environmental aspect. With this respect the three groups are
aligned in affirming that the environmental aspects are fundamental for the valoriza-
tion strategies of the CollinaPo reserve. However, since the stakeholders are expert
connoisseurs of the territory in exam, they affirmed also that the environmental condi-
tions of the CollinaPo reserve are very good since they are widely taken into account
by the UNESCO and therefore it does not constitute a criterion for the decision
problem in exam.

4 Discussion of the Results

In order to properly discuss the results, we first analyzed the decision criteria that
the 3 groups have in common.

In details, the decision criterion “online promotion” has been indicated by each
group. This criterion refers to the need to define a promotional strategy of the territory
that should be shared among the municipalities involved. This aspect could be solved
by an effective website or a promotional campaign conducted via social networks.
Moreover, the group 1 considers this criterion as themost important one, highlighting
it as an actual promotional strategy (Fig. 3).

The groups 1 and 3 identifies the “network creation” as a social criterion affirming
that one of themainweaknesses of theCollinaPo reserve is the lack of communication
among the involvedmunicipalities and avague synergyof thePublicAdministrations.
Those two groups advocate the need for a transition from a hierarchical organization
model to a relational one. This could help in implement the tourism enhancement.

The group 1 and 2 highlighted the criteria “public funds”, “widespread reception”
and “local transport”, evenwith different priority orders. The criterion “public funds”
calls formore public funds in terms ofmoney. In particular, the PublicAdministration
would need participate to national and international financing programs in order to
acquire new financial resources to be invested on the CollinaPo reserve.

The criterion “widespread reception” is related to the need of defining a shared
receptive strategy diffused on the territory (as: AirBnB or Bed and Breakfast). In
fact, currently in many of the CollinaPo municipalities there are no hotels and the
receptive options are underdeveloped compared to the increasingly growing number
of tourists. Improving this aspect would be strategic for the territory since it could
lead to attract more tourists and, consequently, to grow monetary income.
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Fig. 3 The rankings provided by the three groups with SRF

At the same time, the “local transport” is perceived as a huge problem for the
CollinaPo reserve. The CollinaPo is in fact well connected with external territories
mainly thanks to different high-speed railway lines crossing Turin. However, the
local transports are scarce and inefficient both from the bus and train point of view.
The frequency of bus and train passages is not appropriate and the same is the timing.
This makes very difficult to the users of the territory to move without a private car.
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Both group 2 and 3 identified the criterion “cultural growth” even if with a low
importance: group 2 positioned this criterion at the last place while group 3 at the
penultimate. This criterion advocate for a more consciousness of the residents about
the CollinaPo reserve potentiality. This aspect should be implemented starting from
schools and families that should teach the culture of the territory. The reason for
which the groups decided not to attribute a high importance to the “cultural growth”
criterion is because they affirmed that this aspect can be considered as a consequence
of other criteria: improving for example the “online promotion” could lead to an
improvement also in terms of culture and consciousness.

From Fig. 3, it is possible to notice also the most important decision criteria
according to the SRF ranking provided by the groups.

Group 1 has indicated “online promotion” as the most important aspect followed
by the “nature infrastructure”. This group is the only one having focused the atten-
tion on the environmental and natural aspects, recalling the need to maintain and
implement natural infrastructures including pedestrian and cycle paths.

Themost important criterion according to the reasoning ofGroup 2 is the “increase
in employment”. During the discussion among the stakeholders it emerged that a
great responsibility about the CollinaPo activities is delegated to voluntary people.
This is a huge social and economic risk since the volunteers are often exploited. It is
therefore necessary to implement strategies to relieve volunteers and to create jobs.

Always talking about Group 2’s ranking, from our point of view a very interesting
criterion is “need for a facilitator” understood as the need for a strong direction of the
territory. In fact, big territories as the CollinaPo reserve lack of effective valorization
strategies because of the lack of a figure or entity able to coordinate them.

Finally, group 3 identified two different criteria as the most important ones: “vi-
sion” and “target definition”. According to the logic expressed by group 3, it is
necessary to have a strong overall vision as well as clear objectives in order to pro-
pose effective valorization strategies. Those objectives may be few but they have to
be feasible. The decision criterion “target definition” is strongly related to the pre-
vious one: to define a vision, it is necessary to identify a target to which the vision
is addressed. The identification of a specific target (tourists, residents etc.) is in fact
essential for a good project.

5 Conclusions and Future Development

Many territories started to define future valorization strategies. One of the main
problems in proposing new strategies is the lack of proper data and relevant deci-
sion criteria able to address the design (Abastante and Lami 2012). Hence, this paper
illustrated a stakeholders-oriented approach for defining and ranking the decision cri-
teria required for assessing territorial valorization strategies. In particular, the paper
investigates the combined use of storytelling and the Simos-Roy-Figueira (SRF)
method (Figueira and Roy 2002), to support the discussion around the UNESCO’s
MaB reserve “CollinaPo” for identifying the most important decision criteria able
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to support a valorization strategy of the aforementioned reserve. It is important to
stress that this paper reports the partial results of an ongoing research.

The method proved to be a flexible and participative approach able to consider
social and urban planning aspects and suitable to support decision processes in the
absence of open-data or sensible and complete information (Pfenninger et al. 2017).
The choice of a combination of storytelling and SRF was also induced by the very
varied composition of the workshop participants: the two methods are intuitive and
entertaining, the latter in particular allow to select and weight the criteria on a sub-
jective scale that stimulate the stakeholders’ acceptance (Lombardi et al. 2017).

The fact that several common criteria arose across of different groups (“online
promotion”, “network creation”, “public funds”, “widespread reception” and “local
transport”) despite the limited time and the variety of the participants, seemed to
us a very positive indicator of the goodness of choice. The participants pointed
out this sense of “belonging” to UNESCO’s MaB reserve “CollinaPo” beyond the
division into individual municipalities, expressing a clear vision of the need to act as
a “network” on the territory to reinforce the attractiveness, otherwise the marginal
points of interest would be too dispersed (Ingaramo et al. 2017).

Finally,we recognize that the paper presents the limitationof illustrating the results
of a single case, reducing the generalizability of the conclusions with respect to the
applicability of these tools to territorial decision-making processes. But, even if the
article illustrates one specific experimentation, it incorporates a series of reasoning
related to three workshops already done in the same project, and other applications
are scheduled. The opinions gathered in the focus group, the enthusiastic and proac-
tive response of the participants seem encourages the impression that the method is
suitable for the context and the objective of the research.

References

Abastante F (2016) Multicriteria decision methodologies supporting decision processes: empirical
examples. Geam-Geoingegneria Ambientale E Mineraria-Geam-Geoengineering Environ Min
149:5–18

Abastante F, Bottero M, Greco S, Lami IM (2012) A dominance-based rough set approach model
for selecting the location for a municipal solid waste plant. GEAM, Geoingegneria Ambientale
e Mineraria 3(137):43–54

Abastante F, Corrente S, Greco S, Ishizaka A, Lami IM (2018) Choice architecture for architecture
choices: evaluating social housing initiatives putting together a parsimonious AHP methodology
and the Choquet integral. Land Use Policy 78:748–762

Abastante F, Corrente S, Greco S, Ishizaka A, Lami IM (2019) A new parsimonious AHP method-
ology: assigning priorities to many objects by comparing pairwise few reference objects. Expert
Syst Appl 127:109–120

Abastante F, Lami IM (2012) A complex Analytic Network Process (ANP) network for analyzing
Corridor24 alternative development strategies. In 2012 2nd International Conference on Com-
munications, Computing and Control Applications (CCCA), Marseille, France, 6/8 December
2012, Code 95662, pp 17–24



A Stakeholders-Oriented Approach to Analyze the Case … 337

Abastante F, Lami IM (2013)An analyticalmodel to evaluate a large scale urban design competition.
GEAM, Geoingegneria Ambientale e Mineraria 139(2):27–36

Abastante F, Lami IM (2018) An integrated assessment framework for the requalification of districts
facing urban and social decline. Green Energy Technol 535–545. https://doi.org/10.1007/978-3-
319-78271-3_42

Abastante F, Lami IM, Lombardi P (2017) An integrated participative spatial decision support
system for smart energy urban scenarios: a financial and economic approach. Buildings 7
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The Process of Sharing Information
in a Sustainable Development
Perspective: A Web Visual Tool

Francesca Abastante, Stefano Pensa and Elena Masala

Abstract Proposing effective strategies in a sustainable development perspective is
the focus of considerable debates, which often develop into uncertain and vulnerable
decision contexts. Numbers and quantitative information in fact often dominate the
process of decision-making but they are not easily comprehensible through quick and
simple reasoning. Nonetheless, the huge quantities of data that describe our cities and
regions could provide excellent bases to analyze spatial data in order to assess territo-
ries and simulate future development scenarios. The application of innovative digital
tools in the analysis of territorial issues offers new advantages and opportunities
for the improvement of communication values in policies and decision-making pro-
cesses, concurring to overcome conventional approaches to territorial management.
The paper describes the application of the Interactive Visualization Tool (InViTo), a
web tool based on maps and visual analysis allowing data to be filtered, explored,
interconnected and compared on a visual interface. Data visualization, intended as
the way to see the unseen (McCormick et al. in Computer Graphics 21(6), 1987), is
here used as a new paradigm to highlight the positive and negative effects on spatial
systems considering the impacts of choice-alternatives along multiple dimensions.
The correlation between information and their localization generates an essential
instrument for the knowledge of urban dynamics and resilience in answering to
specific policies. The investigation of a number of case studies shows the possibil-
ities and opportunities given by the use of InViTo in creating a shared knowledge
between actors involved in decision-making processes and in offering a challenge
for integrating new perspectives on the analysis of future cities and regions.
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1 Introduction

The on-going urbanization has led to an increased focus on cities (UN 2012) high-
lighting their inability to offer adequate facilities to their population. In fact, such
complex congregation of people tend to become disordered places (Johnson 2008)
generating sets of material and non-material problems, which often cause a decrease
in terms of values. The material problems comprise among others difficulty in waste
management, scarcity of resources, traffic congestions, aging infrastructures and
energy management (Borja 2007; Marceau 2008; Toppeta 2010; Washburn et al.
2010). The non-material problems are instead related to social and organisational
matters associated “with multiple and diverse stakeholders, high levels of interde-
pendence, competing objectives and values aswell as social and political complexity”
(Abastante et al. 2012; Johnson 2008; Weber and Khademian 2008; Chourabi et al.
2012).

In this sense, urban and social issues can be considered as “wicked problems”
(Rittel and Webber 1973; Abastante et al. 2019) creating potential conflicts and
unanticipated effects. Due to the complexity of the cities, the mission of an urban
project is never so clear including a wide number of data, variables, parameters,
indexes and qualitative elements usually barely measurable.

Moreover, while in the past one of the difficulties in urban planning was the lack
of data-measuring activities, nowadays the problem is the opposite: there is a huge
amount of quantitative and qualitative data but they are often difficult to read. This
difficulty adds a further level of complexity to the planning of strategic solutions. This
is particularly true when talking about sustainable development which incorporates
different concepts as: sustainable economy, sustainable environment, sustainable
society.

In terms of data, the available databases need to be not simply able to visualise
data but also to extract and process different kind of usable information (Mingers
and Rosenhead 2004; Belton and Stewart 2010;White 2006; Montibeller et al. 2008;
Pensa et al. 2014; Lami and Franco 2016; Abastante 2016).

The application of Information and Communication Technology (ICT) is often
mentioned as part of the solution to those complex problems and the term ‘smart
city’ is increasingly being used in this context (Hilty et al. 2011; Lövehagen and
Bondesson 2013).

However, despite that ICT are definitely enhancing the opportunities for spatial
planning changing the common vision of the social inclusion (Goodspeed 2011,
2012; Resch et al. 2014) they often present huge difficulties in being applied in
daily practice (te Brömmelstroet 2010; Vonk et al. 2005): (1) it takes a long time
to calculate results which hinder the interaction between data models and users; (2)
data models generally have low flexibility to adjust to specific needs; (3) most of
these support systems have limited abilities in communication.
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Communication is in fact one of the main features to be considered when talking
about effectiveness of ICT for smart cities but the approach of communication by
simply “writing down your objectives and stating your priorities, is inadequate for
decisions worthy of thought” (Keeney 2013; Lami et al. 2014; Lami and Abastante
2017; Abastante et al. 2018).

Thus, spatial planning is currently encountering new approaches to the use of tech-
nology. In particular, both the academic researchers and professionals are increas-
ing their interest in data-driven methods (Kamenetz 2013; Lanzerotti et al. 2013;
Kokalitcheva 2014) investigating new tools in order to allow information to be easily
extracted from data and disclosed to the stakeholders involved in an urban planning
process (Abastante and Lami 2013; Bawa-Cavia 2010; Neuhaus 2011; Chua et al.
2014).

In this context, the paper investigates three case studies describing the application
of the Interactive Visualization Tool (InViTo), which is a web tool based on spatial
maps and visual analyses allowing data to be filtered, explored, interconnected and
compared on a visual interface (Pensa et al. 2014). The aim of InViTo is to build
a shared basis of discussion among the actors involved being interactive in order
to allow adjustments during an urban process. Furthermore, InViTo offers a way to
represent different typologies of geo-referenced data and to combine them in order to
visualise the “hidden connections” (Dodge 2005) among these. In this perspective,
it seems to be a useful tool to support strategies of sustainable development.

After the introduction the paper is organized as follows: Sect. 2 reports themethod-
ology adopted focussing on the development of the InViTo tool; Sect. 3 shows some
examples of applications of InViTo; finally, the conclusions resume the potentialities
of the methodology adopted and the future developments.

2 Methodology

2.1 The InViTo Tool

InViTo has been developed starting from 2011 (Pensa and Masala 2014). It has been
conceived as a visual support for spatial planning and decision-making processes. In
this sense, InViTo is a toolbox for supporting the analysis, the exploration, the visual-
isation and communication of data in order to facilitate policy and decision-making,
improving the communication between actors coming from different backgrounds.

In its current version, InViTo can be classified within the category of Spatial Deci-
sion Support System (SDSS) (Malczewski 1999; Abastante et al. 2017; Lombardi
et al. 2017) as a Web-GIS tool. In fact, it is a web platform able to show and present
GIS data and let people to play with those in order to increase the level of knowl-
edge on spatial issues among both expert and non-expert people. Nevertheless, the
new developments allow the exploration of non-spatial data too, so that interactive
info-graphics can be visualised and analysed. The construction and development of
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the InViTo tool, crossed different phases and involved many steps. In particular, it is
possible to recognized six development steps: the construction of the web platform,
the back-end, the front interface, the data filtering, the map weighting and the data
visualization.

The building of a web platform structure was the first essential step to develop
the tool creating the general framework. Its construction took several months and
has been progressively adapted to the development of other elements composing the
tool. It is important to underline that, in order to be really accessible, this part of the
tool was completely based on an open source structure and open source initiatives.

From the point of view of the IT structure, InViTo is composed by two main
sections: the back-end and the front interface.

The back-end is destined for GIS technicians, planners and administrators of
different projects. In this section, the logged-in users can create new projects and
manage existing ones deciding the information that need to be seen by final users.
Moreover, in the back-end interface, the logged-in users can decide the filtermodality
choosing among checkbox, dropdown menu, range sliders or single choice range
sliders. Finally, specific buttons provide possibilities for customising the visualisation
or for enabling particular elements such as tables, analysis grids or background
maps. Accordingly, the back-end interface is flexible and allows a high level of
customization. This is useful when managing project devoted to the identification of
strategies of sustainable development, which involve different aspects.

The front interface is destined for final users. In fact it can be public and allow
people visualizing, filtering and exploring data related to specific projects. The front-
end interface is graphically structured by two main elements: a viewer window con-
taining an interactive map and a vertical menu on the left side containing all the
parameters settled by the logged-in users in the back-end interface (Fig. 1).

The structure of the front interface can be in turn divided into three subsections:
data filtering, map weighting and data visualization.

The data filtering section allows data to be interactively selected and filtered by
the end users in order to customise the visualisation. InViTo basically works as other
GIS viewers. However, it does not visualise only the different layers of a set of data,
but it allows users to explore the single records of a dataset by the use of different kind
of pre-settled filters. Moreover, the filters can be grouped in the so called “panels”.
The panels can be defined as macro-sections of qualitative and quantitative data so
that the visualisation can be driven through a particular path to follow. Moreover,
InViTo allows data to be investigated at different levels with also intersection of
attributes, in order to analyse data clusters in relation to specific parameters. In this
sense, InViTo overcome the data-map representation to arrive to the visualisation,
intended as the discipline to see the unseen (McCormick et al. 1987).

The map weighting section allows the filtered maps to be overlapped and
weighted on the basis of their priority. The aim of the map weighting section is
to provide users with a tool for analysing the localisation of expected effect of spe-
cific elements and evaluating the sum of effects on the basis of a specific mathe-
matical curve associated to the layers. The map weighting is currently based on the
sum of maps as in the basic methodology of the Multicriteria Decision Analysis



The Process of Sharing Information in a Sustainable … 343

Fig. 1 Front interface of InViTo: a window containing an interactive map on the main frame and
a vertical menu on the left side

(MCDA—Figueira et al. 2005). Further developments of InViTo will improve this
section in order to integrate the opportunity to develop MCDA directly in the tool
as the spatial Multicriteria Analyses combining GIS and MCDA (Malczewski 1999;
Ferretti 2013).

The data visualization settings allow a high level of customization on colours,
dimensions, styles, map styles (between Open Street Maps or different Google Maps
styles) and on a series of utilities bymeans ofwhich the tool is expected to offer awide
range of possibilities for users to improve their analytical skills and enhancing the
discussion. An interesting possibility of the tools is constituted by the visualization
of interactive tables and charts showing data according to the filters activated in the
filtering section. The tables show the attributes related to the filtered data, providing
pre-settled additional information field by field. The charts show the values of the
filtered data in relation to the whole set of data, highlighting the selected geometries.

The distinctive features of InViTo are therefore dynamicity and interactivity,
which make it open to variously skilled users and suitable to be part of instru-
mental equipment for meetings and workshops. In fact, it can be used by a single
person or collectively during discussion sessions. In this case the displayed map can
become the interface for sharing opinions and reasoning. In fact, its quick responses
and visual interface offer possibilities for improving the discussion among people,
providing a shared basis for enhancing the debate.
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3 Case Studies

Spatial decisions and policymaking processes affect, or can affect, the geography
of an area at different spatial scales. This can happen with a very wide spectrum
of consequences, which can be studied by different discipline fields such as urban
planning, transport planning, mobility, environment, social and economic sciences.
The InViTo structure was conceived as open as possible in order to avoid constraints
in the use of the tool. Thus, it can be used for dealing with different case studies,
with different purposes and afferent to various disciplines. The following three case
studies show some example of applications of InViTo.

3.1 SINERGI Project

TheSocial Inclusion throughUrbanGrowthStrategies (SINERGI) is a project funded
by the “Europe for Citizens” programme. It involved four cities as Skopje, Lisbon,
Turin and Zagreb, in a number of seminars and workshops oriented to the improve-
ment of the process of social inclusion within the urban planning.

In order to achieve the project objective, InViTo has been chosen to perform the
SINERGI workshops. The first workshop was held in Skopje in December 2014 and
was focused on the evaluation of three infrastructural scenarios for an urban area in
the same city. The second workshop was held in Turin in June 2015 and concerned
the renewal of a huge dismissed urban area with an industrial past and many future
projects insisting on it (Fig. 2).

Both the workshops had a diversified public, composed by city administrators,
technicians, academics, students and social representatives. A number of discussions
emerged outlining possibilities and opportunities given by the use of interactivemaps
designed to facilitate and improve the interaction between the information and the
actors involved in the planning process.

The tool has been used to detect critical areas and areas with more opportunities.
After the discussion of some design alternative options, InViTo has been applied to
evaluate “what if” scenarios. The outcome provided by the tool gave no solutions, but
opportunities for the participants involved in the workshops to discuss and elaborate
a shared solution.

3.2 CODE24 Project

During an Interreg IVB NWE Project named “CoDe24” (INTERREG IVB NWE,
2005; ERDF European Territorial Cooperation 2007–2013, 2010; Abastante and
Lami 2012), the Interactive Visualisation Tool has been used for several events and
purposes.One of these concerned the exploration of the total number of trains arriving
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Fig. 2 The use of InViTo during the second SINERGI workshop held in Turin in June 2015:
identification of an infrastructural lack and checking of design ideas

and departing from the Frankfurt am Main railway station between 8.00 a.m. and
9.00 p.m. of a common working day (Fig. 3).

The visualisation of data is interactive. Users can choose the setting and filtering
of a number of parameters, such as the train typologies, the city of origin or the city
of destination.

Unlike other projects, in this case the represented data are not spatial. They are
organized within an info-graphic without background maps or geographical refer-
ences. The geographic information is restricted in the selection of filters.

The online use of this application provided the possibility to share the information
between the partners of the project. Furthermore, it generated an intuitive visualisa-
tion of the railway connections of an important city like Frankfurt amMain, showing
the arriving trans, the outgoing ones and those that are crossing the city, the typol-
ogy of the trains and the possible connections among the different trains. Colours
and thickness of lines change according to the setting made by the users, providing
further information on the selected elements.

3.3 Tweets in Barcellona

A third case study concerns the visualization of tweets sent from the metropolitan
area of Barcelona in the period January 7–19, 2015. The research is part of the TUD
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Fig. 3 The use of InViTo for visualising the railway connections of Frankfurt am Main between
8.00 a.m. and 9.00 p.m

COST Action TU1306—Fostering knowledge about the relationship between Infor-
mation and Communication Technologies and Public Spaces supported by strate-
gies to improve their use and attractiveness (CYBERPARKS). The objective of the
research was the improving of the design of public open spaces by means of infor-
mation captured by the analysis of user-generated data.

The data collected from Twitter have been elaborated and uploaded in InViTo.
The visualisation allows users to interact with a large amount of data (more than
67,000 records) and to understand the urban patterns generated by Twitter’s users by
the self-exploration (Fig. 4).

The large amount of maps that can be obtained by such a data exploration is
sufficient to identify several urban patterns and understand some dynamics on the
use of the city. In particular, the tool showed to be very important for analysing the
tweets following both a spatial and a temporal logic. The differences in tweets spatial
distribution according to the temporal period selected, provided new insights on the
analysis of the city. These outcomes highlighted a number of issues related to the
tourism and the use of the city in relation to the origin country of people visiting
Barcelona.
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Fig. 4 The visualisation of Twitter Data in Barcelona, collected in January 2015

4 Conclusions

The three case studies are a small example of possibilities in applying the tool. As
showed, InViTo can be a powerful tool in many participatory process since it is able
to visualize data but alto to analyse usable information.

The high level of customisation of the filtering andweighting sections aswell as of
the visualisation provide a large amount of opportunities for the information sharing
between large groups of people. The use of visualisation goes against a technocratic
vision of cities and increases the power of experts. It allows planners, city adminis-
trators, technicians, but also common citizens, to improve their awareness of urban
problems. A higher knowledge enhances the decision-making process, providing
opportunities for better choices.

Furthermore, a high flexibility of the tool allows the instrument to be adapted
to the case study and not, as often, the planning adapted to the possibilities given
by the tool. By this way, the urban tool is not a constraint but a real support to the
sustainable development of cities.

Future developments of InViTo will foresee the improvement of the MCDA
section currently drafted in the tool in order to better weight the maps provided
and enhance the usability of InViTo in supporting urban planning.
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B.I.M. Models and Evaluations

Giovanna Acampa, Fabiana Forte and Pierfrancesco De Paola

Abstract The new Italian Procurement Code—L.D. n. 50, 2016—implementing the
2014 European Union Directive, introduced BIM (Building Information Modeling)
as an innovative approach to digitalize the construction sector. The recent Decree n.
560 of December 1st 2017 defines the methods and schedule for the gradual intro-
duction of the BIM for the design, execution andmanagement of construction works.
BIM procedures involve a radical change in the design approach that goes from the
graphical representation to the simulation of a process, both in the field of new con-
structions and in the field of Cultural Heritage conservation. In this perspective the
article shows the results of a survey carried out on historic buildings. It aimed at ver-
ifying how much the modeling has remained confined to a low level of development
(LOD A, according to the UNI 11337 standard is linked to a merely symbolic level)
and those who have gone further by integrating specific and detailed information
that allow real time to evaluate the sustainability of different alternatives. The arti-
cle, which represents a first step of an ongoing research, starting from the regulatory
framework of the BIM in Italy, highlights its potential (Sect. 1); the issue of the
evaluation is deepened (Sect. 2), with particular reference to the 5D-BIM Project
cost management and to the Heritage Building Information Modeling (HBIM).
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1 BIM in Italy: Regulatory Framework and the Potential
in the Construction Sector

The new Italian Procurement Code—Legislative Decree n. 50, 2016—implementing
the 2014 European Union Directive, reorganizes completely the regulatory frame-
work regarding public contracts relating to works, services and supplies. One of the
main innovations is the «rationalization of the design activities and the connected ver-
ifications through the progressive use of specific electronic methods and tools as that
of modeling for building and infrastructures» (art. 23, Design Levels, subsection 1,
letter h). Both for newworks and for renewal and requalification interventions or vari-
ations, the Contracting Authorities may require the use of these specific electronic
methods and tools (art. 23, subsection 13). The implementing decree establishes
manners and times, making mandatory the use of the BIM (Building Information
Modeling) starting from 2019 (Ministerial Decree 560/2017).

Although several definitions of BIM. Exist (introduced a long time ago in USA
and in other European countries), it can be briefly defined as a virtual environment
able to store all the information on the architectural design, on the specifications of
the used products, on the logistics, on the sequence of interventions to carry out the
construction and on the costs for the accomplishment, management and maintenance
of the work (CRESME 2017). This “platform” allows to share knowledge and to
communicate among the several stakeholders involved in the whole Life Cycle of
the building. In this perspective the “evaluation process” becomes crucial and is
complex to carry out (Forte 2015).

On one hand, the evaluation should enhance the quality of the decisional pro-
cess—technical and political-, related to both resources allocation (monetary, human,
territorial, etc.) and effects or impacts. On the other, the evaluation influences the
efficiency of all the planning, and guarantees that the resources to be deployed in the
implementation are used rationally.

In the Italian system of public works one of the main problems is the production
time and the costs. The 2014 Report by the Italian Department for the Economic
Development and Cohesion (DPS), concerning the times and costs of the infrastruc-
ture investments, highlights that the time to complete works is very long and delays
are frequently associated with an increase in costs. According to the report, if the
interventions for an amount lower to 100 million of Euro are completed in 2,9 years
on average, the works for an amount greater than 100 million Euro, take more than
14 years. Specifically, the weight of “crossing times” (the time necessary to pass
from a procedural stage to the next one) is particularly significant (DPS 2014).

This framework emphasizes another typical problem in the Italian system of pro-
duction of public works: the low focus on the design phase (Fattinnanzi et al. 2018).

