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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
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How to Revitalise a Historic District: m
A Stakeholders-Oriented Assessment oo
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 the world’s cities are over”: this was the title of McKinsey
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 (Giingea and Misirlisoya 2015), recently many interesting examples
can be found in heritage districts, seeing them as opportunities rather than risks. The
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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 a MultiCriteria 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-new project (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
and Abastante 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 MACBETH method 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 MACBETH method in different fields as: territorial planning projects and real
estate market (Frenette et al. 2009; Abastante et al. 2017); education (Cuadrado and
Gutiérrez Fernandez 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 one main 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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e Cable Railway
= Main Road
Steep Roads
@ Parking

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 and XVI
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).
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Fig. 3 Demographic analysis according to age and gender
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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. 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 the most 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 the MACBETH method, 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

. .. . Alternative options Description
functions as decision options

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 second group of questions was different in each questionnaire and was 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 0 0 35.95 0 5.28
activities
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.

Didactic/Recreational [ NG 32.14%
socio/cultural - [ 1s.56%
sport [ 357%

0% 5% 10% 15% 20%  25% 30% 35% 40%  45%  S0%

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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Abstract The impact of properly managing energy in hospitals is significant, due to
the high bills and polluting emissions, and is complex, due to the wide 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 information model 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 be made 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) project! 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 efficiency measures,
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 European Union and a survey on the Calls for competitions held

I'The project, that started on December 2014 and ended on November 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), Universitaect 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.’

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.® 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 CO, emissions.* 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.
“https://moharm-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
these mechanisms are put in place and in which 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);

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

e 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. Companies were mainly
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.
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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, contracts may 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 Plan’® 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

large

Issuing Authority

small

limited wide
Scope

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
contractis not well defined. As the Central Purchasing Unit 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 Issuing Authority (area D 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 to meet 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 them a weight.
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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 from which one might 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 of MRIs (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 from web 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
gathering of all of the inputs required for the calculations, in case of existing buildings,
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).® 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)

%More precisely, the model code was developed using the Matlab-code compatible GNU 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 setin EN15265 (CSN EN 15265 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 approach may be used for transient simulations, is of high modeling 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, Air Conditioning)
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-13790 model 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,
which may 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

The models 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 m? over 5
floors (including the basement and ground floor), yet data was collected regarding
only a total of 4551 m?.

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. Rundynamic 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 administration was 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).’

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

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.

71t 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 BIM model 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 time and complexity 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, through which, the communication with the OpenStudio applica-
tion (EnergyPlus GUI & front-end) was made possible (Koulamas et al. 2017)—see
Fig. 2.

In parallel, the necessary input data was fed to the quasi steady state model, leading
to the calibrated output presented in Fig. 3.

Fig. 2 OpenStudio/EnergyPlus model of the health center
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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.
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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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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 when we deal with urban and territorial transformations we have
to consider the paradigm of sustainability, according to which we 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 the Millenium Ecosys-
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;

e regulating services, that represent the benefits obtained from the regulation of
ecosystem processes;

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

e 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)

Feedback between

Management/ Institutions & human value perception
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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

v’
Valued through the other DIRECT USE
. X INDIRECT USE
categories of ecosystem ",
. OPTION VALUE
services X NON.USE
VALUE
~ DIRECT USE > X DIRECT USE
X INDIRECT USE v/ INDIRECT USE
v OPTION VALUE Vv OPTION VALUE
" NON-USE X NON-USE
VALUE VALUE

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 valuation methods (de Groot 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.



Ecosystem Services: From Bio-physical ... 43

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:

SWB;j = aEuyjc + PRy + vXje + 8Dy + mj + e + eije

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

Eyjt describes the environmental conditions;

Rj;t is the income of i;

Xit is a series of determinants observed on individual level (socio-

demographic and household’s characteristics);

Mj + M + & 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
&iic 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 = AEC,;/ARj = (ASWBy,/ARy)/(ASWB;j,/ AECy)

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 Mollendorff and Hirschfeld 2016; Yuan
et al. 2018).

2. Environmental benefits: e.g. natural environment, pro-environmental behavior,
scenic amenities, greenery (Welsch and Kiihling 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 some methodolog-
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 European Quality of Life Surveys (EQLS) or the World Values 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 (R? < 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 Life4- 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 for QGIS, 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 of Minnesota, 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, with main, 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 the HQ 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 m
Over Residential Prices e

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
CO; 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 the work of Chegut 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 centralities might impact on prices. As aresult,
the functional AMB is formed by 184 municipalities comprising 3,759 km? and 5.22
million inhabitants (Fig. 1).

Malgrat de Mar
Pineda de Mar

Palau-solita

i Plegamans Arenys de Mar

Mataré

Legend
Vilanova i la Geltra Highway
Metropolitan Subcenter

Metropolitan Center
0 5 10 20 30 40
T Kilometers

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) hedonic model 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:

In(P); =Bi + Xn:ﬂisASi.v + Xn:ﬂimEAim + iﬂiasia + & (h
s=1 a=1

m=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 ¢ 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 § 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 correlated with 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 a more 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:

212
wij = {1 — (%) } ifdj < hiotherwise =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 4 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
comprehensive GIS has been built departing from the data-sources detailed in Table 2.

