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EXTENDED ABSTRACT (eng)

The present Thesis highlights two views in relation to wind energy.

On the one hand, wind energy is considered as a positive element increas-
ing the agent’s utility against the risks occurring, should fossil fuels be exhausted
in the next future. Main risks include energy supply due to resource exploitation
and depletion; market risks due to energy price volatility; and environmental risk,
due to market failures in the management and distribution of public goods.

On the other hand, wind energy is considered as a negative element de-
creasing the agent’s utility due to its impact on the territory and public acceptance.

Over the last 15 years, there has been an increasing scientific debate on
public acceptance of wind energy developments. The rise of asymmetries between
stakeholders, policy makers and the general public about landscape issues and so-
cio-economic benefits has brought the question of public acceptance of renewable
energies to the attention of the international scientific community. The debate, so
far, strongly focuses on empirical evidence worldwide and critical assessments to
the conceptualization of acceptance, including, for example, economic (markets),
regulatory and technological (innovation) aspects.

A particular stream of international scientific evidence is based on the val-
uation of public or social acceptance as one of the main factors affecting the suc-
cess of wind energy projects. On the one hand, there is evidence of largely ap-
proved benefits such as competitiveness, sustainability, lower energy costs, energy
independence. On the other hand, local communities often tend to contrast the de-
velopment of renewable energies due to the relevant costs suffered by society. For
example, the relative aesthetic impacts and impacts on the territory in relation to
the spatial localization of wind farm installations can undermine the viability of
some projects. Nonetheless, there are still gaps in terms of wind technology per-
ception related to the energy risks of fossil fuels.



In this framework, the present Thesis aims at assessing actors’ perception
of wind farms and the existing trade-off between energy risks and territorial impact
of wind energy production.

To reach the above aims, the present study uses a stated preferences ap-
proach expressed in hypothetical markets with particular focus on choice experi-
ments (CEs) analysis. CEs combine the theory of value and the random utility
model (RUM) proposed by McFadden. CEs have been recently used to value the
impact of renewable energies on households.

In the practical implementation of CEs, the interviewee expresses his/her
preference (which gives him/her the highest utility level) among the options ob-
tained in the choice sets. This technique provides a large portfolio of information
on attributes and socio-economic variables affecting consumer choice and a better
understanding of consumer preferences and alternative scenarios of costs and ben-
efits. Formally, the econometric analysis solves the problem that each individual i
maximises his/her utility level associated to an alternative profile j subject to
his/her income level.

The case study uses an ad-hoc survey for residents of Apulia region in the
south of Italy. According to national statistics, this region can be considered as
representative of the national wind energy context. The choice experiment adopted
in the case study also considers an efficient design. The approach used in this study
to compute the D-error assumes a-priori information from a pilot experiment.

The present Thesis’s work provides interesting results in terms of choice
behaviour between landscape conservation and two scenarios of landscape trans-
formation.

Main results enables to: 1) Evaluate the incidence of energy risks on the
perception of wind farms using CEs; ii) Identify social, economic and environ-
mental attitudes for the implementation of a wind project; iii) Analyse the potential
trade-off between on-shore wind farms, land conservation and energy risks; iv)
Investigate hypothetical bias in CEs; v) Understand the potential relationship oc-

curring between wind energy perception clusters of innovators, assuming this



technology as increasingly dominant and innovative in the energy market; vi) Sug-
gest relevant insights from a bottom-up perspective and close the gap with top-
down strategies.

Key words: wind energy, public perception, Choice Experiment, energy

risks



EXTENDED ABSTRACT (ita)

Il presente lavoro di ricerca mette in evidenza due punti di vista in relazione
all'energia eolica considerata come fonte rinnovabile per il fabbisogno energetico
attuale e futuro della popolazione.

Da un lato, I'energia eolica aumenterebbe I'utilita dell'agente contro i rischi
(energetici) che si verificano, nel caso in cui i combustibili fossili vengano sfruttati
nel prossimo futuro. I principali rischi includono l'offerta di energia dovuta allo
sfruttamento e all'esaurimento delle risorse; i rischi di mercato dovuti alla volatilita
dei prezzi dell'energia; e il rischio ambientale, causata dai fallimenti di una ge-
stione efficiente dei beni pubblici.

D'altra parte, 1'energia eolica viene considerata una disutilita in termini di
impatto sul territorio e accettazione pubblica.

Negli ultimi 15 anni c'¢ stato un crescente dibattito scientifico sull'accetta-
zione pubblica degli sviluppi dell'energia eolica. L'aumento delle asimmetrie in-
formative tra stakeholder, politici e pubblico sulle questioni paesaggistiche e sui
benefici socio-economici ha portato la questione dell'accettazione pubblica delle
energie rinnovabili all'attenzione della comunita scientifica internazionale. Il di-
battito, finora, si concentra fortemente su evidenze empiriche in tutto il mondo e
valutazioni critiche per la concettualizzazione dell'approvazione, inclusi, ad esem-
pio, aspetti economici (mercati), normativi e tecnologici (innovazione).

Un particolare flusso di prove scientifiche internazionali si basa sulla va-
lutazione dell'accettazione pubblica o sociale come uno dei principali fattori che
influenzano il successo dei progetti di energia eolica. Da un lato, vi sono prove
evidenti di benefici ampiamente approvati dalla collettivita come la competitivita,
la sostenibilita, i costi energetici piu bassi, I'indipendenza energetica. D'altra parte,
le comunita locali tendono spesso a contrastare lo sviluppo di energie rinnovabili
a causa dei costi rilevanti subiti dalla societa. Ad esempio, i relativi impatti estetici
e gli impatti sul territorio in relazione alla localizzazione spaziale degli impianti



eolici possono minare la redditivita di alcuni progetti. Nonostante cid, sono ancora
persistenti le lacune in termini di percezione della tecnologia eolica in relazione ai
rischi energetici dei combustibili fossili.

In questo contesto, il presente progetto di ricerca mira a valutare la perce-
zione da parte degli attori dei parchi eolici e il trade-off esistente tra i rischi ener-
getici e 1'impatto territoriale della produzione di energia eolica.

Per raggiungere gli obiettivi di cui sopra, il presente studio utilizza un ap-
proccio di preferenze dichiarate espresso in mercati ipotetici con particolare atten-
zione all'analisi dei Choice Experiments (CEs). I CEs combinano la teoria del va-
lore e il modello di utilita casuale (RUM) proposto da McFadden. Recentemente i
CEs sono stati utilizzati per valutare I'impatto delle energie rinnovabili sulle fami-
glie.

Nell'implementazione pratica dei CEs, l'intervistato esprime la sua prefe-
renza (che gli fornisce il piu alto livello di utilita) tra le opzioni ottenute nelle serie
scelte. Questa tecnica fornisce un ampio portafoglio di informazioni su attributi e
variabili socio-economiche che influenzano la scelta del consumatore e una mi-
gliore comprensione delle preferenze dei consumatori e scenari alternativi di costi
e benefici. Formalmente, 1'analisi econometrica risolve il problema che ogni indi-
viduo i massimizza il suo livello di utilita associato a un profilo di alternativa j
soggetto al suo livello di reddito.

I1 caso di studio utilizza un sondaggio ad hoc per i cittadini della regione
Puglia e considera un modello statisticamente efficiente. L'approccio utilizzato in
questo studio per calcolare il D-error presuppone un'informazione a priori. Questo
¢ disponibile da un esperimento pilota e da piu iterazioni per ottenere il disegno
D-optimal con il piu basso D-error.

Il presente lavoro fornisce risultati interessanti in termini di comporta-
mento di scelta tra conservazione del paesaggio e due scenari di trasformazione
del paesaggio. In particolare, gli intervistati ordinano le loro preferenze per cia-
scun gruppo di scelta fornito nel sondaggio.

I risultati principali consentono di: i) valutare l'incidenza del rischio ener-
getico sulla percezione dei parchi eolici utilizzando 1 CE; ii) identificare le attitu-
dini sociali, economiche e ambientali per la realizzazione di un progetto eolico;
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ii1) analizzare il potenziale trade-off tra parchi eolici on-shore, conservazione del
territorio e rischi energetici; iv) investigare l'efficienza dei metodi per mitigare
l'ipotetico pregiudizio nei CE; v) comprendere la percezione dell'energia eolica
relativa ai cluster di innovatori, assumendo che questa tecnologia sia sempre piu
dominante e innovativa nel mercato dell'energia; vi) indicare le intuizioni di policy

da una percezione bottom-up per colmare il divario con le strategie top-down.

Parole chiave: energia eolica, percezione pubblica, Choice Experiment,

rischi energetici



INTRODUCTION

Over the last decades, renewable energy technologies have seen a rapid
development worldwide. In Europe, this development finds support by the latest
advance of the strategy beyond Kyoto — which aims to reduce member states’ de-
pendence on fossil fuel sources and offers sustainable solutions in view to reduce
climate change effects.

In literature, the issue of global warming is largely recognised. A high con-
centration of CO2, CH4, CFCs, halons, N2O, ozone and peroxy-acetylnitrate in the
atmosphere traps heat radiated from the Earth’s surface and raises the surface tem-
perature (Panwar et al. 2011). Air pollution and warmer climates weakens crop
production and alters animal reproductive performance and production, metabolic
and health status, and immune response (Nardone et al. 2010). Moreover, the pro-
cess of desertification reduces the carrying capacity of environment and the adapt-
ability of animal genotype. Similarly, other effects such as sea level rise, decreased
precipitation, diseases and severe weather events.

Without further mitigation actions of greenhouse gas (GHG) reduction the
heavy impacts on human and natural systems will be potentially irreparable
(Lorenzoni et al. 2007).

GHGs increased over the course of the 20" century due to human activities.
Recent studies argue that global warming caused by human activities and linked
to carbon dioxide is nearly irreversible for more than 1,000 years (Solomon et al.
2009).

Solomon et al. (2010) show that the warming due to non-CO; greenhouse
gases, although not irreversible, persist notably longer than anthropogenic changes
in GHG concentrations. The authors argue that the timing effects of various GHGs



are strongly dependent both on the lifetime of the gases and on climate system
timescales.

Global warming produces effects that alter the whole ecosystem. Besides
the negative effects on health caused by GHG emissions and related pollution, a
note should be considered for the impact of extreme weather conditions on infec-
tion transmission, alteration of human immune-system and infection response, and
outbreak scenarios (Bezirtzoglou et al. 2011).

The European Union (EU) predicted several action plans that focus on
strengthening cooperation and more reliable information on climate changes risks
(Bezirtzoglou et al. 2011).

Along the lines of the EU, the Intergovernmental Panel on Climate Change
(2017) summarises major climate change mitigation actions as follow:

- Sustainable development and equity as basis for assessing climate pol-

icies and addressing the risks of climate change;

- Effective mitigation as a collective action problem at the global scale

(not individual interests);

- Economic evaluation used to inform climate policy design;

- Climate policy intersection with other social goals;

- Consideration of a diverse array of risks and uncertainty to inform cli-

mate policy makers;

- Consideration of public perception of risks and uncertainties to design

climate policy.

On this line the weight of scientific evidence points to a significant human
contribution towards changing the world’s climate.

In order to develop sustainable solutions for climate change, it is essential
to enable long-term changes in individual attitudes and lifestyle.

On the one hand, there exists a discrepancy between public awareness and
concern about climate change, and, on the other a limited behavioural response is
still present (Lorenzoni et al. 2007). The literature highlights that individuals per-
ceive a wide variety of barriers to engage with climate change issues. In particular,

Stoll-Kleemann et al. (2001) discuss the psychological barriers of dissonance and



denial to behavioural change in light of alternative energy as well as social and
institutional barriers.

Lorenzoni et al. (2007) suggest that people recognize their personal, social
and/or moral responsibilities to address climate change, but often identify reasons
for not taking action. They classify these constraints in individuals and the society
in relation to the level of barriers perception. Individual barriers include lack of
knowledge, uncertainty and scepticism, distrust in information sources, denial of
responsibility and blame, reliance on technology, perception of climate change as
a distant threat, importance of other priorities, reluctance to change lifestyles, fa-
talism, and helplessness.

Social barriers comprise lack of action by governments, business and in-
dustry, ‘free rider behaviours’, pressure of social norms and expectations, and lack
of enabling initiatives.

All these aspects drive the perception of climate change and risk arising in
current energy markets. Consequently, they produce important effects on ac-
tion/decision-making behaviour mainly due to lack of knowledge/information and
uncertainty.

The literature fails to consider the issues of wind energy perception com-
mensurate with the risks of energy production using fossil sources. Recent studies
(Bonar et al. 2015) seems to follow this direction and the present Thesis wishes to
contribute to actual research developments.

The present Thesis proposes to investigate public perception of wind en-
ergy technology as sustainable alternative in the energy market, weighing up all
risks affecting old and new technologies.

A relevant issue of current energy markets is the ‘supply risk’ which is the
possible exhaustion of energy stocks. The 2018 BP Statistical Review of World
Energy has estimated that oil reserves are sufficient to meet the global production
requirements for 52.9 years; natural gas will satisfy the global production for 55.7
years; and coal reserves are adequate for the needs of 109 years of global produc-
tion.

Moreover, the dominance of reserves in certain areas of the planet should
not be underestimated. This involves significant asymmetries in the bargaining
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power of energy supply companies. Because of that unevenness, advantages arise
for limited countries that sell resources against the rest of the world, which is heav-
ily dependent on these countries and subject to the risk of external supply disrup-
tions.

Such events would imply serious consequences for the global economy and
substantial costs for the entire socio-economic system. Therefore, the energy mar-
ket should be balanced off by means of substitutability between energy sources
with adequate energy policies.

A further risk that influences the market is ‘energy costs volatility’, blamed
of being a heavy burden for the population (Ronchi et al. 2013). Ronchi et al.
(2013) argues that Italy has seen its energy bills tripled over the recent 20 years
(causing an increase in total costs energy by € 45 billion per year).

Of particular concern are ‘environmental risks’ and ‘health risks’. The
combustion of fossil fuels causes pollution and the occurrence of further contam-
ination from poisonous substances. This contamination contributes to global
warming and the increase of biologically harmful ultraviolet radiations on the
Earth’s surface with an impact on population’s health. Human health effects can
range from nausea and difficulty in breathing or skin irritation, to cancer (Kampa
& Castanas 2008). Effects of GHG emissions can affect different organs and sys-
tems, as the respiratory, the cardiovascular, the nervous, the urinary and the diges-
tive system.