As shown in Fig. 1, within thewhole LifeCycle of the building (planning, concept,
design; construction; use and maintenance) the early stage of design has a very high
potential to influence the full life cycle and its costs, while this potential decreases
during the Life Cycle.
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Fig. 1 Influence of design decisions on the life cycle costs. (Source Forte 2015)

In that same phase a huge amount of information has to be processed quickly
and crucial decisions must be taken. About 75% of the costs of the building are
already fixed during the planning/design phase and, in this same phase, it is possible
to introduce improvements. Furthermore, from this point of view there are several
advantages in the use of the BIM model: higher efficiency and productivity, shorter
downtime, lower costs, a more rigorous and coherent control of the project. Besides,
a project conceived following the BIM approach, enables the Contracting Authority
to have a virtual elaboration of the Life Cycle of the building and thus, it is easier to
monitor the obsolescence of materials and to better plan the maintenance.

Regarding the trend in the use of BIM in the public competitive procurements, it is
interesting to highlight what emerges from the recent OICE Report (2018): although
actually the BIM competitions cover a minimal share of the entire public demand—
only 1.4% in number on the total for architecture and engineering services and the
2.5% in value-, 2017 marked a turning point because the competitions have tripled:
from 26 competitions on 2016 to 86 on 2017 (in the 2015 were only 4). Ameaningful
increase of 70%, probably due to the approval of the BIMDecree (Ministerial Decree
no. 560/2017). With reference to the subdivision for typology of intervention, the
2017 BIM competitions in 2017 anticipate a trend which all the design sector will
have to address: the renewal and requalification interventions on the existing built
environment. (OICE—Confindustria 2017).
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Fig. 2 Monthly trends of the number of the BIM competitions. (Source Report OICE BIM 2017)

The new Italian Procurement Code (Cape III, art. 146–151) regulates also the
procurements in the sector of Cultural Heritage. In order to implement the Code, the
Regulation no. 154 (2017) was adopted by MiBACT (Ministry for Cultural Heritage
and Activities and Tourism). Even if it does not refer to it explicitly, the introduction
of the Historic BIM (HBIM) for the “design, execution and management” in the
process of conservation and enhancement (Forte 2016), has become unavoidable
also in the field of Cultural Heritage, although in Italy it is still an emerging sector
(as in the section 2.3 of the article).

In Italy the protection and the management of Cultural Heritage is regulated by
the Italian Code on the Cultural and Landscape Heritage (L.D. n. 42/2004, art. 106).
Its Article 29 establishes that the conservation of the cultural heritage is ensured by
means of a consistent, co-ordinated and “programmed” activity of study, prevention,
maintenance and restoration.

Therefore, each activity must be carefully co-ordinated and programmed with the
others so that all the interventions complement each other in the overall conservation
process, addressing the entire life cycle of the cultural asset. In this perspective the
use of the HBIM could bring significant advantages (Fig. 2).

Especially regardingmonuments restoration, where “unexpected” events are even
more frequent compared to an ordinary building site, HBIM seems the most effective
methodology to implement: a more precise knowledge of the status quo, is crucial
to take for the most correct choices of intervention; the control of the time and the
cost and indeed, the planning of the subsequent maintenance actions.
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2 BIM and Evaluations

2.1 Introduction

Thenovelmethodologies to draft projects using advanced technologies and electronic
tools, dictate an update in architects’ profession. Designers and evaluators dealing
with architecturalworks,must absorb the rationale that defines the newwayof dealing
with the building process; in order not to be left out of this unstoppable process they
are called to make their contribution (Acampa et al. 2018a).

In the field of restoration and maintenance of historic buildings, the first step
for HBIM (Heritage Building Information Modeling) is to build a 3D model that
simulates the building. In this perspective, the survey techniques can no longer be
linked only to the geometric and dimensional characteristics of the building itself,
but must also include qualitative and performance information of all its technical and
architectural elements.

The model’s effectiveness, however, will depend not only on the amount of infor-
mation collected for each element, but also on the knowledge that the designer has
of construction technologies. The added value linked to his professional experience
is essential for identifying the required restoration and maintenance interventions. In
fact, the more the virtual model will adhere to reality, the more reliable will be the
selection of the design alternative which, at certain costs, will optimize the quality
performance of the technical elements over time.

Applying BIM methodologies on buildings of cultural historical interest is not
trivial, as their variety and complexity often makes harder to figure out all the parts of
which they are made of. Themodel must start from the comprehension and analytical
graphic rendering of all its parts.

The studies carried out and published in recent years, show how up to now HBIM
has been used above all for the graphic restitution of buildings, as it was a CAD
system, and therefore exploiting at the minimum its potential.

2.2 5D-BIM Project Cost Management

Designing in BIM means overturning the logic to which we have been accustomed,
in fact we must move from the graphic representation of the work to its simulation.

The change, which is now unavoidable, given the rules set by the new legislation
on public procurement, brings with it some important methodological consequences.

Up to now, design was carried out in subsequent phases: from the more general
design, with a scale of representation that framed the work at territorial level, to the
more detailed one through a step-by-step procedure.

In the building process the design and construction phases used to be substantially
different. The design phase could be considered completed even at preliminary level
and, relying on integrated contracts, design choices and construction details were
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deferred to the phase in which the work itself was carried out. Even if the designer
got to the stage of conceiving the executive design, he often referred to generic
constructive details not traceable within the project (Jodice et al. 2001).

The widespread inability of designers to assess the economic and production
consequences of their choices, and also the ineffectiveness of the tools used to control
costs, left a very wide decision-making margin for the contractors. The consequence
was increase in time and costs against poor quality. Practically, quantity surveying
was used to establish the cost of work once design choices had already been made,
andwas drawn up following a business logic linked to work orders carried out on site.
It was not a tool to compare costs and productivity of different technical elements
and therefore useful for making design choices (Acampa et al. 2018b).

Now,with theBIMdesign, we can no longer disregard the feasibility of the details,
the 3D model is no longer an “attractive representation” that at the end of the project
gives to non-professionals an idea of the envelope, but it is as if it were a “general
rehearsal”.

The virtual model is obtained in fact from the aggregation of elements belonging
to repositories, just as the work is the result of the assembly of technical elements.
The cost related to its construction is the product between the physical quantities of
its elements and the costs of building them. Each element has a specific role and can
bemadewith different technologies, and its costswill differ depending on breakdown
of the products composing it and on the construction procedures.

The total cost of the work will therefore be a function of the parametric cost of
each technical element, and it will include, in addition to construction costs, the
maintenance costs incurred over a specific period and the disposal costs (Fattinnanzi
2011, 2012).

This technological revolution can be an opportunity to reconsider the tools and
timing of the computation. Building Information Modeling provides both opportu-
nities and challenges for the project cost management profession (Smith 2016) as
it does not focus only on 3D modeling but it is also defined by further dimensions
(Fig. 3).

For example, the UNI 11337, the Italian BIM standard, in parts 5 and 6, requires
specifying 7 dimensions:

• methods for planning management (4D-Programming);
• methods for economic data management (5D-Computations, appraisals and eval-
uations);

• methods for information management (6D-Use, management, maintenance and
disposal);

• methods to manage externalities (7D—Social, economic and environmental sus-
tainability).

and encodes information on the elements in repositories, LOD (Level of Devel-
opment/Detail/Definition), with letters from A to G and for each letter it defines
graphical characteristics (LOG Level of Geometry) and attributes (LOI Level of
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Fig. 3 BIM dimensions. (Source Alberto Pavan, UNI 11337-2017)

Fig. 4 Level of development (modified by Alberto Pavan, UNI 11337-2017)

Information) of the elements. The choice of coding LODs with letters, unlike num-
bers as in UK1 or USA,2 shows how UNI’s LODs, that replace the scale concept of
graphic representation, have been adapted to the Italian reality (Fig. 4).

In the fifth dimension, the computation will be carried out according to the para-
metric impact that components have on the project (Xu 2017); this change, compared
to actual practice, will impact also on price lists. Starting to control costs from the

1In UK, directive PAS 1192-2 (focused on information management for the delivery phase of con-
struction projects using Building Information Modeling) specifies two components for the Level of
Definition: Level of detail (LOD), regarding the graphic content of the models, Level of information
(LOI), regarding the no-graphic content of the models.
2The American Institute of Architects (AIA) published Document G202-2013 Project Building
Information Modeling Protocol. The Level of Development LOD identify the specific minimum
content requirements.
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design phase, it will certainly lead to optimize them as demonstrated also by an
analysis carried out in 2013 on 35 selected cases (Bryde et al. 2013).

2.3 Evaluation in the Heritage Building Information
Modeling

In Italy, given also the land use reduction policies in force, maintenance and restora-
tion of buildings have attracted renewed interest and along with that, the analysis
of the elements’ degradation and of the maintenance costs necessary to contain the
phenomena. In BIM models this means that we will refer above all to LOD level F
and LOD level G.

The levels from A to E are not significant in the restoration and recovery of
buildings except for some simplifications, while it is only in level F that the objects
virtually show the reality as measured by means of surveys at the place of the inter-
vention (as-built). In level F, in fact, the quantitative and qualitative characteristics
are specific to the individual elements. Furthermore, for each individual element,
management, maintenance and/or repair interventions are defined and is described
how they should to be carried out over a period of time. In level G, the model shows
the actual state of the elements along with the dynamic and updated virtualization of
past and possible future interventions. Any type of intervention is noted, and levels
of degradation are monitored and updated. The procedure is very complex due both
to the heterogeneity of the elements and the types of degradation that depend onmul-
tiple causes. The causes of degradation can indeed be intrinsic, linked to the location,
to constructional defects, materials or construction technologies; or extrinsic linked
to the action of time and use. The effects may bring to physical, chemical, surface
or structural alterations. Considering the degradation of an asset as a result of the
degradation processes of its elements, the cost of recovering buildings of historical
interest will be the sum of the costs necessary to eliminate the deterioration in all the
elements involved, to bring the building back to an appropriate level of performance.
Case-studies are very complex and still very few researches have dealt with BIM
models for restoration while most stop at 3D level.

A review of the literature related to the BIM, shows that 131 contributions were
published from 2007 to 2018, but only 20 have to do with interventions on buildings
of historical interest (HBIM), all recently published. Of these 20, half is by Italian
authors, not surprisingly—given the vast artistic and cultural heritage of the country
(see Table 1 and Fig. 5).

The papers dealing with the computational part (5D BIM) outnumber HBIM
papers and most of them were written by non-Italian authors. It is significant. No
one in Italy is dealing with historical building modeling. It is an opportunity to open
a new interesting line of research.
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Table 1 Flow Publications

Journals

Journals Main Topics Impact
Factor a

Number of Selected
Publications

1 Journal of Cultural
Heritage

Material science,
Multidisciplinary

1.838
(JCR)

8

2 International Journal
of Architectural
Heritage

Construction &
Building Technology

1.053
(JCR)

3

3 Advanced
Engineering
Informatics

Computer Science,
AI

2.680
(JCR)

2

4 Automation in
Construction

Construction &
Building Technology

2.919
(JCR)

12

5 Computer-Aided
Civil and
Infrastructure
Engineering

Construction &
Building Technology

5.786
(JCR)

1

6 Studies in
Conservation

Analytical 0.578
(JCR)

1

7 International Journal
of Project
Management

Management 4.034
(JCR)

1

8 Structural Survey Buildings and
Construction

0.28
(SJR)

2

9 Procedia Engineering Engineering 0.74
(CiteScore)

1

10 International Journal
of Architectural
Computing

Computer-aided
Architectural design

0.122
(SJR)

2

11 ISPRS Journal of
Photogrammetry and
Remote Sensing

Remote sensing 6.387
(JCR)

23

12 Survey Review Remote sensing 0.929
(JCR)

5

13 Computers in
Industry

Computer Science 2.691
(JCR)

1

14 Digital Applications
in Archaeology and
Cultural Heritage

3D digital models of
the cultural heritage

0.252
(SJR)

3

15 DISEGNARE CON Heritage
Architecture

– 3

(continued)
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Table 1 (continued)

Journals

Journals Main Topics Impact
Factor a

Number of Selected
Publications

16 Journal of
Computing in Civil
Engineering

Computer Science,
Engineering

2.310
(JCR)

1

17 Computers
Environment and
Urban Systems

Environmental
Science

2.659
(JCR)

1

18 Information and
Software Technology

Information Systems,
Software
Engineering,
Graphics

2.694
(JCR)

1

19 WIT Transactions on
The Built
Environment

Buildings and
Construction

0.12
(SJR)

4

20 Science China
Information Sciences

Engineering,
Material Science

1.719
(JCR)

1

21 Archives of
Computational
Methods in
Engineering

Computer Science,
Interdisciplinary
Applications

5.061
(JCR)

1

22 Journal of
Information
Technology in
Construction

Buildings and
Construction

0.352
(SJR)

2

23 Leadership and
Management in
Engineering

Civil and Structural
Engineering

0.144
(SJR)

1

24 Virtual Archaeology
Review

Conservation,
Documentation, 3D
surveying

– 2

25 International Journal
of Building
Pathology and
Adaptation

Buildings and
Construction

0.82
(Scopus)

1

26 Built Environment
Project and Asset
Management

Design and
Construction
management

1.07
(Scopus)

1

27 CSE-City Safety
Energy

– – 1

28 SCIRES-IT-
SCIentific RESearch
and Information
Technology

Cultural and
environmental
Heritage
documentation

– 2

(continued)
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Table 1 (continued)

Conference Proceedings

1 Annual Conference of the Association for Computer Aided Design in Architecture 1

2 eCAADe Conference 1

3 ICB World Building Congress 1

4 International Conference on Computing in Civil and Building Engineering 2

5 International Conference on Big Data (Big Data) IEEE 1

6 Digital Heritage International Congress (DigitalHeritage) IEEE 7

7 CIB W78 Conference 1

8 International Building Control Conference 1

9 International Conference on Virtual Systems and Multimedia 2

10 International Scientific Committee for Documentation of Cultural Heritage (CIPA) 2

11 International Symposium on Automation and Robotics in Construction (ISARC) 1

12 Digital Documentation International Conference 1

13 EuroMed 1

14 International Conference of Science and Computation ICCSA 1

Books and Internet Sources

1 Recording, Documentation, and Information Management for the Conservation of
Heritage Places

1

2 Heritage Building Information Modelling 1

3 Computational Modeling of Objects Presented in Images 1

4 Handbook of Research on Emerging Technologies for Digital Preservation and
Information Modeling

1

5 BIM Handbook: A Guide to Building Information Modeling for Owners, Managers,
Designers, Engineers and Contractors

1

1 ClearEdge 3D 1

2 IMAGINiT 1

3 Graphisoft 1

4 Tekla 1

5 MicroStation 1

6 BuildingSMART 3

7 Autodesk 1

8 DAYSIM 1

9 SKETCHUP 1

10 DURAARK 1

11 Innovmetric 1

12 Meshlab 1

Regulations 2

a Impact Factor according to: (JCR) InCites Journal Citation Reports, (SJR) Scimago Journal and
Country Rank, CiteScore and Scopus
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Fig. 5 Most used approaches for the publications in Table 1

3 Conclusions

BIM is evolving significantly in the field of management and documentation of
cultural heritage. However, the virtual reconstruction procedure of historical-cultural
heritage is not an easy task, because the objects to model consist of components
whose heterogeneous, complex, and irregular characteristics and morphologies are
often not represented in the BIM software repositories.

The planning and management of conservation and restoration projects could be
improved by having access to the virtual model of a historical monument. 3D laser
scanners and photogrammetry are used, along with historical bibliographical analy-
sis, to capture the geometry and identity of the analyzed buildings. The complexity
and irregularity of the shapes characterizing historical buildings, and the lack of
intelligent algorithms to fully automate the virtual modeling, make the constructive
process of parametric components a significantly time-consuming process.

This review has shown that there is still much to do in this domain, where more
research and development should be carried out to address the ongoing progress of
BIM platforms and their relationship to architectural heritage. Future research could
focus on the development of useful tools for creating different kinds of element arrays,
to create shape recognition algorithms to automate the parametric reconstruction of
entire buildings, to create a universal and free-access H-BIM repository containing
all the information useful for all those involved in architectural heritage issues.



B.I.M. Models and Evaluations 363

References

Acampa G, Napoli G, Giuffrida S (2018a) La disciplina estimativa in Italia,—Identità, conoscenza,
prospettive in Valori e Valutazioni. Teorie e Esperienze, n. 20

Acampa G, Bona N, Grasso M, Ticali D (2018b) BIM: building Information Modeling for infras-
tructure. In: En: AIP conference proceedings, 140008

Bryde D, Broquetas M, Volm JM (2013) The project benefits of Building Information Modeling
(BIM). Int J Project Manage 31

CRESME (2017) L’architetto nella città del futuro. Scenari di trasformazione del mercato e della
professione. Cresme Ricerche, Architetti Roma Edizione, Roma

DPS (2017) Dipartimento per lo Sviluppo e la Coesione Economica. I tempi di attuazione e di spesa
delle opere pubbliche, Rapporto

Fattinnanzi E (2011) La valutazione della qualità e dei costi nei progetti residenziali. Il brevetto
SISCo (prima parte). Valori e Valutazioni. Teorie e Esperienze, n. 7. Roma, DEI

Fattinnanzi E (2012) La valutazione della qualità e dei costi nei progetti residenziali. Il brevetto
SISCo (seconda parte). Valori e Valutazioni. Teorie e Esperienze, n. 8. Roma, DEI

Fattinnanzi E, Acampa G, Forte F, Rocca F (2018) The overall quality assessment in an architecture
project. In: Journal of SIEV—Italian Real Estate Appraisal and Investment Decision Society—
Valori e Valutazioni, theories and experiences, n. 21. Dei, Roma

Forte F (2017) Appraisal and evaluation in the production of works for the transformation of the
contemporary city. In: Stanghellini S,Morano P, BotteroM,OppioA (eds) Appraisal: from theory
to practice. Results of SIEV 2015. Green Energy and Technology, Springer

Forte F (2018) Historic, artistic and cultural patrimony for a “Habitable City”: incentives for care”,
cap.19. In:Mondini G, Fattinnanzi E, Oppio A, BotteroM, Stanghellini S, (eds) Green energy and
technology, integrated evaluation for the management of contemporary cities, Results of SIEV
2016. Springer

Jodice M, Gori P, Pacciani I, Bosi F, Capasso E, Frugiuele S (2001) La legge 109 sul pubblico
appalto e la gestione dei finanziamenti CEEper gli interventi sul Patrimonio storico-culturale della
Toscana. In: Floridia A. (a cura di) Beni Culturali in Toscana. Politiche, esperienze, strumenti.
Milano, Franco Angeli

OICE—Confindustria (2017) Rapporto sulle gare BIM 2017 per opere pubbliche. Analisi del mer-
cato e delle gare. Roma

Smith P (2016) Project cost management with 5D BIM. Procedia Soc Behav Sci 226:193–200
Xu J (2017) Research on application of BIM 5D Technology. Central grand project. Procedia Eng
174



Integrated Assessments and Energy
Retrofit: The Contribution of the Energy
Center Lab of the Politecnico di Torino

Cristina Becchio, Marta Bottero, Marina Bravi, Stefano Corgnati,
Federico Dell’Anna, Giulio Mondini and Giulia Vergerio

Abstract Traditionally, local energy planning has been carried out following a sec-
torial approach, neglecting the long-term effects of energy policies, not considering
social and environmental elements and omitting important actors involved. More
innovative approaches lead to consider evaluation models able to take into account
the full range of impacts generated at the level of utilities, end-users and society in
general. This chapter aims to provide a reflection on the role of assessment tools in
decision-making processes related to energy retrofit operations at architectural and
urban level, presenting a series of recent and innovative experiments developed in
the joined research group of the Energy Center Lab at Politecnico di Torino (Italy).
Different techniques were applied to real case studies to provide an answer to con-
crete evaluation problems in the energy field. The results of the various applications
show that the proposed valuation techniques offer useful tools to support local energy
planning processes according to integrated energy-economic models.

Keywords Energy planning · Decision-making · Co-benefit · KPI ·
Extra-economic impact

1 Introduction

Most of the energy related activities take place in cities, that are recognised as the
main engines of world economy. Despite cities cover only the 2% of lands globally,
they are responsible for 70% of world primary energy consumptions and greenhouse
gas emissions. Moreover, half of the world’s population lives in cities, and this num-
ber is expected to rise to 75% by 2050. This massive urban growth makes the future
of our economies, climate and energy supply increasingly challenging, requiring to
rethink our development model and our cities. Accordingly, the European Union has
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drawn up a transition plan towards a low-carbon economy, through the publication,
in 2011, of the document “A Roadmap for moving to competitive low carbon econ-
omy in 2050” (European Commission 2011). Its objective is to reduce emissions by
80% to 2050 compared to 1990, with intermediate targets of decreasing of 25% to
2020, 40% to 2030 and 60% to 2040. In this strategic framework, all the sectors will
have to participate in the transition according to their technological and economic
potential. Among urban sectors, buildings are relevant, since they are responsible for
40% of the final energy demand and for about 36% of carbon dioxide gas emissions
in Europe (BPIE 2011). Thus, in order to increase the urban energy performance a
building stock renovation is needed, that allows to reconfigure its demand and supply.
Indeed, buildings are expected to reduce their emissions by 90% to 2050 compared to
1990 (European Commission 2011). To reach this ambitious target, the EU issued the
Energy Performance of Building Directive—EBPD (European Commission 2002).
After having introduced a common standard for calculating the energy performance
of buildings, EPDB has been reviewed with the approval of Directive 2010/31/EU
or EPBD recast (European Commission 2010), which introduced the concept of
near/Net Zero Energy Building (nZEB and NZEB). The innovation brought by this
first revision of the Directive consisted in the introduction of a newmetric to evaluate
possible interventions on buildings, measuring the optimal level of cost in relation
to the expected energy benefit. The cost-optimal level can be defined as the level of
performance of a building that brings to the lowest cost on the useful economic life of
the building and it is evaluated according to a methodology called cost-optimal anal-
ysis. The cost-optimal methodology is based on the evaluation of the primary energy
consumption of a building under different hypotheses of retrofit and of the overall
cost of the corresponding interventions, namely the global cost. The latter represents
a financial indicator defined as the sum of the current values of the cost items that
are needed throughout the entire life cycle of the building (European Committee for
Standardization 2017). The introduction of the concept of cost-optimal has been a
symptom of the need to include financial assessment in the definition of national
energy performance targets in buildings. Its identification allows a building design
and construction suitable for the market.

Besides the introduction of financial requirements in energy efficiency targets defi-
nition, the current debate on the legislative package “Clean Energy for all Europeans”
testifies the growing attention to socio-economic aspects and the need to integrate
non-technical parameters in energy planning. The new revised EPBD (European
Commission 2018) tries to promote the spreading of Information and Communica-
tion Technologies (ICT) in buildings, proposing new metrics to measure buildings
technological readiness to capture users’ needs and grid requirements, catching the
potential of ICT market and the capability of ICT solutions to improve living condi-
tion and occupants’ satisfaction in buildings. The vision proposed by this new EPBD
is in line with the ongoing evolution of the energy system, which is transforming
from a centralized, fossil-fuel-based, highly-energy-consuming system to an energy
efficient, more decentralized, renewable-energy-based and interdependent one, in a
framework where the buildings are expected to have an active role as energy hubs
and as part of a wider environment, where the system, the buildings and the occu-
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pants communicate and interact (BPIE 2016). As a consequence, the attention of
researchers needs to be moved to new scales of evaluation, adopting an integrated
approach and enlarging the perspective from the single building one to the district
or city level, considering the system occupants-building-grid as a whole.

Starting from different innovative experiments developed in the joined research
group of the Energy Center Lab of the Politecnico di Torino (Italy), the aim of this
chapter is to give an overview of possible evaluation methods, providing a reflection
on their role in the framework just depicted and as assessment tools in decision-
making processes related to energy retrofit operations at architectural and urban
level.

In Sect. 2 methods are theoretically introduced, while Sect. 3 provide some appli-
cation results. Finally, policy andmarket implication of their deployment are reported
(Sect. 4) as well as final remarks (Sect. 5).

2 Energy and Economic Evaluations to Support
Decision-Making Process

On the basis of such references, this section proposes an overview of the meth-
ods employed in the Energy Center Lab works that integrated different assessment
approaches to evaluate the economic performance of energy investments at differ-
ent application scale. The Energy Center Initiative sprang from the commitment of
Municipality of Torino, Piedmont Region and Politecnico di Torino, with the sup-
port of Compagnia di San Paolo and Fondazione CRT, to strengthen the cooperation
between political, scientific and business actors through the construction of a phys-
ical headquarter where they could collaborate on R&D themes related to energy
(Borchiellini et al. 2017).

Figure 1 provides a synopsis of various cost and benefit items that can be included
in sustainable energy decision-making (Bisello et al. 2017; Wang et al. 2009).

2.1 Life Cycle Cost Approach

In the economic-estimative scenario of energy investments, numerous approaches
have been developed that have incorporated the objectives and principles of Life
Cycle Thinking (Strantzali and Aravossis 2016). The methods extend the evaluation
to the entire life cycle of the assets under examination (Dell’Anna et al. 2019). The
life cycle is crucial for decision-making processes in the presence of alternative
technological options, at different production/construction scales (single material,
single component, systems at the building-plant scale) or at different territorial levels
(scale of projects complex transformation, district scale, urban scale) (Fregonara et al.
2018). In particular, the most consolidated approaches are Life Cycle Costing (LCC)
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and Life Cycle Assessment (LCA) (Fregonara 2015). If the LCC (ISO Standard
15686: 2008–5) considers only direct monetary costs incurring during the whole
life cycle of a building or building system, the LCA method (ISO 14040/44: 2006)
introduces the environmental impacts costs in the equation of economic performance.

2.2 Externalities Estimation

In recent years, as part of the feasibility assessment of energy projects, there is
a progressive tendency to incorporate extrinsic variables, co-benefits, in addition
to the economic parameters directly linked to the project (European Commission
2014). In particular, the concept of co-benefit has been recently introduced and is
commonly used to define any positive impact of a policy, program or project, which
is next to the primary objective (Bisello and Vettorato 2018; Ferreira et al. 2017;
Ürge-Vorsatz et al. 2014). In general, monetization of co-benefits is possible using
different techniques related to specific categories: existing market analysis, revealed
preferences (RPs), stated preferences (SPs) and benefit transfer. Direct costs and
benefits, such as savings in bills, can be easily quantified referring to existing market.
On the other hand, when intangible impacts come into play, estimating them with a
monetary value is really difficult. In particular, the methods of RPs indirectly deduct
the values relating to a good or service from information observed by an existing
market, connected to the asset in question. The two most common techniques in
this area are the Travel Cost Method and the Hedonic Price Method (HPM). When
market conditions are not available, it is possible to create a hypothetical scenario,
a fictitious market, asking people how they would behave if that scenario were real
expressing their willingness to pay (WTP). The SP methods mostly applied for this
purpose are the Contingent Valuation Method (CVM) and the Choice Experiment
(CE) (Bisello et al. 2017; Bottero et al. 2014).