All the contextual information has been incorporated into each of the analyzed
dwellings using a spatial query departing from a buffer of 300 meters of radius around
each of the dwellings. In order to eliminate outliers a twofold approach has been used:
(1) 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 m?%; 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 m?. 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
25! apartments. Interestingly, the coastal southern area, in the Garraf County, depicts
arelative 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 5,497 47,800 830,000 217,205 145,908 A
(Euro)

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

(Euro/m?2)

Area m? 5,497 20 258 86.82 29.65 | A
Num. 5,497 0 4 1.36 0.55 | A
baths

Condo 5,497 0 1 0.10 0.30 | A
swimming

pool

Lift 5,497 0 1 0.67 047 | A
High- 5,497 0 1 0.34 048 |A
quality

kitchen

Air cond. 5,497 0 1 0.46 050 |A
Heating 5,497 0 1 0.68 047 | A
Chimney 5,497 0 1 0.06 023 |A
Recently 5,497 0 1 0.18 0.39 |A
refur-

bished

EPCrank |5,497 1 7 2.73 122 |A
A=17,G

=1

AB,C 5,497 0 1 0.16 0.36 | A
EPC rank

Large 5,497 0 1 0.12 032 | A
terrace

Construction| 5,497 1881 2016 1972 25 A
year

Built 5,497 0 1 0.70 046 | A
(<1981)

Built 5,497 0 1 0.22 042 | A
(1981-2007)

Built 5,497 0 1 0.07 0.26 | A
(>2007)

Environment & accessibility attributes (EA)

Near-to- 5,497 0 1 0.03 0.18 |C
sea

200 m

(continued)
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Table 2 (continued)
Variables N Min. Max. Media Std.Dev. Sources

Highway 5,497 0 1 0.89 032 |C
ramp
Near-to- 5,497 0 1 0.53 050 |C
train-
station
Distance- 5,497 0.01 10.73 1.98 154 |C
to-
highway
(km)
Distance- 5,497 0.01 17.47 4.11 291 |C
to-
subcentre
(km)
Distance- 5,497 0.12 60.65 16.34 1431 |C
to-CBD
(km)
Noise 5,497 5.15 77.43 38.58 11.56 |B
annoyance
(%)
Employment| 5,497 6.00 7.89 3.56 335 |B
density
(Jobs/km?)
Socioeconomic attributes (S)

University | 5,497 0.01 0.51 0.15 0.10 |B
pop (%)
High- 5,497 —2.39 2.61 0.23 098 |B

income
PC

Medium- 5,497 —1.46 2.09 0.42 0.52 |B
income

PC

Med-low- | 5,497 —2.67 343 —0.15 0.88 |B
income
PC

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 around Montseny 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 from November 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 Model I (Including EPC rank) Model 2 (Excluding EPC rank)

R2 0,795 0,794

adjusted R2 0,794 0,793

Sigma (SE) 0,270 0,270

Variable B SE Beta Sig. B SE Beta Sig.
Intercept 9,958 0,038 0,000 9,981 0,038 0,000
Area sqm | 0,014 0,001 0,715 0,000 0,014 0,001 D721 0,000
Area (sq m)"2 -3,51E-05 0,000 -0,380 0,000f -3,56E-05 0,000 | ¥ -0,386 0,000
Num baths 0,117 0,009 0,108 0,000 0.122 0,009 |o,112 0,000
Lift 0,109 0,011 | 0,086 0,000 0,113 0,011 0,090 0,000
Condo swimming pool 0,165 0,013 0,084 0,000

0,164 0,013 0,084 0,000

Large terrace 0l14s 0,012 . 0,078 0,000 _0:,]41 0,012 0,076 0,000

Architectonic

Air cond | 0,086 0,008 { 0,072 0,000 0,088 0,008 0,074 0,000
attributes (AS) - 1

Heating | 0.084 0,009 0,066 0,000 0,087 0,009 0,069 0,000
High quality 0li51 0,022 0,044 0,000 0)145 0,022 0,042 0,000
High quality of kitchen | 0,049 0,008 0,039 0.000ff | 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 | 0017 0,003 0,034 0,000

Recently refurbished 0043 0,010 0,028 0,000fF | 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) | 0038 0,003 10,098 0,000ff | 0,039 0,003 0,100 0,000

Near to sea 200m 0,225 0,021 | 0,068 0,000 0219 0,021 0,066 0,000
F"A"i"'",':?]'::v& Highway access e 0015 0065 0,000 0.122 0,015 0,065 0,000
Attributes (EA) 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 station L0030 0,008 0,025 0.000[f] 0,031 0,008 0,026 0,000
Distance to CBD (km) -0,003 0,000 [§ -0.073 0,000 -0,003 0000 [f-0.074 0,000
Socioeconomic University pop (%) 0023 0001 0588 0.000f 0,023 0,001 L 0.385 0,000
attributes (S)  Med low income PC [; 0,046 0,007 0,068 0,000 | 0,046 0,007 0,068 0,000

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.

e 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 (atics 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.

e 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.

e 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
R? 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 GWR model 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 GWR model 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 R? 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 efficiency measured by means EPC 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) southern AMB (in municipalities 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 Sant Marti 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 coefficients” (138