In order to address the above issues, the European Union has set a target
which aims at reducing greenhouse gas emissions by all member countries. In It-
aly, about 40 per cent of national energy production uses renewable sources (GSE
2016). There exists a well-developed national market of renewable energy and
several potential perspectives for future developments.

This is one of the most important challenges worldwide. Italy, as well as
other EU countries, is taking into account the recommendations of the new EU
renewable energy policy by identifying specific targets to reach the new renewable
energy mix by 2030.

10



In particular, the above targets specify considerable importance to wind
power which have seen an increase of the average annual growth by 19% com-
pared to 2015 (GSE 2016).

The implicit consideration of sustainability in energy technologies follows
three dimensions such as Ecological sustainability, Economic sustainability, and
Social sustainability; plus a fourth dimension focusing on political systems,
namely Political sustainability (G. Assefa & Frostell 2007).

In particular, the ecological sustainability targets the preservation of natu-
ral capital. The economic sustainability deals with the efficiency of economic sys-
tems to ensure a continuous and socially equitable, quantitative, and qualitative
progress within society. Social sustainability includes fairness in distribution and
opportunity, and adequate provision of social services including health and edu-
cation, gender equity, and political accountability and participation. Finally, the
political sustainability aims to satisfy an overall framework of national and inter-
national governance.

Considering the above aspects, what are the potential implications for sus-
tainable development?

Renewable energy and in particular wind energy is capturing increasing
attention within the global energy market in view of a further expansion of the
sector. Similarly, the social view on wind energy is gaining attention.

Over the last 15 years, there has been an increasing scientific debate on
public acceptance of wind energy developments. Nonetheless, there are still gaps
in terms of wind energy technology perception in comparison to energy risks
caused by the use of fossil fuels.

The research topic of the present Thesis highlights two views in relation to
wind energy. On the one hand, wind energy would increase agent’s utility against
the risks associated with the use of fossil fuels such as energy security and supply;
energy price volatility; health risks; and environmental risks.

On the other hand, wind energy would decrease agent’s utility due to its
impact on landscape (i.e. environmental risks), public acceptance (i.e. social risks),
investment burden (i.e. economic risks), reliability of the project (i.e. functional
risks), noise (i.e. health risks) .
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A third aspect that the present Thesis investigates is the degree of innova-
tion diffusion of wind energy development.

Brundtland offered the pioneering definition of the sustainable develop-
ment approach as:

“development that meets the needs of the present without compromising
the ability of future generations to meet their own needs”
(World Conference on Environment and Development, 1987, p. 43).

The report reiterated a view that environmental protection, economic
growth and social development were not contradictory but complementary goals.
This view also argued for a deepening and broadening of environmental policy
integration into not just economic policies, but also into policy-making proce-
dures. It opened the door to greater recourse to deliberative and inclusionary pro-
cesses, involving a broader cross-section of the population. On this wave, the dif-
fusion of innovation is considered as a universal process of social change where
wind technology plays its part in the new de-carbonisation process of the energy
market.

Generally, innovation generates uncertainty with respect to the occurrence
of the new event and the relative probabilities of its alternatives. Innovation — de-
fined as an idea, practice or object — is perceived as new by an individual and this
motivates the information seeking.

The probability that the new idea is superior to previous practice is not
initially known with certainty by individual problem solvers. Therefore, a conver-
gence process of interpersonal networks favours the information exchange about
a new idea.

In this framework, the diffusion of innovation is a social process in which
perceived information about new ideas is transferred from person to person, thus
affecting social acceptance.

12



Given the above views, and considering wind technology as innovation
within the current energy market, the primary goal of this thesis is the understand-
ing of preferences of public acceptance for on-shore wind energy attributes and
their incidence on public well-being.

Specifically, the present work has three objectives:

- Use Choice Experiments to understand public perception of wind en-

ergy attributes;

- Investigate the efficiency of Honesty Priming Tasks to mitigate hypo-

thetical bias in Choice Experiments;

- Understand consumers’ attitude to innovate.

The analysis of community acceptance of wind energy development is im-
portant to explore which attributes mainly influence local acceptance as well as
how and which of these attributes affect social perception with the objective of
supporting decision-makers during the process of wind energy development and
requalification.

The methodology used to reach the above aims is CEs, which help to ana-
lyse general public behaviour about the choice/decision process.

CEs help answering the main research questions: (i) to evaluate the inci-
dence of energy risks on the perception of wind energy; (i1) to identify social, eco-
nomic and environmental attitudes for the implementation/requalification of a
wind energy project; (iii) to analyse the potential trade-off between turbine instal-
lation, land conservation and energy risks; (iv) clustering people’s perception ac-
cording to Roger’s class of innovators membership; (v) to verify the efficiency of
Honesty Treatment for Stated Preference application; and (vi) to define policy in-
dications for the efficiency of national energy markets and overcoming climate
changes issues.

The present Thesis is structured as follows:

Chapter 1 describes the conceptual background of social perception and

main attributes defined in the literature.

13



Chapter 2 illustrates the theoretical foundations of the Theory of Value and
practical applications of Stated Preferences, with particular attention to CE analy-
sis.

Chapter 3 considers a picture of recent international, national and regional
issues on renewable energy with particular emphasis on wind energy. The chapter
also employs pilot studies to support the construction of the experimental design.
These pilot studies are mainly investigated through an empirical analysis con-
ducted at regional level and a Focus Group approach.

Chapter 4 illustrates the CE which includes testing for hypothetical bias
and innovativeness scales. This Chapter also describes the experimental design
and the survey analysis.

Chapter 5 discusses the obtained results at the light of the research ques-
tions outlined above and draws some policy discussions.

Finally, Chapter 6 concludes the Thesis. This chapter also presents the lim-
itations and further research perspectives of this Thesis.
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CHAPTER 1
CONCEPTUAL BACKGROUND

The present Chapter aims to review the main recent literature on the pros and
cons of wind energy. Firstly, the chapter highlights the different facets of per-
ception and psycho-social characteristics affecting social acceptance of wind
energy. Secondly, a general examination of impacts and issues are presented.
Thirdly, the chapter details individual attributes which are generally used to cal-
ibrate case studies. Finally, the concluding section illustrates potential solutions
to overcome the drawbacks that emerged in the literature.

1.1. The study of wind energy perception

Potential barriers to renewable energy development has been deeply de-
bated starting in the late 1970s. Nonetheless, only the last 15 years have seen an
intensification of the international literature on the implications of public ac-
ceptance.

The debate, so far, strongly focuses on empirical evidence worldwide and
critical assessments of the conceptualization of acceptance, including, for exam-
ple, economic (markets), regulatory and technological (innovation) aspects
(Longo et al. 2008).

As discussed by Wolsink (2012), a process of innovation produces, among
actors and markets, two segments of willingness to accept its key aspects. Firstly,
the acceptance of creation of socio-economic conditions needed for implementa-
tion; and secondly the acceptance of all innovation consequences.
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A particular stream of international scientific evidence is based on the eval-
uation of public or social acceptance (Bergmann et al. 2008) as one of the main
factors affecting the success of renewable projects. On the one hand, there is evi-
dence of largely approved benefits such as competitiveness, sustainability, lower
energy costs, and energy independence. On the other hand, local communities of-
ten tend to contrast the development of renewable energy due to relevant costs
incurred by the society. For example, the relative aesthetic impacts and impacts on
the territory in relation to the spatial localization of installations can undermine
the viability of some projects (Bujdoso et al. 2012). Information asymmetries to-
ward stakeholders, policy makers and citizens about landscape issues and socio-
economic benefits, always distorts renewable energy perception (D. Caporale &
De Lucia 2015).

A further issue in terms of public perception is the understanding of the
existing trade-off between landscape conservation and renewable energies instal-
lation in particular spatial contexts.

Wind energy is the most criticised renewable technology. Potential issues
are debated to the point that a good part of the literature focuses on the importance
of ‘public acceptance’ (Krohn & Damborg 1999; Ekins 2004; Bergmann et al.
2008; Longo et al. 2008; Strazzera et al. 2012) as one of the main factors to eval-
uate the success of wind projects.

Since the 1980s, some studies have introduced the existing relationship be-
tween wind technology developments and their relative public acceptance (Thayer
& Freeman 1987; Lee et al. 1989).

In her pioneering work, Carlman (1985) defines the issue of public ac-
ceptance for wind energy. She argues that siting wind turbine is also a matter of
public, political, and regulatory acceptance. Krohn and Damborg (1999) and Ek
(2005) have also contributed to refining the analysis of perception and global wind
energy attitude.

On this line, Wiistenhagen et al. (2007) distinguish three dimensions of
social acceptance, namely:

- Socio-political acceptance. This is the public acceptance at a general

level and relates to both policies and technologies;
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- Community acceptance. This is the specific acceptance of siting deci-
sions and renewable energy projects by local stakeholders, particularly
residents and authorities;

- Market acceptance. It relates to the process of market adoption and in-
novation diffusion.

Further research (Devine-Wright 2007; van Os et al. 2014) identifies spe-
cific determinants such as:

- Personal factors (demographic and socio-economic factors);

- Psychological and social factors (consciousness/awareness/information,
environmental awareness, cultural identity, knowledge and direct experience, en-
vironmental and political beliefs, place attachment);

- Contextual factors (procedural judgements and trust levels, equal distri-
bution of benefits, technology type and scale, institutional structure and spatial
context) influencing wind energy acceptance.

This classification builds upon environmental psychological theory in ex-
amining psychological and non-psychological influences upon environmental at-
titudes and behaviours (Daniel & Meitner 2001; Devine-Wright 2007).

The most common effect of the above factors on public acceptance is the
NIMBY (Not in My Back Yard) phenomenon, which may results in social conflict
and economic losses.

Enevoldsen and Sovacool (2016) identify four types of social opposition
to wind energy:

- NIMBY 1, as a positive attitude to wind power installations in general,

but negative attitude to installations in the immediate proximity;

- NIMBY 2, as a generally negative attitude towards wind power;

- NIMBY 3, as a positive attitude towards plans to develop wind power,
which may change to negative when installations are planned nearby
the residence place;

- NIMBY 4, as a negative attitude towards the planning process rather

than wind power.
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Devine-Wright (2005) concludes that there is limited empirical support for
the NIMBY hypothesis. Indeed, many studies indicate higher levels of support for
development at local level in comparison to a regional or national level. In this
case, the phenomenon is named PIMBY (Please in My Back Yard). It occurs when
a project is regarded as beneficial and viewed positively by neighbouring commu-
nities.

In terms of PIMBY, trust is a key issue in all facility siting issues. The
perceived fairness is, to a large extent, dependant on how potential risks are de-
fined, how information about those risks is produced, and how and by whom they
are managed.

Risk research has revealed the ‘asymmetry principle’ (Wiistenhagen et al.
2007). This principle defines trust as fragile feeling, as it is typically slowly cre-
ated but can be rapidly broken. It depends on perceived competence and intentions,
particularly when decisions are made with benefits for some members of the com-
munity at the perceived expense of others.

Social impact implies a change in individual well-being and interaction
among individuals. It aspires to different levels of needs, which G. A. Assefa and
Frostell, (2007) classify according to: way of life (how they live, work, play); cul-
ture (shared beliefs, customs, values); community (stability, cohesion, services,
and facility); political systems (participation in decisions); environment (availa-
bility, quality, and access); health and well-being; personal and property rights;
fears and aspirations (perception of safety, and future).

In order to assess the above social indicators, the authors aggregate them
into three indicators, namely knowledge, perception, and fear about future energy
technology. The result of this setting is, in general, a positive opinion of respond-
ents toward energy technologies. However, it has also been observed an evident
difficulty for respondents to engage in basic discussions and decisions about spe-
cific technologies because of a low level of information and knowledge. In this
case, consumer preferences remain attached to the current (i.e. fossil fuel) tech-
nologies.

In order to identify the main inputs to the planning and decision-making
process, Stigka et al. (2014) argue about the relationship between environmental
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attitude and behaviour. They establish the importance to know the attitudes of
electricity consumers since their attitudes are the foundations of their resulting be-
haviour. Three specific parameters appear to underscore public behaviour: (a) in-
formation by the public, (b) public perceptions and positions, and (c) fear, danger
or anxiety that intensifies with ignorance.

Numerous parties appear to be involved in renewables projects, including
local communities, local agencies, investors, nongovernmental organizations, and
local information networks. Although these actors have different attitudes and
conflicting interests, they should find ways to cooperate and reach a general con-
sensus on public acceptance to wind energy.

1.2. Attributes argued in the literature

Wind energy has seen a rapid development worldwide. Sustainability is-
sues of this particular type of renewable energy has sparked, over the years, several
controversies in terms of social impacts and acceptance. This is particularly true
in Northern Europe (Ejdemo & Sdderholm 2015; Ladenburg 2015; Jung et al.
2016) as well as Southern Europe (Jobert et al. 2007; Walker et al. 2014; Walter
2014) and other continents (Gross 2007; Petrova 2013; Guo et al. 2015). Similarly,
in Italy, the existence of a well-developed national market for renewable energy
and several potential perspectives for future developments still leaves unsolved
questions mainly related to the social sphere.

Local communities often tend to contrast the development of renewable
energies due to the relevant impacts inflicted on the society. For example, the rel-
ative aesthetic impacts and effects on the landscape in relation to the spatial loca-
tion of installations can undermine the viability of some projects (Wiistenhagen et
al. 2007; Meyerhoff et al. 2010; Leung & Yang 2012; D. Caporale & De Lucia
2015).

The main factor affecting social perception and, consequently, the success
or failure of wind energy projects is the environmentally-sensitive development of
wind technology. Environmental impact of wind turbine is a critical issue affecting
ecological integrity and ecological risk (e.g. avian collisions) (Ardente et al. 2008;
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Nunneri et al. 2008; Masden et al. 2009; Eichhorn et al. 2012; Masden & Cook
2016).

Bonar et al. (2015) provide an interesting review of social and ecological
impacts of wind energy. They consider noise as a further feature of wind problems
because it may cause health risks. Also, Solomon et al. (2009) and Feder et al.
(2015) compare health-related quality of life of individuals residing in the prox-
imity of a wind farm to those residing far from wind turbines.