2.3 Evaluation Frameworks

Energy interventions require the decision-maker to consider a series of technical,
economic, environmental and social impacts in the assessment phase (Wang et al.
2009). In recent literature, importance has been given to the development of tools
to support energy issues at the district (Nearly Zero Energy District, NZED) and
urban (Post-Carbon Cities, PCC) scale. The evaluation techniques in support of the
decision in the energy field useful for the comparison of different alternatives are
divided into two large families: single-parameter analysis of cash flows (Discounted
CashFlowAnalysis,DCFA;Cost-BenefitAnalysis,CBA), andmulti-criteria analysis
(MCA). The DCF technique is mainly applied in the private sector, and is based on
the estimate of profitability in the analysis of cash flows by determining the current
value of the revenue generated by an investment (Prizzon 2001). The profitability
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of the project is calculated by the difference between the sales revenue and the
costs incurred for the realization of the project during the life cycle. As stated by
the European Commission (2014), the DCF is not enough, however, to evaluate
projects of a public nature, given the number of stakeholders that come into play.
To evaluate large-scale projects, it is necessary to evaluate the usefulness of the
intervention for the community in general through CBA technique. Compared to the
DCF, in the CBA, the economic benefits and the positive externalities generated by
the project come in the revenue side (Bottero et al. 2019). Both methods generate
two synthetic indicators that indicate the financial and economic profitability of the
project analyzed; Net Present Value (NPV), Internal Rate of Return (IRR). The main
limitation of single-parameter methods is that all impacts must be converted into
monetary terms. To meet this limit, innovative approaches have emerged that allow
us to include purely monetary and non-monetary effects in the evaluation. MCAs
are based on the examination of alternatives based on a set of criteria, of various
kinds, and with sometimes conflicting objectives. MCAs can offer decision support
in four different ways; choice, finding the best alternative; ranking, classification
of alternatives based on an order; sorting, classification of alternatives in groups;
description, identification of the main distinguishing features of the alternatives (Roy
1985).

3 Results from Studies Towards Post-Carbon Cities

Starting from the methodological background described in Sect. 2, the present
section illustrates different applications that exemplify the evaluation techniques
above described by putting evidence the results obtained with reference o the initial
settings.

3.1 Cost-Optimal Methodology for the Design of a NZEB

Since in 2010 the EPBD recast introduced the cost-optimal methodology as the
evaluation tool able to find a balance between energy performance and financial
sustainability in promoting energy efficiency in buildings, many researches focused
on this evaluation approach. The cost-optimalmethodology is based on the evaluation
of the primary energy consumption caused by the building under different hypothesis
of energy retrofit and the global cost of the corresponding interventions, calculated
according to a life cycle cost approach as the sumof the present values of all item costs
occurring in the calculation period. Barthelmes et al. (2016) tested this methodology
as a decision tool in the design process for a single-family house. In particular,
they compared 16 design alternatives, calculating the related energy performances
through dynamic simulations (i.e., models developed in EnergyPlus), and the global
costs on a 30 years base. The cost optimal level, namely the energy performance that
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Fig. 2 Cost-optimal graph for the evaluation of 16 alternative energy scenarios for the design of a
single-family house. Source Barthelmes et al. (2016)

leads to the lowest cost during the building estimated economic lifetime, corresponds
to less than 20 kWh/m2y of primary energy consumption and is characterized by a
global cost of 1947e/m2 (Fig. 2). None of the other alternatives guarantees a further
increase of the energy performance concurrently to a global cost decrease, while in
many cases, solutions with similar global cost to the cost-optimal one, have poorer
energy performance (e.g. Global cost equal to 2008e/m2 andmore than 40 kWh/m2y
of primary energy consumption), demonstrating the effectiveness of this evaluation
approach in defining the best alternative.

3.2 Cost-Optimality and Urban Energy Planning

Moving from the analysis of a single building to the urban scale requires to consider
the spatial distribution of the variables under investigation by using specific tools
such as GIS. Under this perspective, Delmastro et al. (2016) applied the cost-optimal
analysis to some Reference Buildings (RBs) representative of the residential build-
ing stock of a district in Turin to qualitatively investigate the suitable range level of
energy performance to be promoted. In particular, starting from a GIS-based anal-
ysis, they clustered the existing residential building stock according to geometrical
characteristics and period of constructions. Attributing a RB label to each build-
ing and geo-referring some available energy monitored data, they have been able to
characterize the stock in terms of energy consumption, defining a reference energy
performance for each RB class. Finally, performing energy simulations of 4 different
retrofit scenarios at RBs level and calculating the related global costs enabled the
application of a cost-optimal analysis on the district. According to the authors, results
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Fig. 3 Characterization (total heated volume and surface, surface to volume ratio etc.) and clas-
sification (in terms of distribution in Reference Building classes) of the building stock through
GIS-based tools. Example of application on a district in Turin. Source Delmastro et al. (2016)

confirm that the proposed methodology can be a decision-making tool in supporting
design strategies and retrofit costs identification on long-term horizons (Fig. 3).

3.3 A Spatial Hedonic Price Model for the City of Turin

Bottero et al. (2018) integrate a spatial econometric model with the Hedonic Price
Method (HPM) with the aim of evaluating the households’ willingness to pay for the
energy performance of buildings in the city of Turin (Italy).Generally speaking,HPM
starts from the market prices of real estate and thus such as to estimate the implicit
prices of the individual characteristics of the asset, the energy class and energy
consumption. Compared to the traditional approach, the spatial model proposed in
this study aims to evaluate the spatial autocorrelation that exists between transac-
tions (Bonifaci and Copiello 2015). A pilot sample of three-year sale observations
(2016–2018) was used to construct seven evaluation models based to ordinary least
square model (OLS), spatial autoregressive model (SAR), and spatial error model
(SEM) on a large data-set of around 15,000. The results indicated the presence of
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Fig. 4 Spatial autocorrelation index of sample’s transaction prices of apartment properties in Turin,
Italy. The logarithmic house prices are on the horizontal axis, and their spatially lagged counterparts
on the vertical axis. The points’ distribution in the I and III quadrants indicates the presence of a
spatial autocorrelation between transactions. Source Bottero et al. (2018)

spatial lag and spatial error types of autocorrelation and highlighted the need to care-
fully check the coherence between the spatial and the econometric approach (Fig. 4).
Moreover, a positiveWTP for green building comes out from the econometric model.

3.4 A Bidding Game to Estimate the Health Benefit
from Energy Investment

Commonly, the benefits of energy efficiency programs are expressed in terms of
economic payback. Multiple studies have highlighted the impacts in human health
coming from emissions reduction, indoor air quality increase, and visual, acoustic
and thermal comfort improvement (Maidment et al. 2014). Quantifying health ben-
efits of energy efficiency programs therefore requires epidemiological approaches.
Despite this, there is a general lack of data based on studies that investigate the impact
on human health and well-being of the energy retrofit. To close the gap, Becchio et al.
(2018a) propose an interdisciplinary approach that combines Contingent Valuation
Method (CVM), specifically a Bidding Game (Fig. 5), and economic analysis to
determine the WTP of owners and tenants to enjoy high level of comfort conditions
in the house. A significant positiveWTP for energy measures improvements are sug-
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Fig. 5 Bidding game algorithm used in the application of the CVM for estimating the benefits
related to indoor comfort conditions. Source Becchio et al. (2018a)

gested by the results, estimating an annual perceived comfort benefit for households
equal to 6.79 e/m2year.

3.5 A CVM to Measure Customers’ WTP for High Comfort
Conditions in Hotels

Another sector characterized by a strong consumption of energy is the accommo-
dation facilities one. In this context, hotels are a category of interesting buildings
to consider in the challenge of the low-carbon transition. Buso et al. (2017) have
developed a research based on an interdisciplinary approach that considers a joint
energy-economic perspective to evaluate the WTP of the guests for high comfort
conditions in an assumed hotel room. Considering an econometric model based on
the method of the contingent evaluation, a questionnaire was formulated. From the
244 obtained responses it emerged that, on average, respondents are willing to pay
14% more than the room rate, about 11.5 e/(room*night), to enjoy comfortable
indoor conditions. A parallel energy simulation analysis on a real Reference Hotel
(RH) located in Turin suggested that additional operating costs for improvement of
indoor comfort conditions (I and II Category) are lower than the WTP declared by
the respondents (Fig. 6).
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Fig. 6 Average monthly values of PMV (Predicted Mean Vote) for a typical guestrooms thermal
zone of the RH according to two thermostat settings; white points represent the PMV value when
setting the thermostat according to the requirements of the II category of comfort; while the black
points show the monthly values of the PMV, when setting the I comfort category. The comfort level
of the second model is higher in most of the year. Source Buso et al. (2017)

3.6 A CBA-Based Model to Rank Alternative Solutions
for a NZED

After an analysis based purely on the evaluation of the energy and environmental per-
formance of an energy retrofit project for a district located in Turin (Fig. 7), Becchio
et al. (2018b) propose a model based on the CBA to be able to evaluate alternative
scenarios including the full range of co-benefits generated. After a careful review
of the literature, the impacts to be considered have been selected, quantified, and
then monetised, so that they can be included in the evaluation framework. From this
study, it is possible to highlight that certain design choices can significantly reduce
the impact on the environment and CO2 emissions, through the use of renewable
sources to meet the demand for heating and electricity, and generate an amount of
benefits in favour of society (increase in jobs, real estate value growth) in line with
the European objective of decarbonisation.
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Fig. 7 Reference district selected for NZED design. The figure shows the typology classification of
buildings according to the TABULA database (Ballarini et al. 2014). Source Becchio et al. (2018b)

3.7 District Energy Solutions Evaluated Through a MCA
Model

In thefield of preliminary assessments at the district level, Becchio et al. (2017a) solve
a multidimensional decision-problem through the MCA method. In detail, starting
from a real case study in the city of Turin (Italy), the PROMETHEE multicriteria
method is used to compare four alternative strategies for the creation of a new NZED
(Brans et al. 1986). An expert group composed of specialists in energy, economics
and the environment were convened to structure the decision problem and to discuss
and validate the results obtained from the analysis. The results show the advan-
tages of using multi-criteria methods for this particular problem at the district scale
where different actors come into play, and the impacts generated are characterized
by different dimensions (Fig. 8).



Integrated Assessments and Energy Retrofit: The Contribution … 377

Fig. 8 Ranking of the alternative scenarios for the NZED according to experts’ opinion. Source
Becchio et al. (2017a)

3.8 Investigating GWHP at Urban Scale with an Integrated
Model

With the aim of providing an assessment tool able to guide public administrations
in low carbon energy planning, Becchio et al. (2017b) proposed an integrated model
to assess the energy, economic and environmental impacts of alternative energy
scenarios. The model was tested on a real case study, the historic centre of Livorno
Ferraris (Italy) to evaluate two alternative scenarios (A and B) that implement the use
of low-enthalpy geothermal heat pumps (GWHP) at urban level (Fig. 9). The study
demonstrates how an easy and intuitive decision-support system able to consider the
different economic and environmental aspects involved in the problems of energy
decision could become a useful tool to assist public administrations at the local level.
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Fig. 9 GWHP abstraction and reinjection wells locations, for scenarios A and B. Source (Becchio
et al. 2017b)

3.9 The End-Users’ Lifestyle Impacts Captured by a CBA
Model

Energy consumption is influenced by many factors not always taken into account in
the calculation of energy performance, leading to a significant discrepancy between
the planned and real energy consumptions. Many studies have identified the user
behaviour as a potential cause of this inconsistency. Becchio et al. (2019) have experi-
mented a newmethod of economic evaluation of the energy performance of buildings.
In this application, the combination of different values of variables, such as heating
and cooling temperature setpoints, ventilation, lighting and equipment has allowed
us to determine different lifestyles according to user habits: a low consumer (LC), a
standard consumer (AC), a waste consumer (HC). To study the family composition,
the behaviors of a young couple (A) and an elderly couple (B) were analyzed. The
behaviors of these users were joined with a building in pre-retrofit (RB) and post-
retrofit (P2C) phases giving rise to 9 alternative scenarios. CBA application allowed
to capture the impacts generated by these behavioural factors for a real building
located in Turin. In detail, the different lifestyles were analyzed considering invest-
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Fig. 10 B/C ratio of the different users’ lifestyle. Source Becchio et al. (2019)

ment and operational costs, and benefits related to energy saving, GHG emissions,
indoor thermal comfort and water saving. To summarize the overall value of each
lifestyle, the benefit-cost ratio (B/C) is used as indicator. As shown in Fig. 10, the best
configuration is represented by the retrofitted building combined by an elderly couple
lifestyle (P2CB) characterized by a high-energy use for space heating and cooling,
but a low electricity consumption, given by the little number of used devices.

3.10 Prioritize Retrofit Actions Thanks to Simplified
Evaluation Tools

Simplified evaluation tools to properly convey political attentions and intervention
resources are required. Accordingly, Vergerio et al. (2018) proposed a methodology
to support public administrations in defining local energy policies on building where,
before deploying the most proper economic assessment in relation to the stakeholder
objectives, a graphical tool (i.e. quadrant-chart) is introduced. This tool was used in a
few previous studies (Cerutti et al. 2009; Delmastro et al. 2015) and it can provide an
effective overviewof the performance of each building in relation to thewhole sample
accordingof previously defined indicators (related to energy, environment or financial
domain). The graphic space is divided into four quadrants, which describe different
performance conditions (I for the best performance, IV for theworst one) and priority
of interventions on buildings (I for no intervention, IV for first intervention priority),
which are represented by dots.

A preliminary application of the tool to a sample of single-building schools in
Turin highlighted how 11 schools out of 184 are the most critical ones. Indeed, they
are responsible for the 12% of total primary energy consumptions of the analized
stock and equivalent carbon dioxide emissions. Thus, conveying further evaluation
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Fig. 11 Quadrant-chart related to primary energy consumptions as a decision-making tool. Exam-
ple of application to 184 schools in Turin. Source Vergerio et al. (2018)

efforts to define possible EEMs through cost-optimal analysis or CBA approach for
those buildings can be an effective and promising task (Fig. 11).

4 Policy and Market Implications

The application of the evaluation tools presented in previous sections seems to have
particular importance in the domain of the definition of energy policies both at
building and at the urban scale.

Defining energy efficiency measures at building level through cost-optimal anal-
ysis allows to design buildings that are suitable for the market, identifying also the
market of green investors, who renounce to the energy and financial performances
balance in order to obtain excellent energy performance. On the contrary, ranking
alternative strategies of building retrofit through CBA or MCA application permits
to disclose and then exploit their potential indirect or external benefits. The inclu-
sion of co-benefits in the evaluation process of alternative technological solution for
buildings (e.g. better air quality guaranteed by alternative HVAC systems) can really
influence future market evolution.

Besides impacts related to the building level, district and urban dimensions are of
particular interests. Indeed, the urbanization process is putting cities at the centre of
the debate on energy efficiency and sustainability. Mention has to be made to the fact
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that the urban areas represent an innovative research topic according to the European
energy policies,which are encouraging the development of decarbonisation scenarios
for reducing environmental impacts. Accordingly, the European Parliament devel-
oped the concept of Post-Carbon Cities, that shifted the zero-energy concept from
buildings (NZEB) to urban districts (NZED) and, more generally, to urban bound-
aries, in order to achieve new types of cities that are low-carbon, environmentally and
economically sustainable. This challenging task requires for innovative evaluation
metrics and tools. In this context, integrated approaches to the energy planning are
particularly interesting for their capability to capture urban complexity, reflected by
the coexistence of different stakeholders with conflicting objectives. In this sense,
MCA approach permits to analyse alternative transformation pathways including
stakeholders’ preferences. The learning process that MCA application encourages,
contribute also in rising stakeholders’ confidence and awareness in the evaluation
results. Moreover, simplified evaluation tools give an important contribution in ratio-
nalizing the evaluation efforts and, more importantly for policy makers, financial
resources, whose allocation could be better managed.

5 Conclusions

The aim of this chapter is to provide a reflection on the role of assessment tools
in decision-making processes related to energy retrofit operations both at building
and urban level. To reach this purpose, different evaluation metrics are presented,
and innovative experiments developed in a joined research group of Politecnico di
Torino are reported. In particular, the importance of cost-based approach adopting a
life cycle thinking is discussed citing LCC, LCA and the introduction of cost-optimal
analysis in the EPBD recast. Its application as decision-support tools both in build-
ing design and urban energy efficiency interventions planning is reported. However,
as the current debate on the legislative package “Clean Energy for all Europeans”
testifies, there is a growing attention for socio-economic aspects and for the need
to integrate non-technical parameters in energy-related evaluation problems. Indeed,
the introduction of co-benefits can really influence the evaluation results. Co-benefits
or externalities are used to define any positive impact of a policy or project on soci-
ety or, more in general, at macro-economic level. Co-benefits related to property
price increase and thermal comfort improvement are quantified and monetized in the
applications proposed at single building level, using revealed (i.e. HPM) or stated
preferences (i.e. CVM) techniques to estimate owner’s or occupant’s willingness to
pay (WTP) to achieve those benefits. Furthermore, the effectiveness of CBA applica-
tion at district level in capturing social benefits related to energy retrofit interventions
or to different behavioral patterns is demonstrated. Besides CBA, MCA can be seen
as a valuable tool in supporting the decision-process, having the advantage to over-
come the CBA limitation of requiring the monetization of all the impacts, and being
able to consider the opinion of different stakeholders.
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In this end, the evaluation methods discussed in the present work proved to be
effective in offering to the decision-makers integrated tools able to take into account
the complexity of the problems under investigation. In future, other studies could
be developed in order to further provide critical reasoning about the appropriate-
ness, coherence and effectiveness of the methodologies proposed. Future perspec-
tives of the research involve the investigation of the issue related to the evaluation
of the indoor comfort guaranteed by energy efficiency measures. Indeed, attention
to the end users and to the human-centred approach in energy problems is becom-
ing increasingly important. The study of further lifestyles profiles is a key topic of
the research carried out by the Energy Center Lab. Moreover, further developments
will be devoted to the integration of the evaluation tools with GIS in order to pro-
duce thematic maps able to visualize analysis and to communicate to the different
stakeholders.

References

Barthelmes VM, Becchio C, Bottero M, Corgnati SP (2016) Cost-optimal analysis for the defini-
tion of energy design strategies: the case of a nearly-zero energy building. Valori e Valutazioni
21:61–76

Ballarini I, Corgnati SP, Corrado V (2014) Use of reference buildings to assess the energy saving
potentials of the residential building stock: the experience of TABULA project. Energy Policy
68:273–284

Becchio C, Bertoncini M, Boggio A, et al (2019) The impact of users’ lifestyle in zero-energy
and emission buildings: an application of cost-benefit analysis. In: Calabrò F, Della Spina L,
Bevilacqua C (eds) New metropolitan perspectives. Springer International Publishing, Cham, pp
123–131

Becchio C, Bottero M, Corgnati SP, Dell’Anna F (2017a) A MCDA-based approach for evaluating
alternative requalification strategies for a net-zero energy district (NZED). In: Zopounidis C,
Doumpos M (eds) Multiple criteria decision making. Springer International Publishing, Cham,
pp 189–211

Becchio C, Bottero MC, Casasso A et al (2017b) Energy, economic and environmental modelling
for supporting strategic local planning. Procedia Eng 205:35–42

BecchioC, BotteroMC,Corgnati SP, Dell’Anna F (2018) Evaluating health benefits of urban energy
retrofitting: an application for the city of Turin. In: Bisello A, Vettorato D, Laconte P, Costa S
(eds) Smart and sustainable planning for cities and regions. Springer International Publishing,
Cham, pp 281–304

Becchio C, Bottero MC, Corgnati SP, Dell’Anna F (2018b) Decision making for sustainable urban
energy planning: an integrated evaluation framework of alternative solutions for a NZED (Net
Zero-Energy District) in Turin. Land use Policy 78:803–817

Bisello A, Grilli G, Balest J et al (2017) Co-benefits of smart and sustainable energy district projects:
an overviewof economic assessmentmethodologies. In: BiselloA,VettoratoD, StephensR,Elisei
P (eds) Smart and sustainable planning for cities and regions: results of SSPCR 2015. Springer
International Publishing, Cham, pp 127–164

Bisello A, Vettorato D (2018) Multiple benefits of smart urban energy transition. In: urban energy
transition. Elsevier, pp 467–490

Bonifaci P, Copiello S (2015) Price premium for buildings energy efficiency: empirical findings
from a hedonic model. Valori e valutazioni 14:5–15



Integrated Assessments and Energy Retrofit: The Contribution … 383

Borchiellini R, Corgnati S, Becchio C et al (2017) The energy center initiative at Politecnico di
Torino: practical experiences on energy efficiency measures in the municipality of Torino. Int J
Heat Technol 35:196–204

Bottero MC, Bravi M, Dell’Anna F, Mondini G (2018) Valuing building energy efficient through
hedonic prices method: are spatial effects relevant? Valori e Valutazioni 21:27–40

BotteroM,CominoE,Dell’AnnaF,Dominici L,RossoM(2019)Strategic assessment and economic
evaluation: the case study of Yanzhou Island (China). sustainability 11(4):1076

Bottero MC, Ferretti V, Mondini G (2014) Economia ed estimo dei beni culturali e ambientali. In:
Roscelli R (ed) Manuale di estimo. UTET, Novara, pp 323–361

Brans JP, Vincke P, Mareschal B (1986) How to select and how to rank projects: the Promethee
method. Eur J Oper Res 24:228–238

Building Performance Institute Europe (BPIE) (2011) Europe’s buildings under the microscope. In:
A country-by-country review of the energy performance of buildings

Building Performance Institute Europe (BPIE) (2016) Smart buildings in a decarbonised energy
system. 10 principles to deliver real benefits for Europe’s citizens

Buso T, Dell’Anna F, Becchio C et al (2017) Of comfort and cost: examining indoor comfort
conditions and guests’ valuations in Italian hotel rooms. Energy Res Soc Sci 32:94–111

Cerutti A, Corgnati SP, Rollino L (2009) Actual heating consumption of Italian public buildings:
results from an experimental campaign, 4th IBPC Istanbul. Istanbul

Dell’Anna F, Vergerio G, Corgnati S, Mondini G (2019) A new price list for retrofit intervention
evaluation on some archetypical buildings. Valori e Valutazioni 22:3–17

Delmastro C, Mutani G, Corgnati SP (2016) A supporting method for selecting cost-optimal energy
retrofit policies for residential buildings at the urban scale. Energy Policy 99:42–56

Delmastro C, Mutani G, Schranz L (2015) Advantages of coupling a woody biomass cogeneration
plant with a district heating network for a sustainable built environment: a case study in Luserna
San Giovanni (Torino, Italy). Energy Procedia 78:794–799

European Commission (2002) Directive 2002/91/CE, Energy performance of building directive
(EPBD), Bruxelles

European Commission (2010) Directive 2010/31/UE, Energy performance of building directive
recast (EPBD recast), 2010. Bruxelles

European Commission (2011) A Roadmap for moving to a competitive low carbon economy in
2050. Available at: https://ec.europa.eu/clima/policies/strategies/2050_en#tab-0-0. Last Access
January 2019

European Commission (2014) Guide to cost-benefit analysis of investment projects. Publications
Office of the European Union

European Commission (2018) Directive 2018/844/UE, Energy performance of building directive
2nd Recast (new EPBD). Bruxelles

European Committee for Standardization (2017) EN 15459-1:2017, Energy performance of build-
ings—economic evaluation procedure for energy systems in buildings—Part 1: calculation pro-
cedures, Module M1-14, Annex D

Ferreira M, Almeida M, Rodrigues A (2017) Impact of co-benefits on the assessment of energy
related building renovation with a nearly-zero energy target. Energy Build 152:587–601

Fregonara E (2015) Valutazione sostenibilità progetto. Life cycle thinking e indirizzi internazionali.
Franco Angeli, Milan

Fregonara E, Carbonaro C, Pasquarella O (2018) LCC analysis to evaluate the economic sustain-
ability of technological scenarios on the district scale. Valori e Valutazioni 21:59–74

Maidment CD, JonesCR,WebbTL et al (2014) The impact of household energy efficiencymeasures
on health: a meta-analysis. Energy Policy 65:583–593

Prizzon F (2001) Gli investimenti immobiliari. Celid, Turin
Roy B (1985) Méthodologie Multicritère d’Aide à la Décision. Economica, Paris
Strantzali E,AravossisK (2016)Decisionmaking in renewable energy investments: a review.Renew
Sustain Energy Rev 55:885–898

https://ec.europa.eu/clima/policies/strategies/2050_en#tab-0-0


384 C. Becchio et al.

Ürge-Vorsatz D, Herrero ST, Dubash NK, Lecocq F (2014) Measuring the co-benefits of climate
change mitigation. Annu Rev Environ Resour 39:549–582

Vergerio G, Becchio C, Delmastro C et al (2018) A decision-making process to support public
administrations in defining local energy policies. Therm Sci Eng Prog 6:398–409

Wang JJ, Jing YY, Zhang CF, Zhao JH (2009) Review on multi-criteria decision analysis aid in
sustainable energy decision-making. Renew Sustain Energy Rev 13(9):2263–2278



Urban Problems and Patterns of Change:
The Analysis of a Downgraded Industrial
Area in Turin

Marta Bottero, Caterina Caprioli and Mauro Berta

Abstract As it is well known, in Western countries cities are experiencing negative
effects due to decentralization and deindustrialization, that have brought economic
crisis and urban decline. In order to contrast such decline, urban regeneration is get-
ting more and more important in the current political agenda. In fact, urban regen-
eration means not only building-restoration operations, but also programs aiming
at eliminating social decline, increasing the quality of life of the inhabitants, sup-
porting the valorization of cultural resources, protecting the environmental system,
bringing economic development, and so on. Urban regeneration looks at urban areas
as complex and dynamic systems, in which different processes (physical, social,
environmental and economic) drive the transition and the generation of important
changes. This paper aims to reflect on urban problems and regeneration operations,
focusing in particular on the role of evaluation tools for supporting decision-making
in this context. Starting from the analysis of a real case study related to a critical area
in the city of Turin, the article will propose different evaluation tools able to produce
a complete picture of the problem and to define possible long-term visions for the
requalification of the site.