2In order to double check the results of the GWR model, a specific OLS model 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 from MOD 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
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Table 3 Estimation results for geographically-weighted-regression model

Geographically-weighted-regression model (3.0)

R? 0.186 AIC 281.542
R? adjusted 0.170 Sigma (SE) 0.246
B distribution Monte Carlo
statistics significance
test
Lower- Mean Upper- P-values
quartile quartile
Intercept —0.122 —0.060 0.010 0.000%%*%*
EPC_Ord 0.004 0.019 0.032 0.000%%*%*
ANOVA
Sum of daf Mean square
squares
OLS_residuals 398.7 2 N nearest- 282
neighbours
GWR _improvement | 72.5 99.03 0.733 Num. 5497
locations to
fit
GWR _residuals 326.2 5395.97 0.060
F Sig.
4917 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
atercile criteria (471 cases each one). As aresult, 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:

e 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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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.

e 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.

e 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 areas where the local-coefficient for EPC 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.

vl
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Fig. 5 Distribution of EPC significant local-coefficients from GWR
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Group ! 2 3 4 ANOVA TEST
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.
Architectonic attributes (AS)
Price (Euro) 205,647 163,012 153,626
Unitary price (Euro/Sq. m) 2,401 1,914 1,843 170.6 0.000
Area sq. m 83.85 85.96 84.92 7.2 0.000
Num. baths 1.32 1.32 1.25 23.4 0.000
Condo swimming pool (%) 6% 13% 7% 35.2 0.000
High quality of kitchen (%) 29% 35% 28% 3.4 0.017
Heating (%) 59% 67% 2% 17.4 0.000
Recently refurbished (%) 19% 16% 3.6 0.012
EPC rank (A=7, G=1) 14.8 0.000
A,B,C EPC Rank (%) 5.8 0.001
Large terrace (%) 7.9 0.000
Construction year 10.7 0.000
Built before 1981 (%) 11.3 0.000
Built between 1981 and 2007 (%) 16.9 0.000
Built after 2007 (%) 2.6 0.049
Environment & Accesibility attributes (EA)
Near to sea 200m 3% 53.9 0.000
Highway access 87% 19.9 0.000
Near train station 40% 19.4 0.000
Distance highway (km) 1.87 28.0 0.000
Distance to subcentre (km) 3.35 73.5 0.000
Distance to CBD (km) 23.09 143.0 0.000
Noise annoyance (%) 33.54 53.9 0.000
Employment density (jobs/sq km) 2208 90.2 0.000
Socioeconomic attributes (S)
University pop (%) 146.3 0.000
High income PC 147.6 0.000
Medium income PC 87.9 0.000
Med low income PC 35.6 0.000

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 regression model 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 less wealthy 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, as well as, the implications
of efficient homes over household’s budgets and the environment. As well 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 i
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.

Keywords Energy efficiency - Energy performance - Housing prices + Genetic
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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 CO, 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.

Inrecent decades, also in Italy the energy policies (Italian Legislative Decree 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 (Italian Ministry of Economic Development 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 1.5 Mtoe/year for the office sector (Federici and Martini 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
and balanced evidence to support the financial 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 Hogberg (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 and McAllister
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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; Calabro 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, presence of the parking, presence of the lift, distance from the nearest subway,
distance from the nearest highway, etc.) have been explained through an econometric
analysis. For this purpose, an innovative Automated Valuation Methodology (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 of Bari, that is the main
city of the Apulia region (Southern Italy). The study sample consists of two hundred
residential units sold in the two-year period 20162017 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 the market 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 of Bari, for
each property of the sample, the explanatory variables considered are the following:

e the unit selling price, expressed in €/m?, that represents the dependent variable
of the model [P];

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

e the number of the bathrooms in the property [B];

e the floor on which the property is located [F1];

e 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”;

e the presence of the parking [C]. In the model 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;

e 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 whose maintenance
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 (E). Therefore, the variables considered are specified by the following
abbreviations, which recall the label they belong to: E4, Ep, E¢, Ep, Eg, 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 [T7];

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.

The Method

The method implemented is the Evolutionary 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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where 7 is the number of additive terms, a; are numerical parameters to be valued, Xi
are candidate explanatory variables, (i, )—with [ = (1, ..., 2j)—is the exponent of the
[-th input within the i-th term in Eq. (1), f is a function constructed by the process.
The exponents (i, [) 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 regression with the Least Squares method 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):

2
N -1 ZN (yestimaled — Ydet ecled)

COD =1-— 5
N ZN (ydel ected — Mean (ydet ected))

2

where V,gimarea are the values of the dependent variable estimated by the methodology,
Ydetectea 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 (a;) of the equation; (ii) the
reduction of the complexity of the model, through the minimization of the number
of the explanatory variables (X7) 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.