As described above, social acceptance is often affected by the ‘not in my
backyard’ (Nimby) syndrome (Bidwell 2013; van Os et al. 2014). Aitken (2010)
argues about the NIMBY phenomenon as explanation of individuals or communi-
ties against wind power developments. However, some works (Fokaides &
Miltiadous, Irene-Chrysovalanto Neophytou, Marina K.-A. Spyridou 2013;
Janhunen et al. 2014) show a trend for a positive attitude to wind energy as a gen-
eral and abstract concept. Nonetheless, when the issue for the selection of a par-
ticular site comes into play, an active public opposition is still evident (Bell et al.
2013; Kontogianni et al. 2014). To explain this trend, other essential factors need
to be considered, which go beyond the NIMBY phenomenon affecting public be-
haviour. For instance, public participation (Zoellner et al. 2008; Jami & Walsh
2014); lack of information and knowledge (Claudy et al. 2010); past experiences
(Ladenburg et al. 2013); perceived fairness (Gross 2007; Bidwell 2013) and self-
interests (Bell et al. 2013); and reliability of technology (Evans et al. 2009; Feder
et al. 2015; Polzin et al. 2015).

Although wind turbines installation represents a sustainable alternative to
fossil fuels (Raadal et al. 2011) it involves a considerable cumulative impact on
landscape (Bergmann et al. 2006), especially in terms of visual impact (Feder et
al. 2015), noise (Ek 2002) and climatic impacts on wildlife and birdlife (Meyerhoff
et al. 2010; Alvarez-Farizo & Hanley 2002).

The economic point of view cannot be underestimated because it usually
drives human behaviour. Several studies (Claudy et al. 2011; Caporale & De Lucia
2015) emphasize the importance of benefits for local community compared to
costs incurred to install a wind farm, to assure a correct management and opera-
tion.
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A further issue emerged in the literature is the efficiency of wind energy
transformation as well as the availability and limitations of wind technology
(Fokaides et al., 2013)

To reach the second purpose mentioned in the Introduction, it is firstly nec-
essary to examine attributes features. 7able I summarises the main attributes and
their related features as argued by the literature of sustainability of wind power.
The attributes are as follows: aesthetic impact, environmental sustainability, eco-

nomic sustainability, functional efficiency, noisiness, inadequacy of institutions.
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1.2.1. Aesthetic impact

Changes in the aesthetic of landscape and visual disturbance of facilities
are an important disadvantage of wind installations (Meyerhoff et al. 2010; Sunak
& Madlener 2016).

To reduce the negative impact and relative perception of a wind farm, a
technical evaluation plan should be adequately conceived to consider local issues
such as: geographical location, site-selection and related planning problems and
impacts on residents in relation to the distance from the wind power plant
(Ladenburg et al. 2013; Stigka et al. 2014). Bishop (2002) argues that turbines
could be seen from as far as 30 km during the day and in condition of clear sky.

Moreover, people’s positive or negative perception of visual impact is sub-
jective and may depend on the visual characteristic of the environment, personal
feeling and general attitude about wind energy industry (Johansson & Laike 2007).

Wind energy is considered as a useful alternative to reduce the external
social cost due to fossil fuels use (Diana Caporale & De Lucia 2015). While other
people consider wind turbines as machines that changes the beauty of the land-
scape (Wolsink 2007).

Jami and Walsh (2014) showed that people living close-by to a wind farm
and which are familiar with the original landscape are more affected from its im-
pact. Generally, this impact may be mitigated with neutral colours turbines, larger
in size but with smaller density per unit of land area.

Visual impacts of wind turbines are influenced by scenic background, local
topographies and local landscape. Katsaprakakis (2012) identifies different per-
ceptions in accordance to location and planning of wind turbines. In particular, the
author shows that people perceive wind turbines as visual pollution if they are
located near to a scenic spot or an archaeological area and the visual impact ap-
pears more intensive if they are located in limited spaces or closed areas such as
valleys. The location of wind turbines on a hill may produce an intense and direct
impact, that, from a high altitude, can be weakened. An irregular layout creates a
sense of chaos; in contrast, a regular layout produces more symmetry and con-
sistency (Dai et al. 2015).
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However, the intensity of the visual impact decreases with distance from
turbines and the rotation of the blades reduces the magnitude of negative visual
effects (Bishop & Miller 2007).

Usually, the observation of turbines from different directions and elevation
points changes the magnitude of the perception.

To mitigate wind farms’ visual impact on landscape, the Irish Department
of the Environment, Heritage and Local Government suggests interesting planning
guidelines. These guidelines consider four factors to take into account during the
design phase (Dai et al. 2015). Firstly, it recommends valuing the acceptance of
changing the landscape. Then, it considers the degree of visual dominance of wind
turbines on landscape and the relationship between aesthetics and wind energy
development. Finally, it advises to ponder the importance of the impact.

Generally, a good solution to reduce negative visual impact is to create a
visually balanced, simple and consistent image using a regular and simpler layout
with a low number of turbines (Gong 2004). In addition, a specific turbine colour
is advised to reduce the visual impact. People perceive a sense of cleanliness and
efficiency with white, off-white or light grey colour turbines (Dai et al. 2015).

Some studies also assess people perception of landscape and wind energy
impacts using verbal measures and qualitative description (Alvarez-Farizo &
Hanley 2002; Warren et al. 2005; Zoellner et al. 2008). However, this method is
not always adequate for visual assessment (Tahvanainen et al. 2001; Jones &
Richard Eiser 2010).

Instead, the use of photographic assessment appears valid and a more real-
istic tool to evaluate visual preferences. Many studies have used computer-gener-
ated images(Daniel & Meitner 2001; Johnson et al. 2009; Berry et al. 2011). In
this case images should be highly realistic because the increasing level of abstrac-
tion reduces the correlation between the evaluation of images and landscape
(Daniel & Meitner 2001).

Other studies consider valuing preferences of actual landscape in person or
through photographs as well as using computer simulations (Molnarova et al.
2012).
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1.2.2. Environmental sustainability

Wind power offers a great potential for sustainability and is emerging as
greener alternative for energy generation reducing dependence from fossil fuels.

Wind energy production is not a polluting source as is coal, gas and petro-
leum based fuel. The current source of conventional energy produces several emis-
sions - in particular carbon dioxide, nitrogen oxide and sulfur dioxide — that are
responsible for acid rain and global warming which, in turn, affect greenhouse
gases, sea-level rise and weather conditions (Saidur et al. 2011).

Wind energy, as alternative to conventional sources, allows saving carbon
dioxide and greenhouse gas emissions shrinking the share of fossil fuels, and ac-
companied by an increase in renewable energy generation.

The VI assessment report of the Intergovernmental Panel on climate
Change (IPCC, 2018), released that human activities caused the warming of the
Earth over the past half century and the main culprits are the greenhouse gas emis-
sions produced by burning of fossil fuels, especially carbon dioxide (CO»).

The Assocarboni Association estimates the amount of polluting emissions
in Italy from coal-fired power plants with EMAS certification (European standard
environmental certification) as described in Table 2. The total emissions of green-
house gases during the entire lifecycle of energy production using gas is between
510 and 670 grams of COz-equiv./kWh (420 grams if gas is produced in Italy). As
for coal, the estimate of total emissions is between 780 and 910 grams of CO»-
equiv./kWh (Assocarboni 2018).

Table 2 - Amount of gases emissions using conventional energy source.

Gases mg/Nmj
SO, 100
NOx 100
Dust emissions 15
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In contrast, wind energy presents almost zero direct air pollution with the
exception of a small amount of CO; emissions related to construction and mainte-
nance phases (Saidur et al. 2011). This amount of CO> is much less than fossil-
fuels power plant and can actually be absorbed by the photosynthesis process
(Saidur et al. 2011).

Table 3 shows CO> savings due to wind energy production proposed by
two energy reports such as Casale (2009) and IEA (2017).

Table 3 — Comparison of the amount of CO: savings between two studies.

Study CO, NOx SO, Particulate
Casale (2009) 560 g/kWh 0.560 g/kWh 1.460 g/kWh 0.300 g/kWh
IEA 2017 1000 g/kWh 1.900 g/kWh 1.400 g/kWh

A further positive impact of wind turbine is the reduction of water con-
sumption.

Conventional power plants use large amounts of water for the condensing
portion of the thermodynamic cycle. Saidur et al. (2011) highlights the relevant
difference of water consumption of conventional power plants and renewable en-
ergy sources. In particular, nuclear, coal and oil power plants are the major con-
sumers of water (with 2.30, 1.90, 1.60 liter/kWh, respectively), followed by com-
bined cycle gas (with 0.95 liter/kWh) and renewables sources (with 0.110 li-
ter/kWh for solar and 0.004 liter/kWh for wind).

Environmental risks due to the construction of a wind farm should also be
considered. Some activity may affect the local bio-system. In particular, founda-
tion excavation and road construction alter soil surface producing soil erosion Dai
et al. (2015). Similarly, the use of heavy machinery results in a local eco-balance
disturb (Varun et al. 2009).

The primary environmental risk related to wind turbine include wildlife
safety (Masden & Cook 2016). In particular, Dai et al. (2015) argued about effects
on birds and conducted a review including mortality and disturbance risks that

wind turbines induce to birds. However, different land contexts and predator re-
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moval rates make difficult the estimation of a bird fatality rate. Usually, the num-
ber of bird collisions varies by different locations or different groups of wind tur-
bines. Table 4 summarizes bird mortality induced by wind turbines in the litera-

ture.

Table 4 — Main studies on avian mortality due to collisions with wind turbines.

Avian mortality

Study Location (fatalities/turbines/years)
KUNZ et al. (2007) United States 1.3-38.2

Kuvlesky, William P. et al. Europe and United States 0-30

(2007)

Marsh (2007) Spain 0.2

Aschwanden and Liechti (2016) Switzerland 20.7

Lekuona e Ursua, (2007) Spain 0.74

Everaert and Kuijken (2010) Belgium 16 - 24

Everaert ¢ Kuijken (2007) Belgium 21-44

Follestad et al. (2006) Norway 0.13

The causes of bird mortality are different, such as the wind turbine design
and arrangement, bird species, climatic variables, wind farm location and layout,
turbine orientation.

Larsen and Guillemette (2007) demonstrate that common birds avoid fly-
ing close-by and within the wind farm. This behavior is caused by the structure of
the entire turbine rather than the movement of the blade only; and implies the re-
duction of habitat use within and around wind farms.

Consequently, wind turbines installation may cause destruction of local
birds’ habitat and can create physical barriers obstructing birds from accessing
their natural feeding grounds and roosting locations.

Pesticides and collision with several other human-made structures, includ-
ing fossil fuels infrastructures, generally contribute to kill birds. In particular,
Sovacool (2013) shows that building windows are the largest source of bird mor-
tality, accounting between 97 and 976 million deaths per year. Moreover, attacks
to birds from domestic and feral cats accounted for 110 million deaths; poisoning
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from pesticides accounted for 72 million deaths and collisions with communica-
tion towers accounted between 4 and 50 million deaths. The existence of several
risks for birds’ life is deeply argued comparing avian deaths to non-energy related
fatalities such as collision with buildings, brightly lit office towers, single televi-
sion towers, communication towers, glass windows, transmission lines to conven-
tional power plants, hunting, cars and trucks, and agriculture.

The National Academy of Sciences estimates that less than 0.003% of an-
thropogenic bird deaths per year is attributed to wind turbines in four eastern states
in the United States.

Another interesting data is fossil fuel’s assessment of avian mortality. U.S.
Energy Information Administration estimates 5.18 avian mortality per GWh,
based on real world operating experience for two coal facilities as well as the in-
direct damages from mountain top removal coal mining, acid rain pollution on
wood thrushes, mercury pollution and anticipated impacts of climate changes.

However, bird mortality remains a moderate perceived issue. To limit
birds’ fatalities, several plans should be taken into account. Structural design im-
provements can reduce birds mortality. Recent literature shows some possible mit-
igation strategies. In particular, it suggests enlarging the blades and slowing the
rotational speed of wind turbines, night illumination to increase visual acuity of
raptors, mechanisms of automatic stop when birds approach seem effective as well
as turbine design optimization, efficient site selection and monitoring and model-
ing birds habitats and migration routes (Marsh 2007; Sovacool 2009; Smallwood
& Karas 2009; Baerwald et al. 2009; Foote 2010; Arnett et al. 2011; Liechti et al.
2013).

Besides technical improvements, international cooperation is needed to re-
duce ecological/environmental effects due to global wind farms (Busch et al.
2013).
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1.2.3. Economic sustainability

Economic effects of a wind investment project generally play a great role
in terms of market and management structure.

On the one hand, Burguillo & del Rio (2008) define monetary benefits for
nearby communities such as the sharing of project profits, new employment op-
portunities, tourism and other socio-economic effects to boost the regional / local
economy. Moreover, wind power can benefit from decreasing operating costs
which, contrary to conventional fuels, seem not affected by the state of the global
economy (Stigka et al. 2014).

The Italian National Association of Wind Energy (2017) estimates the most
significant benefit of wind energy production for electricity consumption such as
the reduction of national unify price (named PUN). A reduction of the PUN has,
in fact, increased benefits of about 6.6 billion Euros during the period 2018-2030.
The breakdown of this amount comes from the production of new wind capacity
(3.9 billion euros) and the renovation of existing plants (2.7 billion euros) (ANEW
2017). Furthermore, ANEW (2017) estimates the PUN reduction trend for con-
sumers of 0.15 €/kWh in 2019, which will increase to 3 €/kWh.

Further benefits for the public concern a major tax revenue estimate of 260
billion Euros and more local financial aid (290 billion Euros) from royalties to
municipalities hosting wind power plants (ANEW 2017).

On the other hand, high installation costs appear a relevant obstacle for
wind investments. The International Renewable Energy Agency (2012) estimates
2010s installation costs of a new on-shore wind farm between 1,850 and 2,100
USD/kW in Europe. Wind turbines account from 64% to 84% of total installed
costs, with grid connection costs, construction costs and other costs ‘rounding’ the
balance.

Similar to other renewable technologies, the high upfront costs of wind
power would represent a barrier to their uptake, despite the fact that there is no
fuel price risk upon building the wind farm.

The capital costs of a wind power project is composed by: the turbine dis-
tribution cost — which represents 64% of capital cost — including blades, tower and
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transformer; foundation costs that represents 16% of capital cost; planning and
miscellaneous costs consisting by 9% of capital cost; grid connection that includes
11% of capital cost; and other capital costs, which can include the construction of
buildings, control systems and project consultancy costs (IREA 2012).