Keywords Evaluation tools · SWOT analysis · Stakeholders analysis ·
Brownfield · Urban regeneration

M. Bottero · C. Caprioli (B)
Interuniversity Department of Regional and Urban Studies and Planning (DIST), Politecnico di
Torino, Castello del Valentino: Viale Pier Andrea Mattioli, 39, 10125 Turin, Italy
e-mail: caterina.caprioli@polito.it

M. Bottero
e-mail: marta.bottero@polito.it

M. Berta
Department of Architecture and Design (DAD), Politecnico di Torino, Castello del Valentino:
Viale Pier Andrea Mattioli, 39, 10125 Turin, Italy
e-mail: mauro.berta@polito.it

© Springer Nature Switzerland AG 2020
G. Mondini et al. (eds.), Values and Functions for Future Cities, Green Energy
and Technology, https://doi.org/10.1007/978-3-030-23786-8_22

385

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23786-8_22&domain=pdf
mailto:caterina.caprioli@polito.it
mailto:marta.bottero@polito.it
mailto:mauro.berta@polito.it
https://doi.org/10.1007/978-3-030-23786-8_22


386 M. Bottero et al.

1 Introduction

Nowadays, when dealing with the theme of urban transformation and planning, we
have to comply with many aspects increasingly important and urgent. Cities are the
main place of attraction for technological, economic and socio-cultural development
(Kourtit and Nijkamp 2018). However, the negative effects of some present and past
dynamics significantly influence the current situation of cities. On one hand, the
growing population levels are causing major urban sprawl in some parts of the world
and, consequently, uncontrolled planning (Jaeger et al. 2010a). On the other hand,
the results of the contemporary uncontrolled urban growth (Jaeger et al. 2010b) has
produced major urban sprawl in large parts of the territory, which is now apparently
getting slower but still widespread diffused. In addition, it is known that cities world-
wide are responsible for more than 70% of energy-related emissions (Thring 1977)
and 60–80% of final energy use is consumed there (Torabi Moghadam et al. 2017).
The United Nations predict also that by 2050 over 70% of the world population will
live in urban areas (Brockerhoff and Nations 1998).

In order to answer these problems, in the last few years, different urban paradigms
have been proposed to achieve sustainable performances, such as the smart citymodel
(Santangelo et al. 2013) or the concept of eco-districts and sustainable neighbour-
hoods (Choguill 2008; Luederitz et al. 2013).

In that context, public space and its planning represent an important occasion in
this transition, not only to improve the quality of the urban environment but also
to generate social cohesion (Madanipour 2013). Some urban projects, such as the
requalification of the Porto Vecchio in Genoa (Italy) or of the Clyde Waterfront in
Glasgow (UK)have focused strictly onpublic spaces, as a driver of image and changes
in the quality of life of urban areas with significant implications for its revitalization
and regeneration (Lecroart 2007). The quality of the urban environment in deprived
neighbourhoods and the building of high-level public spaces lead to fairer and more
democratic cities, inwhich equal treatment and investment do notmean displacement
and gentrification (Madanipour 2013).

This paper aims at investigating the complexity involved in urban regeneration,
focusing in particular on the role of evaluation tools for supporting decision-making
processes. Starting from the case of the area of Basse di Stura, a former industrial area
now abandoned in the city of Turin (Northern Italy) the article illustrates amulti-level
methodological approach for supporting the construction of future transformation
scenarios for the site.

2 Evaluation Methods and Tools for Urban Regeneration

As already said, urban regeneration refers to complex processeswhere physical trans-
formations are strongly linked to social, economic, environmental and institutional
elements. In that context, it is essential to use appropriate decision support tools able



Urban Problems and Patterns of Change: The Analysis … 387

to take into account the full variety of dimensions of the problem and to include
needs, expectations and values of all parties involved.

In the past, the methods and techniques most commonly used for the evaluation
of urban projects were based on monetary approaches able to define both the finan-
cial and the economic convenience (e.g. Discounted Cash-Flow Analysis (DCFA)
or Cost-Benefits Analysis (CBA)). Later on, in parallel with the spread of the sus-
tainability concept (Imperatives 1987; Meadows et al. 2004; Randers 2012), other
evaluation methods have been established. These methods are able to consider other
aspects from a more intangible and extra-economic point of view and to include the
participation of different stakeholders (Brandon and Lombardi 2010). Figure 1 shows
the main techniques existing in literature for the evaluation of urban transformation
projects.

Fig. 1 Techniques for the evaluation of urban transformation projects. Adapted from Polt and
Vonortas (2006)
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However, for addressing the complexity of urban transformations, the use of a
single approach is not sufficient to consider all the issues involved.

The present study explores the combination of SWOT Analysis and Stakeholders
Analysis, in order to define the possible strategies for the area of Basse di Stura.

3 The Area of Basse di Stura in Turin (Italy)

3.1 Presentation of the Case Study

Basse di Stura is a large area of 150 ha located in the Northern part of the city of Turin
(Fig. 2). Its name Basse comes from the high difference in the level of the ground
between the riverbed of the Stura stream and the roads that surround the area. In fact,
except for the Stura stream the other boundaries are made of infrastructures. This set
of infrastructures underlines the relevant role of the area in terms of accessibility for
the metropolitan city, but it generates at the same time a zone with heavy traffic and
it cuts the territory in many autonomous, and mostly isolated “islands”. Moreover,
in the Northern part of the area temporary illegal nomad camps are settled.

Its geographical location at the edge of the city has determined the functions that
are in there and the ones located in the past. Originally, all spaces were occupied by
rural functions: the extensive agricultural fields and the presence of the Stura stream
encouraged the development of farmhouses. This rural dimension was recently lost
because of high pollution of land generated by the past heavy factories and the
illegal disposal of industrial waste. Even today, a huge number of factories and
car dealerships occupy the area, showing its still industrial dimension. Both these
conditions (the persistence of a residual rural activity and the still present industrial
functions) underline that we are in a boundary area, between the urban and rural
conditions, where the most pollutant, unhealthy and generally inconvenient activities
were gradually moved.

3.2 Regulatory Framework

In the last years, local public administration has expressed its interest in respect
to this area for the natural potentialities of this site and for its strategical location.
In particular, its position bordering the municipalities of Venaria Reale, Borgaro
Torinese and Settimo Torinese is particularly important because different policies
proposed by local authorities are geographically connected to Basse di Stura. Three
of them are strictly related to environmental issues: the project Tangenziale Verde
(Green Bypass), Torino Città d’Acque (Torino City of Water) and Corona Verde
(Green Crown). They all share the same main objective to create new green areas,
with an ambition of strengthening and connecting the existing ones. In addition, these
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Fig. 2 Location of the area under investigation (Basse di Stura)

projects provide for the implementation of cycle paths at a large-scale, from Turin
to the other municipalities of the metropolitan city.

Another occasion for Basse di Stura is related to the infrastructural project of the
second line of the Turin underground (Comune di Torino—Divisione Infrastrutture
e Mobilità 2008). Based on the preliminary studies of the route, the Rebaudengo
area, which is about 1.5 km away from Basse di Stura, is supposed to be the northern
terminal of the line. The relative proximity of this infrastructure could be an important
occasion for the area, that, unlike the current situation, could be easily connected to
the other parts of the city.

To understand some relevant dynamics of the area, the analysis of the regulatory
framework was necessary. The Basse di Stura area, in fact, required a deep inves-
tigation not only of the Municipal Plan (Comune di Torino 2006) but also of other
regulatory instruments from national to local level.

Until 2013, the area was one of the contaminated sites classified as of national
interest (SIN = Sito di Interesse Nazionale) by the Italian Ministry of Environment
and Sea. The extent of the area, its environmental relevance, the proximity of resi-
dential areas with a high density of population, the high level of soil contamination
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caused by the illegal disposal of industrial waste, the vulnerability of the groundwa-
ter and of the watercourse had meant that the area was included in this list for its
high environmental and health risks. After 2013, the administration competence of
the area passed, first, to the Regione Piemonte and then to the Municipality of Turin.

The Municipal Plan represents the main document to understand most of the
dynamics and the future visions of this area, at least those provided by the Munici-
pality. Its directives, however, are faced with other plans:

– the Regional Territorial Plan that provides for the transformation of the area to
create advanced productive and tertiary functions;

– the Landscape Regional Plan for an integration with the Corona Verde project
(mentioned in the previous paragraph);

– the Coordination Plan of the Turin Metropolitan area;
– the Plan for the Po river basin;
– the Hydrogeological Risk Plan.

In the Municipal Plan, the Basse di Stura area is indicated as an urban and
fluvial park (P17) with a small buildable surface (around 0.10 sqm (gross floor
area)/sqm (territorial area)). Despite this constructible surface, no operation was
started on the area, that remained in the same condition. In fact, the potentiality of
the area has to cope with two kind of relevant problems: the high level of soil con-
tamination and the limits prescribed by the Hydrogeological Risk Plan that prevent
any construction in a large portion of the area. That led to an impasse caused by the
not competitiveness of the remediation for the owners compared to the possibility to
build a small surface in a not well-defined area.

Due to the complex situation of Basse di Stura, a specific plan was drafted for
the overall area: the executive plan for the environmental requalification (Comune
di Torino 2003), which identifies in depth the necessary environmental remediation
and the requalification actions.

3.3 Description of the Main Characteristics of the Area

The previous paragraphs showed some potentialities and limits of the Basse di Stura
area. However, some dynamics do not emerge from the analysis of plans and laws.
The aim of this section is to summarize the main elements that characterize the
case study. Then, Fig. 3 gives a graphical representation and localization of these
characteristics, useful for the comprehension of the last sections of the paper.

Ground Level
The area has a difference in level of about 5 m from south to north, as a result of the
natural effect of the Stura stream proximity, but also of the anthropic actions. The
lower zones are characterized by a visual separation from the other parts and this
separation is accentuated also by different uses.
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Fig. 3 Main characteristics of Basse di Stura area

Rural Dimension, Farmhouses and Urban Allotments
The intensive past agricultural activities are evident in a network of canals for the
water supply and in the presence of farmhouses, already existing even though their
original agricultural role was totally or partially lost. Cascina la Città (1699), La
Ressia (1840) and La Fossata (1683) are the most relevant and nearest to our case
study, but also others are located not far from Basse di Stura.Nowadays, traces of
this rural dimension are visible in the illegal urban allotments located in the residual
spaces among infrastructures (Spinelli 2013).

Natural Elements
The Stura stream and the recent agricultural past have led a variety of flora and fauna
in Basse di Stura: resident or migrating bird species, amphibians and mammals, tree
and shrub species (willows, poplars, etc.) and agricultural crops (corn, barley, wheat,
Phytolacca, artemisia, etc.) (Spinelli 2013).
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Industrial Activities, Landfills and Soil Contamination
The rural dimension of the area started to fail after the construction of the first indus-
tries around the 50s, which gradually stole lands and workers from agricultural activ-
ities. In the 70s, the construction of Via Reiss Romoli marked the definitive change
of the uses of the area (Laboratorio di ricerca storica sulla periferia urbana della zona
nord-ovest di Torino 2001). Nowadays, also due to the crisis of the industrial sector
that has taken place in Turin, the activities are limited.

The current condition of the area is the result of different anthropic interventions
that, since the beginning of this century, have changed its original state:

– the aggregates quarrying (that generated several quarry lakes).
– the construction of industrial sites (along with the Stura: Area Tesksid ex
Rifometal, concrete factories; at the margins: ex-Rockwood, Stureco, an incin-
erator in the Fenice area, now disposed).

– the location of some industrial landfills partly connected to plants in Basse di
Stura (Rifometal landfill) and partly to the production activities outside the area
(Altopiano Deltasider, Cimi Montubi area and tanks, Solfatara landfill, AMIAT
landfill). In addition, during the seventies, industrial waste was disposed into the
abandoned quarries.

All these activities are highly incompatible with the function of the urban park
planned by themunicipal plan: for that reason, massive remediation is required (Arpa
Piemonte 2011).

Landowners
Different are the owners in Basse di Stura. This represents a not easy element for
the success of the Municipality objective. In addition, in some cases, the result of
the high level of soil contamination is not attributable to the current owners. And for
this reason, they refuse to pay the costs of remediation.

Nomad Camps
Many nomads live along the Stura banks, creating informal camps and slums. They
live in caravans and shacks, accessible from uneasy paths among plants. Most of
these settlements are not authorized and was born in long and narrow strips of land
with some health and hygienic problems.

4 Multi-methodological Approach

As mentioned before, this paper proposes a multi-level methodology for supporting
the decision process concerning the transformation of the area (Fig. 4). The first
phase of the analysis, the problem framing, is devoted to structuring the problem,
defining critical aspects and uncertainty elements. The second phase is devoted to
the identification of possible scenarios for the transformation project.
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Fig. 4 Structure of our multi-level methodology

4.1 Application of the SWOT Analysis

The SWOT analysis is a tool able to support choice processes in a structural and
rational way during the decision-making process. This technique allows underlining
strengths, weaknesses, opportunities and threats of the specific element under inves-
tigation. In fact, thanks to this approach, it is possible to highlight the main internal
and external characteristics and to develop coherent strategies based on the real con-
text of analysis. The most common graphical representation of a SWOT is the 2 ×
2 matrix, in which the four sections contain respectively the strengths, weaknesses,
opportunities and threats. In this paper, a different design of the SWOT is developed,
that allow to analyse each element in Basse di Stura both from a natural and from an
anthropic point of view (Figs. 5 and 6).

4.2 Development of the Stakeholders Analysis

In order to understand what happened or what can happen in a decisional process, a
question that we have to ask is about who has contributed or could contribute to its
development and outcome by adopting relevant behaviours (Dente 2014).

In fact, every stakeholder is motivated by some particular interest related to their
goals, values or preferences, which will determine their support or rejection of a
strategy. Table 1 shows all stakeholders interested in the Basse di Stura project and
underlines for each of them the competence level, the resources they carry out and
the types of actors they are.

It has to be noticed that different methods have been used for the development
of the stakeholders’ analysis. For example, institutional analysis, performed mainly
on legislative or administrative documents, has been applied for the examination of
those stakeholders referring to large organizations, such as the European Union, the
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Fig. 5 SWOT analysis for the natural elements

Fig. 6 SWOT analysis for the anthropic elements
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Table 1 Types, resources, levels of each stakeholder

Stakeholders Levels Resources Types

EU (European
Union)

International Economic Political, bureaucrats

Italy govern National Legal, political,
economic

Political, bureaucrats

Piedmont region Regional Legal, cognitive,
political, economic

Political, bureaucrats

ARPA
(environmental
agency)

Regional Legal Bureaucrats, expert

Designers (architects,
planners…)

National, regional,
municipal, local

Cognitive, economic Expert

Big landlords (Poste,
Italgas)

National Legal, political,
cognitive, economic

Special interest

Investors National, regional,
municipal, local

Economic Special interest

Metropolitan city of
Turin

Municipal Legal, cognitive,
political, economic

Political, bureaucrats

Municipality of Turin Municipal Legal, cognitive,
political, economic

Political, bureaucrats

Neighbourhood
municipalities

Municipal Legal, cognitive,
political, economic

Political, bureaucrats

AMIAT (Municipal
waste management
company)

Municipal Cognitive Special interest

GTT (transport
agency)

Municipal Political Special interest

Environmental
groups

Local Cognitive, political General interest

Small landlords Local Cognitive Special interest

Local commercial
activities

Local Cognitive Special interest

Citizens Local Cognitive Special interest

Nomad community Local Cognitive Special interest

Owners of industrial
activities

Local Economic, cognitive Special interest

Juventus FC Municipal Economic Special interest
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Fig. 7 Stakeholders map for the Basse di Stura case study

national government, and the region. For other categories of stakeholders, such as
the municipality, citizens and local agencies, personal interviews and questionnaires
have been developed in order to connect their preferences.

For this case study, a specific stakeholders technique was developed, the Social
Network Analysis (Marin and Mayntz 1991; Rhodes 1998). This approach is partic-
ularly suitable to highlight the stakeholders influences thanks to the network repre-
sentation in which each stakeholder has different ties with others. These connections
and relations can affect the overall performance of the decision network. According
to this approach, it is possible to visually understand the size and the form of the
network. Figure 7 shows the stakeholders network for the present case study. The
nodes are the stakeholders, listed in Table 1, while the arrows are the connections
among them. The dimension of the circles is related to the power of the stakehold-
ers, while the proximity to the centre is the stakeholders’ interest in respect to the
transformation of the area.

In addition, according to this method, the calculation of specific indexes helps
in the comprehension of the dynamics that regulate the network (Berta et al. 2018):
the density index, the complexity index and the centrality of the network index.
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The density index underlines the intensity of relations between actors of a decision-
making process, as represented in the following Eq. (1):

D =
∑

Ki

(n2 − n)
(1)

where D is the density index varying between 0 and 1, n is the number of actors and
Ki is the number of all relations. In this case study, the density value is quite low, i.e.
0.19. However, the level of complexity is quite high, because the competence levels
of the actors are very different (from the international level to the local) such as the
types of stakeholders they are (from politician to expert, from bureaucrat to special
interest).

Finally, the centrality index underlines the level of monopolizing relation of each
stakeholder with the others, through the following Eq. (2):

C = ki
∑

Ki
(2)

where C is the centrality index that varies between 0 and 1 and ki is the number of
relations of each actor. In this case study, the most central actor of the process is the
Municipality of Turin with 17 relations (centrality index equals to 0.26). It is not
surprising because the city of Turin is the main promoter of the process. Instead, the
others have a lower capacity of directing the process. In fact, all of them have from
a maximum of 5 relations (such as the designers) to a minimum of 1 (such as the
nomad community or thewastemanagement company).However, the transformation
is not possible without the help of many of these actors. As mentioned before, many
economic and legal problems affected the area. For this reason, a decision process
able to take into account all parties interested in the project and capable of catching
the needs of the area is needed. In that context, amulti-level methodology seems to be
a promising strategy to support the decision process and the definition of strategies,
thanks to the definition of present values and the way to preserve and improve them.

4.3 New Functions for Basse di Stura

The construction of the SWOT analysis and the consideration of values and prefer-
ences emerging from the stakeholders’ analysis allowed a deep understanding of the
area and a preliminary definition of the possible future scenarios. In this sense, as
mentioned in Sect. 2, the goal of this study was to explore alternative solutions that,
starting from the primary use of the area defined by the Municipality, i.e. an urban
park, offer the reason to pursue a so complex project.

In this sense, five different strategies were defined for the area:

– social and educational activities;
– activities in nature;



398 M. Bottero et al.

Table 2 Description of the possible strategies

Strategies Description

Social and educational activities The area could offer a variety of educational and social
activities, from a farm school to a social centre, which could
attract both the neighbourhood inhabitants and Turin
citizens

Nature activities The area could have different activities related to nature
thanks to the characteristics of the area and its closeness to
the river, such as a birdwatching area or a horse farm

Experimental activities The industrial past of the area and its dimension could be
suitable to locate an experimental area with research centres
and experimental activities such as soil phytoremediation
and bio-energies areas

Sports activities The large dimension of the area and its closeness to the river
could be suitable to host different sport activities, such as
soccer, tennis, basketball fields or cycle paths and fitness
trails

Organised sites The area could offer a variety of organised sites, from the
most traditional ones for a park (such as children play
grounds or dog parks) to the most unusual ones (such as
organized beaches along the river)

– experimental activities;
– sports activities;
– organised sites.

In Table 2 the different strategies were listed and each of them was described to
better clarify the possible vision for Basse di Stura.

5 Discussion and Conclusions

In the recent period of crisis, the urban development depends largely on the ability of
cities of reinventing themselves. In this sense, abandoned buildings, underdeveloped
areas, downgraded districts and, more generally, urban voids constitute an important
opportunity for rethinking territorial functions, systematizing the different interests
and values and creating positive synergies among public and private actors.

Under this perspective, urban regeneration has not to be seen only from the point
of view of the physical requalification of buildings, as it represents an important
transformation processes able to address the problem of soil consumption by reusing
existing abandoned infrastructures, to lead the involvement and the co-operation
among the different actors and social groups and to respond to the new social
needs of the population, thus stimulating innovative urban policies. Following this
reasoning, urban regeneration provides a link between the various components of
the urban system, including both the hardware (buildings, infrastructures, physical
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elements …) and the software (social dynamics, identity and cultural elements,
economic forces …) (Bodano et al. 2015; Bentivegna 2016; Mondini 2016).

In the light of the aforementioned considerations, the study presented in the paper
seems to be adequate to disentangle the different aspects of the regeneration, that go
from urban elements to socio-economic aspects. The combined use of SWOT Anal-
ysis and Stakeholders Analysis is suitable for considering the different key factors
of the operation and it constitutes a solid basis for the definition of the guidelines for
the operation.

One of the leading factors of this work has been the will of keeping tightly con-
nected the two phases of the scenarios building (i.e. the outline of different physical
alternatives for the masterplan) and of the evaluation of these scenarios. The eval-
uation activity is seen neither as a consequence nor as a preparatory work, but it
grows constantly with the design activity, affecting its assumptions and its results in
a continuous feed-back.

Another important element of innovation of the present work is related to the use
of a formal approach to support the design of alternatives solutions for a complex
decision-making process (Colorni and Tsoukiàs 2013).

As a future perspective, it would be interesting investigate the use of the
stated/revealed preferences methods, such as for example the method of Choice
Experiments (Haaijer 1999; Louviere et al. 2010), for the design of the alternative
requalification projects.

Future developments of the study may then explore the integration of
stated/revealed preferences methods with Geographic Information System (GIS).
The creation of specific thematic maps could support the visualisation and the com-
munication of the results of the evaluation model (Bottero et al. 2018).
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Cost-Risk Analysis for Supporting Urban
Regeneration Technological Projects

Elena Fregonara, Diego Giuseppe Ferrando and Corrado Carbonaro

Abstract The aim of this paper is to propose a methodology for supporting deci-
sion making processes in urban regeneration projects. Focus is posed on economic–
environmental sustainability evaluation of building retrofit projects, at district scale,
in presence of risk and uncertainty. An application of a conjoint Probability Analy-
sis with Life-Cycle Cost Analysis (LCCA) is proposed for selecting the preferable
solution between technological alternative scenarios with different energy produc-
tion systems. The model input (cost drivers) and model output (Global Cost) are
expressed in stochastic terms. A complex project is proposed as a case-study: a
social-housing district in a town in Northern Italy.

Keywords Economic–energy sustainability · Life cycle cost analysis · Risk
analysis · Stochastic global cost · Urban regeneration projects

1 Introduction

A crucial issue in the scientific debate is to define methodologies able to orient pub-
lic authorities and private developers involved in investment decisions, particularly
in the case of building projects directed to economic-energy-environmental sustain-
ability. This applies both to the case of new building interventions, and to the case
of existing heritage retrofit projects, involving complex decision-making processes
towards sustainable cities.

The issue results particularly delicate in case of complex urban regeneration
projects, when a shift from the building scale to the territorial scale is required.
For example, in case of retrofit project dealing with an urban district, or an urban
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segment characterized by homogeneous building types and infrastructural equip-
ment. In every case, it is essential to consider the specific location of the project: the
territorial characteristics, the infrastructure equipment, the socio-economic context.

Shifting from the building to the district/urban scale, the degree of complex-
ity grows: for example, for the presence of different energy sources or systems.
These growing complexity must be internalized into the evaluation, in order to
define methodologies directed to support territorial government activities and the
definition of policies, coherent with the regulations on energy consumptions (i.e.
Directive 2018/844/EU of the European Parliament and of the Council of 30 May
2018 amending Directive 2010/31/EU on the energy performance of buildings and
Directive 2012/27/EU on energy efficiency), able to guarantee the required perfor-
mance requisites and financially sustainable.

In the case of energy retrofit/new buildings interventions, the choice between
technological options represents a particularly important step in decision-making
processes, and, more largely, in policy making and land government activities. Tech-
nological options represent different potential impacts in terms of environmental
and economic sustainability, requiring appropriate evaluation approaches able to
consider these impacts simultaneously, and able to conciliate the results of economic
and environmental analysis, often very different (Fregonara et al. 2017).

The problem is even more complex if we consider the presence of risk and uncer-
tainty components,which characterizes every building project. Introducingflexibility
to the project design phase, and associating the input/output variables of the projects
to their probability, is seen as the key to present a concrete support for calibrating
policies and investment decisions (Pereira et al. 2014; Jafari et al. 2014).

Thus, the aim of this paper is to propose a methodology for supporting decision-
making processes, when in presence of different project solutions, since the early
design stages, and considering the presence of risk and uncertainty as a “structural
component” of complex projects (urban transformation, retrofit of existing heritage,
new-building interventions, etc.). Focus is posed on the cost component, considering
that the recent scientific literature is implementing Life-Cycle Cost Analysis—
LCCA (as defined in the Standard ISO 15686–5:2008—Buildings and constructed
assets—Service-life planning, Part 5: Life-Cycle Costing), with risk management
approaches, to provide a more robust forecast of future costs of a building project.

Coherently, the regulatory documents about LCCA, and other fundamental docu-
ments as the report produced by Davis Langdon Management Consulting directed to
formulate a commonLCCAmethodology (Langdon 2007), emphasize the usefulness
of risk analysis in the evaluation of projects’ economic sustainability.

Assuming the classification proposed byBoussabaine andKirkham (2004), in this
work a quantitative risk analysis technique is proposed: the probabilistic approach
founded on the use of Probabilistic Distribution Functions (PDFs) and simulation
techniques. Specifically, in this paper the Global Cost, which represents the core
of LCCA (Standard EN 15459:2007 and Guidelines accompanying the Commission
Delegated Regulation (EU) No 244/2012), is calculated in terms of stochastic Global
Cost through the Probability Analysis approach.
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As a case-study a complex project is proposed: a social-housing district in a small
town in Northern Italy. he case was part of the European “Concerto AL Piano”
project, developed as part of the “Concerto” programme, co-funded by the Euro-
pean Commission’s Directorate General for Energy and Transport, in the Septem-
ber 2007—August 2013 period—Coordinator Prof. Roberto Pagani, Politecnico di
Torino. The “Concerto AL Piano” project was directed to trigger urban regeneration
processes on a building and district scale, thanks to the energy and environmental
implementation of the existing heritage, through energy retrofit and new high sus-
tainability buildings. The main strategy of the project was the integration of efficient
energy technologies at building and neighbourhood scale,maximizing the production
and the efficiency of the whole urban district, considered as a single urban organism
(Pagani et al. 2016).

Assuming the premises and the results of previous researches (see Sect. 2), the
analysis presented in this study demonstrates that, even in risk and uncertainty condi-
tions, the alternative energy production technologies are able to perturb significantly
the results of the analysis. The costs related to the options are influenced mainly by
the efficiency of the systems and by the energy supply cost amounts, and secondly
by the financial aspects and initial investment costs.

These results confirm the importance of choices between technological options
on a territorial scale, particularly in regeneration projects and investment decision-
making processes. Furthermore, the results suggest relying on generation systems
whose power source is more stable in prices: the design decisions should therefore
be directed towards technologies that use local sources with high availability such
as solar energy (especially in the countries of Southern Europe): inexhaustible, free
and not subject to any price fluctuation. In this way, the dependence on the supply
of electricity, often subject to significant market fluctuations, could be reduced.

With these premises, the article is articulated as follows. In Sect. 2 the method-
ological background is illustrated. In Sect. 3 the case study is presented. In Sect. 4
the results of the methodology application are presented Sect. 5 discusses the work,
and Sect. 6 concludes.

2 Methodological Background

An application of risk analysis in conjunction with LCCA is proposed for selecting
the preferable alternative among technological options, at the district scale.