S Application of the Model

5.1 Egquations

The methodology 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
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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,-05,0,05,1, 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 (E), the highest EPC label (E,), 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 (E4 and E ¢, Me and Mp) 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, the model highlights the inverse correlation between the unit selling prices
and the EPC-G label (E), whereas it outlines the direct proportionality between the
unit housing prices and EPC-A label (E4) 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 (E; and E,) have a significant influence
on the housing selling prices, equal to —26.44% for the EPC-G label and 4-27.94%
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) and Mp (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
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variable distance from the 0-1 —21.36

nearest subway 1-2 —9.48
2-3 -7.35
34 —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 second member’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 20 m? amplitude classes—up to properties with a
total surface equal to 120 m?, 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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total surface 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
380400 —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 (E5) 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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Taled Vs e S A il i )
total surface 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
380400 —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 the model 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, together with 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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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 of materials, 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 Fagadism, according to
which only the facade is retained (Richards 1994). However in Italy, the Facadism
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 Flow Analysis (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:

e 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;

e financing of energy audit studies in Finland;

e granting of loans at subsidized interest rates, e.g. in Great Britain and Austria;

e 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;
Nestico 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.

The main objective is to increase the climatic resilience (Mami 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 under multiple dimensions, such as structural, technological, ener-
getic, morphological and, if the case, artistic aspects.
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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 to meet 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 facades 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.

Itis crucial to know well 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 law may 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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Percentage of Maximum | Maximum
Type of action R admissible | value of
admissible cost : :
cost incentive
- - I external 200 €/sq.m
gpmsse el et || || oocsam
4 ; 50% i E F
insulation ventilated | | { WEonas ) 250 €/sq.m
roof
";gﬁ::‘u"';vhf‘l’;:::t: external 40% 120 €/sq.m || i+ii+iii<
insulation internal (50% in zones E, F) || 100 €/sq.m 400,000 €
_— - external 100 €/sq.m
iii. Opaque vertica : 40%
structure: insulation |nt|?rna| (50% in zones E, F) 80 €/sq.m
outer walls ventilated g 150 €/sq.m
facades
350 € 75,000 €
Replacement of window frames, S zones A, B '’
in temperature control rooms 100 €/sq.m 100,000 €
zones A,B
Sunshade system 40% 150 €/sq.m 30,000 €
Automatic Sunshade Devises 30 €/sq.m 5000 €

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.

Type of action

Percentage of

deduction of the
cost of the action

Maximum

Deduction

On wrapping existing buildings
(e.g. walls, windows, roofs, floors)

65%

60,000 €

On common parts of
condominium buildings

70% or 75%

40,000 €

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:

R - C)

NPV = —C § :— 1
"y @

R —C)
_C°+Z ( +IRR)’ =0 @

where: Cy is the investment cost at the year 0; R; is the revenue at the year #; C;
represents the operating cost at the year ¢; r is the discount rate; » is the numbers of
years in the time frame of the analysis.

With reference to the specific scope of this study, R, 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 > ry, where r; 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 Liberta. 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 Liberta. Palazzo Utveggio, which occupies
an angular lot between via XX Settembre 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 the main fronts), of the masonry 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 building were 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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Architectural
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Technical

Solutions

Context

and shapes,

LN

Balconies

- Checkerboard pattem | Limited solar Non-modifiability Containment of Increase in insulation
- Shadows brought radiationinthe N-W | | of the shapes heat dispersions on N-W and S-W
Regularity in height | | and S-W fronts {Morphological inthe N-Wand S-W | | fronts
- Reduced ratio of constraint) fronts in winter
shape (5/V)
Main entrance in Poor ventilation Not modifiability of | | Promote transit of
contact with the the vaulted ceiling | | the summer air flows
stairwell and of the floor tiles| | from the entrance to
in cement paste the stairwell
(constructive
 constraints)
- Development in Intemal tempmtum] Non-modifiability of| | Seasonal control Demolition of
heightinterrupted | | highin summerand | | the floorin Carrara | | air flow using the wooden floor that
- Large windows low in winter marble tiles and chimney effect interrupts the
railings with chimney effect
wrought iron
decorations
- Some made by Non-modifiability
meeﬁecl] of the plan
stone e (Morphological
- Some made by iron constraint)
shelves and slabs of
Carrara Marble
Terrace of an Winter dispersions, | | Non-modifiability Contain exchanges | | Apposition of
unheated summer heat of the plan and accumulations | | insulating boards to
compartment accumulationinthe | | (Morphological of heat according the lower surface
- no-viable terrace | | gic constraint) on the season
covering unheated
Timber roof and Summer heat Non-modifiability Ventilation Realization of venti-
vaulted ceilings accumulation of the vaulted -lation holes in the
ceilings and frescoed sub-roof walls
{Morphological
constraint)
Exposed to N-0, Limited solar
girded on three sides | | radiation
by the building, on
the fourth side by a
boundary wall

Fig. 8 Analysis of the input data of the block-building system
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INPUT | constructive system