The literature recognises a relevant contribution on the debate about sus-
tainability of wind farms associated with maintenance and operations costs. A tur-
bine installation implies an investment between 0.013 and 0.025 USD/kWh in Eu-
rope for operation and maintenance costs. These costs can account from 11 to 30%
of on-shore wind projects levelized cost of electricity (LCOE) (IREA 2012). How-
ever, considering best practice levels, the benefit could rise the opportunities of
cost reduction.

The LCOE assumes 10% capital costs from wind farms depending on the
resource and project costs. The LCOE can be very competitive at good wind sites
and, for a typical new onshore wind farm, it is estimated between 0.08 and 0.14
USD/kWh in Europe (IREA 2012).

The potential for renewed cost reduction is good because supply bottle-
necks have been removed and increased competition among suppliers will put
downward pressure on price in the next few years.

In the medium and long-term, reductions in capital costs in the order of 10-
30% could be achievable from learning-by-doing experience such as improve-
ments in the supply chain, increased economies of scales from the manufacturing
side, competition and more investments in research and development (IREA
2012).

Varun et al. (2009) define three sustainability indicators of renewable en-
ergy technologies. The first one is the energy pay-back time (EPBT), that is the
period of time needed to recover primary energy consumption throughout the life
cycle of the energy produced by the employed renewable technology. The period
1997-2007 has seen an increase of the EPBT from 0.39 to 1.4 years (Schleisner
2000; Celik et al. 2007). The second one is the greenhouse gas emissions. These
are estimated according to the full operational life cycle of each renewable energy
source from the manufacturing of the plant to full operation of the system. The
indicator varies around 16 and 40 gCo2eq/kWh over a 10-year time span (Proops
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et al. 1996; Schleisner 2000; Nomura et al. 2001; Celik et al. 2007). The third one
concerns the cost of electricity generation, i.e. the average cost of production of
electricity over the full life cycle of each generation technology accounting for
construction, installation, operation, maintenance, decommissioning and recy-

cling/disposal. The cost of generated electricity accounts between 5 and 74 US
cent/kWh (Celik et al. 2007).

1.2.4. Functional efficiency

Stigka et al. (2014) introduce some important energy features of wind tur-

bines. In particular, the energy supply from wind power is considered safe, the
electric power systems are reliable and highly performant.
Herbert et al. (2010) carry out an analysis of performance, reliability, failure and
spare parts of wind energy technology. According to these authors, performance
analysis of a wind farm help to remedy the failure and improve the reliability of
the system. Wind turbine performance is proportional to Wind Power Density and
it varies with different locations. Energy generation varies also in relation to wind
speed and technical factors. Aerodynamic characteristics of the rotor is the first
factor determining the performance of wind turbine generator.

Herbert et al. (2010) collected data pertaining to wind power generation,
machine failure, wind speed and maintenance for five years, from 2000 to 2004.
They discover the existence of a fluctuation of generation from year to year due to
climatic and technical factors. Moreover, power generation of wind turbine would
appear, through time, slightly impaired and reduced because of accumulated dirt,
grime and insect deposits on the blade.

The authors underline that the down time due to low wind would be higher than
the down time due to grid failure. Similarly, turbine fault time and maintenance
time are minor compared to grid failure time.

They also infer that the technical and real availability is very high and the
capacity factor reaches about 25%. In particular, the technical availability would
result in the figure of 94% and the real availability would fall to about 83%. These
results are due to part-time operation of the turbines due to wind availability.
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A mechanism of wind turbine stoppage is implemented in circumstances
of low wind, grid failure, mechanism failure as well as preventive maintenance,
electrical failure and control panel failure. The average stoppage time of wind
turbines is evaluated around 21% of total time (Herbert et al. 2010).

Wind turbine generator has a different impact on the reliable performance
of a generating system and is directly related to equipment failure rate.

The reliability of a wind farm is high during the first year of operation
while it drastically decreases over time beyond economic viability. These risks
may be classified as functional risks because of the product uncertainty in terms
of trustworthiness, maintenance and expected benefits.

Failure analysis could be a useful tool to reduce functional risks. It is an
attempt to determine the causes for which an item does not perform its required
functions within the specified limits, and under specified conditions.

External load conditions compromise the number of failures, which is not
constant, reduces the overall generation, and causes excessive stoppage time.

Herbert et al. (2010) estimate 79% failures due to mechanical components,
which include the blades, gearbox, hydraulic unit, yaw unit and brake pad; and
21% failures due to electrical and electronic component including control panel,
capacitor panel and generator failures.

The main causes of blade rope failure could be the inflexibility of the
blade rope and the improper crimping, rubbing of the blade rope against its support
and lack of lubrication of the rope causing erosion.

The spare part management is vital for wind turbine efficiency and mainte-
nance and its optimization is essential for ensuring high operational readiness. A
delay in replacement of failed components will result in a huge loss of power gen-
eration. Herbert et al. (2010) have undertaken a scientific spare parts optimization
analysis and highlight that typical failures would result in the figures of 33% for
the blades, 19% for the gearbox; 10% for the yaw and hydraulic unit, 5% for the
brake pad, and 24% for others spare parts.

However, Pareto analysis reveals that, considering a failure-free blade unit,

27% of total failure problems can be reduced; and a 50% decrease of blade and
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gearbox, and hydraulic and yaw units, would reduce the total failure rate by about
11 and 14%, respectively (Herbert et al. 2010).

Wind turbine production depends on the average wind speed per year. In
Italy, the average wind speed varies around 3-5 m/s in the Northern regions; 4-6
m/s in the center regions; and 6-8 m/s in the Southern regions (Casale 2009). Spe-
cific energy production in Italy is estimated around 2000 MWh/MW. Considering
the typical turbine power — that in Italy varies between 1 and 3 MW (ANEW 2017)
— and per-capita energy consumption of 1,185.9 kWh/year (ISTAT 2012 census),
a wind turbine of 1 MW can satisfy the energy requirement of 1,700 people per
year.

Alternatively, a coal power plant of 500 MW generally produces energy
for 8,000 hours per years. Considering these figures, the yearly energy production
of such a coal power amounts to 4,000,000 MWh, satisfying the energy require-
ments of 3,400,000 people per year (Laboratorio Scienza, 2010). This would be
the equivalent of a wind farm including 667 wind turbines of 3 MW.

Several good practice solutions could be implemented to increase the func-
tional efficiency of wind turbines:

- Periodical cleaning of blades with silicon-based solution to decrease

bug accumulation and generate constant power;

- Reducing technical failures and failures due to grid and components of
a wind turbine to increase the technical and real availability and to im-
prove the reliability factor;

- Adopting proper maintenance procedures to increase availability of the
wind turbine generator;

- Using of proper heat treatment of the blade rope for strengthen, using
of adequate lubricants to avoid high temperature in the gearbox, main-
taining of an adequate stock of high quality gear oil for periodical re-
placement;

- Increasing of quality level of components to reduce the repair rate.
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1.2.5. Noisiness

The study of Van Den Berg (2004) argues that during quiet nights, in a
buffer zone of 1900 m surrounding wind farms people experience annoyance in
the range of 500 m.

Pantazopoulou (2009) distinguishes two types of noise produced by wind
turbines: the tonal noise (defined by discrete frequencies due to non-aerodynamic
instabilities and unstable airflows) and the broadband noise (non-periodic with a
frequency of more than 100Hz generated by the interaction of wind turbine blades
and atmospheric turbulence).

A wind turbine also produces mechanical noise that comes from the tur-

bine’s internal gears, the generator and other auxiliary parts ( Lowson 1996;Mgller
and Pedersen, 2011). This type of noise generally does not increase with turbine
dimension, as is the case with the aerodynamic noise. Moreover, it can be con-
trolled through proper insulation during manufacturing operations (Alberts
2006;Longo et al. 2008).
The ambient and background noise can also increase the perception of wind tur-
bine noise. For instance, at night times when low human-made and stable atmos-
phere noise are generated, wind turbine noise can be perceived differently than
during day times. According to Van Den Berg (2004), the perception of wind tur-
bine noise at night times for a person living 1.5 km away from a wind farm would
be similar to the noise of an “endless train”.

Governments and medical institutions usually recommend a minimum dis-
tance between the location of wind farms and the surrounding buildings because
high frequency noise can induce sleep disturbance and hearing loss, headaches,
irritability, fatigue, arteries constriction, immune system weakening, annoyance
and dissatisfaction (Dai et al. 2015).

Kamperman and James (2008) argue that a single A-Weighted (dBA)
noise descriptor would appear inadequate to limit wind turbine noise with signifi-
cant low frequencies. For this reason, the authors propose the adoption of a C-
Weighting (dBC) noise and to limit it within Lgo + 20 dB and 50 bBC maximum.
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Pedersen (2011) explores, with three field studies, the relationship between
sound levels of wind farms and aspect of health and well-being. He remarks a
consistency across all considered studies about the perceived feeling of tension,
stress and annoyance. However, further scientific and experimental studies inves-
tigating the influence of wind turbine noise during sleep times and in different
contexts are advised as well as the interaction occurring between sound exposure,
noise annoyance and stress.

A recent study carried out by Mroczek et al. (2015) points to an interesting
conclusion. The presence of wind farms near residential area would have no neg-
ative influence on the quality of life of residents; in fact, considering a distance
within the range of 1km a high quality of life to nearby residents is evident. The
quality of life would worsen in case of construction works of wind farms near
residential areas.

Issues highlighted by the above studies call for adequate policy action and
further research in order to implement proper regulations and mitigation strategies.

For instance, blade design can be a key strategy to reduce wind turbine
noise and increase the productivity of energy production (Klug 2002). Aerody-
namic noise can be explored and reduced during an appropriate blade design phase
and low frequency noise can be mitigated with upwind turbines (Frey and Kollman
2008). Mechanical noise during turbine operation can be isolated inside the turbine
tower using special gearboxes for wind turbines (Frey and Kollman 2008).

1.2.6. Inadequacy of institutions

A measure that could eliminate barriers and benefit wind investments in-
cludes mandatory binding emission reduction targets at national level with the aim
to reduce the gap between local and national policy making.

Financial incentives and the simplification of bureaucratic licensing prac-
tices and processes would add a positive signal to stimulate the development of
renewable energy. To achieve this aim, inadequacy of institutions is the key to
coordination activities of the parties involved and the building of trust across
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stakeholders would favour social acceptance by local communities (Stigka et al.
2014).

Efficient means are the transmission of information about wind projects and trans-
parency of management in order to re-address the fear of uncontrolled profits at
the expense of the public (Agterbosch et al. 2009).

Agterbosch et al. (2009) shows some aspects characterizing a typical pro-
ject for energy distribution that could affect the good performance of a wind farm.
One of these aspects is the authorization trajectory and the long ‘formal’ period to
implement a wind farm project. Often, administrative and public opponents denote
an inconsistency of policy or incorrect implementation of legal norms. Facilitation
of authorization procedures could be implemented through the intensification of
communication processes between the respective local authorities involved in the
planning and implementation of the wind farm (Zollner et al. 2008).

Local and national government initial support is an important precondition
for the revision of the land use plan (Wolsink 2012). Usually, inconsistency at
provincial and municipal level planning turned out in objections for several ad-
ministrative stakeholders at different levels of authority.

Moreover, the lack of an active involvement of residents produces a nega-
tive opinion because they can feel that the project would solely serve to satisfy
external private interests (Bell, T. Gray, et al. 2005). As a consequence, mistrust
for institutions decreases due to strengthening the perception that local authorities
would pass over the interests of the local community (Agterbosch et al. 2009).

A complex normative framework (i.e. including different procedures and different
competent authorities) induces a series of social conditions:

- The energy supplier and competent authorities prepare an informal

strategy;

- The external private mismatches with the local common interest;

- Decision making powers would be dispersed, the interests fragmented

and the knowledge base limited;

- The lack of intergovernmental coordination denotes an inconsistent ad-

ministrative behaviour which could cause an incorrect implementation

of procedures;
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- Administrative and public resistance increase and opponents would
widely argue about an improper implementation of legal norms. This
background would cause insecurity about changing the current legisla-
tion and deviation from institutional conditions (Agterbosch et al.
2007).

A collaborative arrangement between citizens and the local authorities in
the form of active participation processes and/or a continuing information mecha-
nism would enable knowledge on wind farms developments and/or the adoption
of other renewable sources (Bell, T. I. M. Gray, et al. 2005). The shared economic
interest in wind power exploitation is the main driver for public collaboration and
acceptance.

1.3. Chapter conclusions

Wind energy is generally considered a cleaner alternative to conventional
energy sources. However, local residents generally present an obstructive behavior
for wind farm developments close by where they live. In order to turn negative
feelings into positive perceptions, all issues argued in the present chapter should
be considered during the design and development phases of a wind farm.

Bell et al. (2005b) define three explanations for social gap in wind farm
siting decisions:

1. the democratic deficit explanation, i.e. why opponents of wind power,

despite being the minority, are able to dominate the permitting process;

2. the qualified support explanation, i.e. when the failure of particular

wind developments reflects a general principle of qualified support for
wind energy; in this case people make an exception to their general
support for a particular case that has a direct effect on them,;

3. the self-interest explanation, i.e. when people support wind energy but

actively oppose any developments in their own area for self-interested
reasons.
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A positive perception of local residents may be encouraged promoting

some involvement and information initiatives. In particular, Dai et al. (2015) sug-

gest working together to find solutions which meet the following needs:

public participation in the early stages of the planning and implemen-
tation of wind power projects;

early communication to avoid conflicts with the public;

incorporation of social and environmental psychological aspects into
the wind energy project;

replacing the feelings of selfishness with equity and fairness by the in-
stitutions;

promotion of a sense of environmental citizenship.

Advance of technology and adoption of more recent wind turbines will also im-

prove functional efficiency and environmental sustainability, if supported by ade-

quate governmental strategies and local plans.
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CHAPTER 2
METHODOLOGY: THEORY AND APPLICATION

Individuals or decision makers are involved in recognizing the necessity to
solve problems, make choices, or obtain benefits. For this reason, these agents
search and learn to find out what solutions are available to meet their needs.
Generally, these solutions are based on ranking a given number of alternatives.
To define the alternatives, several attributes, based on social perception of en-
vironmental and economic attributes, are taken into account. It is on these at-
tributes that individuals make their evaluations and comparisons.