It is assumed that there is a presence of risk and uncertainty in cost estimating,
both in the input variable estimates (Life Cycle Cost Estimates—LCCEs) and in the
technical performance of the LCCA. Operatively, it is proposed the Probability Anal-
ysis approach, which is solved through stochastic simulation and the Monte Carlo
Method (MCM). According to the approach, risk and uncertainty in model input
are modelled as stochastic variables or “stochastic relevant cost drivers” (Depart-
ment of Energy 2014). Coherently, model output (LCCA quantitative indicators) are
calculated in stochastic terms (Fregonara and Ferrando 2018; Fregonara et al. 2018a).



406 E. Fregonara et al.

This work starts from the methodology illustrated in a recent study (Fregonara
et al. 2018b) which aim was to explore the LCCA on the district scale, considering
that the greatest part of LCCA applications is related to the building scale. Thus,
the extensibility of the LCCA approach from the individual building to urban seg-
ments was tested. The research was based on the analysis of different technological
scenarios compatible with the energy performance requirements, in order to identify
the preferable one in terms of economic sustainability, and to compare technologi-
cal shapes limited to building scale equipment and interventions for shared energy
infrastructure equipment on the district scale (Pagani et al. 2016). It was assumed
that “the integration between local energy production technologies (district heating
by gas cogeneration, photovoltaic, solar heating energy) is preferable to project solu-
tions aimed at maximising the recourse to specific energy generation technologies,
viewed separately. An integration of sources which can simultaneously ensure a sim-
ple management and control” (Fregonara et al. 2018b, p. 59). The results highlighted
the potential offered by switching from the single building scale to the territorial
sub-segment one in the simultaneous presence of several energy sources.

With the purpose of comparing alternative technical solutions—six scenarios—to
assess the relative differences in terms of their life-cycle costs and to select the
preferable solutions from both an energy and an economic viewpoint, the methodol-
ogywas developed according to a two-phase process: analysis of the expected energy
consumption, and economic analysis.

The analysis of the expected energy consumption was articulated in the following
steps (see Scheme 1—left side): (1) identification of energy-efficient solutions (or
Energy Efficiency Measures—EEMs) to improve the energy performance of the
building envelope and the building energy system; (2) definition of different scenarios
based on combinations of alternative technological solutions (EEMs); (3) calculation
of primary energy consumption for each scenario, related to the heating, domestic
hot water and electricity use, following calculation of requirements for winter air-
conditioning, production of domestic hot water and electricity for domestic use; (4)
comparison of the technological scenarios in relation to the relevant expected energy
consumption.

Afterwards, the economic analysiswas conducted according to the following steps
(see Scheme 1—right side): (5) calculation of the Life Cycle Cost for each scenario,
in terms of Global Cost, incorporating the results of the analysis of expected energy
consumption; (6) calculation of the economic performance indices through the Life
Cycle Cost Analysis approach; (7) comparison of the economic indicators of the
alternative scenarios to the “basic scenario”; (8) identification of critical variables
and development of the Sensitivity Analysis (deterministic); (9) identification of the
preferable solution from both an energy and an economic viewpoint.

In details, the step (5) of the economic analysis was developed through the LCCA
approach as described in the Standard ISO 15686–5:2008—Part 5, and to the Global
Cost calculation defined in the Standard EN 15459:2007, and to the Guidelines
accompanying the Commission Delegated Regulation (EU) No 244/2012, following
the Directive 2010/31/EU–EPBD recast. The results of the LCCA application were
expressed throughperformance indices (or quantitative indicators):Net PresentValue
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Scheme 1 Energy and economic analyses: integratedmethodologywith deterministic risk analysis

(NPV), Savings to Investment Ratio (SIR), Adjusted Internal Rate of Return (AIRR),
Simple Pay-back Period (SPB), Discounted Pay-back Period (DPB). The input data
on costs related to each option considered, and the financial input data were assumed.

The Global Cost calculation was based on Eq. (1):

CG(τ ) = CI +
∑

j

[
τ∑

i=1

(
Ca,i ( j) · Rd(i)

) − V f,τ ( j)

]
(1)

where CG(τ) represents the global cost, referred to starting year τ0; CI represents the
initial investment costs; Ca,i(j) represents the annual cost during year i of component
j, including the annual running costs (energy costs, operational costs, maintenance
costs) and periodic replacement costs; Rd(i) represents the discount factor during
the year i; Vf,τ(j) represents the residual value of the component j at the end of the
calculation period, referred to the starting year.

Similarly to the previous research experience, in this study the Global Cost for-
mula expressed in Eq. (1) is assumed, and a simplified application is implemented,
according to Eq. (2):
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CG = CI +
N∑

t=0

Co+ Cm

(1+ r)t
(2)

where CG represents the cost in the life cycle (or Global Cost); CI represents the
initial investment costs; Co represents the operating and energy costs; Cm represents
the maintenance costs, t stands for the year in which the costs arise and N stands
for the number of years within the timespan taken into account for the application; r
represents the discount rate.

Amethodological development of the steps (5–9) of the economic analysis is now
proposed, for including risk and uncertainty in the LCCA application, shifting from
a deterministic to a probabilistic approach. The aim of the developed methodology
is to quantify the risk through a quantitative Risk Analysis, resolved through the
Probability Analysis approach and the simulationmethod. This implies the definition
of PDFs functional forms, founded on random number generation, both for model
input and for model output.

Thus, it is firstly necessary to identify the most relevant variables (risky or uncer-
tain variables) and their PDFs, and then, to isolate and to quantify the marginal con-
tribution of each of them to the results. The most relevant variables, or relevant cost
drivers, related to the cost items characterized by risk or uncertainty are expressed
in terms of stochastic variables. These represent the critical input variables, able to
influence the evaluation of economic–financial and energy–environmental sustain-
ability. Similarly, the model output is calculated in terms of stochastic Global Cost,
as in Eq. (3):

ĈG = C
∧

I +
N∑

t=0

C
∧

o + C
∧

m(
1+ r

∧)t (3)

where C
∧

G is the stochastic Life-Cycle Cost, C
∧

I is the stochastic investment cost, C
∧

o

is the stochastic operating and energy cost, C
∧

m is the stochastic maintenance cost, t is
the year in which the cost occurred, N is the number of years of the period considered
for the analysis, r̂ is the stochastic discount rate. In summary, the steps of the revised
methodology, as illustrated in Scheme 2, are: (5rev) Global Cost calculation for each
scenario, according to the stochastic approach expressed in Eq. (3), and including the
expected energy consumption analysis results; (6rev) stochastic performance indices
calculation, through LCCA; (7rev) comparison of the LCCA results with the “base
case” scenario indicators, and ranking of the options (this last step corresponds to the
step 9 of the previous methodology). Notice that each step is developed by means of
the Probability Analysis, which is in turn developed according to the workflow illus-
trated in Scheme 2, right side. The Probability Analysis approach (which substitutes
the step 8 of the previous methodology), is articulated according to the following
passages (see Scheme 2, right side):
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Scheme 2 LCCA with quantitative risk analysis workflow

Model Input Definition:

– identification of the set of “relevant cost drivers”, or critical inputs, to be expressed
as stochastic variables. Different confidence levels of the estimates, or “expected
accuracy ranges”, are determined in relation to the different cost items. Being the
costs referred to the life cycle of the components, the “expected accuracy ranges”
are expressed in terms of LCCEs (Department of Energy 2014);

– assignment of the PDF to each stochastic input variable, and the identification
of the relative probability distribution parameters. The triangular distribution is
considered the most used PDF to represent the uncertain variables present in the
real estate investments (Maio et al. 2000; Rosato et al. 2016). Therefore, this step
consists in the assignment of minimum, maximum, and point estimate values for
each variable;

– Iteration and Sampling resolved through MCM. A number of iterations and a
sampling modality are fixed: the simulation is conducted through the software
@Risk (release 7.5 by Palisade Corporation), through a Monte Carlo Method
application with 100,000 iterations, with a Latin Hypercube Sampling modality;

– running the simulation and production of the Regression Analysis in order to
quantify the effect of the input variables on the output value. The marginal coef-
ficients of the dependent variables against the independent variable (Global Cost)
are calculated. Tornado graphs and spider graphs support this step. Specifically;
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– Multivariate Stepwise Regression Analysis application. The Global Cost is taken
as the dependent variable in the regression equation. The marginal coefficients
are calculated for each input variable for measuring the sensitivity of the output
variable with respect to each of them;

– degree of correlation calculation, by coefficients of correlation between the output
values and each set of input value samples. This step is solved through the rank
correlation analysis, and through Spearman’s correlation coefficients calculation.

Model Output Definition:

– output calculation in terms of the PDFs and statistics (minimum value, maximum
value, standard deviation, Skewness, Kurtosis, etc.) for each option;

– Probability Distribution Functions curve fitting, for the calculated output.

In summary, the economic analysis resolved jointly with the quantitative risk
analysis is articulated as in the following Scheme:

3 Case Study

A complex project is selected as a case-study for the application of the methodology:
a social-housing district in a small town near Turin, in Northern Italy. It consists in
a social-housing complex of 11 building with 299 dwellings. The retrofit project is
produced according to an integrated approach, shared among all the stakeholders
involved (municipality, practitioners, institutions, citizens, enterprises). It foresees
interventions at the building scale (envelop and heating systems), and at the district
level, introducing a combined heat and power “Distric Heating”, fuelled by gas
cogenerator.

The case-study was treated in a European Project “Concerto AL Piano” men-
tioned in introduction. The project aims at demonstrating the economic and social
benefits in investing in energy saving and renewable energy in urban regeneration.
The project includes amix of interventions: the renovation of existing social housing,
the construction of residential new eco-buildings and the provision of a cogeneration
district heating, integrated in the urban environment.

One of the most important investigation line in the Concerto projects was the
evaluation costs of the urban sustainability: each European technical reports con-
tained the technical performances in relation to the technological cost evaluation.
For the European consortia participating in the Concerto projects was fundamen-
tal to answer to the following questions: “Is the technological retrofit of buildings
economically viable? Is the choice of envelope technologies and renewable source
systems amortizable over time? Which systems are more widely applicable in rela-
tion to building types and you have costs? In these perspectives the Concerto Al
Piano project investigated the retrofit of the Social housing districts, characterized
by a widespread typology in the Italian and European urban peripheries. This case
study can therefore provide valuable information on the choices of technologies to
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Fig. 1 The case-study: Concerto AL Piano project area; public housing buildings before and after
retrofit

be adopted in relation to the investment risk for the redevelopment of a public or
private property portfolio (Figure 1).

Making reference to the previous research step illustrated in (Fregonara et al.
2018b), in this work the Scenario 3 and the Scenario 6 are considered, being rep-
resentative respectively of the base–case solution and of the preferable solution in
economic and energy terms. Considering the system configuration for energy produc-
tion of the two scenarios, these are renamed here as “Concerto AL Piano” scenario
and “Integrated Solar” scenario. The Concerto AL Piano scenario represents the
solution concretely carried out in Alessandria, in which the widespread solar tech-
nologies is accompanied by the district heating systems with a gas cogenerator. The
Integrated Solar scenario is based on a simulation in which all the district’s energy
needs are satisfied with heat pumps powered by photovoltaic technology.

Table 1 summarizes the technological characteristics of the two scenarios.

4 Application and Results

Assuming the methodology illustrated in Sect. 2, and the case-study illustrated in
Sect. 3, the following results are obtained.

4.1 Model Input: Stochastic Variables

As a first step, the relevant cost drivers (critical variables) are identified and, for each
of them, an expected accuracy range is fixed. This last represents the confidence
percentage, being defined on the basis of experts’ opinions. The cost items and the
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Table 2 The cost drivers, the relative data sources and expected accuracy ranges

Cost driver Source Expected accuracy
range

Low (%) High (%)

Initial investment costs

– Provision and installation of
buildings insulation

Concerto AL Piano data (2014) −10 +30

– Provision and installation of
cogeneration system

Concerto AL Piano data (2014) −10 +10

– Provision and installation of
photovoltaic system

www.Energia.it (April 2017 data) −10 +10

Annual running and maintenance costs

– Heating and DHW supply cost ARERAa 1st quarter 2018 −10 +10

– Electric power supply cost ARERAa 1st quarter 2018 (daily
single rate)

−20 +20

– Cogeneration system efficiency Expert opinion −10 +10

– Photovoltaic system efficiency Expert opinion −25 +25

– Cogeneration system
maintenance

www.Confindustria.it (April 2017
data)

−10 +20

– Photovoltaic system
maintenance

www.Confindustria.it (April 2017
data)

−10 +10

aARERA: Italian regulatory authority for energy networks and environment

relative expected accuracy ranges are summarized in Table 2, with reference to the
sources adopted for cost items definition.

Notice that the initial investment costs are expressed in terms of total cost amounts,
whilst themaintenance costs are expressed as yearly or periodic cost amounts; supply
costs are expressed as parametric cost amounts. Finally, the systems’ efficiency is
represented through a coefficient, which value is assumed equal to 1 when the system
efficiency is optimal.

In Table 3, the range of values for each cost item is defined. These values—Low
Range Value, Point Estimate, and High Range Value—represent the distribution
parameters, for defining a triangular distribution. About the Discount rate, the range
of the values is defined on the basis of specific considerations, assuming the indi-
cations of the official documents (EN ISO 15459:2007). Furthermore, a 20 years
lifespan is assumed for the LCCA application.

In Table 4 the PDFs obtained by processing the input data (MonteCarlo simulation
output) are presented, specifying the triangular distributions calculated for each cost
item, and the elementary statistics (minimum, maximum, and mean values; 5 and
95% percentiles).

The graphical representation of the probability distributions presented inTable 4 in
three cases—Provision and installation of building insulation, Cogeneration system
maintenance and Discount rate—, presents a triangular distribution with asymmetry

http://www.Energia.it
http://www.Confindustria.it
http://www.Confindustria.it
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Table 3 The cost drivers and relative probability distribution parameters

Cost driver Unit Low range Point estimate High range

Initial investment costs

– Provision and installation of
buildings insulation

e 2,473,250.61 2,748,056.23 3,572,473.00

– Provision and installation of
cogeneration system

e 1,928,752.65 2,143,058.51 2,357,364.36

– Provision and installation of
photovoltaic system

e 4,381,941.29 4,868,823.66 5,355,706.02

Periodic running and maintenance costs

– Heating and DHW supply cost e/KWh 0.09 0.11 0.12

– Electric power supply cost e/KWh 0.20 0.25 0.30

– Cogeneration system efficiency Points 0.90 1.00 1.10

– Photovoltaic system efficiency Points 0.75 1.00 1.25

– Cogeneration system
maintenance

e/year 40,604.79 45,166.43 54,139.72

– Photovoltaic system
maintenance

e/year 65,799.72 73,110.80 80,421.88

Discount rate % 1.25 1.39 2.50

in the left. This denotes that the two different technological systems are subject to
a higher probability of cost increasing, and analogously the Discount rate is subject
to a higher probability of value increasing. In all the other cases, the triangular
distributions are symmetric.

4.2 Model Output: Stochastic Simulation

As defined in Sect. 2, after defining the input values the Monte Carlo Method is
applied for calculating, in stochastic terms, the output values for the Global Cost.
Figure 2 presents the results considering the Concerto AL Piano and Integrated Solar
scenarios. The PDFs graphics present a similar shape, being based on similar input
data distributions. The relativeminimum,mean,maximumvalues, and standard devi-
ation values are indicated in the Figure. Comparing the output of the two alternative
scenarios, higher costs emerge for the Concerto AL Piano scenario: this is due above
all to higher periodic running costs.

Figures 3 and 4 illustrate the simulation results. Specifically, the Tornado graphs
represent graphically the effects of the inputs on the output mean, and the Spearman
correlation coefficients express the correlation between the output (Global Cost) and
the sampled values for each input distribution.

In the premise, it must be considered that the results reflect the cost entities and
the relative distributions over time. Specifically, the Concerto AL Piano scenario
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Concerto AL Piano Integrated Solar

Sta s cs
Minimum 46.098.373
Maximum 52.634.423
Mean 49.325.533
Std Dev 870.445
Variance 7,57674E+11
Skewness 0,071138604
Kurtosis 2,859273035
Median 49.314.917
Mode 49.348.571
Le  X 47.907.170
Le  P 5%
Right X 50.773.958
Right P 95%

Sta s cs
Minimum 41.263.631
Maximum 45.975.373
Mean 43.462.102
Std Dev 616.110
Variance 3,79591E+11
Skewness 0,15404508
Kurtosis 2,867811911
Median 43.448.404
Mode 43.328.686
Le  X 42.476.419
Le  P 5%
Right X 44.508.577
Right P 95%

Fig. 2 The output probability distribution function, probability density function, and statistics for
the Concerto AL Piano scenario and Integrated Solar scenario

presents lower initial investment costs, but higher running costs, in terms of energy
consumption during time.

Comparing the Regression Analysis application results, the following considera-
tions emerge:

– for both scenarios, the energy efficiency is the variable able to produce the largest
perturbation on the output, followed by the energy cost variation, respectively for
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Concerto AL Piano Integrated Solar

Fig. 3 The inputs ranked by the effect on the output mean, the Concerto AL Piano and Integrated
Solar scenarios

Concerto AL Piano Integrated Solar

Fig. 4 The Spearman correlation coefficients for the Concerto AL Piano and Integrated Solar
scenarios

the Heating and DHW in the Concerto AL Piano scenario and for the electric
power for the Integrated Solar scenario;

– the Discount rate is particularly significant in differentiating the two scenarios:
in fact, it results the third variable in terms of impact on the Concerto AL Piano
scenario, whilst it is relatively significant on the Integrated Solar scenario (in fifth
place in the ranking). In fact, the higher periodic costs for the energy production in
the Concerto AL Piano scenario, submitted to the discounting procedure, produce
a more relevant effect;

– among the initial investment costs, the building insulation cost results in both
scenarios the variable with the higher impact on the output (fifth in the Concerto
AL Piano scenario and third in the Integrated Solar scenario). This is evidently
due to the large uncertainty range assumed for the variable;

– in both cases the maintenance variable has a small influence on the results (in
seventh place in the ranking for the Concerto AL Piano scenario and in sixth place
in the ranking for the Integrated Solar scenario).

The Spider Graphs presented in Fig. 5 confirm the negative effect of the discount
rate, whilst the results of the other variables denote positive trends in every case,
with a limited difference.
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Concerto AL Piano Integrated Solar

Fig. 5 The Spider Graphs for the Concerto AL Piano and Integrated Solar scenarios

Table 5 The output values of Gc for the Concerto AL Piano and Integrated Solar scenarios: the
probability distribution function and statistics

Output Graph Min Mean Max 5% 95%

Gc
Concerto
AL Piano

e
46,098,370

e
49,325,530

e
52,634,420

e
47,907,170

e
50,773,960

Gc
Integrated
Solar

e
41,263,630

e
43,462,100

e
45,975,370

e
42,476,420

e
44,508,580

The analysis is concluded by comparing the simulation output results, as reported
in Tables 5, for the two scenarios respectively.

In Fig. 6, the Probability Density Function curve fitting for Stochastic CG presents
the Beta distribution as the best fit for both scenarios. This result is coherent with
the literature about the uncertainty components treatment, specifically considering
the stochastic costs variables (Johnson 1997; Fente 1999).

5 Discussion

According to the authors, this study has themerit to show the importance of applying,
jointly, energy analysis and economic analysis considering risk/uncertainty effects in
the whole evaluation process. The operative modality proposed represents a prefer-
able alternative as respect to the application of energy analysis and economic analysis
developed separately, considering that the results (in terms of options ranking) could
be very different. Furthermore, the methodology is able to include risk and uncer-
tainty components related to both input data and to the application process.

The analysis above illustrated indicates that the system efficiency, in conjunction
with the energy costs variation, are the crucial variables:when affected byuncertainty,
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Fig. 6 Probability density function curve fitting for Stochastic CG, Concerto AL Piano and Inte-
grated Solar scenarios

these variables are able to determine the most relevant effects on the final results.
Investment costs have a relative effect, specifically the maintenance ones, whilst the
discount rate affects particularly on the option with higher yearly costs.

In general, by introducing flexibility into the analysis can put in evidence the
potential effects of uncertainty: risk and uncertainty are conceived as an opportunity
in terms of profitability for investors, and, in urban regeneration interventions, as the
opportunity to activate urban policies in practice.
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Furthermore, the results of the analysis suggest relying on generation systems
whose power source is certain and stable in prices: higher energy sources and price
fluctuations make investment risk higher. In this sense, the design choices should
therefore be directed towards technologies that use local sources with high availabil-
ity such as solar energy. In this sense we report the example of Concerto AL Piano,
in which in the first phase of the project it was decided to feed the biomass district
cogeneration plant, to maximize the environmental sustainability of the redevelop-
ment intervention. The uncertainty of biomass prices, especially between 2009 and
2012, constituted a considerable uncertainty for investors, which, combined with
technical choices, led to the use of natural gas as a source of power.

Therefore, considering the two most significant indicators of the analysis, it is
clear that the integration of several energy sources is a winning strategy over the years
to ensure the absorption of the price change of fuels and energy: having available
more technologies based on different sources, it is possible, depending on the time,
maximize the use of one or the other, depending on the contingent prices of the
energy market.

The study presented in the paper must be considered as a first result of a research
on progress, that the authors are going to develop further starting from the limitations
of present outcomes. The main limits are:

– concerning the economic analysis, the assumption on the PDFs are based on the
experts’ opinions and on the general knowledge on topic. This implies a certain
degree of subjectivity, that could be reduced by introducing more empirical data,
obtained through in depth and punctual market researches, or through the appli-
cation of supporting tools as the Delphi Method;

– similarly, financial data assumed in the study are general data that could be better
calibrated respect each specific item considered in the application (discount rate,
data on costs, etc.);

– as concern the time assumptions, the entire time horizon of the LCCA application
could be better defined, on the basis of empirical evidence, and, furthermore, it
was not considered in stochastic terms, coherently with the other input. Similarly,
the time ranges of maintenance interventions were not considered;

– finally, about the energy analysis, the same considerations expressed in the first
point can be highlighted.

6 Conclusions

In this paper, a methodology was proposed for supporting decision making in new
buildings or in retrofitting design activities at the district scale, assuming a life-cycle
perspective and sustainable design principles. The focus was on the evaluation of
the economic–environmental sustainability, considering the presence of the risk and
uncertainty components in both cost-estimating and technical performance. Accord-
ing to these aims, an application of the Life-Cycle Cost Analysis in conjunction
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with a Risk Analysis was proposed to select the preferred choice from alternative
technological options, related to different energy production systems.

Specifically, the risk analysis was solved through the probability analysis
approach, which was developed by the following steps: identification of the set of
“relevant cost drivers” expressed as stochastic input variables and the definition of the
relative expected accuracy ranges; assignment of the Probability Distribution Func-
tion to each stochastic input variable and the identification of the relative probability
distribution parameters; iteration and sampling through the Monte Carlo method;
running of the simulation and production of regression analysis; output calculation
for each alternative option and Probability Distribution Function curve fitting for the
calculated output. The methodology was applied on a retrofit project for a social-
housing district in a town in Northern Italy. The purpose was the selection of the
preferable solution between technological alternative scenarios concerning different
energy production systems.

The results give full evidence of the input variables uncertainty to significantly
perturb the model output, giving the possibility to define more precisely the prof-
itability ranges, and, consequently, to explicit the potential impacts of uncertainty
on policy-making. In this sense, the proposed methodology could be developed,
through more extensive experimentations, as a tool to support public and private
subjects, operating at urban/district level, in deciding among alternative energy pro-
duction systems and energy efficiency interventions, and, meanwhile, improving the
use of renewable energy sources.
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Abstract This contribution deals with the energy-environmental interventions to
be encouraged and subsidized over the implementation of the Detailed Renovation
Program of Ragusa Superiore, Italy. It proposes a global economic-evaluative strate-
gic planning pattern supporting decision-making in developing a specific energy-
environmental equalization program. Starting from the huge database of the GIS
describing the Architectural Units forming the old town’s urban fabric, the pattern
features each of them with several architectural and energy attributes, so that each of
them can be sorted among the different Categories of Intervention, ranging from the
conservative to the transformative ones. Furthermore, the energy characteristics of
all the AUs of the sample have been modelled in order to calculate the energy perfor-
mance to be improved. The combination of architectural and energy characteristics
provides the profile of each AU according to which the pattern associates to it the
appropriate CI and calculates the related cost and real estate market price surplus to
be used for the equalization. By releasing the constraint according to which an AU
is sorted to a specific CI, the pattern is able to design several global strategies that
can be ranked by performing a MAVT model.
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1 Introduction

The arise of the energy-environmental issue in construction has affected the sector
of the redevelopment of historic urban fabrics subject to restrictive rules on building
envelopes and roofs. A set of critical issues concerning the stiffness, fragility and
delicacy of the valuable architectural and urban heritage (Berardi 2013; Elgert 2018)
are highlighted, as well as the incompatibility between the energy retrofit works and
the characteristics of the building (Menassa 2011).

Detailed planning tools for historic centres, generally define the eligible interven-
tions on each architectural unit (AU) by assigning them a category of intervention
(CI), and, as regards the energy-environmental issue, impose constraints on systems,
finishes, fixtures in presence of traditional roofing, quality of the decorations, exposed
walls, etc.

This contribution is part of a more extensive study concerning the old town of
Ragusa, and proposes a model integrating the analysis of the characteristics of the
building fabric (Conte andMonno 2012), the evaluation of the architectural attributes
and energy performance, the project, as for the attribution of the CI to each AU.

The model, therefore, aims to integrate the implementing rules for building works
by extending the traditional intervention categories so as to take into account the
compatibility between energy profile and architectural characterization.

The relation between energy-environmental and urban-landscape issues (Carter
and Robert 2017; Giuffrida et al. 2018) is the common field of the technological,
axiological and praxeological determinations. The technological performances can-
not be considered values in themselves if a preference profile hasn’t been outlined;
otherwise, preferences need to be projected over the individual interest horizon and
connected to the greater good that is related to “ought”; societal determinations, in
turn, cannot be separated from natural constraints that encourage new development
prospects by stimulating the creativity of the social system as a whole.

2 Materials

Ragusa is the capital of the southernmost province of Italy and one of the eight cities
in south-eastern Sicily that, in 2002, were registered in the UNESCOWorld Heritage
List by virtue of the innovation of their urban planning systems and the architectural
value of their late baroque monuments.

Fundamental to the renewal that characterizes the urban structure and the current
image of the historical centre, is the reconstruction process that began after the
earthquake, in 1693, that destroyed Ragusa and all the major centres of Val di Noto
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(Valente 2001), one of the three administrative districts in which Sicily had been
divided since the Muslim age. The reconstruction provided an opportunity for the
expansion of the city, whose original nucleus was rebuilt by the clergy and the landed
gentry, while the emerging bourgeoisie succeeded in locating themself in the adjacent
“Patro” hill where Ragusa Superiore rises (Caruso and Perra 1994).

The “new city” was built over a regular grid pattern of rectangular blocks, hinged
on two main axes. Its construction, continued for over two and a half centuries from
east to west.