Description Energetic Architectural 0?&?;2’;;;” Technical
Pathologies Constraints energy Solutions
Bearing masonryin | | High thermal - Original plaster Containment of External thermal
biocalcarenite ashlars | | transmittance and « Pictorial and relief thermal migrations coating on N-W and
(th. 42x22x25 em) inertia decorations in winter (N-W and S-W fronts and
from Aspra and Santa S-W) and irradiation | | internal thermal
Flavia quarries Insummer (S-Eand | | sheating on S-E and
S-W) 5-W fronts
Simple floor with Thermal migrations | | Efficiency objectives
stone screed towards unheated not necessary for the
compartment use of spaces
(basement)
Simple wooden Non-modifiability of
floor with stone the flooring, made by
screed tiles in cement paste
(constructive
constraints)
- Traditional Non-modifiability of
“camorcanna” vaults vaults with paintings
~Wooden flat ceiling (constructive
constraints)
Pitched roofs Heat accumulation Attic ventilation Realization of
with timber structure,| |during summer ventilation holes
and Marseillaise tiles | | months
Outside door and Morphological Encouraging seasonal| | Opening in the
entrance doors to constraints exchange and control| | summer months of
housing units in of incoming and the fan-light
solid wood with outgoing ar flows
fan-light and
wrought ron grate
Windows with single | | High thermal Morphological Reduce the heat Glass replacement
glass and wooden transmittance constraints transfer in the with low-emissivity
frame summer months double glazing
and contain heat
dispersions in the
winter months

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:

e Nano-structured technical and materials — A (nano-tech);
e Techniques and materials commonly used in the market — B (conventional);
e 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:

e 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);

e 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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PASSIVE VENTILATION

Stairwell : Roofing :
+ Realization of holes in the
sub-roof walls

Y Front doors:

+ Demolition of the turret floor

+Opening of the window frames I ol
+ Demolition of the arched ceiling

(fan-light)

ENERGY RETROFIT

INSULATION OF THE BUILDING ENVELOPE

Nanotechnological

Conventional

Apposition of exterior Board of silica aerogel Board of sintered expanded | Kenaf fiber sheating board
insulating sheating boards | reinforced with PET fibres | polystyrene EPS (40mm) | (40 mm)
(30 mm)
Apposition of interior Gypsum plasterboards pre- | Gypsum plasterboards pre- | Gypsum plasterboards pre-
insulating sheating boards | -coupled with silica aerogel | -coupled with EPS -coupled with expaded cork
(20 mm) (50 mm) (50 mm)

Replacement of glasses
with insulating products

Insulating double glazing
with nanogel insert
(1,6cm)

Low-emissivity double
glazing with argon insert
{24¢m)

Low-emissivity double
glazing with argon insert
(2,4¢m)

Integration of door frame

(thickness until 1¢cm)

(thickness until 2 cm)

(thickness until 2 em)

Window & doorframes External solid walls

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/m?*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. 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:

e Scenario SI—None fiscal advantage. The alternatives are not supported by any

fiscal advantages;
e Scenario S2—Incentives. The alternatives receive the incentives provided by the

“Conto Termico 2.0”;
e Scenario S3—Tax deductions. The alternatives were implemented applying the tax
deductions on personal or corporate income tax.
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Type of action Nanotechno- Conventional Eco-friendly
logical

€ %

Passive Ventilation 3317 ¥

External Insulation

of opaque envelope 164,796 52

Internal Insulation 67696 22
of opague envelope !

Window Insulation 46,805 15
Other works 30,820 10

TOTAL COSTS

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 € 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%,
which was the profitability of the Italian Treasury Bonds (BTP) in November 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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Cash Flow Year O 1 2 5 6 10 11 19 20
Alternative A
Cost of the action (€) -313,418
Cost of energy (€/kWh) 0.270  0.271 0.275  0.276 0.282 0.282 .. 0.295 0.296
Energy savings (kWh) 57,620 57,620 57,620 57,620 57,620 57,620 ... 57,620 57,620
Revenues (€) 15,557 15,635 15,871 15,950 16,272 16,353 ... 17,019 17,104
Incentive (€) 23,689 23,689 23,689 0 0 0 .. 0 0
Revenues with Incentive (€) 39,246 39,324 39,560 15,950 16,272 16,353 ... 17,019 17,104
Tax Deductions (€) 20,372 20,372 20,372 20,372 20,372 0 .. 0 0
Revenues with Tax Deductions (€) 35,930 36,007 36,243 36,323 36,644 16,353 ... 17,019 17,104
Alternative B
Cost of the action (€) -136,345
Cost of energy (€/kWh) 0.270  0.271 0.275  0.276 0.282 0.282 .. 0.295 0.296
Energy savings (kWh) 51,766 51,766 51,766 51,766 51,766 51,766 .. 51,766 51,766
Revenues (€) 13,977 14,047 14,258 14,330 14,619 14,692 ... 15290 15,366
Incentive (€) 10,908 10,908 10,908 0 0 0o .. 0 0
Revenues with Incentive (€) 24,884 24,954 25,166 14,330 14,619 14,692 .. 15,290 15,366
Tax Deductions (€) 8,862 8,862 8,862 8,862 8,862 0 .. 0 0
Revenues with Tax Deductions (€) 22,839 22,909 23,121 23,192 23,481 14,692 ... 15,290 15,366
Alternative C
Cost of the action (€) -125,210
Cost of energy (€/kWh) 0.270  0.271 0.275  0.276 0.282 0.282 .. 0.295 0.296
Energy savings (kWh) 51,597 51,597 51,597 51,597 51,597 51,597 .. 51,597 51,597
Revenues (€) 13,977 14,047 14,258 14,330 14,619 14,692 ... 15290 15,366
Incentive (€) 10,017 10,017 10,017 0 0 0 .. 0 0
Revenues with Incentive (€) 23,994 24,064 24,275 14,330 14,619 14,692 ... 15,366 15,366
Tax Deductions (€) 8,139 8,139 8,139 8,139 8,139 0 .. 0 0
Revenues with Tax Deductions (€) 22,070 22,139 22,350 22,422 22,709 14,644 ... 15,240 15,316