Based on the above, the present chapter explains the use of stated choice meth-
ods under a theoretical and applied point of view.

Starting from a description of the Theory of Value and non-market good valua-
tion, the chapter deeply discusses advantages and limitations of stated prefer-
ence models. Subsequently, a special emphasis is given to CEs (including how
these are built and estimated). Furthermore, some supporting techniques to CEs
are introduced, such as Focus Groups, survey distortion reductions, and inno-
vativeness scales.

2.1. Stated Choice Methods use for non-market valuation

Natural resources, such as air quality and environmental attributes, are val-
uable assets that yield flows of services to people. Creation of benefits and costs
can be led by public policies and the actions of individuals and firms.
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Freeman (1982) and Kneese (1973) define people’s view on the environ-
ment as an asset or a kind of non-reproducible capital good that produces a stream
of various services.

There is a potential role for public policy in the management of resource
and environmental systems and a need for information on the values of the service
flows.

The concept of value is founded on neoclassical welfare economics and
has the purpose of increasing individual’s well-being. It is based on the axiom that
each individual is the best judge of how well off he or she is valued in a given
situation (Freeman et al. 2014).

Individuals’ well-being is strictly linked to the endowment of all resources
available and values received from any environmental change or use of resources,
in terms of benefits. The benefit value is compared with the cost value, which
indicates to what individuals give up to take resources and factor inputs from other
uses.

Freeman’s standard economic theory (1979) aims to measure changes in
individuals’ well-being. Changes consider both prices and quantities of goods pur-
chased in the market.

The above measurement is also extended to public goods and other non-
market goods/services, such as environmental quality.

This theory is based on two assumptions:

1. People have well-defined preferences among alternative bundles of

goods (considering quantities of both market and non-market goods);

2. People know their preferences. Preferences can be substituted with

other market and non-market goods to form the bundle.

Substitutability implies that the increase in the quantity of an element in

an individual’s bundle substitutes for the decrease in another element. This

concept establishes margin values (trade-off comparisons between pairs of
goods).

Willingness to pay (WTP') and willingness to accept compensation

(WAC?) are value measures based on sustainability.
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Generally, individuals may gain utility from the natural environment di-
rectly (i.e. direct uses of environmental goods) or indirectly (i.e. passive uses of
the environmental goods).

Use values are typically associated with direct uses of the resource. Instead,
indirect use values consider other aspects of the environment that are linked to
direct use activities like recreation values and property values. Passive uses may
be explained by preferences over habitats and ecological services and their use
values are not easily observable through individual behaviours.

The discussion about the utility arising from these different types of envi-
ronmental benefits explains the distinction between use and passive use values.

These two types of values are related to each other because preferences
over habitat, through ecological relationships, may also affect direct use values.

Utility theory (Fishburn, 2006) helps to represent quantitatively people’s
preferences and choices and it offers a basis for the analysis of decision making
under uncertainty. It provides the conceptual basis for resource compensation
measures since all attributes of ecological services can be represented as entering
an individual’s utility function. In this case, there exists a utility tree/function of
products/services — corresponding to components of a separable utility function —
that are affected by subsets of environmental attributes.

Knowledge is an essential factor to capture information on either the at-
tributes of the alternatives or the preferences of direct and indirect uses. Often, the
information retrieved to determine resource compensation seem not adequate to
fully understand the socio-economic and environmental effect of an attribute on a
set of alternatives. For this reason, knowledge of the utility tree structure will also
be required.

Stated Choice Method (SCM) is a flexible approach to collection of pref-
erence data from subjects in hypothetical situations. SCM are an evolution of con-
joint analysis paradigm, usually used in marketing research (Louviere 1988).
Louviere & Hensher (1982) and Louviere & Woodworth (1983) represent pioneer-
ing works of SCM applications to well-established revealed preference choice
models.
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While conjoint analysis is a very popular approach to understand and pre-
dict consumer trade-offs and choices, it is not a theory of choice behavior
(Adamowicz & Louviere 1998). Similarly, SCM is not a theory of behaviour alt-
hough it is considered as a tool to generate behavioral data from consumers
(Adamowicz & Louviere 1998).

The foundations of SCM include the consumer theory of Lancaster
(Lancaster 1966) which proposes a new assumption of the utility function. This
function considers a decomposition into separable utilities based on their charac-
teristics/attributes. Further SCM’s behavioral foundations are based on judgments
and decision making from Psychology (Hammond 1955; Anderson 1970,1982) as
well as Economics, and in particularly the random utility theory (RUT) (Thurstone
1927; McFadden 1974).

2.1.1. Stated Choice Model specification and Random Utility The-

ory

There exist multiple variants of SCM. One of these, is Discrete choice con-
tingent valuation (CV). It is based on survey analysis which represents consumer
behaviour for or against a proposed change or set of changes at a given cost.

A further variant of SCM is the discrete choice experiment (CE), where
respondents are asked to indicate their preference among two or more multi-attrib-
ute alternatives.

CV versus CE distinction consists on non-attribute versus attribute-based
alternatives.

Stated Preference Methods are a well-known approach to estimate values
for changes of public goods, environmental services, human health effects and
other fields without the availability of revealed preferences data. This approach
has the objective of placing the respondent in a realistic framework to compare a
number of alternatives, each described in terms of specific attributes. It also con-
siders the stimuli, which is the decision context and product descriptions from the
elicited response. This latter is the individual’s decision and may consist in a
choice, a ranking, or a quantity.
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Generally, the decision scenario and product descriptions are generated us-
ing experimental design techniques. These techniques aim to minimize the number
of alternatives and statistically identify the underlying preference functions. Usu-
ally, respondents are faced with multiple scenarios for an efficient use of re-
sources.

RUT and utility maximization represent the conceptual framework to ana-
lyse choice and ranking of alternatives deriving from SCM applications. Thurstone
(1927) explains dominance judgments among pairs of offering/alternatives. The
author assumes that consumers generally choose the offerings/alternatives they
like the best, subject to constraints — such as time or income — as is defined in
standard economic theory. However, consumer choice may not to be the same as
the preferred alternative.

To explain the above, let us consider the following utility function which
includes a random element:

Uij:Vij+€ij (1)

Where Uj; is the unobservable utility of offering/alternative j for individual
i; Vij is the deterministic/systematic (i.e. known) component of utility; and ¢; is
the random component (i.e. the error term). The presence of the random compo-
nent is justified by the difficulty of considering all possible variables and by others
bias, such as measurement errors.

The presence of a stochastic utility determines the probabilistic structure
of the behavioural model. In particular, the probability that consumer i chooses
offering/alternative j is as follows:

Pij = PT'[(VU + gl'j) > (Vil + 8”)]
= Pr[(Vij — Vl-l) + (eij - e”) > O] foreachj #1
(2)
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where / is the attribute level. In relation to the distribution of the error term
¢, and in particular to the differences between group of variables ¢; and &, this
could be normally (probit models) or logistically (logit models) distributed.

The systematic component of the utility function is the portion of the alter-
native attractiveness related to the alternative attributes.

The analysis of attributes may be based on a preliminary qualitative re-
search including focus groups and interviews of experts tailored to a particular
project; and a secondary research based on the literature.

In terms of the functional form of the utility, a linear-in-the-parameters
function of the explanatory variables expresses the systematic component as fol-

lows:
Vij = Bxij 3)

Where s a k-vector of utility coefficients associated with a vector x of explanatory
variables. Thus, equation (2) can be rewritten as:

Pij = Pr[(Bxy; + &) > (Bxy + &)
= Pr[(ﬁxij — ﬁx”) + (eij - Siz) > O] foreachj #1
4)

Choice model estimation has the ultimate purpose of obtaining unbiased
estimates of the taste parameter vector f containing marginal utilities of attributes.

Choices may differ systematically from individual to individual. There-
fore, explanatory variables may include individual difference measures z, such as
demographic and psychographic, with an associated vector of coefficients y. These
individual difference measures may be thought to influence utility levels via the
intercept and/or slope coefficients in the B vector.

In accordance to the distribution of the error term, a specific probabilistic
choice model can be used. Thurstone (1927) suggests the use of a binary probit
model for a bivariate normal distribution of the error term. McFadden (1974) and
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Ben-Akiva & Lerman (1985) indicate the use of a Conditional or Multinomial
Logit (MNL) model in the presence of a Gumbel distribution of the error term.
Alternatively, in the presence of a Generalized Extreme Value distribution, Nested
MNL (McFadden 1981) and Ordered GEV (Small 1981) models can be used.

MNL models are generally used in choice model applications. A MNL
model assumes that the error term is independent and identically distributed (IID3)
across alternatives and individuals.

2.1.2. Stated vs Revealed Preferences model

Environmental valuation considers two methods:

- Revealed Preference method (RP) assesses the value of non-market

goods by studying actual behavior on a closely related market;

- Stated Preference method (SP) as described in the previous section, as-
sesses the value of non-market goods by using individuals’ stated behav-
iour in a hypothetical setting.

Table 5 summarizes the characteristics of RP and SP typical data.

RP can be used to construct, to a certain extent, resource compensation and
to determine how specific alternatives of a choice set can be used to compensate
for damages the attributes defined in another alternatives.

Braden and Kolstad (1991) describe the most common revealed preference
methods, which are the hedonic pricing method and the travel cost method.

RP approach has the advantage of considering individuals’ actual choices.
However, it may suffer some limitations. In particular, the presence of missing
data. In this case, the behaviour of interest cannot be observed because valuation
is conditional on current and previous levels of the non-market good. As a conse-
quence, non-use values are impossible or difficult to measure (Alpizar et al. 2001).
Thus, model development and compensation measurements would not be accurate
(Adamowicz et al. 1994).

SP approaches can be represented in terms of conjoint analysis, contingent
valuation methods (CVM) and choice experiments.
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Table 5 — Characteristics of RP and SP typical data (Louviere et al. 2000).

Revealed Preference data Stated Preference data

World shown as it currently is Uses hypothetical or virtual decision context

(current market equilibrium) (flexibility)

Inherent relationship between attributes Control of relationship between attributes

(fixed technological constrains) mapping utility functions with inexistent
technologies

Inclusion of observable existing alternatives Inclusion of existing and/or proposed and/or

generic choice alternatives

Decision maker embodies market and per- Decision maker does not embody market and
sonal constraints personal constraints
High reliability and face validity Reliability is present when respondents un-

derstand, are committed to and can respond to
tasks
Considers one observation per respondent at Considers multiple observations per respond-

each observation point ents at each observation point

SP methods are useful to control the stimuli applied to the experimenter
compared to those gained from real markets. Thus, SP is the result of the applica-
tion of a wider range of attributes compared to those considered in the real market.
It also considers the introduction and/or removal of products and services or new
attributes.

Being based on hypothetical markets, SP may not correspond to real
choices and real consequences of making a choice are not verified.

Whether data are revealed or stated from an experiment, specification anal-
yses and model fitting adopt the same strategy. However, RP data suffers a lack
of variability, limited range or similar conditions. This explains why hypothetical
choice experiments often allow for the definition of parameters that cannot be
identified in RP models, such as higher-order effects, interaction between varia-
bles and individual difference variables.

Ben-Akiva & Lerman (1985) underline that a choice set is a key issue to
examine for choice model specification; and Louviere et al. (2000) show the rea-
sons behind the use of SP data as follows:
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- Demand side estimation for new products with new attributes and fea-

tures;

- Low variability in the marketplace of explanatory variables;

- High collinearity in the marketplace of explanatory variables;

- Introduction of new variables explaining choices;

- Lack of satisfaction of model assumptions and/or presence of statistical

‘biases’ due to latent relationships of real world data;

- Consumption of time and expensive collection of observational data

with RP;

- Lack of trading commodities in real markets (i.e. environmental goods,

public goods).

Therefore, the limitation of RP models is linked to preferences within an
existing market and technology structure.

In contrast, the use of SP models highlights problems and choices involv-
ing shifts in technological and innovative frontier. Their main limitation is the
well-known hypothetical bias. De-Magistris et al. (2013) define the hypothetical
bias as:

“the difference between values obtained through hypothetical methods
and the values (or what an individual might actually pay for the prevision

)

of the good) obtained through non-hypothetical methods”.

Usually, in hypothetical settings individuals overstate their willingness to
pay (List & Gallet 2001; Murphy et al. 2005).

However, it is not clear why people provide different WTP values in hy-
pothetical and non-hypothetical settings. Generally, respondents may not have an
incentive to reveal their true WTP values because they do not pay for the good in
an hypothetical setting (Harrison 2006).

A solution to these problems may be using non-hypothetical or real choice
experiments (RCE) incorporating an incentive compatible mechanism and/or real
products.
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However, real products may not be available on the market or may not yet
have been fully developed. Furthermore, RCE may be expensive and time-con-
suming because participants have to pay a participation fee and the price of good
during the experiment.

The lack of rewards during the experimental phase is a further critical as-
pect of hypothetical experiments (De-Magistris et al. 2013). Salient conditions
would appear absent and respondents would not take the experiment seriously into
account or would not make the sufficient cognitive effort to answer accurately.

Recent literature purposes various ex-ante calibration methods to apply in
hypothetical experiments to mitigate the hypothetical bias:

- The cheap talk script (Cummings & Taylor 1999), which explains the
problem of hypothetical bias to respondents before proceeding to ques-
tion valuation and preference elicitation;

- The solemn oath (Joule et al. 2008; Jacquement et al. 2013), which is a
truth-telling device where participants are asked to swear on their honor
and provide honest answers before proceeding to a second-price auc-
tion;

- The honesty priming (Jacquement et al. 2011), which is an approach
derived from Psychology (Bargh 1990,1997, 2000) and is based on the
automatic activation of mental representation (i.e. honesty) that involve
reflexive responses to certain triggering conditions. Automatic thought
processes are detected from a stimulus event or object (also named trig-
gering event) for the individual sensory system. Triggering event does
not require individual’s awareness, instead priming can unconsciously
influence peoples’ perception, evaluations, behaviour, and choice (Kay
& Ross 2003; Chartrand et al. 2008).

Jacquemet et al. (2013) suggest that the solemn oath improves the revela-
tion of true preferences in hypothetical experiments. However, it is feared that
certain people do not take this honesty measure seriously into account (Jacquemet
et al. 2013).

The experimental phase of this Thesis will make use of honesty priming —
proposed by De-Magistris et al. (2013) — as ex-ante calibration in the same spirit
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as the honesty pledge, for eliciting honest answers and mitigate hypothetical bias
during choice experiments. Other hypothetical bias measures are not considered
due to their limited consensus in the renewable energy field (Lusk et al. 2003;
Brummett et al 2007).