The urban fabric is characterized by very different types of blocks and buildings;
on the east side, a square grid of 90-m2 blocks, where remarkable buildings of the
new bourgeoisie and other monuments are located; on the west side, the urban fabric
is fragmented into smaller blocks, which are in turn divided into small lots, some
time 20-m2 areas. In such areas more recent and poorer buildings are located.

The Detailed Plan of the historical centre of Ragusa, approved on 23/11/2012
(Departmental Decree no. 278/DRU) (Municipality of Ragusa 2010) involves 8600
Architectural Units. This planning tool rules the building works concerning the
urban fabrics of both Ragusa Ibla and Ragusa Superiore. The database of the Geo-
graphic Information System, provides dimensional, typological, material, and broad
technical-constructive information, that have been selected, unified, integrated, re-
elaborated, and coordinated in the prospect of a generative strategic planning model
(Haley 1997).

The model concerns a sample of 1788 AU (Fig. 1), aggregated into 118 blocks
between Via Roma and C.so Mazzini. Each AU is described according to 16 charac-
teristics, organized into four groups in a database with 940 fields distributed among
30 linked spread sheets; the contents of the latter are largely derived by transform-
ing the data into meaningful units of information and, subsequently, in attributes
and evaluations aimed at the sorting the AUs between the different Categories of
Intervention.

3 Methods

3.1 Technological, Axiological and Praxeological
Coordination

The energy issue is one of the most relevant scopes concerned by the assessment
science, strongly connected with the relationship between social system and envi-
ronment, involving the dualities present/future, stocks/streams, values/interests, that
mostly affect the dense urban areas.

It therefore involves the entire cognitive spectrum of value judgments involved in
the technological, axiological and praxeological coordination.

The technological coordination concerns the general state of the building fab-
ric. The material, constructive and performance qualities are part of it, including
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Fig. 1 The sample and some of the early analyses concerning usage, conservation degree, typolo-
gies and age of the AUs comprised in the studied area

the energy-environmental profile. The technological coordination is related to the
sphere of “being able to”, in the sense of the possibilities bounded by natural and
artificial (tools) constraints, which the shape of the built environment depends on.
This coordination generally concerns “facts” as described by observation and com-
parison. The sphere of judgment is involved in “factual judgments”, mainly referred
to the scientific truth.

The axiological coordination concerns the value of the architectural heritage as
selected and promoted by the individual intentionality. This coordination includes
the architectural aspects in a general sense, neither excluding nor opposing to the
economic ones. According to the concept of (real estate) capital asset, the architec-
tural heritage combines qualitative and quantitative values converging to the ability
to provide a stream of monetary and non-monetary utilities, and an expected increase
in value prospect.
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The axiological coordination is related to the sphere of “willing” enveloping the
cultural and emotional stimuli to the individual acting. This type of coordination
generally concerns values as well as the sphere of judgment is involved in “value
judgments”, mainly stating the axiological truth concerning the order of preferences.

The axiological coordination concerns the set of determinations (choices and
decisions) that settle the social order of the human capital, and the shape of the urban
capital; the latter envelopes the motivational premises (the multiple points of view)
in a unitary decision context (the vanishing point). They refer to the practical aspect
“what to do?”, to “normativity”, therefore, giving rise and shape to the political-
administrative action; furthermore this coordination involves the decision-making
attitude as for two aspects (somehow opposite), creativity and responsibility.

The praxeological coordination concerns the sphere of “ought”, the original con-
dition of the organized communities whose internal relationships make them unitary
subjects. In such a dimension the redistributive policies, overarching the personal and
short-term interests, support the common development mediating between the com-
pliance with a natural order and the possibility of a cultural order. The natural order
refers to the most urgent environmental issues in a perspective of intergenerational
solidarity, sometimes considered as an abstraction. The cultural order is based on a
broad intra-generational solidarity. This coordination typically involves “decision”
that gives a normative shape to the merit associated to the different options in their
relation with the common good. The judgment sphere involved is the “judgment of
merit”, which accomplishes the ethical truth.

3.2 An Energy-Environmental Equalization Pattern

The urban planning approach based on the public-private agreement is nowadays
involving all the branches of the urban redevelopment, encouraging the “interscalar”
modeling that extends the analysis and valuation pattern “form object to land” (Giuf-
frida and Trovato 2017).

The sustainability of an urban renovation/development program (Sullivan et al.
2014; Della Spina et al. 2017) can be considered depending on: the equalization
of the advantages gained by the households involved, that is achieved if the energy
and economic surplus coming from the building development is fairly redistributed.
It is well known that the historical urban fabrics renovation programs are mostly
unprofitable, then a more general program including energy retrofit can improve
the amount of both tangible and intangible benefits, on the one hand due to the
government fiscal subsidies, on the other hand due to the recent development of
REITs and the flexibility of technologies based on the electrical source (ISO 2008;
Olsen and Chen 2003), that are more suitable for mostly no flexible buildings.

Furthermore, due to the heterogeneity of the urban heritage, more inequalities
about energy retrofit options opportunities arise related to the urban-landscape con-
straints that do not affect all buildings in the same way.
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Such inequality concerns also the Category of Intervention attributed, given that
valuable buildings are supposed to be conserved, whereas poor architectural quality
buildings are allowed to be transformed, and in some cases also to be increased
in cubage; on the other side, the architectural and urban-landscape quality, that is
assumed as a public good, needs to be preserved.

The proposed tool includes and coordinates quantitative and qualitative terms of
values within a generative strategic planning model designed to connect valuation
and planning functions.

The basic tool of the model is the well-known “residual value” appraisal criterion,
according towhich the surplus exceeding the fair profit coming from a transformation
can be calculated as follows:

v0 = vf − k − f ∗ − π (1)

π = r(vt + k + f ∗) (2)

r = (
w + r′)[(1 + w + r′)n − 1

]
/w (3)

f ∗ = {
vf − [(vt + k)(1 + r)]

}
/(1 + r) (4)

vf = (s · i)/h̄ p̄; k = (s · i)/h̄ k̄ (5)

β = [
vt h̄(1 + r)

]
/s

[
p̄ − k̄(1 + r)

]
(6)

where: v0 is the current real estate value of the properties involved in the detailed
plan; vf is the value of the properties at the end of the development process; k is the
building cost including ordinary permission fees; f ∗ indicates the surplus over the
normal profit that can be transformed in extraordinary permission fees; r is the overall
profit rate concerning each loan time span; w is the weighted average cost of capital
(WACC); r′ is the annual profit rate for risk and organization of the promoter (likely
the householder) and it was made explicit as for it can be bargained if municipality
assumes individual profitability as a significant incentive; n is the loan time span
(years); β is the cubage ratio of the permitted cubage increase that municipality can
permit in order to increase the global profitability of the plan, thus implementing a
more transformative renovation strategy; h̄ is the weighted average height of the new
properties allowed; s is the surface area where the cubage increase is permitted; p̄ is
the weighted average market price of the increased real estate surface area; k̄ is the
weighted average unit building cost of the increased real estate surface area.

Consequently the objective of the Detailed Plan is to maximize the quantitative
and qualitative wealth that can be created by sorting the AUs among the differently
conservative or transformative CI, the former less profitable but more sustainable,
vice versa the latter. A more transformative strategy mostly involving the less valu-
able AUs allows municipality to extract taxes to subside the preservation of the more
valuable ones, but at the same time the global urban landscape quality decays. Con-
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versely, a mostly conservative strategy, preserving the status quo as for the urban
landscape characterized by low cubage, could discourage householders of the low
valuable AU from developing their own properties.

In this methodological framework, the energy-environmental improvement of the
urban fabric is one of the aspects that must be taken into account in the description
of the quality profile of the buildings, and consequently in the overall renovation
program, and the corresponding equalization measures (Della Spina et al. 2015).

3.3 Primary Energy Demand Calculation

The general database provided us with the basic information about the constructive,
material and geometric features of the AUs of the urban fabric, used to calculate the
primary energy demand for each of them (Gagliano et al. 2013, 2017). The following
formula doesn’t take into account the free contributions:

Qh = 0.024 · DD · (HT + HV ) (7)

where: HT is the global coefficient of heat exchange by transmission, (W/K); HV

is the global coefficient of heat exchange for ventilation (W/K); DD are the degree
days of the city in which the building is located.

HT =
n∑

1

Si · Ui (8)

where: Si (m2) is the extent of the ith external envelope that enclose the heated
gross volume. The surfaces to other rooms heated at the same temperature are not
considered; Ui (W/m2 K) is the thermal transmittance of the building

HV = 0.34 · Vn (9)

where: n is the number of air changes, equal to 0.5 times/h; Vn is the net volume of
the climate-controlled room, that can be considered 70% of the gross volume.

EPi = (Qh/Sn)/ηg (10)

where: Qh (kW h) is the thermal energy demand of the building; Sn (m2) is the net
surface area of the building; ηg is the overall average seasonal energy efficiency of
the building (ISO 2007).
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3.4 The Strategic Planning Pattern

The strategic planning model within which the valuation of the energy retrofit per-
formances are framed, articulates the circular sequence “analysis-valuation-project”,
the knowledge/action process whose heuristic and logic coherence guarantees con-
sequentiality and transparency of the decisional path (Fig. 2).

Analysis identifies the AUs as the “minimal information bearer units” by describ-
ing them reporting their dimensional, geometric and material component; the further
qualities are selected and represented as attributes in the prospect of the following
stage.

Valuation defines the semantic linkages between attributes and their qualitative
and monetary multiple values, represented as the multidimensional value associated
to each AU.

Fig. 2 Conceptual map of the circular strategic planning pattern
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Project enables the syntactic linkages between AUs progressively (by designing
several more or less conservative strategies) envisaging the adjustment of the urban-
landscape context as a whole.

The model sorts each AU to a specific CIhk—where h = (1, 2, . . . , 5) is the
number of groups of IC (1. Ordinary Maintenance, 2. Extraordinary Maintenance,
3. Renovation, 4. Demolition and Reconstruction with or without extension, 5.
Restoration), h = (1, . . . , 3) is the AU’s level of maintenance (supposing a soft,
medium or consistent intervention)—basing on a set of constraints v representing a
set of values.

To sort the AU to the specific CI a set of constraints is used: for each CI some
qualification constraints �vg , g = (1, 2, . . . ,m) and an access constraint v̄ are defined:

– �vg are the conditions of conformity of the AU to the set of values expressed by the
specific CI so that it can be part of it:

– v̄ is the access threshold, that is the minimum number of �vg the AU exceeds.

CI ↔ ∃i1, . . . , ik(k ≤ t, t ≤ 1) | bij ≥ v̄ij ∀j = 1, . . . , k (11)

where v̄ij represents the threshold of the j th criterion, k is the number of the criteria
by means of which v̄ij ≥ tij is verified, and tij is the minimum threshold.

A strategy, that can be more conservative or transformative, is defined by setting
the constraints, which, starting from the most conservative can be progressively
relaxed then admitting more and more AUs to the transformative CI.

A MAVT model allows us to compare the designed strategies (Wang et al. 2009;
Zhou et al. 2006) according to the impact on:

• Identity matrix, calculated by taking into account the presence of typical facade
elements, and of the size of the building cubage which an overall conservative CI
is associated to;

• Landscape matrix, calculated by taking into account the overall cubage increase
due to the potential prevailing of the transformative CIs, whose qualitative index
depends on the overall quality score, k∗, and quantitative index is an inverse func-
tion of β (Sect. 3.2, Eq. (6));

• Economic matrix, calculated by taking into account the overall profitability of
the renovation program, based on the difference between the expected real estate
market value and the sum of total cost and current real estate market value; two
converging indexes are r′ (Sect. 3.2, Eq. (3)), from the entrepreneurial perspective,
and f ∗ from the house owners perspective;

• Functional matrix, calculated by taking into account: the size of the AUs (depend-
ing on the cubage increase), the amount of AUs to which is associated a transfor-
mative CI, and the technology level (kt score) of the buildings.

Thus, the trade-off between efficiency and fairness (Napoli et al. 2019) is outlined.
In order to calculate the costs of the works to be associated to each AU according

to each CI, a parametric cost analysis was carried out taking into account the building
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type (22 types have been outlined) and the works classes (masonries, roofs, finishes,
plants, window frames, insulations etc.).

In order to calculate the revenues coming from the transformations, a real estate
market survey has been carried out over the segment of the old town (Gabrielli
et al. 2017), describing a 75 cases sample according to 30 attributes grouped in four
main characteristics (location, ke, prospect, ki, technology, kt , architectural, ka), and
performing a multivariate analysis providing the multiple linear regression equation
basing on which the current and final real estate market value were appraised:

Vm = a1ke + a2ki + a3kt + a4ka + b (12)

4 Applications and Results

The application proposed is the follow-upof the previous experiment aimed at design-
ing the strategy (CI arrangement) that maximizes the multiple equalization objective
function enabling the prospect of the Detailed Plan. As above said, a strategy is
designed by releasing the constraints vg and v̄. The model provides in real time the
CI arrangement and the related attributes corresponding to a specific constraint pro-
file, that can be more conservative (restrictive) or transformative (expansive). Here
we compare the previous results to the ones related to the implementation of the cost
and revenues coming from the energy retrofit.

As first, the calculation of the energy features has been performed over the sample,
as displayed in Figs. 3 and 4, showing respectively the distribution and the map of
the basic characteristics of the buildings and the result of the energy performance
over the sample.

The second stage concerns the calculation of the unit costs of the 15 CI corre-
sponding to the 22 building types, that have been compared to the unit costs without
energy retrofit, as displayed in Fig. 5, showing the percentage increase.

Once implemented the new unit costs in the strategic planning model, the new
total costs for each strategy have been calculated. Some comparisons between the
distributions with/without retrofit costs are displayed in Fig. 6 comparing the results
of four exemplary strategies (1, 5, 8, 11).

Figure 7 displays the progressive modification of the CI as far the constraints are
released (strategies 1, 5, 7, 13).

Such a wide range of conservative/transformative strategies outlines the involve-
ment of a broad spectrum of the values involved and at the same time enabled, each
of which needs to be appraised as for monetary measurements and for qualitative
assessments.

Furthermore, due to the heterogeneity of the historical urban fabric, shared and
effective valuation rules need to be defined especially when the CI assigned to an
AU significantly modifies its axiological (i.e. individual or private) profile, as well
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Fig. 3 Distribution of the energy characteristics and performance over the sample

as the economic potential, and ethical (i.e. public) values, mostly qualitative as for
the relevance of the AU within the urban-landscape context.

Based on the characteristics of the AUs of the sample, a set of logical functions
modify the current attributes of eachAUaccording to theCI assigned, also concerning
the cubage increase in case of CI supposing such works.

Figures 8 and 9 sample this range displaying the variation of aggregated value
score k∗, prospect value score ki, technology value score kt , architectural value score
ka from strategy 3 to strategy 13.

Figures 10 and 11 display the variation of cubage, real estate market value, the
ratio real estate market value/cost, and the ratio (real estate market value-cost)/cost
from strategy 3 to strategy 13.

The last elaboration provides a synoptic view of the decisional model based on
the MAVT approach, simplified by keeping the weights constant, and used only to
assess each strategy, once outlined the value functions for each axiological matrix.
Each strategy is now represented in terms of the four scores attributed to the strategies
according to the four matrices. Thus, each strategy can be compared to each other
and the trade off or convergence relations (Sect. 3.4) between such matrices can be
outlined (Figs. 12 and 13).

Each strategy is represented in an overall framework comprising four diagrams.
Each diagram represents in its axes a couple of matrices related to each other in order
to display trade-off or convergence relation between each couple of matrices. Each
strategy is displayed in each diagram by means of the score it gets from the point of
view of each matrix.
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Fig. 4 Maps of the energy characteristics and performance
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CME MO1 MO2 MO3 MS1 MS2 MS3 RI1 RI2 RI3 Res1 Res2 Res3 DR1 DR2 DR3
a CME 83% 54% 29% 14% 11% 12% 7% 6% 4% 23% 10% 7% 9% 9% 19%
b CME 101% 42% 22% 11% 7% 8% 5% 3% 1% 17% 7% 5% 9% 9% 19%
c CME 95% 73% 37% 18% 13% 14% 7% 6% 3% 26% 10% 8% 9% 9% 19%
d CME 115% 62% 31% 15% 10% 9% 5% 3% 1% 20% 7% 5% 9% 9% 19%
e CME 50% 53% 28% 14% 10% 12% 6% 5% 3% 23% 9% 7% 9% 9% 19%
f CME 60% 40% 21% 10% 7% 8% 4% 3% 1% 16% 6% 5% 9% 9% 19%
g CME 42% 41% 21% 10% 7% 8% 4% 3% 1% 16% 6% 5% 9% 9% 19%
h CME 36% 54% 28% 13% 10% 12% 6% 5% 2% 22% 9% 7% 9% 9% 19%
i CME 49% 62% 32% 15% 11% 13% 7% 5% 3% 24% 9% 7% 9% 9% 19%
l CME 60% 48% 24% 11% 8% 8% 4% 3% 1% 17% 6% 5% 9% 9% 19%
m CME 32% 42% 21% 10% 7% 8% 4% 3% 1% 16% 6% 5% 9% 9% 19%
n CME 27% 55% 28% 13% 10% 12% 6% 5% 2% 22% 9% 7% 9% 9% 19%
o CME 116% 62% 31% 15% 10% 9% 5% 3% 1% 20% 7% 5% 9% 9% 19%
p CME 102% 69% 35% 17% 12% 12% 6% 5% 2% 24% 9% 7% 9% 9% 19%
q CME 43% 38% 20% 9% 7% 7% 4% 3% 0% 15% 6% 4% 9% 9% 19%
r CME 26% 45% 23% 10% 8% 9% 4% 3% 1% 18% 7% 5% 9% 9% 19%
s CME 80% 64% 32% 15% 11% 11% 6% 4% 2% 22% 8% 6% 9% 9% 19%
t CME 64% 52% 27% 13% 9% 10% 5% 4% 1% 21% 8% 6% 9% 9% 19%
u CME 47% 58% 31% 16% 12% 14% 8% 7% 4% 24% 11% 9% 12% 12% 21%
v CME 53% 38% 20% 9% 6% 7% 3% 2% 0% 15% 5% 4% 9% 9% 19%
w CME 73% 44% 23% 11% 7% 7% 4% 2% 0% 13% 6% 4% 9% 9% 19%
z CME 50% 51% 26% 11% 8% 9% 4% 3% 0% 15% 6% 5% 9% 9% 19%

Fig. 5 Percentage increase of the energy retrofit unit costs for each CI and for each building type
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Fig. 6 Comparison between the distributions of the costs with and without energy retrofit, in four
exemplary strategies
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Strategy 1 Strategy 5

Strategy 13Strategy 7

Fig. 7 Category of intervention in four different strategies progressively more transformative (1,
5, 7, 13)

If a strategy corresponds to a quadruple of dots, representing the strategies all
together the corresponding four sequences of dots outline the trade-off or convergence
relations between matrices (Figs. 12 and 13, empty dots). Thus, the trade-off or
convergence relations can be defined in order to compare the 15 strategies without
(empty grey) and with (full red) energy retrofit. At last, the pattern highlights the best
strategy (the one with the largest square connecting the four dots) according to the
two prospects: without retrofit strategy 8 is the best (Fig. 12), with retrofit strategy 1
is the best (Fig. 13).
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Fig. 8 Qualitative arrangement of strategy 3

5 Discussions

The results of the proposed experimentation can be summarized and commented
with reference to the five methodological and operational areas that we have tried to
integrate.

The first concerns the analysis of the state of affairs, which although based on
the database supporting the Detailed Plan, has been filtered according to the aims
of the general model, aimed at forming a plurality of strategies with different and
progressive degree of protection or transformation of the fabric building-urban.

In particular, the large and detailed data was traced back to a synthetic representa-
tion of the urban fabric, consistently: with the measurements necessary for both the
energy calculation and the interscalar evaluations; with the qualitative assessments
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Kt Ka

K* Ki

Fig. 9 Qualitative arrangement of strategy 13

necessary for the formation of the intervention strategies; with monetary valuations,
in particular the cost accounting and the real estate market appraisal, necessary for
the equalization calculations; finally all these evaluations provided the material for
the logical relations throughwhich the constraint systemswere formed, and releasing
which the different strategies were outlined.

The calculation of the energy characteristics of the buildings and of the primary
energy needs has provided results that are consistent with the climatic zone in which
Ragusa is included. The prevalence of old and masonry buildings (Fig. 1) and the
consequent low energy needs (Figs. 3 and 4) do not encourage radical and econom-
ically demanding retrofits, despite the fact that fiscal incentives are confirmed every
year.
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REMV/Cost REMV-Cost/Cost

Cubage increase Real estate market value (REMV)

Fig. 10 Quantitative (cubage) and economic (profitability) arrangement of strategy 3

Nonetheless, the energy calculation was included among the references for the
estimate of the parametric costs of urban renewal works, and the resulting total costs,
referring to the 15 strategies,were calculated and compared (Figs. 5–7).As the energy
retrofit works are present in all the Category of Intervention, the percentage increase
of the unit cost for Ordinary Maintenance is relevant (Fig. 5).

Accordingly, comparing with/without energy retrofit by means of the distribution
analysis, the exemplary strategies 1, 5, 8, 11 (Fig. 6) show that the probability density
functions, in case of energy retrofit, slide towards right mostly in the conservative
strategies.

The most conservative strategies do not fit the contexts in which, like Ragusa
Superiore, architectural values are mostly spread and the context value prevail on the
individual architectural values, as opposed to Ragusa Ibla, the older and original part
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REMV/Cost REMV-Cost/Cost

Cubage increase Real estate market value (REMV)

Fig. 11 Quantitative (cubage) and economic (profitability) arrangement of strategy 13

of the old town of Ragusa, where the recent increase of the real estate market values
supports preservation. As a consequence, the development perspective of Ragusa
Superiore is sometime suggested as effect of transformative interventions supposing
a relevant quota of AU (the less significant) to be included in cubage increase CI
(Fig. 7).

The comparison of the “value arrangements” of two opposing strategies, conser-
vative vs transformative (Figs. 8 and 9), shows the importance of the model aimed at
optimizing the strategy in the light of the true valuation of authentic values (Giuffrida
2017).

In the ground of equalization, economic as first, and in the light of the real estate
market survey results, the same comparison (strategies 3 and 13) revealed that a
modest impact on the overall profitability of the intervention program needs a rele-



Technological, Axiological and Praxeological Coordination … 443

Landscape

Identity
Economic

Functional
-6.0

-4.0

-2.0

0.0

2.0

4.0

6.0

-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0

Fig. 12 Comparison between strategy 1 with/without retrofit: the first one wins
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Fig. 13 Comparison between strategy 8 with/without retrofit: the second one wins
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vant cubage increase, with prejudice to the identity and urban-landscape axiological
matrices of the old town.

Further and final considerations concern the overall valuation of the 15 strategies
that can be designed by releasing the constraints, as above explained (Sect. 3.4,
Eq. (11)). The comparison pattern, based on a MAVT model, highlights both the
complementary and the conflicting relations between the four axiological matrices
assumed as overarching value dimensions of the praxeological coordination, toward
which the whole analytic and evaluation path converge.

The diagrams of Figs. 12 and 13, show the trade-off and complementary relations
between the four matrices—without energy retrofit (empty bubbles) and with energy
retrofit (full bubbles).

Strategy 1 is the best in case of energy retrofit: the red rectangle is greater; strategy
8 is the best in case of no energy retrofit: the black rectangle is greater.

This experimentation shows that a conservative strategy can become the best with
energy retrofit; otherwise, without energy retrofit a more transformative strategy
needs to be implemented.

6 Conclusions

This experimentation concerns the evaluation of the impact of the widespread energy
retrofit in the strategic planning for redeveloping historical urban fabrics.

The analysis, evaluation and planning path we propose follows a conceptual
framework arranging technological, axiological and praxeological co-ordinations,
which overarch respectively: the formation of wealth; the distinction between wealth
and value; the selection of the forms of wealth with a higher value content.

With reference to a wide sample of the historical urban fabric of Ragusa Supe-
riore, (Italy), a generative strategic planning model (Kyrkou and Karthaus 2011)
was designed. It’s able to sort the AUs through the different CIs by releasing the
constraints preserving the more valuable AUs from inappropriate transformation.

The prospect of sustainable local development (Hemphill et al. 2004) focused
on urban-architectural quality for inhabitants, fits the directives of the urban-
architectural quality preservation especially in the low density value urban areas.

In this sense, equalization doesn’t refer only to valuation, but also to the design
of options, like in this case, where, on the one hand, the poor architectural-urban
quality is compensated with a real estate economic benefit (a transformative CI), on
the other hand the surplus coming from the unbalance revenue-cost can be used to
incentive the conservative CI for the valuable buildings.