Fig. 16 Cash flows of the retrofitting alternatives

Scenarios

Scenario 51

none fiscal advantage

Scenario 52
incentives

Scenario 53
tax deductions

-68,648 0.38

36,882 4.56

100,583 7.03

Conventional

NPV*  IRR
€ %

79,394 8.56

127,986 13.45

153,014 14.71

Fig. 17 NPV and IRR of the retrofitting alternatives

Eco-friendly
NPV* IRR

€ %
89,517 9.69

134,140 14.66

157,125 15.82

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).
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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 occasionally minimal solutions, which achieve satisfactory results
in terms of living comfort and considerable economic savings.
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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 to measuring 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 m
for the Sustainable Evaluation oo
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 inefficient maintenance 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 be measured
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 a wide 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 Ziist 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.



120 G. Paganin et al.

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 a wider 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 and WLC methods
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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n C[
NPV =3 ——
pur (1+4+7r)

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 of money 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 and WLC applied for the comparison of the
two above mentioned different techniques of road paving. The objective was 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. !

I'The two options has been defined and analyzed by Locatelli E., 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 and municipal 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)
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Concrete block paving—CONSTRUCTION

Layer Thickness (cm) Unit price Cost (€/m?) (t=0)
CBR=3% |CBR= CBR=3% |CBR=

10% 10%

Block paving 8 22773 €m? | 22.73 22.73

Laying course 4 4

Base course 30 24 37.20€/m3 |11.16 8.93

(Hydraulically

bound layer)

Geotextile 1.70 €/m? 1.7 1.7

Sub base course 32 24 20.37 €/m3 6.52 4.89

(Granular mix)

Excavation 74 60 9.47 €/m> 7.01 5.68

CONO02 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 (€/m?) (t = 0)
CBR=3% |CBR= CBR=3% |CBR=

10% 10%

Surface course 4 4.80 €/m? 4.8 4.8

Base course 5 6.25 €/m?> 8.69 8.69

(Binder)

Road base course 8 8 9.26 €/m? 9.26 9.26

(Bituminous bound

layer)

Sub base course 35 15 20.37 €/m? 7.13 7.13

(Granular mix)

Excavation 52 32 1052 €/m? | 5.47 5.47

CONO04 3291 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

G. Paganin et al.

Concrete block paving MAINTENANCE PLAN

Intervention | Maintenance Description Frequency Area affected
code instigator (%)
CONO1 INITIAL t=0 100
COSTRUCTION
MO02 Health and CORRECTIVE Twice 2
safety MAINTENANCE t=38
Aesthetics Cracked/missing block t=123
Maintaining replacement
structural
integrity
Mo04 Health and CORRECTIVE Twice 5
safety MAINTENANCE t=15
Aesthetics Depressions/wheelpath t=30
Maintaining correction
structural
integrity
MO06 Intervention on | Full depth relocation Four times 2
underground reusing blocks, usingnew |[t=38
services laying materials and new t=16
base materials (granular t=24
mix) t=232
OMO02 Health and ORDINARY Four times 100
safety MAINTENANCE t=38
Maintaining Joint sand restoration t=16
structural t=24
integrity t=32
DIS02 FINAL DISPOSAL t=140 100

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 anormal
bituminous conglomerate paving.
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Table 4 Maintenance plan for bituminous conglomerate paving

Bitumen conglomerate—maintenance plan

Intervention code | Maintenance Description Frequency Area affected
instigator (%)
CONO1 INITIAL t=0 100
COSTRUC-
TION
MO8 Health and CORRECTIVE | Three times 5
safety MAINTE- t=4
Aesthetics NANCE t=19
Maintaining Reseal t=129
structural cracks/joints
integrity
MI10 Health and CORRECTIVE | Three times 5
safety MAINTE- t=4
Aesthetics NANCE t=19
Maintaining Patching t=29
structural potholes
integrity
Ml1 Health and New surface Twice 100
safety course t=28
Aesthetics t=23
Maintaining
structural
integrity
M13 Health and New surface Twice 100
safety course and t=15
Aesthetics binder t=30
Maintaining
structural
integrity
M15 Intervention on | Full depth Four times 2
underground relocation t=38
services t=16
t=124
t=32
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 fora CONSTRUCTION COSTS
service life of 40 years e/ A€ /mz) A (%)
CBP.B  49.12 +16.21 +49.24
BIT.B 3291
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 €/m?.