2.1.3. Best-practice recommendations for SP application

Johnston et al. (2017) propose five recommendations to reduce uncertainty
in the design, implementation, and estimation of a SP study.

The first recommendation aims to increase the validity and reliability of
the estimated values during survey development and implementation. In particu-
lar, validity considers the minimization of bias estimates; and reliability denotes
the minimization of variability. To this purpose the authors suggests that SP ques-
tionnaires should clearly illustrate the baseline (i.e. status quo) and the alternatives.
Furthermore, alternatives should be clear and respondents should be able to un-
derstand, accept and consider credible all information provided by each alterna-
tive.

A pre-test can also be conducted for an efficient survey design. Generally,
focus groups and/or cognitive interviews are considered useful tools. Johnston et
al. (2017) recommend to undertake a minimum of four, six or larger focus groups
whether the good under study is considered as new, unfamiliar, or difficult to quan-
tify, respectively. Similarly, pilot studies, when feasible, would facilitate attribute
designs, help to calibrate survey and item response rate and produce preliminary
statistical test of hypotheses. Preliminary studies have to be addressed to the target
audience and their records should include: 1. script reports used for focus groups
or interviews; ii. socio-demographic characteristics of the participants, as well as
subject-selection method; iii. field test results; iv. key survey-design insights, and
v. results which are useful for the implementation of the adequate design.

The use of an attribute approach (i.e. choice experiment) vs a non-attribute
method (i.e. contingent valuation) to describe the behavioural change of the re-

49



spondent depends on his/her perception, the objective of the study and the infor-
mation content of the scenarios. The most appropriate method to use during the
experimental phase is also determined with a pre-test study.

The fundamental prerogative of the experimental design is to build an ef-
ficient design and unbiased estimates of preference parameters and values. Rele-
vant attribute interactions are allowed and should be identified. Moreover, it
should also consider the statistical efficiency of design, cognitive ability and at-
tention of respondents, implausible attribute levels and combinations that needs
constraints definition, robust design for alternative model specification, and the
influence of attribute levels on design properties.

The sources of a priori information should also be provided. These will be
used to develop the design and support the final chosen design.

Ethic protocols in data collection are important in all aspects of an SP study
to receive consent. It involves procedures to avoid negative consequences for re-
spondents and impairment of study results to support decision-making.

Data collection should be context specific. The sample should be randomly
selected from a population. Nonresponse bias should be mitigated using survey-
design features, and in extremis, during collection data.

The second recommendation by Johnston et al. (2017) is the value elicita-
tion. In this case, the use of WTP or WTA depends on the decision context, but it
should also be supported by theoretical and empirical considerations. Usually,
WTA estimation faces practical challenges, while WTP estimation leads to evalu-
ations with empirical properties.

Generally, the valuation of public goods is based on incentive-compatible
response formats, for example using a single binary-choice question consisting of
a baseline (or status quo) scenario vs an alternative choice. In case of multiple
valuation questions, additional trade-offs due to efficiency issues, bias, and evolu-
tion of choice heuristics should also be taken into account. Furthermore, questions
should be randomized across respondents.

Preferably, the response format should not include a no-answer option to
avoid response bias. Similarly, the decision rule across alternatives should be re-
alistic and binding.
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The payment vehicle should result in a realistic, credible, familiar, and
binding tool. Respondents would need to view the payment vehicle as a fixed ele-
ment and to minimize unintended effects on estimated values a pre-test consider-
ing the above options would be a viable solution.

Auxiliary and supporting questions would be a further mechanism to en-
hance the validity of an SP study. These supporting questions should have a spe-
cific purpose and their effectiveness can be assessed with the pre-test study.

The pre-test study is generally considered as an ex-ante procedure to im-
prove the validity of the SP study, incentivise compatibility and encourage truthful
responses.

The third recommendation is represented by data analysis. In particular,
the selection of econometric estimators should concern three aspects: the type of
data; the hypothesis to investigate, and the use of estimated results to support de-
cision-making. Observed and unobserved preference heterogeneity should also be
taken into account for the decision-making process.

Parsimony and complexity should be as balanced as possible in the model
specification. On the one hand, data analysis should include the simplest specifi-
cation in which hypotheses are consistent with axioms of choice theory and prop-
erties of data. On the other hand, it should include a degree of difficulty which
takes into account the complexity of socio-economic and environmental interac-
tions in the structure of responses.

Any anomalies captured during prior research and pre-test studies, should
be further investigated to determine their effects on SP responses. Should this case
occur, it is important to distinguish response anomalies which merely add random
noise to estimated values from systematic effects that can produce biased esti-
mates.

Estimates should also include central tendency and dispersion and welfare
measures to ensure well defined indicators both theoretically and statistically.

Data from auxiliary and supporting questions should be clearly described
and should justify the survey design and empirical application. Moreover, analysis
should consider potential endogeneity and related concerns (e.g. measurement of
error).
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To develop decision or policy relevance for the community, the sample
should be as representative, aggregate and generalised as possible to produce un-
biased estimates.

The fourth recommendation by Johnston et al.'s work (2017) is validity
assessment. That is, validity and reliability of value response data. Core internal
validity assessments of SP data includes formal test of construct validity and eval-
uations of content validity. Results from validity should be interpreted in the light
of proper theoretical and empirical contexts. They should include a recognition of
potential confounding influences, the effect of design and the role of assumptions.

Besides, validity assessment should consider the weight of the available
evidence and include study-specific design and analysis of procedures and out-
comes, as well as knowledge assumption prior to the investigation.

Finally, the fifth recommendation concerns the study reporting. Each meth-
odological or applied study should be well documented in the design, implemen-
tation, analysis and results phases. Credibility of the study is strictly linked to
transparency and appropriate interpretation and use of results.

Recommendations mentioned above may be less reasonable, applicable or
relevant in case of a private-good application. On the contrary, the same recom-
mendations may emphasize the estimation of benefits and costs of public goods or
services. Their application also needs to take into account the cultural and institu-
tional context of the study.

For this reason, a best-practice would be represented by reviewing the ex-
isting literature on previous applications; consulting with local or context-specific
experts; and carefully addressing the pre-test, study and design.

2.2. Choice Experiments

The present Thesis uses an SP approach expressed in hypothetical markets
with particular focus on CEs analysis (Haab and McConnell, 2003; Signorello &
De Salvo 2010). CEs combine the theory of value (Lancaster, 1966) and the ran-

52



dom utility model (RUM) proposed by McFadden (McFadden 1974). It is a com-
bination of these two theories and an extension to the dichotomous contingent val-
uation method.* Furthermore, CEs are a valid tool to estimate the economic value
of non-market goods, their shadow-prices and attributes.

CEs have been extensively used in literature in the field of environmental
economics to estimate consumer’s willingness to pay (WTP)/willingness to accept
(WTA) to protect natural resources/environmental amenities, the economic value
of recreational activities and the trade-offs across non-market goods’ attributes
(Liuetal. 2012; Scarpa & Willis 2010; Adamowicz & Louviere 1998). In addition,
CEs have been recently used to value the impact of renewable energies on house-
holds (Scarpa & Willis 2010; Ek & Persson 2014; Franceschinis, Scarpa, et al.
2017).

In the practical implementation of CEs, the interviewee expresses his/her
preference (which gives him/her the highest utility level) among the options ob-
tained in the choice sets. This technique provides a large portfolio of information
on attributes and socio-economic variables affecting consumer choice and a better
understanding of consumer preferences and alternative scenarios of costs and ben-
efits (Jung et al. 2016). Formally, the econometric analysis solves the problem that
each individual i maximises his/her utility level associated to an alternative profile
Jj subject to his/her income level. The alternative j is chosen within the preference
basket if and only if U;; > U for j # 1. This is the case of Discrete Choice Models
(Louviere J.J. et al. 2010; Hensher D. A. et al. 2015).

Consumer preferences analysis also refers to estimate the marginal
value/effect of single attributes and their trade-offs characterizing the good under
study. The definition and description of the attributes and their levels are essential
for efficient CEs. The number of attributes will affect the degree of complexity of
the experimental design. The higher the number of attributes and their levels, the
higher will be the distortions due to framing of the survey analysis. Therefore, it
is essential to select an adequate range of (quali-quantitative) attribute levels con-
sistent with the good under study and consumer preferences. The experimental
design is structured through a design such that it determines all possible alterna-
tives (collective or full factorial) among attributes and attributes’ levels. The full
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factorial design reveals all efficient alternatives of an experimental design (Lou-
viere, et al., 2000), omitting irrational and dominant alternatives.

Given the relatively exponential sensitivity of the collective design to the
number of attributes and attribute levels it is often useful to opt for a fractional
factorial design which reduces the number of alternatives for the respondent. Al-
ternatively, the blocking technique provides splitting the full factorial design into
combination blocks.

Through the use of a blocking experimental design each respondent faces
a given block of questions/choices. This is to assure that the alternatives from the
orthogonal design are included in the survey (Hensher D. A.et al. 2015). In each
case, the orthogonality condition should be satisfied. Furthermore, the alternatives
within each choice set can be randomly extracted from the orthogonal design or
follow specific rules such as the foldover technique. With the foldover technique
each alternative from the experimental design is obtained by increasing one of the
attributes by a level unit (Hensher D. A.et al. 2015).

Finally, the choice sets may include the status quo or the no-choice alter-
native option. In the former case, the alternative is a base-case alternative and
therefore considered as hypothetical policy scenario. The status quo (or no-choice
option alternative) does not vary across sets/alternatives.

2.2.1. Building CEs

The process of CEs is summarized in Fig./ by adapting the work of
(Mazzanti & Montini 2001). It considers four phases: Phase 1. Definition of at-
tributes and attribute levels; Phase 2. Construction of CE design and survey devel-
opment; Phase 3. Sampling and pre-testing; Phase 4. Data collection and evalua-

tion.
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Fig.1 — Phases of a structured analysis with CEs.
Source: adapted form Mazzanti & Montini (2001).
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PHASE 1: Definition of attributes and attribute levels

This phase is the most important of the entire process and starts with the
characterization of the decision problem.

Some tools such as focus groups, literature review and interviews with ex-
perts generally help to define the decision problem, highlighting the main issues
as follows:

- How to involve individual’s awareness of making the decision in ques-

tion;

- How to search for information on the evaluation of the product and

service;

- How to search for information on alternatives and attributes;

- How to construct choice sets;

- How to let individuals make decisions.

Unfamiliarity of respondents with the choice under study should be identi-
fied during phase 1. In this case, further spread of information should be provided
to respondents before undertaking the choice (Johnston et al. 2017).

Important behavioral differences could be justified by individual heteroge-
neity — in terms of income, education, attitudes toward environmental issues — and
it should be identified accordingly.

Based on the above, the aims of the Phase 1 would define: (i) choice set
size and composition; (ii) relevant attributes; (iii) individual differences, and (iv)
relevant sampling for the study.

Attribute identification is widely discussed in literature (Louviere &
Hensher 1982;Hensher D.A. et al. 2015; Johnston et al. 2017) and requires the
support of prior experiences, secondary and exploratory research. Attribute iden-
tification also provides for the definition of attribute levels.

Attribute levels may be shown in CEs in word, number, pictures (static or
dynamic), charts and computer graphics formats.

PHASE 2: Construction of CE design and survey development

The second phase concerns the development of the experimental design. It
is based on developing the alternatives provided that a particular set of statistical
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properties that determines the utility function is satisfied. Orthogonal design is
typically used to generate the combination of attribute levels as well as the adop-
tion of an efficient design (see section 3.2.3).

The main results of an orthogonal design provide orthogonal subsets of the
full factorial design that allows to estimate a strictly additive utility function. The
orthogonal design assumes that all interaction effects between attributes are non-
significant and the dissatisfaction of this assumption could lead to unknown and
potential bias in the estimated parameters.

The questions to include in the survey are usually developed as self-admin-
istrated tasks, or presented through an interview. The survey can include one or
more choice scenarios as well as proper sections concerning socio-demographic,
psychographic, attitudinal and past behavioral data.

One of the aims of this phase is to establish the adequate number of choice
scenarios to present to the interviewee. Task length could affect the quality of data
provided by respondents. Carson et al. (1994) suggests submitting not more than
eight choice scenarios to an individual. A similar effect could arise from the num-
ber of alternatives.

Usually survey design includes several sections. These provide basic in-
formation about the context, attributes, and attribute levels. Proper instructions on
the task, its objective, context and the presentation of choice scenarios are also
provided to respondents.

Generally, the survey’s tasks should be designed to simulate the actual
choice. The choice set could consider a simple yes/no response with single alter-
natives, or multiple alternatives plus the no-choice option, and other variations.
The order of appearance of choice sets is typically random and could be the same
or otherwise across all subjects.

The order of choice sets does not affect reliability (Louviere et al. 2000).

PHASE 3: Sampling and pre-testing

Pre-testing of the questionnaire is a fundamental step to reach a high accu-
racy of results. Furthermore, accuracy is strictly linked to sample size and repre-
sentativeness.
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PHASE 4: Data collection and evaluation

The most common model estimation of stated choice experiments in the
literature is the Multinomial logit (MNL) which is based on maximum likelihood
estimator.

However, other choice estimations are used as well as estimation using

parametric or non-parametric criteria.
2.2.2. Empirical analysis

The MNL model is characterised by three or more choice alternatives and
is useful to study the effects of independent variables from the choice-invariant
characteristic on the probability to choose j. The MNL model considers the utility
level as a function of specific individual variables, but those considered as alter-

native specific, as follows:
Uij = ziy; + &; (%)

The present study considers the error term satisfying the IID (inde-
pendently and identically distributed) condition with a Gumbel-distribution type
(McFadden, 1974) and implies that the probability function is:

Py = e/ % e i = et/ 3 e ©)

where Zij represents the independent variables and a indicates a vector of
estimated parameters and assumes a linear-in-the-parameters specification for the
deterministic component of the utility function.

The scale factor affects the values of the estimated taste parameters. The
larger (smaller) the scale, the bigger (smaller) the coefficients.

This means that even if two choice data sources are generated from the
same utility function, they have the same taste weights, but different scale factors.
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In the MNL model the scale factor is inversely related to the variance of the error
term. Thus in this case the higher the scale, the smaller the variance. This implies that high-
fits models have larger scales.