Technological, Axiological and Praxeological Coordination … 445

References

Berardi U (2013) Sustainability assessment of urban communities through rating systems. Environ
Dev Sustain 15(5):1573–1591

Carter A, Robert P (2017) Strategy and partnership in urban regeneration. In: Roberts P, Sykes H,
Grager R (eds) Urban regeneration. 2nd ed. Sage, London, pp 44–69

Caruso M, Perra E (1994) Ragusa—La città e il suo disegno. Genesi di un organismo urbano tra
‘600 e ‘700. Tarquinia, Gangemi

Conte E,MonnoV (2012)Beyond the buildingcentric approach: a vision for an integrated evaluation
of sustainable buildings. Environ Impact Assess Rev 34:31–40

Della Spina L, Scrivo R, Ventura C, Viglianisi A (2015) Urban renewal: negotiation procedures and
evaluation models. In: Gervasi O et al (eds) Computational science and its applications—ICCSA
2015. ICCSA 2015. Lecture Notes in Computer Science, vol 9157. Springer, Cham. ISBN: 978-
3-319-21469-6 (Print), 978-3-319-21470-2 (Online). https://doi.org/10.1007/978-3-319-21470-
2_7

Della Spina L, Lorè I, Scrivo R,Viglianisi A (2017) An integrated assessment approach as a decision
support system for urban planning and urban regeneration policies. Buildings 7:85. https://doi.
org/10.3390/buildings7040085, http://www.mdpi.com/2075-5309/7/4/85

Elgert L (2018) Rating the sustainable city: ‘Measurementality’, transparency, and unexpected
outcomes at the knowledge-policy interface. Environ Sci Policy 79:16–24

Gabrielli L, Giuffrida S, Trovato MR (2017) Gaps and overlaps of urban housing sub-market: hard
clustering and fuzzy clustering approaches. In: Appraisal: from theory to practice, pp 203–219.
https://doi.org/10.1007/978-3-319-49676-4_15. ISBN:978-3-319-49675-7

Gagliano A, Nocera F, Patania F, Capizzi G (2013) A case study of energy efficiency retrofit in
social housing units. Energy Procedia 42:289–298

Gagliano A, Giuffrida S, Nocera F, Detommaso M (2017) Energy efficient measure to upgrade a
multistory residential in a nZEB. AIMS Energy 5(4):pp 601–624

Giuffrida S (2017) The true value. On understanding something. In: Stanghellini S, Morano P,
Bottero M, Oppio A (eds) Appraisal: from theory to practice. Green Energy and Technology.
Springer, Cham, pp 1–14. https://doi.org/10.1007/978-3-319-49676-4_1

Giuffrida S, Trovato MR (2017) From the Object to land. Architectural design and economic valua-
tion in the multiple dimensions of the industrial estates. In: Gervasi O. et al. (eds) Computational
science and its applications—ICCSA 2017. Lecture Notes in Computer Science, vol 10406.
Springer, Cham, pp 591–606. https://doi.org/10.1007/978-3-319-62398-6_42

GiuffridaS,GaglianoF,NoceraF,TrovatoMR(2018)Landscape assessment and economic account-
ing in wind farm programming: two cases in Sicily, Land, vol 7, no 4. https://doi.org/10.3390/
land7040120

Healey P (1997) A strategic approach to sustainable urban regeneration. J Property Dev 1:105–112
Hemphill L, Berry J, McGreal S (2004) An indicator-based approach to measuring sustainable
urban regeneration performance: part 1, conceptual foundations and methodological framework.
Urban Stud 41(4):725–755

ISO—International Organization for Standardization (2007) Building components and building
elements: thermal resistance and thermal transmittance, calculation method, Standard ISO EN
6946

ISO—International Organization for Standardization, Energy performance of buildings—calcula-
tion of energy use for space heating and cooling, Standard ISO EN 13790, 2008

KyrkouD, Karthaus R (2011) Urban sustainability standards: predetermined checklists or adaptable
frameworks? Procedia Engineering 21:204–211

Menassa CC (2011) Evaluating sustainable retrofits in existing buildings under uncertainty. Energy
Build 43:3576–3583. https://doi.org/10.1016/j.enbuild.2011.09.030

Municipality of Ragusa (2010) General variant of the master plan, and detailed plan of the Historic
Center of Ragusa

https://doi.org/10.1007/978-3-319-21470-2_7
https://doi.org/10.3390/buildings7040085
http://www.mdpi.com/2075-5309/7/4/85
https://doi.org/10.1007/978-3-319-49676-4_15
https://doi.org/10.1007/978-3-319-49676-4_1
https://doi.org/10.1007/978-3-319-62398-6_42
https://doi.org/10.3390/land7040120
https://doi.org/10.1016/j.enbuild.2011.09.030


446 S. Giuffrida et al.

Napoli G, Giuffrida S, Trovato MR (2019) Efficiency versus fairness in the management of public
housing assets in Palermo (Italy). Sustainability 11(4):1199. https://doi.org/10.3390/su11041199

Olsen Erik L, Chen QY (2003) Energy consumption and comfort analysis for different low-energy
cooling systems in a mild climate. Energy Build 35(6):560–571

Sullivan LJ, Rydin Y, Buchanan C (2014) Neighbourhood sustainability frameworks-a literature
review.Centre forUrbanSustainability andResilience 2014,UniversityCollegeLondon,Working
Paper

Valente L (2001) Ragusa Ibla: memoria, calamità e piano. Consiglio Scientifico Internazionale
Sviluppo Sostenibile, Milano

Wang J-J, Jing Y-Y, Zhang C-F, Zhao J-H (2009) Review on multi-criteria decision analysis aid in
sustainable energy decision-making. Renew Sustain Energy Rev 13:2263–2278. https://doi.org/
10.1016/j.rser.2009.06.021

Zhou P, Ang BW, Poh KL (2006) Decision analysis in energy and environmental modeling: an
update. Energy 31:2604–2622. https://doi.org/10.1016/j.energy.2005.10.023

https://doi.org/10.3390/su11041199
https://doi.org/10.1016/j.rser.2009.06.021
https://doi.org/10.1016/j.energy.2005.10.023


Off-Site Construction. The Economic
Analyses for the Energy Requalification
of the Existing Buildings

Antonio Nesticò, Gianluigi De Mare and Irene Aurigemma

Abstract The issue of energy efficiency in buildings is now of prime importance,
both in terms of financial and environmental impacts. In this sense, the broad litera-
ture is expressed in agreement. The theme, which is certainly important for the entire
construction sector, is analyzed here taking as a reference the off-site construction,
sometimes little investigated in sector studies, both with regard to new buildings and
with regard to existing prefabricated buildings. In the first case, in fact, new build-
ings must comply with the increasingly stringent energy standards that national and
international regulations prescribe; in the second case, prefabricated constructions
with low energy performance are widespread in many countries, for which efficiency
measures are required. In both circumstances, however, the market is increasingly
tempted to the problem, for reasons not only of housing comfort but also purely
monetary, also attributable to the greater appreciation that a high energy perfor-
mance has on the market. In this perspective, the paper first articulates the phases of
an investigation protocol to be re-purposed in the definition of the interventions to
be implemented for the energy efficiency of buildings. Subsequently, with specific
reference to existing prefabricated buildings, it aims to select alternative processes
capable of increasing the energy efficiency of vertical opaque structures. The prelim-
inary technical selection of possible actions is followed by the necessary financial
analysis. This, by comparing the investment and operating costs with the revenues
generated by the savings on consumption, makes it possible to establish the best
intervention option.
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Keywords Building envelope energy retrofit · Off-site construction · Economic
evaluation

1 Introduction. Off-Site Construction and Technological
Innovation in Architectural Design

Industry has three strategic priorities: smart construction and digital design, sustain-
able construction and improved trade performance. Off-site construction represents
a potential catalyst for these technological challenges. Synthesis between industrial
manufacturing and construction, it allows you to move the construction of building
works largely in the factory (off-site), and then complete the works on site with
optimization of costs and execution times (Miorin 2017; Barbosa et al. 2017).

The process of industrialization of construction began in the twentieth century
in different ways and at different times in various European countries. In France,
Germany, Great Britain and Holland, after the SecondWorldWar, there was a radical
spread of the systemof industrial prefabrication to copewith reconstruction programs
for residences and school buildings. In Italy, in the same period, the technological gap
in various production sectors is also reflected in the construction sector. Prefabricated
construction is reduced to the import of construction technologies and innovative
materials that are not part of traditional techniques. It was only in the 1960s that
the high demand for building goods led planners and builders to build prefabricated
structures. On the French model, Italian companies specialize in “heavy” reinforced
concrete panel prefabrication, especially for residential buildings, leaving little room
for “light” type technology, i.e. thin steel or prestressed reinforced concrete structures
and thin panels (Poretti 2013). In about thirty years, however, the newway of building
sees a sharp decline. The causes are both economic, due to the high operating and
planting costs that lead to the crisis of small and medium enterprises, and cultural,
due to the lack of evolution of building prototypes as a result of changing housing
needs, which also lead to a drastic decline in architectural quality.

Today’s construction industry operators recognize the need to increase the produc-
tivity levels of the construction industry through Modern Methods of Construction
(MMCs), advanced off-site prefabrication systems. This is done together with the
Building Information Modelling (BIM), which allows the digitization of the entire
building process from design conception to management, up to cost control extended
to the entire life cycle of the product (Miorin 2018).

In recent years, new generation buildings have become more widespread on a
global scale, due to the need to reduce operating costs in the face of an increase
in performance, with particular regard to energy performance. The aim is to ensure
the pursuit of increasingly stringent objectives in terms of energy efficiency and
the use of renewable sources, as imposed by the European agreements for 2030
for both new and existing buildings. Also in this perspective, off-site construction is
particularly important. This is obviously a realization process that must be based on a
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multidisciplinary approach, able to integrate together the phases of planning, design,
processing in the factory of different materials, assembly on site of the construction
elements (Smith 2014a). The applicationof these newdesign and constructionmodels
requires a deep specializationof all operators in the sector.Designersmust use thenew
IT tools to digitise the construction process. Builders and construction workers, often
unskilled and rather old, must integrate the manual skills and tradition of building
with new industrial technologies, thus determining an increase in productivity.

The literature shows that off-site construction, increasingly widespread in the
international building scene, is concretely capable of generating multiple economic
benefits. Alongside monetary savings (Smith 2014b), the important environmental
effects in terms of reducing energy consumption and hence carbon dioxide emissions
should not be overlooked (Southern 2016).

2 Aim of the Paper

Nowadays the construction market is increasingly focused on the maintenance and
upgrading of existing buildings. These are complex activities, which require careful
technical and economic evaluations and which may concern products made either
with traditional techniques, in masonry or reinforced concrete, or with the technique
of heavy prefabrication. Prefabricated structures, more or less widespread in indi-
vidual countries, were built in Italy between the first post-war period and the early
Nineties, often with marked limits in terms of thermal insulation capacity. These lim-
its, generally to be attributed to the different components of the building, sometimes
depend heavily on the building envelope, whose concrete panels rarely provide the
necessary energy efficiency requirements.

The energy requalification of the prefabricated building envelope can be achieved
through different possible interventions. The aim of the work is to demonstrate that
the optimal technical solution choice is based on a rigorous economic analysis to
be developed by comparing previously identified project alternatives. The pursuit of
this object is achieved by structuring this paper into four sections. Section 3 contains
the study methodology, which consists of a protocol for the economic evaluation of
energy efficiency measures. Section 4 shows a possible selection of the interven-
tions to be made on the envelope that makes up the prefabricated building structure.
Section 5 implements the investigation protocol to a case study. Section 6 discusses
the results and reports the conclusions.



450 A. Nesticò et al.

3 Materials and Methods. A Protocol for the Economic
Evaluation of Energy Efficiency Measures

The methodological approach for the definition of energy improvement interven-
tions of the building envelope provides for a multi-stage procedure with studies on
the energy characterization of the prefabricated building, the technical-architectural
design of the building works, the economic evaluation of the initiative. The different
steps are in Fig. 1.

The first phase of the protocol concerns the collection and processing of all gen-
eral, technical and architectural information of the building, as well as the analysis
of climatic and environmental data, geometric and dimensional of the construction,
thermophysical of the components of the building envelope, the performance charac-
teristics of the installed systems (Stage 1). These operations are fundamental for the
evaluation of the energy performance and the specific consumption of the building
in its actual state, as a result of the implementation of the data previously collected
within thermodynamic simulation software (Stage 2–3). Inspections of the building
allow to detect possible critical situations due to high energy requirements. The tools
of investigation can be many, starting from the visual examination of the construc-
tion, where the components of the building-plant system have clearly poor thermal
qualities, to the use of innovative non-destructive techniques, such as infrared ther-
mography, useful to highlight thermal bridges, moisture phenomena and heat disper-
sion (Stage 4). The possible strategies of energy efficiency are determined starting
from a careful analysis of the current conditions and the thermophysical parameters
of the building (Stage 5). The optimal energy retrofit solution for the building enve-
lope is the result of the economic evaluation of the alternatives, which must take into
account the effect of any European and/or national funding (Stage 6). Indicators of
financial convenience (NPV, IRR, Pay Back Period, B/C ratio) and environmental,
social or cultural impact (CO2 emissions, reduction in pollution levels and number
of diseases, etc.) return the results of the research (Stage 7) (Fiore et al. 2016; Nesticò
et al. 2015, 2018).

4 Overview of Retrofit Actions for the Building Envelope
of Prefabricated Structures

In general, good design practices for existing buildings recognize several intents
aimed at improving the energy performance of building components:

a. the addition and/or subtraction of volumes and surfaces;
b. the integration of deficient sub-system elements;
c. the replacement of parts of the structure.

The volumetric addition actions concern the insertion of both technical com-
partments for the housing of systems and connection systems (stairs or elevators),
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Fig. 1 Stages of the study protocol

and new cubes for the extension of the building. Such actions, able to guarantee an
improvement of the functions and of the relationship of the built environment with
its surroundings, are often associated with the subtraction of surfaces or volumes, in
order to create new open or semi-open spaces useful for the passive air-conditioning
of the building. Frequently used in design practice are also the thermal buffers. These
are volumes added to the facade to form climatic greenhouses, ventilation and solar
fireplaces, double-skin facades. These guarantee the bioclimatic adaptation of the
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building, because they are able to optimize the levels of comfort of the internal
environments.

The integration activities of a deficient sub-system elements concern walls and
horizons, forwhich it is essential to improve the thermal insulation capacity (Landolfo
et al. 2012). The techniques for the thermal insulation of the perimeter walls are
manifold. It can be operated:

– from the outside of the wall surface, using external “cladding systems”, creating
ventilated facades and thermal insulating plasters;

– from the inside, with the application of composite thermal insulation panels;
– in the cavity, using the technique of blowing insulating material, granular or liquid
type, depending on the thickness of the interspace itself.

Retrofitting of roof structures is necessary to maintain thermo-hygrometric com-
fort conditions in both winter and summer. It is possible to intervene: on the extrados
of the floor, with ventilated systems; on the intrados, with the integration of thermal
insulation panels, using different techniques in according to the type of structure (flat
or sloping roof, practicable or not practicable attic). Innovative systems are the Green
Roofs and the Cool Roofs, the latter composed of materials with a high capacity to
reflect incident solar irradiance. They are effective systems to cope with the summer
overheating of buildings and large urban areas.

The replacement of components or parts of a manufactured product mainly con-
cerns the transparent elements of the casing, i.e. the fixtures. The simplest and fastest
interventions involve the replacement of only the glazed element, where the existing
profiles have satisfactory thermal requirements. However, it is common to replace
the entire window with different technologies and high-performance materials, such
as profiles in thermal break aluminium, PVC or low-density wood.

In themajority of cases, the shell of the prefabricated building plays a predominant
role in the energy performance of the entire system built, as it does not guarantee the
minimum standards of thermal insulation and transmittance. In this way, insufficient
conditions are created for the winter and summer comfort of the interior. These
problems are mainly impute to a lack of or reduced insulation of the concrete wall
panels, the presence of single and athermic glass and the absence of shielding devices
(Rossetti 2013). Another frequent cause of energy loss is the shape of thermal bridges
at the junctions between the structural elements.

The energy efficiency of the building envelope is an objective to be pursued with
strategies that are always respectful of the context in which they operate. This means
using specific construction techniques depending on the architectural, technological
and thermophysical characteristics of the building and in relation to the state of
degradation of the existing building.

With regard to prefabricated buildings, thermal performance and energy efficiency
are mainly influenced by three factors:

– the way in which the building’s constituent elements are constructed (partial or
total hardening);

– the materials used (systems entirely made of concrete, integrated with insulating
materials and cement);
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Fig. 2 Main energy retrofitting measures for the shell of prefabricated building’s

– the geometry of the building components (one-dimensional, two-dimensional or
three-dimensional systems).

The vertical opaque surfaces of prefabricated structures are more suitable for
external integration of layers, most of which are dry-assembled. These are insulation
systems with overcoat and ventilated facades. The thermal insulation materials to be
applied must guarantee an increase in the thermal inertia of the stratification in order
to achieve a better level of internal environmental comfort and control of thermal
loads in the summer (Di Giuseppe et al. 2012; Di Perna et al. 2008).

For glass surfaces, themost technically effective intervention is the replacement of
the entire in-frame with multi-chamber structures in PVC or aluminiumwith thermal
breakwith double or triple low-emission glass. Usually it is necessary to significantly
reduce solar radiation and increase the thermal resistance of windows and doors by
means of horizontal (for facades facing south) or vertical (for surfaces facing east or
west) shielding systems, applied outside the building.

Figure 2 shows the main energy retrofitting interventions for the shell of prefab-
ricated buildings.

5 Case Study. Selection of Interventions for the Energy
Efficiency of the Shell of a Prefabricated School Building

The studyprotocol described inSect. 3 is nowapplied in order to establish the building
interventions useful for the thermal insulation of the vertical opaque surfaces of a
prefabricated school building. The aim is to achieve the optimum solution in terms
of energy efficiency and economic convenience.
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Step 1. Collecting and analyzing data for the measurement of energy audits of the
building in its current state

The school building under study is located in Avellino (Italy) and is characterized
by the heavy prefabrication construction system, widely used in Campania during
the post-earthquake reconstruction programs of 1980. In particular, the building is
realized through an open system in modular prefabrication, called Easy Building
System (EBS). The plan area is 1,147 m2, it is distributed on a single level and is of
the court type. The six pedagogical units (classrooms), the atrium, the kitchen and
the dining room are distributed around an inner central courtyard.

The load-bearing structure of the building consists of a network of beams and pil-
lars in hot-rolled steel sections, while the outer walls are made by pre-formed panels
in concrete with a continuous central insulating core in polystyrene. The transparent
surfaces highlight two types of frame: profiles in cold anodized aluminium alloy and
in thermal break aluminium. In both cases, the glass is athermic double glazing with
an air-tight cavity. The attic floor is composed of a trapezoidal steel sheet with a layer
of insulation in expanded polystyrene.

The heating system consists of a traditional natural gas boiler with a thermal
output of 167.3 kW. The domestic hot water production system is an autonomous-
mode system and consists of a wall mounted storage electric water heater, installed
in each toilet, with a nominal power of 1.2 kW.

Step 2. Processing of the collected data and simulation of the thermodynamic
behaviour of the building

The energy balance is obtained by implementing the architectural, technological,
environmental, thermal and plant data with the software TerMus (Acca), in accor-
dance with UNI TS 11300. The results place the building in class D and give a
non-renewable energy performance index of 362.95 kWh/m2 year. Table 1 shows
the energy data of the building system.

Step 3. Verification of the energy requirements resulting from the simulations by
comparison with the actual consumption of the building. Calibration of the model
parameters

Table 1 Energy data of the building-plant system

Energy efficiency classification D

Global non-renewable energy performance index—EPgl,nren 362.95 (kWh/m2year)

Energy performance index for winter heating—EPH ,nren 184.31 (kWh/m2year)

Energy performance index for domestic hot water—EPW ,nren 160.00 (kWh/m2year)

Energy performance index for artificial lighting—EPL,nren 18.64 (kWh/m2year)

Primary energy requirement for Heating—QPH 194,944 (kWh)

Primary energy requirement for domestic hot water—QPW 209,905 (kWh)

Primary energy requirement for artificial lighting—QPL 24,457 (kWh)
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Fig. 3 Themal losses of the building envelope

The energy simulation model correctly reproduces the thermodynamic behaviour of
the building, as the difference between the theoretical and actual energy requirements
is less than 15%.

Step 4. Identification of the critical points of the building in terms of the energy-
performance profile

Surveys of the building show the good state of conservation of the external walls.
These are not affected by water infiltration and/or mold formation. Measurements
with infrared camera detect the presence of shaped thermal bridges at the connection
between the closing elements. This causes a change in the heat flow. In particular,
the greatest heat losses are recorded near the attic floor (33.61%) and the transparent
closures (29.31%), as shown in Fig. 3.

Step 5. Selection of possible energy efficiency interventions

The proposed retrofit measures aim to improve the thermal performance of the build-
ing envelope. Through a passive approach, we work on the vertical opaque surfaces,
on the windows, on the attic and ground floor. For vertical opaque surfaces, two
design alternatives are compared, which envisage different construction techniques
and thermal insulation materials:

– I.M.1_EPS. “Cladding” system, with insulating material in sintered expanded
polystyrene (thickness 100 mm);

– I.M.1_RW.Ventilated facade, composed of sandwich panels in a high-density rock
wool, with metal support in pre-painted galvanized steel and finished on the outer
surface with a porcelain stoneware slab (total thickness 83 mm).

For each possible solution, dynamic thermal parameters are calculated, verifying
that the thermal transmittance (U), periodic thermal transmittance (YIE) and surface
mass (MS) values in Table 2 comply with the minimum requirements imposed by the
Ministerial Decree of 06/26/2015. Both alternatives guarantee excellent insulation of
the perimeter panels. The analysis of the thermophysical characteristics also shows
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Table 2 Improvements to vertical opaque surfaces. Thermophysical characteristics

Design solutions U (W/m2K) YIE (W/m2K) Phase displacement (h) Ms (kg/m2)

Current conditions 0.65 0.34 6.81 184

I.M.1_EPS 0.22 0.02 10.57 186

I.M.1_RW 0.27 0.02 11.18 219

that the two solutions are absolutely equivalent, resulting a mean reduction of the
thermal transmittance value of about 62%.

For fixtures and for opaque horizontal surfaces, a single hypothesis of intervention
is selected. In fact, preliminary evaluations of various retrofit actions that involve
the use of different thermal insulating materials, give the same results in terms of
thermo-physiological characteristics of building components. Therefore, solutions
are chosen:

– I.M.2. Replacement of the windows with multi-chamber profiles in thermal break
aluminium alloy and low emission double glazing, with chamber containing 90%
argon gas;

– I.M.3. Insulation of the first floor slab by means of thermal insulating panels in
expanded polystyrene with graphite additive and subsequent laying of lightweight
concrete screed. Thermal insulation of the attic floor by blowing in a layer of
expanded clay in granules.

Compared to existing windows, the thermal transmittance value of the entire
glass-frame component is significantly reduced by about 68%, reaching a value
of 1.27 W/m2K. For both horizontal components of the envelope, is estimated an
medium reduction of thermal transmittance of about 60%.

The achievement of appreciable results in terms of reduction of energy require-
ments and monetary savings on primary energy consumption, can be guaranteed by
considering together the solutions prepared for each architectural component. Two
design combinations are then economically evaluated, in which only the possible
insulation of vertical opaque surfaces (I.M.1_EPS and I.M.1_RW) varies, while the
pre-measurement for the floors (I.M.3) and for the transparent closures (I.M.2) is
pre-established:

– C.I.M.1 = I.M.1_EPS + I.M.2 + I.M.3 (“cladding” system);
– C.I.M.2 = I.M.1_RW + I.M.2 + I.M.3 (ventilated façade).

The results of the thermodynamic simulations show that the two design proposals
produce the same effects in terms of reduction of heat loss and energy saving, equal
to about 37–38% (Table 3). With the retrofit strategies identified, the building is in
energy class B.

Step 6. Definition of management processes. Search for financial support for the
interventions proposed
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Table 3 Energy characteristics of project proposals

Current
condition

C.I.M.1 C.I.M.2

Energy efficiency classification D B B

EPgl,nren (kWh/m2year) 362.95 257.24 258.20

Electricity consumption (kWh/year) 97,064 96,971 96,972

Methane consumption (kWh/year) 185,153 78,898 79,860

Total energy requirement (kWh/year) 282,217 175,869 176,832

Total energy saving (kWh/year) 106,348 105,385

Total energy saving (%) 38% 37%

Table 4 Investment cost for the project proposal C.I.M.1

C.I.M.1 Intervention Cost (e)

I.M.1_EPS “Cladding” system with insulating material in sintered expanded
polystyrene

38,782

I.M.2 Fixtures in thermal break aluminium alloy + low emission double
glazing

50,774

I.M.3 First floor slab insulation with thermal insulating panels in EPS with
graphite additive + thermal insulation of the attic floor with a layer of
expanded clay in granules

105,883

Total investment 195,438

The financial evaluation is developed with reference to two hypotheses:

1. investment costs incurred 100% by the Public Administration;
2. 60% of the investment cost is covered by resources deriving from the Regional

Operational Programme (European Regional Development Fund) 2014–2020.

Step 7.Economic evaluation of possible energetic requalification project and optimal
investment choice

The Cost-Benefit Analysis (CBA) is developed, which requires the estimation of
costs, both investment and management, and the estimation of revenues, the latter
consisting of savings for lower energy consumption and reduced maintenance costs.
The analysis period is assumed to be 25 years and consists of the construction phase,
equal to 1 year during which the works are carried out, and the operating phase, in
which the project generates positive cash flows.

From the bill of quantities, the investment costs for the two retrofit hypotheses,
the external cladding system with EPS panels (C.I.M.1) and the ventilated façade
with stone wool sandwich panels (C.I.M.2), are respectively equal to 195,438 e and
199,440 e (Tables 4 and 5). These costs are net of Value Added Tax (VAT) and
concern materials, transport to the worksite and labour.

Operating costs are estimated on the basis of ordinary and extra-ordinary mainte-
nance costs, which include inspection, cleaning, adjustment, repair and consumables
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Table 5 Investment cost for the project proposal C.I.M.2

C.I.M.2 Intervention Cost (e)

I.M.1_RW Ventilated facade with sandwich panels in a high-density rock wool 42,784

I.M.2 Fixtures in thermal break aluminium alloy + low emission double
glazing

50,774

I.M.3 First floor slab insulation with thermal insulating panels in EPS with
graphite additive + thermal insulation of the attic floor with a layer of
expanded clay in granules

105,883

Total investment 199,440

Table 6 Energy savings

Current
condition

C.I.M.1 C.I.M.2

Electricity consumption (kWh/year) 97,064 96,971 96,972

Cost of electricity (e/year) 27,178 27,152 27,152

Methane consumption (kWh/year) 185,153 78,898 79,860

Methane cost (e/year) 16,664 7,100 7,187

Total energy requirement (kWh/year) 282,217 175,869 176,832

Total energy cost (e/year) 43,842 34,253 34,340

Total energy saving (kWh/year) 106,348 105,385

Total energy saving (e/year) 9,589 9,502

costs. In the case of the C.I.M.1 combination, the operating costs, difference between
the costs of post-operative and ante-operative maintenance, are due to the extra cost
(3,378 e) for the remake of the siloxane finish layer of the thermal insulation.

In terms of revenues, the retrofit actions lead to a reduction in energy consump-
tion, which falls from 282,217 to 175,869 kWh/year for the C.I.M.1 solution and to
176,832 kWh/year for the C.I.M.2 solution, with annual monetary savings amount-
ing to 9,589 e and 9,502 e respectively (Table 6). For the C.I.M.1 solution, further
savings derive from the lack of ordinary maintenance costs for the surface layer of
the walls (25,033 e).

Since the periodic maintenance of the components of the energy-efficient building
envelope is charged, another revenue item is the residual value of the investment at
the 25th year of the analysis period. This residual value amounts to 109,554 e for
the C.I.M.1 solution and 77,358 e for the C.I.M.2 solution.

The data collected allow the construction of the financial plans, for each project
solution and for both financing hypotheses. By way of example, Table 7 shows
the financial plan for the C.I.M.2 project solution in the event that the POR-ERDF
2014–2020 funds can be used.

The results of the Cost-Benefit Analysis are expressed using the summary indica-
tors: Net Present Value (NPV), Internal Rate of Return (IRR) and Pay Back Period
(PB) (De Mare et al. 2012). In the absence of financial contributions from outside,
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Table 8 Financial convenience indicators

Indicators C.I.M.1 C.I.M.2

P.A. capital POR-ERDF 2014–2020 P.A. capital POR-ERDF 2014–2020

NPV −1,766 e 110,987 e −3,797 e 111,265 e

IRR – 13.01% – 13.11%

PB – 10.54 years – 10.88 years

the Net Present Values are slightly negative, amounting to –1,766 e for the C.I.M.1
solution and –3,797 e for the C.I.M.2 intervention. This explains the long period
of time, just over 25 years, needed to return on the investment if they do not help
with external fees. This is obviously without considering environmental, social and
comfort effects, not counted in the study but which would certainly have a favorable
impact on the results of the evaluations (Table 8).