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
anegative 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
€m’ A (€/m’) A (%)
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  _ ¢ 49

BIT. B

LCC COSTS
CBP.B 5597

BIT. B 82.02  +26.05 +42.39

NPV [€m2]

90,00

&0.00

70,00

60,00

50,00

40,00

30,00

20,00

10,00

000

= 10,00

CBP. B (CBR - 10%) BIT. B{CBR - 10%)

CONSTRUCTION COSTS

LACK OF MAINTENANCE COSTS

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 Pollutant Reduction (%)
due to photo catalytic cement ~PM 47

NOy 67

SOy 47

Total aldehydes 64

Nitrates 74

Yeasts and mold 44
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Table 8 Annual costs for

Pollutant Annual cost in Italy (€/t
NO, and PMI0 in Italy ofutan nnual cost in ltaly (€/t)
(NETCEN European NOx 7100.00
Environmental Agency) 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 NOy 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 m? 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 €/m? instead of 22.73 €/m?).

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 €/m? (each representing the costs of pollution given by the addition
of NOy 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 the LCC assessment 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 (€/m? year)

Pollutant Annual unitary Annual cost in Italy (€/t) | Unitary annual emission
emissions reduction in reduction ZONA 30 (€/m?
ZONA 30 (t/m? year) 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%)

0,00

CONSTRUCTION COSTS
em’ A®Em)  A%) i -
CBP.CAT.B.  51.88  +25.15 _ +94.09 el BN e |
CBP. B 4393  +1720 +64.33 gl I BH = 1§
BIT. B 26.73 g0l —  —  — -
MAINTENANCE COSTS D 300 - — R — S
CBP.CAT.B. 1533 +027  +158 Z»®| — — —— -
CBP. B 15.06 il B BH B )
BIT. B 5001 3592 +207.39 ..l ——
DISPOSAL COSTS | |
CBP. CAT.B. 194 2000 |-
CBP. B 3.48
CBECAT B CBP.CAT B CBP B BIT B
BIT. B 428 4080  +23.12 (CBR 107 (CBR_ 10%) (CBR - 107%) (CBR- 10%)
POLLUTION COSTS CONSTRUCTION COSTS
MAINTENANCE COSTS
cBP.CAT.B, 220 parosa costs
CBP. B
BIT. B
WLC COSTS
37.65
CBP. CAT.B. — " 07—
CBP. B 6247  +2482  +65.53
+10.86  +20.47
BIT. B 8202  +4437 +109.19

+30.41 +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
acost 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, SOy and NOy 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 O 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 same weights without 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 Concrete
conglomerate | block
pavement
Economic Investment €/m? C 26.73 51.88
dimension cost
Maintenance | €/m? C 51.01 15.06
cost
Disposal €/m? C 4.28 3.48
value
Safety €/m? C 6.49 0
Social Health impact | €/m? B 0 0.76
Dimension Aesthetic Qualitative | B Low Medium
Accessibility | Qualitative | B Low Medium
to
sub-services
Contribution | Binary B No Yes
to the
accident
reduction
Environmental | Pollutant KgCO,m?® |C 191.47 434.00
dimension emission
(CO2)
Pollutant Binary B No Yes
reduction
Permeability | Qualitative |B Medium Low
Noise dB C 81.30 83.20
emission
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Table 12 Standardized matrix

Alternatives

Criteria Sub-criteria Bituminous Concrete block
conglomerate 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 0.00 0.50
sub-services
Contribution to the 0.00 1.00
accident reduction

Environmental Pollutant emission 0.56 0.00

dimension (COy)
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 been moreover performed a sensitivity analysis (Janssen et al. 2000). In particular
a “What if” analysis has been carried out, by visualizing different perspectives where
itis 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
the WLC have 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 the WLC 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 (A =42.39%) and it becomes very high when the analytical perspective covers
environmental and social issues, as within the WLC framework (A = 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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The Valuation of Public and Private )
Benefits of Green Roof Retrofit Gedida
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 Kohler 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 and management 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 by GRs, if compared to more
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 Kohler 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.

Cgper present private cost of CR;

Bpg,  present private benefit of GR;

Bp., present private benefit of CR;

ACgp difference between Cgpgr and Ceper;

ABp  difference between Bp,, and Bp,;

ABpy net present private benefit, difference between ABp and ACgp;
Bggr  present social benefit of GR;

Bg.,  present social benefit of CR;

ABg  difference between Bg,, and Bg,.
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Present value
r'y

ABp

p Roof surface

AB PN

v

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)cp@)gi(er (5i), is defined as follows

40

CB)Gpprgrien () = D CB)ppygrer (51), - € (1)
t=0

where § is the instantaneous market discount rate, f represents time in years, and s; 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), Bgg(cr) (s;) related to surface area s; are:

40

Begrer)(si) = ZBE!II'(N) (8i) - e ! 2)
t=0

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

Using the functions ABg and ABpy, it is possible to define the minimum surface
smin for which ABg is above ABpy, as shown in Fig. 3. For green covered areas
greater than sn,,, 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 ABg value and at its
minimum equal to ABpy. For a surface area smaller than s.,, positive externalities
derived by GR are not sufficient to ensure private convenience for the intervention,
so the maximum value of any incentive.