As Ben-Akiva & Lerman (1985) show (see Fig.2), when the scale is zero the
choice probabilities are equal; in this case the estimated choice would follow a
step function (black dots) as scale grows from there. This is to say that it perfectly
discriminates between two alternatives.
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Fig.2 — The effect of the scale parameter on choice probability.

The above observations imply that in choice models — differently from
other models — the taste weights and characteristics of the error terms are related.

For this reason, the variance of the error term can be considered as an in-
tegral part of the specification of MNL model, rather than a nuisance parameter.
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In the same way Nested MNL model and Multinomial Probit model pre-
sents this relationship between mean and variance.

Considering all general issues of SC models that can affect reliability —
such as survey design, information presentation, context, etc. — also the estimated
mean and variance of the utility function may be affected from these issues. Should
this case arise, potential biases could also affect the scale parameter.

In the context of policy analysis, discrimination between preferences for
different alternatives (shown by a steeper choice probability function) is more
preferable. Thus analysts tend to produce survey instruments to increase the scale.

The MNL model is structured on the IIA (Independence of Irrelevant Al-
ternatives)/IID (Independent and Identically Distributed) hypothesis which needs
to be tested to evaluate data consistency.

ITA/IID hypothesis implicate that the probability linked to the choice of an
option is independent by the introduction/removing of others alternatives.

The most consistent procedure to test this hypothesis is the Hausman test
(Hahn et al. 2011).

In case of IIA hypothesis violation, different econometric models can be
considered. For example, the Alternative Specific Conditional (ASC) logit model
can be used to include socioeconomic variables. This model allows measuring the
delta-change due to the introduction of socioeconomic variables.

Other alternative models could be considered such as Nested logit Model
(McFadden 1981), Heteroskedastic extreme value model (Bhat, 1995), Random
parameter logit or Mixed Logit (Train 1998; McFadden & Train 2000), Multino-
mial probit (Hausman & Wise 1978) to internalize and/or include the structural
heterogeneity of the sample.

2.2.3. Orthogonal design vs D-error

The most general class of available designs is the full factorial design. It is
a design in which all possible combinations are computed.
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A high number of combinations produces a significant level of cognitive
burden on respondents, which, in turn, affects the response rate and/or response
reliability.

Therefore, different strategies to reduce the number of choice sets should
be adopted such as the fractional factorial design, blocks, and fractional factorial
design combined with a blocking strategy.

Fractional factorial designs are designs in which partitions of the total num-
ber of the combinations of choice questions are used. Respondents are randomly
assigned to a block and answer the choice questions in the assigned block instead
of the full design. It produces sub-optimal designs.

Fractional factorial designs require the following assumptions: First, the
orthogonality concept, which is a mathematical constraint requiring that all attrib-
utes are statistically independent to one another. In practice, it requires that each
pair of attribute levels appears an equal number of times over the design and it
implies zero correlations between attributes. Under the assumption of multicollin-
earity in linear multiple regression, non-orthogonal designs negatively affect the
contribution of each independent attribute on the estimation of utility parameters.

The second assumption is provided by the main (ME) and interaction ef-
fects (IE). The effect is defined as the impact due to a particular attribute level on
some(the?) response variable (i.e. choice), so the effect in the experimental design
is the difference of attribute level means.

Therefore, the ME can be considered as the direct independent effect of
each attribute upon the choice. That is, the difference in the means of each attribute
level and the overall mean.

In contrast, the IE is defined as the effect upon a choice obtained by com-
bining two or more attributes that would not have been observed and each of the
attributes being estimated separately.

Finally, the concept of degrees of freedom represents the extent to which
information is both required and available to estimate the model. Degrees of free-
dom are captured in the model such that S*(J-1), where S is the number of the
choice sets and J is the number of alternatives in each choice set.
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During the modelling phase, all main effects are generally taken into ac-
count while any possible interaction effects are ignored. Hence, the smallest num-
ber of effects to be estimated is equivalent to the number of main effects. This type
of design is designated as orthogonal main effect only design.

Experimental design theory is based on two common objectives. On the
one hand the ability to independently detect the effects of multiple variables on
some observable outcome; on the other hand, the improvement of the statistical
efficiency of the experiment.

Statistical efficiency in experimental design is related to an increased pre-
cision of parameter estimates for a fixed sample size. Otherwise, it is linked to the
standard errors obtained from the experiment. Statistical efficiency is expected to
yield lower standard errors given a sample size, or the same standard errors given
a smaller sample size.

In the context of SC, experimental design theory is concerned with stand-
ard errors and covariates of parameters obtained from the models to be estimated
and the data collected. Therefore, the primary consideration for design generation
is the relationship between the design and the resulting model variance-covariance
matrix.

The use of logit models to analyse discrete choice data requires a prior
information about parameter estimates. This information is required in the form of
priors to compute the expected utilities for each alternative.

As a result, the asymptotic variance-covariance (AVC) matrix, including
expected standard errors, is obtained. The design efficiency comes from the AVC
matrix with the aim to minimize the efficiency error.

The most common measure of design efficiency is the D-error that takes
into account the determinant of the AVC matrix assuming a single respondent.
The design with the lowest D-error is named D-optimal (Bliemer & Rose 2005;
Ferrini & Scarpa 2007). Nonetheless, a design with sufficiently low D-error (i.e.
D-efficient design), can also be defined.

Based on the available information about the prior parameters S, three dif-
ferent types of D-error can be identified such as: i. D.-error (z=zero) if no infor-
mation is available and not even the sign of the parameters (=0); ii. Dp-error
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(p=priors) if information is available with good approximation of ; iii. Ds-error
(b=Bayesian) if information is available with uncertainty about the approxima-
tions of B.

D-errors are a function of the experimental design X and the prior values

B, and are computed as follows:

1/H

D,error = det(Ql(X, O)) , (7)
Dyerror = det(Ql(X,ﬁ))l/H, (8)
Dyerror = [ det(0, (X, )" ® (816)dp. )

Where H is the number of parameters to be estimated. The D-error is nor-
malized with //H such that it is independent by the size of the problem.

2.3. Prospect Theory as frontier of choice analysis

Random Utility Model (RUM) assumes that a representative individual
acts as utility maximizer; therefore, he/she chooses the alternative that maximizes
his/her utility.

In order to recognize that individual decisions are made under uncertainty
or risk (i.e. the outcome is not deterministic), expected utility theory (EUT) and
other non-linear behavioural frameworks such as Prospect Theory (PT) are con-
sidered.

EUT finds its roots in the Bernoulli theory since 1738. It assumes that an
individual compares the expected utility values associated with particular options.

Mongin (1997, pp.342) shows that individuals are assumed to compare:

“the weighted sums obtained by adding the utility values of outcomes
multiplied by their respective probabilities”.
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Differently to RUM — which assumes a linear-additive utility function for
the observed consumer component — EUT models propose a non-linear functional

form:

EW) = Zm(pm * x:n) (10)

where E(U) is the expected utility; m (=1, ...,m) are the possible outcomes
for an attribute with m>1; p, is the probability associated with the mth outcome;
and 7 is the parameter to be estimated which explains respondents’ attitudes to-
wards risk ( <1 for risk averse; » =1 for risk neutral that implies a linear function
form; » > 1 for risk loving) (Hensher et al. 2015).

Kinght (1921) emphasized the importance of distinguishing between risk
and uncertainty. In particular, the economic environment seems characterized by
unmeasurable uncertainty and measurable risks. The stochastic nature of uncer-
tainty makes it difficult to measure or quantify the risk. Nonetheless, risks could
be measured using historical results or by observation (Mongin 1997).

However, the distinction between uncertainty and risk is not yet clearly
defined in the literature.

The difference between attitudes towards uncertainty and risk is empiri-
cally identified by using an objective and a subjective choice task (Andersen et al.
2014). The former aims to estimate attitudes towards risks; the latter to estimate
attitudes towards uncertainty.

Alternatively, Knight (1921) uses known and unknown probabilities to dis-
tinguish between risk and uncertainty. Savage (1954) suggests subjective expected
utility theory to understand decision making under uncertainty through the use of
subjective probabilities to weight utilities.

Subjective probabilities estimation would not be feasible in discrete choice
analysis, which allows for multiple alternatives and attributes.

In addition, objective assessment may also be used when probabilities are
provided by experts which are fully informed about all possible outcomes, or by
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asking for respondent perceptions (Slovic 1987). Nevertheless, the objective as-
sessment implies a different design of the stated choice experiment.

In this light, Prospect theory proposed by Kahneman and Tversky (1979)
would be an alternative to EU theory.

Hensher et al. (2015) shows five significant differences of Prospect theory
relative to EUT:

1. The choice behaviour process implies that individuals first frame the
offered prospects by assigning them gains and losses relative to a ref-
erence point, and then choose the prospect with the highest value
among the proposed prospects.

2. In contrast to the EU theory which considers a utility function defined
over a final wealth, PT assumes a reference point to assess a value func-
tion for gains and losses.

3. A diminishing sensitivity is associated with the decreasing marginal
value of both gains and losses.

4. Aloss aversion is defined as the disutility of a loss. It has a higher value
than the utility of an equivalent gain.

5. A non-linear probability weighting is considered to transform original
probabilities and explain Allais’ paradox (Allais 1953) where probabil-
ities of occurrence are directly used as weights.

In 1992 Tversky and Kahneman extended the original PT to a cumulative
prospect theory (CPT) version, in which the transformed probabilities are affected
by the rank of the attribute outcomes in terms of preference.

The authors provided parametric formulae for the value functions under a
constant relative risk aversion assumption and a one-parameter probability
weighting function. This implies that the value function in the gain domain for x
>0 1s V =xa; and in the loss domain for x <01s V =- A (-x)p, where o and § are
the exponents of the value function over gains and losses, respectively; and A is
the coefficient of loss aversion in which a loss assumes more importance than a
gain of equal size.

Therefore, the probability weighting function suggested by Tversky and
Kahneman (1992) becomes:
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4
w(Pm) = p—ml (11)
[ph,+(1—pm)¥]¥

where w(p) is the probability weight function; p,, is the probability associ-
ated with the mth outcome for an alternative with multiple possible outcomes; and
y 1is the probability weighting parameter to be estimated and measures the shape
of the weighting function.

In the original PT model, the value function is given by a probability
weighting function:

OP(V) = Zm W(pm)V(xm) (12)

where the transformed probabilities are independent of outcomes.

In contrast, in a CPT model, the transformation (i.e. w (p)) referred to de-
cision weights, is performed over the cumulative distribution probability function.
This function ranks (from worst to best) all potential outcomes in terms of prefer-
ence. The cumulative prospect value is:

CPW) = > mpm)V (m)

T[(pm) =w (pm + Pm+1 + ..+ pn) - W (pm+1 + Pmsr + 0 F pn)
form=1,2,..,n—1;and n(p,) = w(py,) (13)

The increase in monetary gains (losses) leads to more satisfaction (dissat-

isfaction). Thus, respondents tend to be risk averse over certain gains and risk lov-

ers over certain losses for a very small niche sample.
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2.4. Focus Groups

One of the specific objectives of the methodology employed in the present
Thesis is to understand the importance (i.e. the weighted importance) that the user
assigns to each attribute.

The goal is to identify the evaluation dimension carried out by consumers.
In particular, the links between the evaluation dimension and engineering or phys-
ical attributes — and to identify which dimension should be included in the two
components of the utility function (i.e. systematic and random components).

Focus groups (FGs) methodology dates back to the 1920s and was primar-
ily aimed at retrieving information about product preferences (Bogardus, 1926).
The majority of authors refined this technique between late 1980s and 1990s (
Morgan 1988; Stewart and Shamdasani, 1990; Patton 1990; ; Kitzinger, 1996;
Morgan 1997). It has continued to grow in popularity in the past decades and it
has been applied to many different purposes such as marketing issues (Rook,
2003), sociology (Carter et al. 2014; Cyr 2015), urban transport mobility
(Dell’Olio et al. 2011) and political science (Morgan 1997; Krueger & Casey
2000; Thompson 2008).

FGs are a qualitative investigation practise based on a meeting or a series
of meetings with a group of individuals which are randomly or accurately selected
according to the purpose of the study. Generally, a moderator conducts a one or
two-hour collective interview with a group of 6-12 participants for a deep discus-
sion about the issues under consideration (Klein et al. 2007). The FG approach
provides information about participant opinions considering life experiences, ex-
pectations and knowledge about the specific matter to debate.

The discussion can be recorded on a tape or video. Prior to the discussion,
the moderator welcomes the participants and introduces the scope of the research
or issue under study.

The moderator also examines how opinions/decisions are debated during

the discussion including nonverbal nuances and emotional contents identified
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through voice patterns, body movements, eye contacts and other physical gestures.
All verbal and nonverbal expressions are finalised to develop a profile of partici-
pant’s attitude.

To overcome the generalized statement of opinions collected with surveys
with limited responses, participation to FGs ensures a certain degree of diversity
among individuals to encourage group discussion (Klein et al. 2007). FGs allow
to understand the underlying assumptions of people’s knowledge and experiences
about a particular issue. The group discussion brings out opinions that are not al-
ways readily available, but it can be open to group interaction. Opinions may
change during the discussion phase and FGs help to uncover the reasons and cir-
cumstances of the change (Robinson 1999).

An important step of FGs technique is data collection. The standard ap-
proach is to undertake audio recordings, verbatim transcription and text analysis
(Greenwood et al. 2017).

Significant time and resources are useful to transcribe, analyse and manage
the obtained data. In addition, to support the qualitative analysis, AHP(Analitical
Hierarchy Process)-based pairwise comparisons are also useful to obtain coherent
judgments (Zaim et al., 2012).

The AHP approach is applicable to individual and group decision settings.
In a group setting, Lai et al. (2002) identifies four ways to set the priorities: con-
sensus; vote or compromise; geometric mean of individuals’ judgments; and sep-
arate models or players.

Bentes et al. (2012) uses AHP during FGs as a group decision support tool
that, according to Saaty (1987), promotes effective group interaction and partici-
pation. Moreover, the use of an agreement-building approach allows a more bal-
anced perception of the importance of indicators and perspectives (expressed with
weights). During the implementation of FGs, discussion among participants im-
plies a further advantage providing an explicit justification for reasoning of their
evaluation. However, the use of weights for group decision might influence indi-
vidual opinions and over- or underestimate single judgments. For these reasons,
the present Thesis adopts the AHP scale at the final stage of the discussion within
each FG.
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2.5. Clustering with innovativeness scales

Innovation was firstly focused on the behavior of firms (Shumpeter 1934).
Since then, the contribution of innovation studies has reached a multidisciplinary
approach such that it finds applications in social psychology, communication, pub-
lic relation, advertising, marketing, consumer behavior, public health, and rural
sociology (Rogers 2003).