In reverse, the interventions generate largely positive financial results if the invest-
ment cost is covered at 60% by POR-ERDF 2014–2020 funds. In this case, the IRR is
around 13%. It emerges that the two design solutions, C.I.M.1 and C.I.M.2, are sub-
stantially equivalent, since the similar technical performances translate into financial
effects very close to each other. In fact, the NPVs are 110,987 e and 111,265 e
respectively, as shown in Table 8.

6 Conclusions

Nowadays, architecture is increasingly interested in the industrialization of build-
ings, driven by objectives to raise profitability levels but also by the need for decar-
bonization and environmental sustainability. In this perspective, off-site construction
offers undoubted advantages, because it allows: to employ skilled labour, working
in a closed and controlled environment that is not affected by the climate; to design
precisely, reducing errors and the production of waste materials; to speed up the
construction process and to optimize profit margins (Bernstein 2011; De Mare et al.
2013; Nesticò and Moffa 2018).

But requirements also arise with respect to existing prefabricated buildings, which
generally do not meet current energy performance requirements. This makes it nec-
essary to intervene with rehabilitation works. To this end, the present work aims
first of all to detect the determining wheel that often assumes the building envelope.
The study then proposes to outline a protocol of investigation based on the princi-
ples of the Cost-Benefits Analysis (CBA) and aimed at selecting the design option
that, among those considered technically useful for energy efficiency, is the most
convenient from the economic point of view.

It has been demonstrated that among the many possible technical solutions for
increasing the thermal well-being of the building, the implementation of the ACR
can solve critical issues in the decisional process where it is necessary to choose the
optimal intervention of energy retrofit of the building envelope.
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The application of the model to a case-study, that of a school building with heavy
prefabricated structures, shows that the retrofitting actions on the building envelope
can include the insulation systemwith expanded polystyrene and the insulated façade
with sandwich panels in rock wool. The results open up interesting perspectives of
research if one considers the possibility of taking into account in the analysis the posi-
tive externalities of an environmental and social nature, to be evaluated by implement-
ing multi-criteria techniques (Bottero et al. 2014; Nesticò and Pipolo 2015; Napoli
et al. 2017; Del Giudice et al. 2018; Della Spina et al. 2018; Nesticò et al. 2019).
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Multi-criteria Decision Analysis
of a Building Element Integrating Energy
Use, Environmental, Economic
and Aesthetic Parameters in Its Life
Cycle

Giulia Sonetti and Patrizia Lombardi

Abstract With the increasing concern of the building environmental impacts, gov-
ernmental regulation and people own consciousness have shown rising interest in
buildings protocols and methods for sustainability certification. Life cycle assess-
ment (LCA) represents a useful tool for designers, companies and building owners
in every phase of the construction process, but its daily use encounters several appli-
cability problems. It is indeed hard to take into account crucial parameters regarding
the economic, aesthetic and energetic performances of each alternative in a whole
sight. The aim of this paper is to exploit LCA techniques to evaluate the environmen-
tal impacts of three different types of roof analysed within the building component
scale. A green, reverse, and simplywaterproofed roofs have been drawn and split into
each component’s environmental impacts, whereas a multi-criteria decision analy-
sis (MCDA) tool integrating economic, social and aesthetic parameters. LCA results
showed that the reversed roof solution gives out the minimum environmental damage
(−69, 46% compared to the common waterproofed roof). The results from this LCA
analysis are included in a more holist MCDA approach which is able to consider
different objectives (thermal performance, construction cost, aesthetic performance,
social utility, environmental impact). This integrated evaluation is conducted accord-
ing to different scenarios and points of view (eco-social and business-as-usual) and
gave scenarios with a synoptic assessment of each maximized performance. Conclu-
sive remarks show that an MCDA qualitative analysis coupled with the quantitative
result from LCA appeared to be very helpful in comparing options in the design
phase of a building, and a useful communication tool among all the stakeholder of
the construction process. This new approach based on the LCA-AHP analysis can
help decision makers to find sustainable alternatives among available options and
promises a more sustainable product or process.
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1 Introduction

With the increasing concern of the building environmental impacts amongst pub-
lic and private companies, governmental regulation and people own consciousness
have shown rising aspiration towards sustainable urban development. The building
sector is one of the most contributors to global energy consumption and environmen-
tal impacts—it is often called “the 40% sector” (CAN Europe 2005; Cabeza et al.
2014; Nejat et al. 2015) because it is responsible for up to 40% of total energy use
worldwide (UNEP2007;WBCSD2007;DeT’Serclaes 2007).What is currently hard
to achieve, is not the evaluation of a specific characteristic of a single material, or of
the overall building performance, but rather the synoptic assessment of an assembly
of elements among the same construction process. The lack of such vision discour-
ages architects and designers to innovate or propose a new agreed solution. Life cycle
assessment (LCA) provides a holistic approach to definematerials and products envi-
ronmental impacts alongwith their use-phase anddisposal scenario (Alshamrani et al.
2014; De Felice et al. 2013; Vilches et al. 2017). Several single building materials
and products have already been assessed with LCA (De Felice et al. 2013; Guardigli
et al. 2011; Jeswani et al. 2010): wood, concrete (Björklund and Tillman 1997), roofs
(Berto et al. 2018), insulating stone wool (Schmidt et al. 2004), hard floor coverings
(Günther and Langowski 1997), and so on. However, there is still a little number of
analyses on medium scale elements (Chau et al. 2015; Vilches et al. 2017).

As highlighted inmany different reviews on LCA in the built environment (Anand
and Amor 2017; Buyle et al. 2013; Jeswani et al. 2010), there are no solid guide-
lines on which stream of methods should be applied under specific circumstances.
Although they can be applied for comparing different building designs with respect
to their environmental impacts, there are still some drawbacks in boundary scoping,
methodology framework, data inventory and practices, which impairs their useful-
ness as a decision making support tool. Conceivably, the usefulness of LCA can be
further enhanced in building construction by standardizing the requirements for indi-
vidual studies on the boundary scoping, methodology choices and data inventories
so as to establish benchmarks for different types of buildings. Also, it is important to
extend the current scope of LCA to include effects of indoor environmental qualities,
building location as well as social considerations. The fundamental LCA concept is
useful to formulate the building environmental assessment schemes embracing all
these aspects. Of equal importance, is to search for effective policy governance mea-
sures to encourage building designers and developers to apply life cycle study in
early design stage even though it may slightly prolong the tight building design
schedule. The aim of this paper is to exploit LCA methodologies (Sect. 2.1) to eval-
uate the environmental impacts of three different types of roof analysed within the
building component scale (explained in Sect. 2.2). A green, reverse, and simply
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waterproofed roofs have been drawn and split into each component’s environmental
impacts, whereas a multi-criteria decision analysis (MCDA) tool integrating eco-
nomic, social and aesthetic parameters (Sect. 2.3). The results (Sect. 3) from this
LCA analysis are included in amore holistMCDAapproachwhich is able to consider
different objectives (thermal performance, construction cost, aesthetic performance,
social utility, environmental impact). This integrated evaluation is conducted accord-
ing to different scenarios and points of view (eco-social and business-as-usual) and
gave scenarios with a synoptic assessment of each maximized performance.

Conclusive remarks in Sect. 4 show that an MCDA qualitative analysis coupled
with the quantitative result from LCA appeared to be very helpful in comparing
options in the design phase of a building, and a useful communication tool among
all the stakeholder of the construction process.

2 Methods

2.1 LCA Scoping

The aim of the first part of this study is the comparison between the environmental
impacts of three different types of roof, in order to identify the solution with the
minimum amount of damage points. The functional unit is constituted by one square
meter of roof. The system boundaries go from the raw material extraction to the
disposal scenario, considering the machines and the energy needed in the production
phases, for the transportation from the firm to the site and for the end-life treatment
of those materials. Unlike the single material analysis, here the energy consumptions
for summer/winter cooling/heating is included.

The method follows the SimaPro function scheme, where data collection for the
product and its components are collected, the single framed are for contents of each
database and the double framed for the calculation and the evaluation phases. The
assumption at the base of the evaluation is the one embedded in the Eco-indicator
99 method, modified with the updated database dedicated to the Italian products and
processes presented by Neri (2007). Eco-indicator 99 takes into account three dam-
age categories (Human Health, Ecosystem Quality, Resources) and the following
impact categories: Human Health Carcinogenic, Respiratory organics, Respiratory
inorganics, Climate change, Radiation and Ozone layer measured in DALY (Disabil-
ity Adjusted Life Years); Ecosystem Quality Ecotoxicity, Acidification, Eutrophica-
tion, and Landuse measured in PDF * m2y (Potentially Disappeared Fraction of
Plants species), Resources, Minerals and Fossil fuels measured in MJ surplus. All
the transportations input was considered from the nearest production plant to the
building site that has been set in Salerno, Italy. The geographical setting is also cru-
cial for the climatic boundary condition when calculating the thermal load within
1 ms of the practical unit. The amount of Thermal Power (Pti) needed to maintain
an internal room temperature of 20 °C in wintertime is given by the (1):
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(1)

where:
l is the thermal conductivity (W/mK), s is the thickness (m), S is the surface

area (m2) (supposed to be orthogonal to the thermal incoming flux. i.e. that the roof
is horizontal and DT is maximum), and DT is the difference between external and
internal temperature, and k = 1/(1/ai + 1/ae +�si/li). The Primary Energy Qti is
obtained by multiplying Pti to hours/day, to days/months, to the months/year and
to the supposed life years of the building, only for the supposed operational time
frame of heat plant. In order to take into account also another important parameter
like diffusivity, increased during summer, for the calculation of the cooling thermal
power some adjustment factors by means of experimental data and diurnal variation
of temperature and the thermal lag. Obviously, it is assumed that each proposed roof
package must respect every law prerequisite in terms of security, safe, maximum U
value, sound reduction and humidity control (dlg n° 192, following the 2002/91/CE).

2.2 LCI—Life Cycle Inventory

The roof assembly tagged R1 is a waterproofed concrete roof. It is made up as
illustrated in Fig. 1 to calculate its thermal performances. The results (U value =
1.772 W/m2K, total thickness = 0.32 m, superficial mass = 370 kg/m2) were input
in Simapro for the energy consumption during winter and summer. The process flow
was compiled as in Table 1.

With the same structure as the R1, R2 is a typical reversed roof. It has the R1’s
layers plus an insulation layer of polystyrene (7 cm), a waterproof layer and a gravel
bed on the top (8 cm) are illustrated in Fig. 2.

The R3 roof is a typical green roof composed as the R1 plus an insulation layer
of expanded polystyrene (8 cm), an air gap between the structure that collect the
ground and the above understructure (2 cm), waterproof layer and a ground bed on
the top (10 cm) with a certain percentage of humidity to let the plants grow on it.
The thermal properties are calculated with the Termus software.

2.3 Multi-criteria Decision Analysis

Multi-criteria decision analysis (MCDA) provides a systematic process for trading
off effects of various alternatives, taking into account all the aspects and values
involved in the decision and synthesized individual contributions. Originally devel-
oped in the field of Operative Research, discrete MCDA is able to determine lists
of priorities from a finite series of choice options (alternatives) which are assessed
and compared in relation to identified characteristics of the problem (criteria) when
it is appropriately broken down into its fundamental elements. In particular, MCDA
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Fig. 1 The roof assembly tagged R1 (waterproofed concrete roof)

provides the following benefits: a clear definition of the criteria used in the selection
of an option between alternative solutions; a weighting of the criteria to be used in
the evaluation, in accordance with different point of views; a combination of multiple
aspects which have a different nature; a comparison between objectives, strategies
of the various subjects involved, and available resources; a transparent and explicit
evaluation approach.

Literature presents a wide range of MCDA methods which can be grouped in
families, as quantitative, qualitative and mixed (Figueira et al. 2005). These differ
from each other in the nature of the information they are able to manage, i.e. cardinal
(hard), ordinal (soft) or mixed data.

There are two major schools of thought in MCDA that govern the methods pro-
posed in this field: the French school, represented by the ELimination and (Et) Choice
Translating REality (ELECTRE) family of outranking methods; and the American
school represented by the Analytical Hierarchy Process (AHP), proposed by Saaty
in the 80’s (Saaty 1990, 1996b). These schools regard both the evaluation of a finite
set of alternatives, based on a finite set of conflicting criteria, by a decision making
body. However, the French school channels subjective human judgments through
partial systems of binary outranking relations between the alternatives and via a
total system of outranking relations, while the American school allows to design
partial value functions on the set of alternatives (being able to assess a global value
function, too). That is why, for the scope of this work, that is encompassing many
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Table 1 Example of process flow in the Simapro Software (R1—simple roof)

1 mq rainproof layer in PVC (SARNAFIL
G 476-20) (sp = 0.002), 1p; weight = 2.8 kg

Transport, lorry 28t/CH S, 2214.8 kg km
From Sarnafil firm plant in Milano to the
building site in Salerno = 791 km * 2.8 =
2214.8 kg km

1 mq lightened concrete (10 cm = 0.1 m) 1p;
weight: 45 kg

Transport, lorry 28t/CH S, 2240 kg km slab
from the firm to the site, supposing a cave
near Salerno which can provide all the
components: 112 kg * 20 km = 2240 kg km

1 mq airbrick floor with ironed joints (0.22 m)
1p; weight: 117.744 + 114.92 + 88 = 321 kg

ExtTemp, max = 31.2 °C, intT = 26 °C.
DifExtTmax-intT = 5.2. DTeqmax = (15.2 −
8.5)/200) * (700370) + 10.5 = 21.555 (h23)
Adjusting factor: −0.3/DTeq = 21.255 Pte =
1.772 * 1 * (21.255) = 38 W

1 mq plaster (0.01 m) 0.75 p/0.02 * 0.015 =
0.75p; 28 * 0.75 = 21 kg

Eti = 37.664 W * 4 h/d * 2 * 26d/y * 100y =
783408.288 W = 783.408 kWh (heat)

Heat, natural gas, at boiler condensing
modulating <100 kW/RER S 3648.902

Transport, lorry 28t/CH S, 5448.8 kg km air
bricks: 272.44 kg * 20 km = 5448.8 kg km

kWh energy consumption during winter: Pti =
1.772 * 1 * (20 − 2) = 31.896 W Eti =
31.896 W * 8 h/g * 26 g/m * 5.5 m/a * 100a =
3648902.4 W = 3648.902 kWh

Transport, lorry 28t/CH S 280 kg km plaster:
14 kg * 20 km = 280 kg km

kWh Heat: energy consumption during
summer: superficial mass: 370 kg/m2

RP_Recycle PVC from the site (with
coproduct) Sarnafil membrane: 2.8 kg

ExtTemp, max = 31.2 °C, intT = 26 °C.
DifExtTmax-intT = 5.2. DTeqmax = (15.2 −
8.5)/200) * (700370) + 10.5 = 21.555 (h23)
Adjusting factor: −0.3/DTeq = 21.255 Pte =
1.772 * 1 * (21.255) = 37.664 W

RP_Recycle concrete screed no steeled (with
coproduct): 45 kg

Eti = 37.664 W * 4 h/d * 2 * 26d/y * 100y =
783408.288 W = 783.408 kWh (heat)

RP_Recycle concrete floor (with coproduct):
272.44 kg− 2.112 (steel) * 2− 1.12= 267 kg

RP_Recycle steel (with coproduct): kg
2.112 * 2 + 1.12 = 5.3 kg

RP_Recycle plaster (with coproduct): 14 kg

alternatives at the time (making useless the comparison couples to couples of differ-
ent options), we chose to adopt the Analytic Hierarchy Process (AHP), developed by
Saaty (1980, 1992, 1993, 1994, 1995, 1996a) which translates expert judgments in
a 9 points-scale, providing cardinal indices for operationalizing. The mathematician
Thomas L. Saaty developed the AHP as an aid to managers in making decisions.
Subjective assessments and objective facts are incorporated into a logical hierarchi-
cal AHP framework to provide decision-makers with an intuitive and common sense
approach in quantifying the importance of each decision element through a compar-
ison process. This process enables decision-makers to reduce a complex problem to
a hierarchical form with several levels (Saaty and Forman 1993).
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Fig. 2 The roof assembly tagged R2 (reversed roof)

In setting up the decision hierarchy, the number of levels depends on the com-
plexity of the problem and on the degree of detail the analyst requires to solve the
problem. Generally, the hierarchy has at least three levels: goal, criteria and alter-
natives (Saaty 1995). Since each level entails pairwise comparison of its elements,
Saaty suggests the number of elements at each level is limited at a maximum of nine
(Saaty and Vargas 1991).

The process starts by determining the relative importance of particular alternatives
with respect to the criteria and the sub-criteria (Saaty and Kearns 1991). Then the
criteria are comparedwith respect to the goal. Finally, the results of these two analyses
are synthesised by calculating the relative importance of the alternatives with respect
to achieving the goal.

The process of comparison is represented by forming a comparative matrix. If the
analyst has at his disposal n alternatives, or criteria that form the comparative matrix,
then he must make n(n − 1)/2 evaluations. Pairwise comparison data are collected
for only half of the matrix elements: diagonal elements always equal one and the
lower triangle elements of the matrix are the reciprocal of the upper ones.

Pairwise comparisons give to the user a basis to reveal his/her preference by com-
paring two elements. Furthermore, the user has the option of expressing preferences
between the two as equally preferred, weakly preferred, strongly preferred, or abso-
lutely preferred, which would be translated into pairwise weights of 1, 3, 5, 7 and
9, respectively. The numbers 2, 4, 6 and 8 are used as intermediate values when
there is not an agreement between preferences. The reciprocal numbers 1/2, 1/3, …,
1/8, 1/9 complete the matrices. The technique of the AHP takes as input the above
comparisons and produces the relative weights of elements at each level as output
using the “eigenvalue” method. The eigenvector of each comparative matrix is the
priority list, while the eigenvalue gives the measure of consistency in making the
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assessment or comparison. The synthesised eigenvector is the global sequence of the
alternatives with respect to achieving the goal.

The last step of the procedure aggregates relative weights of various levels
obtained from the previous step in order to produce a vector of composite weights
which serves as ratings of decision alternatives in achieving the most general objec-
tive of the problem. The use of AHP is facilitated by the availability of a user-friendly
supporting software Expert Choice that we used for the calculation.

3 Results

3.1 Results from LCA

From the analysis of the result of the LCAapplied to the three types of roofs (Table 2),
it can be inferred that the R2 solution, i.e. the reversed roof, provides the minimum
damage (32.621Pt),with a reduction in comparison to the simple roof (R1) by69.46%
(see Fig. 3). The green roof (R3) produces 33.146 damages points. InHuman Health
the reversed roof produces the minimum damage (9.2596 Pt) with a reduction in
comparison to the simple roof by 37.99%, above all for the Carbon Dioxide, Fossil
contained in the fossil fuels category and most founded in the process for the cooling
and heating loads. In Ecosystem Quality the green roof produces the minimum dam-
age (0.62078 Pt) with a reduction in comparison to the simple roof by the 47.36%
above all due to two components, 1095.5 kg of Nitrogen oxides and Transformation
to dump site, benthos, funded in the process for cooling and heating. The reversed
roof damage is 0.67491 Pt. In Resources the reversed roof produces the minimum
damage with 22.686 Pt, decreasing the impacts by the 74.96% above all thanks to
the minor consumption of Gas, Natural, in Ground used for the cooling and heating
of the building. The other most affected damage categories are the “respiratory inor-
ganic”, due to the particulate matter emission in transportation and excavation of the
material from the cave. The one that is strongly reduced is the “Climate Change”
category, thanks to the dramatically reduced energy consumption during the using
phase when the roof is in a way or in another well insulated. The disposal scenario
of a particular plastic layer in the reversed roof makes the percentage of carcinogens
increase in the histogram bars, so a polyolefin or special paper substitute can be
suggested in order to avoid that negative impact.

3.2 Results from AHP

The first step in applying the AHP model is dividing the problem into one or more
criteria which will be used to weight the alternatives options (Fig. 4). This means
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Table 2 Comparison between the three roof total damage points according to eco-indicator 99
assessment method

Comparing 1 p ‘green roof’ (R3),
1 p ‘reversed roof’ (R2) and 1 p
‘simple roof’ (R1)

R3 R2 R1

Total 33.145976 32.620652 106.831487

Carcinogens Pt 0.9084119628 0.9841191168 1.004148323

Respiratory organics Pt 0.00763135484 0.007414438007 0.01503910413

Respiratory inorganics Pt 7.212694771 6.803770798 8.5384135

Climate change Pt 1.324238064 1.457387747 5.459976974

Radiation Pt 0.005789951968 0.006007926603 0.0155119458

Ozone layer Pt 0.0008189146497 0.0008740981077 0.003561682825

Ecotoxicity Pt 0.05274776477 0.1731405503 0.2618430628

Acidification/Eutrophication Pt 0.3194349386 0.2557380259 0.4943969149

Land use Pt 0.2485956065 0.2460343585 0.4233034532

Minerals Pt 0.3015665528 0.2722716805 0.6319686174

Fossil fuels Pt 22.76404612 22.41392649 89.98332425

Fig. 3 Comparison between the three roof total damage points according to the eco-indicator
assessment method

that it is necessary to define the hierarchical levels: goal, criteria, sub-criteria and
alternatives.

In our case, the goal is to assess the different type of roofs according to their
performances on the aesthetic, economic, and social point of views. The final set
criteria are as follows:

1. Thermal resistance
2. Construction costs
3. Aesthetics



472 G. Sonetti and P. Lombardi

Fig. 4 The decision hierarchy. At the top level is the main goal of the decision making. The second
level consists of the criteria that contributes to the overall goal. The third level is comprised of the
different alternatives

4. Social usability
5. Environmental impacts.

Both the first and last criteria are derived from the previous LCA application.
Additional quantitative data are related to the costs of each option. These are obtained
summing up materials and site assembly as found in the regional built environment
costs of unit list: the gravel roof (R2) turned out to cost 176.26 e/ms, the green one
(R3) 195 e/ms, while the simply waterproof roof (R1) costs 125.69 e/ms.

The performance evaluation of the aesthetical and social issues has been con-
ducted by the authors in consultationwith designers, by adopting the pair comparison
approach suggested by Saaty (2005).

The results from the overall performance evaluation of the three roofs are illus-
trated in Fig. 5, which reflects the neutral scenario (all criteria weights are equal to
1). As one can notice, the overall performances of the green roof are higher than
the others. Specifically, this roof shows very high performance for the aesthetics
(see photo) and social issues (gardening, etc.). On the contrary, the insulated roof
is performing better in the thermal and environmental aspects while the current one
(R1) only in relation to the construction cost criterion.

Two additional extreme evaluation scenarios have been considered in this appli-
cation in order to reflect the major viewpoints of the built environment stakeholders
involved, and specifically:

• an ‘eco-social’ scenario, where the aesthetic, social and context criteria are the
only weighted criteria (Fig. 6);

• an opposite ‘efficient’ technical viewpoint (‘business as usual’) scenario where
only the thermal performances and building costs are considered (Fig. 7).

In the first case, it is again the green roof to achieve higher performances, followed
by the insulated and the current one. On the contrary, in the second case, it is the
insulated roof to be ranked first.
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Performance Sensitivity for nodes below: Goal: Roof selection for a 
school building in Salerno

Fig. 5 The overall performance evaluation of the three roofs with the AHP method

Fig. 6 The performance evaluation of the three roofs with the AHP method second an ‘eco-social’
scenario, the only weighted criteria are the aesthetic, social and context ones

4 Discussions and Conclusions

Regarding the first LCA comparison discussed in this paper, it is plain that the major
source of environmental damage comes from the energy consumption in the use
phase. This means that, in order to reduce this and consequently the overall impact,
not only is necessary count on renewable energy sources to avoid fossil fuels and
gas consumption, but it will be also crucial to beat on the energy performance of
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Fig. 7 The performance evaluation of the three roofs with the AHPmethod second an “efficientist”
scenario where only the thermal performances and building costs are considered

the single component. If a layer of insulation, at first step analysis, would present
a major embodied energy or higher pollutants index in the production phase, those
effects could be overcome by less energy required for cooling and heating. In other
words, apparently more polluting insulation would be more desirable than a natural,
non-treated layer. The latest could be less impacting in the production or disposal
phase but making the cooling and heating loads rise up for a longer period of time.
For the peculiarity of the building sector, long-term performance is essential to do a
correct evaluation. Regarding the methodology used to compare the alternatives, a
strong accent must be put on the essential availability of a local database and different
assessment methods that involve local material, transportation, resources and pollu-
tant potentially dangerous, and any other local special boundary. It could have been
useful to have compared, starting from the same database set, the result with other
assessment methods to compare also different weight factor for the three ranking
perspectives (Hierarchist, Individualist, Egalitarian). In the end, the work showed
that the relationship between design, energy consumption and disposal scenario is
very, very complex (Sonetti 2011), yet the implementation toward integrated ICT
for regenerative sustainability design can be further developed (Sonetti et al. 2018,
2019). Experimental use ofMCDAandLCAby individuals as an architectural design
tool and integrated with existing decision-making software for energy planning can
also be further envisaged as a useful step toward practical implication of this study
(Abastante et al. 2017; Tavella and Lami 2018; Todella et al. 2018).
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Although with its limitation, the LCA methodology seems to be the only one that
can provide scientific data to make:

– the designer aware of the sustainability of the building since the earlier sketches
– the producer pushed to avoid pollutants emission during the production process of
thematerial and to forecast a sustainable disposal scenario (themore the renewable
energies will be part of the energy sources, the more a material environmental
impact will fall not in the use phase but in its manufacturing and disposal phases)

– the public administration promoter of good practice and awarded green behaviour
by buildings, constructors and designers

– the user aware of the added value of the building and conscious of the footprint
left on the Earth.

To let in that virtuous circle a big effort is required from every single actor of
the building process, but, as researchers, huge preliminary works will be needed to
provide a social standard to which compare the results at the small, medium and
large scale. Above all in Italy, on side of the energy performance declaration now
mandatory for all the new construction, it could be useful one contemporary, manda-
tory Ecolabel criteria for the building material, package or whole construction, in
order to force the research and the market in this direction. However, MCDA brought
new perspective into traditional LCA. Conceptually, the use of qualitative, participa-
tive and prospective elements of MCDA procedural framework are complementing
LCA. MCDA can provide information on site-specific aspects that cope well with
the local constraint about social and economic issues, even when acquired by expert
panels in a qualitative way, but risks are around the corner: LCA reliability can
be stretched out beyond comparability if different scales and level of deepness are
included all together on the results. This might lead to a trade-off between broaden-
ing and deepening the approach, with the result of making LCA even more complex
and time-consuming for everyday use (if economic and social aspect are quantified
as the environmental impact) or too analytical know-how and resources while try-
ing to involve many stakeholders and criteria. One of the major advantages of our
methodology is that it: breaks down a problem into elementary aspects; collects basic
input data for all criteria of LCA Analysis and AHP Model; classifies the various
environmental impacts; aggregate weights and scores to establish the final ranking
in order to define the optimum solution. We believe that our new approach based on
the LCA-AHP analysis helps decision makers to find sustainable alternatives among
available options and promises a more sustainable product or process.
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