The Valuation of Public and Private Benefits of Green Roof ... 149

Present value
rF

ABg

p Roofsurface
Fig. 2 Social benefits related to CR and EGR

Present value
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Fig. 3 Private and social benefits functions

The analysis has been conducted for three different industrial settlements in Italy:
the abovementioned EZIT in Trieste, New Commercial 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 781 m?, corresponding to the building
footprint, with a net indoor volume equal to 2480 m>. Rooftop surface, burdening a
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TR ;
) b s
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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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™ Existingroofton §

* notinsulated
* remaining lifespan O yrs

22 ool neor IR 25 Groon neor

* 14 cm EPS insulation * 10 cm EPS insulation

+ finishing waterproof layer * water storage elements

* reflective coating * 10 cm soil substrate

* requests substitution of + combination of sedum and
waterproof layer after 20 yrs aromatic plants

-+ expected 40 years lifespan * expected 40 years lifespan |

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 € 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
widespread GRs diffusion for Ancona and Palermo contexts, then the monetary 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
(AMY, in ordinary state of preservation) in the analyzed area in Ancona/Palermo and
Trieste area ones, made available by Italian Real Estate Market Observatory:

wTP Trieste * k = WTP Ancona(Palermo) (3)
where
_ AMVAncuna(Palermo) (4)
AM VTrieste

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 m?
wide, so the property value increase varies between 5.16 and 12.90 € millions.
Rooftop surface visible from these residential properties is about 366,200 m?, 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 € per EGR unit
area.

Residential properties area overlooking New Industrial and Commercial Port in
Ancona is about 75,588 m?; property value increases between 6.85 and 17.13 € mil-
lions, while visible roof surface is about 299,900 m? and greening surface is
thus 144,950 m2. For Ancona, aesthetic benefit amount varies between 59.60 and
149.00 € per EGR unit area. Analogously, properties area facing Brancaccio indus-
trial zone in Palermo is about 101,150 m?; property value increases between 7.45 and
18.63 € millions, while visible roof surface is about 304,600 m? and greening surface
is thus 152,300 m2. It results that for Palermo context aesthetic benefit amount varies
between 48.62 and 122.29 € 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 Average WTP Minimum WTP Maximum WTP
[€mq”']  |[€mq] [€mq~'] [€mq~']

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 Average WTP Minimum WTP Maximum WTP

[€Emg!] [€mg!] [€mg!] [€Emg!]

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 Public CR and EGR Annuity Triangular
management

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 zone underneath 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 Energy consumption Maintenance costs
€ mq*l] costs € mq*l yr*l]
[€mg ! yr ']
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 confirm water-
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

Tabl.e S Average vah.les - City Landscape Biodiversity Air quality
public benefits exclusive of . . .
. aesthetic preservation improvement
EGR-refurbished rooftop 1o 11
Jution benefit [€Emq™ yr '] |[[€Emq™ yr ']
solutio [€ mq~]
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 I/m? 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. 20006).

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 Sewage control Reduction of
[E€mq!yr '] [Emq!yr '] infrastructural costs
[€mq~!yr!]
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).

STPR consists of two components, the rate with which individuals relate future and
current consumptions with unchanged per capita consumption p 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 p
(Cowell and Gardiner 1999):

r=p+ug &)

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 of CFA and CBA analysis 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-
vated. 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 € for
Trieste, of 55,151.04 € for Ancona and 39,040.42 € for Palermo. Sensitivity analysis
performed for each city shows a 76.1% probability of a positive social NPV for Trieste
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 €. 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 Social NPV Externalities present value
[€] [€] [€]

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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the bottom respectively
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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. §, has been obtained.

For Ancona, the present value of the positive externalities provided by GR com-
pared with CR amounts to 79,309.75 €. 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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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 €. 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
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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 by providing local incentives related to its social benefit value. An annual
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. The most 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
employing models 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.

Keywords Stated preference - Revealed preference - Energy efficiency -
Individual behavior

M. Bottero - M. Bravi (X)) - F. Dell’ Anna
Department of Regional and Urban Studies and Planning, Politecnico di Torino, Turin, Italy
e-mail: marina.bravi@polito.it

M. Bottero
e-mail: marta.bottero@polito.it

F. Dell’Anna
e-mail: federico.dellanna@polito.it

C. Marmolejo-Duarte
Barcelona’s School of Architecture, Universitat Politecnica de Catalunya, Barcelona, Spain
e-mail: carlos.marmolejo@upc.edu

© Springer Nature Switzerland AG 2020 167
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_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23786-8_9&domain=pdf
mailto:marina.bravi@polito.it
mailto:marta.bottero@polito.it
mailto:federico.dellanna@polito.it
mailto:carlos.marmolejo@upc.edu
https://doi.org/10.1007/978-3-030-23786-8_9

168 M. Bottero et al.

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 raw materials 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 and Bravi 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 Lourenco 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; Pebn 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 shows how a stated preferences approach based on the method
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 developed with 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),
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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 from a progressive hybridization, so much 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. 2000);
(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,
one would be led to believe that, while in a real markets 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 they make 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 (Pedn 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 or more
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 choice model showing
the demand sensitivity to changes in investment costs, energy prices and income.



Energy Efficiency Choices and Residential Sector: Observable ... 173

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 among more 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 ITA (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 ITA assumption identifying the random characteristics and taking under
control consumers heterogeneity. Similarly, Bottero et al. (2019) opt for a RPL model
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 low willingness 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 Random utility maximization (Marschak 1960; McFadden 1974, 2001;
framework 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 Multinomial Logit Model (Banfi et al. 2008; Andrews and Krogmann 2009)
analysis model | \fiveq 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