Rogers' Theory of Diffusion of Innovation (2003) helps to explain a heter-
ogeneous adoption behavior behind the effect of standard and ancillary variables.
The theory suggests that innovation diffuses amongst people as a function of their
preferences and attitudes. In particular, (Rogers 2003, pp.12) defines innovation

as:
“an idea, practice or object perceived as new by the individual ”.

With this definition it is evident the role of perception of potential end users
to define the degree of newness of a product. This key criterion underlines that a
technological invention can be considered an innovation without people percep-
tion of being new. Otherwise, a discovery that no-one knows is considered a mere
invention, not an innovation.

Furthermore, Rogers suggests that the innovation decision process begins
when an individual or a decision-making is exposed to an innovation and under-
stand how it works.

This implies the consideration of five stages of the innovation decision
making by Rogers, as follows: knowledge, persuasion, decision, implementation
and confirmation.

The knowledge stage is generally conditioned by personality variables and
socioeconomic characteristics. Some people may be considered more sensitive to
new ideas and they are often the strategic target group for marketers to diffuse an

innovation.
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The persuasion stage, instead, indicates the awareness of people for inno-
vation after an evaluation of its characteristics, including advantages, complexity
and price.

As a function of these characteristics, product’s perception varies across
subjects and depends both on personal attitudes and product attributes. In this case,
personal attitudes would affect the WTP for innovation.

The WTP for an innovative product would, in turn, affect the decision
stage, in which innovation is adopted or rejected.

During the implementation stage the subject purchases the innovation and
assess its usefulness. As a consequence, in the confirmation stage individuals con-
firm using the innovative product or not.

During the decision process, subjects receive information or are exposed
to communication, such as public policy campaigns. In accordance to Rogers, new
technology may be subject to four diffusion dimensions.

The first dimension is the perception of innovation’s characteristics and
this is further declined into four measurable functional constructs such as: 1) com-
plexity (i.e. how much an innovation is perceived as difficult to use or understand);
11) compatibility (i.e. how much an innovation is perceived as consistent with ex-
isting practices or habits and routines); iii) trialability (i.e. how much an innovation
may be experimented with before adoption); iv) relative advantage (i.e. how much
an innovation is perceived as superior to current practice).

Furthermore, (Franceschinis, Thiene, et al. 2017) added four more func-
tional constructs such as: performance risk (i.e. uncertainties about new product’s
performance); social risk (i.e. uncertainty about how innovation adoption might
be perceived by relevant others); knowledge (i.e. how much familiar is the inno-
vation); environmental friendliness (i.e. how much an innovation is perceived as
environmentally-friendly).

The second diffusion dimension suggested by Rogers is the communica-
tion channel, which is defined as a process of information creation and sharing
among participants with the aim of reaching a mutual understanding. This process
requires three elements, as follows: an innovation, two subjects or other units of
adoption, and a communication channel between them.
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The third diffusion dimension is the timing of adoption, which is deter-
mined by the innovativeness degree of the individual adopter measured in terms
of the time of adoption. Considering the above, adopters can be classified into
innovators, early adopters, early majority, late majority and laggard (Fig.3).

Intermediate

Innovators Late
Early Early i
Adopters Majority Majority Laggards
13.5% 34% 34% 16%
%-2sd %-sd X X+sd X+2sd

Fig. 3 — Rogers’s adoption curve (2003).

Innovators are defined as subjects willing to experience new products and
are not risk-averse of unprofitable and unsuccessful innovations.

Early adopters generally hold more likely a leadership role in the society
system. Similarly, the early majority has a good interaction with other members
of the social system, but with a minor leadership role.

Differently, members of the late majority are skeptical about innovation.
Outcomes, economic necessity and peer could be an incentive to innovation adop-
tion.

Finally, laggards are considered as the most conservative and skeptical
about innovation.

According to (Franceschinis, Thiene, et al. 2017), the diffusion of innova-
tion is a useful method to measure heterogeneity across respondents. First, behav-
ioral classes are identified in terms of the average score of the innovativeness
scale; and second, variations among individuals within the same group (i.e. within-
group heterogeneity) are identified and analysed. The present Thesis will use
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Rogers et al. (2003, 2005) insights to investigate social acceptance to wind energy
and the degree of innovation diffusion of this technology across respondents.

2.6. Chapter conclusions

SPs present important advantages in comparison to contingent valuation
methods.

However, preference analysis and price estimation of attributes, as defined
in a multi-value space through CEs, may present more complexity.

The complex model of valuation through a choice modelling approach has
potential for success in situations in which practical issues limit CV.

People are asked to choose their preferred alternative within a set of two or
more alternatives and among different choice sets. Alternatives are different in
relation to a combination of attribute levels and across attributes. It is interesting
to investigate how people change their preferences in relation to the change oc-
curred in attribute levels and determine variations of people’s well-being.

Advantages of CEs could be summarized as follows:

- Disaggregation of the product in different value attributes;

- Avoiding of part-whole bias issues;

- Inclusion of the monetary measure (e.g. price) as implicit element, re-

ducing distortions due to strategic behavior;

- Modelling of non-collinear attributes;

- Estimation of a high number of parameters through the use of a D-error

method;

- Controlling the stimuli to which respondents are subject to;

- Evaluation of marginal variations related to hypothetical multi-dimen-

sional scenarios;

- Multi-dimensional, multi-attribute and multi-value scenarios survey.

However, all of the above presents some drawbacks in terms of timing of
the analysis such as: survey design, survey management, and data collection. Fur-
thermore, the existing of hypothetical bias in the present CE application are sup-
ported by the honesty priming technique.
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Finally, innovativeness scales help the present study to investigate hetero-
geneity within the sample.

In addition, to reduce the errors terms due to analyst limitations, the use of
FGs and pilot surveys would be an advantage for a deeper investigation of the
problem under study.
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CHAPTER 3
PRELIMINARY STUDIES

The present Chapter provides the basis for the case study presented in this The-
sis. It illustrates the pilot studies to retrieve useful preliminary results in terms
of wind energy attributes. The pilot studies have been fundamental for support-
ing attributes selection and survey design. Firstly, the chapter highlights results
from a desk analysis of wind energy market at national and regional level and
motivates the choice of the Apulia Region as the area under study. Secondly, a
general examination of attributes has been conducted through the implementa-
tion of a pilot survey to assess early perceptions of the general public. Thirdly,
the chapter details the results of a further tool to understand public perception
about wind energy such as FGs technique. Finally, the concluding section il-
lustrates the attributes that will be considered for the construction of CEs based

on the results obtained by early pilot studies.

3.1. Desk analysis of wind energy market

Nowadays energy is an essential factor for economic growth and prosper-
ity. At global level, energy serves to satisfy human needs and improve the quality
of life. Energy availability is a prerequisite for the functioning of current societies,
and in the modern technological age, the demand for energy increases rapidly.

Requirements of energy resources affect policy decisions of countries in
all stages of development.
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In the last 10 years, despite a stable trend in energy consumption, the en-
ergy requirement amounts to about 1,200 kWh per person for domestic use
(ISTAT census 2012).

In 2004, with the Treaty of Lisbon, the European Union sets the basis for
a new European energy era providing guidelines for renewable energy policies.

Almost a decade after the Kyoto Protocol, the EU calls for the Energy Cli-
mate Package (also called 20-20-20 Strategy) with the objective of strengthening
the environmental sustainability of the European economy. This regulatory pack-
age pursues three aims:

1. Greenhouse gas emissions (GHGs) reduction by at least 20%;

2. Increase the share of renewable energy consumption to at least 20%;

3. Improve the energy efficiency of 20%.

The 2020 energy strategy also establishes a further 10% share of renewable
energy to be met by the aviation sector by 2020.

In October 2014, the European Council agreed on a new Framework for
climate change and energy with a target for the period 2020-2030. The targets for
2030 are the following:

1. 40% reduction in GHGs compared to 1990 levels;

2. Increase the share of renewable energy consumption to at least 27%;

3. Improve energy efficiency by at least 27%;

4. Completion of a EU internal energy market by achieving an intercon-

nection across Member States by 10% by 2020, subject to review by
2030.

To reach the above targets the EU energy policy highlights the strengthen-

ing and reforming of the existing Emission Trading Scheme (ETS); the

establishment of new indicators for energy security and a new governance
system to guarantee a sustainable energy in Europe.

In terms of long-term energy strategy, the EU with the Energy Roadmap
sets the basis for a voluntary policy to reach a further reduction of GHGs by 80-
95% compared to 1990 levels by 2050. The EU Energy Roadmap will primarily
aim at decarbonising the EU economy, increase the share of renewable energy,
increase investments in the power sector, and secure energy supply.
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As a consequence of the above regulations and guidelines, Italy should in-
crease its renewable energy content by 17%.

In 2016, 37% of total energy production in Italy was sourced from renew-
able sources (GSE 2016). Effective production of electricity from renewables was
about 108 TWh (GSE 2016).

In this framework, wind energy appears as the top renewable energy source
in Italy, with a total production of 17.7 TWh of electricity (+19.2% compared to
2015) and about 248MW of power installed (+2.7% compared to 2015) (GSE
2016).

Final gross consumption of renewable energy in Italy has grown from 0.76
Mtoe in 2010 to 1.42 Mtoe in 2016, with an 8% increase in the last year (GSE
2016).

With the above figures, Italy reached the target of 17.41% exceeding the
target of 17% established in the Directive 2009/28/CE (GSE 2016).

The total national renewable power installed is in the figure of
52,273MW (GSE 2016). At the end of 2016, Lombardy, in the north of Italy,
was the region with the highest concentration of installations providing 15.7% of
total national power (GSE 2016). At sub-regional level, Brescia appears to be the
province with the major power installed (5.4% of total national power) followed
by the provinces of Sondrio (4.4%) and Bolzano (3.8%) (GSE 2016). The second
and third region in the top three, are Apulia region in the south of Italy (10.3%)
and Piedmont in the north of Italy (8.9%) (GSE 2016).

Apulia region is therefore the first region in the south of Italy ranked first
in terms of renewable energy power. At sub-regional level in southern Italy, the
province of Foggia ranks first with 4.7% of total national power mostly due to
wind energy installations (GSE 2016).

At the end of 2016, Italy had a total of 3,598 wind platforms. 89% (3,203
installations) wind farms with a IMW power or less (GSE 2016); 90% (8,426.3
MW) of national wind power is concentrated in 280 wind farms with a 10 MW
power or higher (GSE 2016). All of the above provides a total of 9,410MW power
(GSE 2016).
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Wind energy production amounts to 17,689 GWh, which is 16.4% of total
renewable energy production (GSE 2016). Electricity generated from wind plat-
forms appears in the figure of 91% (16,096 GWh) from installations with 10 MW
power or higher, 6% (1,051 GWh) from installations between 1 and 10 MW
power, and 3% (541 GWh) from installations with IMW power or less (GSE
2016).

Environmental and territorial characteristics of wind farms location — such
as wind, orography and accessibility — are fundamental for wind platforms con-
struction and operation. In southern Italy, the above conditions are particularly
favourable such that 97% of national wind power and 89% of wind farms are in-
stalled in this regional context. Apulia region hosts the major number of wind en-
ergy installations, 892 in total, generating 2,440.9MW (GSE 2016). It means that
about 25% of wind installations and about 26% of wind power, and about 27% of
wind energy production is distributed by the Apulia region. Apulia region can be
considered as representative of the national wind energy production. In particular,
22% of national production comes from the province of Foggia.

The above picture supports the case study developed in the present Thesis
with a particular reference to this region.

3.2. A pilot survey to evaluate wind farm risk perception

A particular case of Italian wind development is the area of Apulia region
with an extension to its neighbour region, Basilicata, in the south of Italy.

This area presents the greatest number of wind energy installations, which
represents about 45% of national wind farms (GSE 2016).

It is reasonable to believe that this is also an area with controversial issues
in terms of social acceptance to wind energy. On the one hand, there exists a high
level of social consensus towards the technology under consideration, as well as
towards other renewable sources. This is supported by the results of the “theoreti-
cal consensus” found in the investigations carried out at the national level. On the

other hand, there also exists a latent or manifest - though not exclusively, local -
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dissent and even conflict feeling in relation to the concrete installation of the plants
in a specific territorial context.

As discussed in Chapter 1, the international literature has supported this
view in terms of the NIMBY syndrome.

The first pilot survey investigates if dissent based behaviours appear ex-
clusively on local interests or connected to more complex issues that arise with
specific reference to the ‘features’ of the territory under investigation, its manage-
ment and the relative choices of wind energy location.

The pilot study has the objective of investigating public perception for each
attribute considered in the literature (see Chapter 1). The survey was structured to
investigate the order of importance of all aspects affecting public perception
grouped into macro-categories.

3.2.1. The survey

The survey was conducted considering residents of Apulia and Basilicata
regions. The interviewees had to evaluate the importance of the main socio-eco-
nomic and environmental impacts of wind energy developments.

Table 6 summarises the main attributes clustered into macro-categories.
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Table 6 - Perceived attributes and sub-attributes of wind energy developments.
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3.2.2. The sample

Our sample size is represented by 176 respondents as shown in Table 7.

Table 7 — Socio-demographic information of the sample.

Variable Obs. Freq Perc. Mean Std.
. dev.

Gender 176 0.5

Male 91 52

Female 85 48

Age 176 2.64 1.02

18-25 17 10

26-35 76 43

36-50 42 24

51-65 35 20

>65 6 3

Education 176 0.75

Elementary/Junior high school de- 17 10

gree

High school degree 74 42

Bachelor degree 74 42

Post-graduate degree 11 6

Employment 176

Employee 103 58

Self-employed/ Entrepreneur 16 9

Student 26 15

Unemployed 24 14

Retired 7 4

Interviewees show a medium-high perception relatively to the importance
of wind issues (macro-categories) proposed in the survey. The participants’ per-
ception of ‘Functional efficiency’, ‘Inadequacy of institutions’ and ‘Economic Im-
pact’ have been more important (7able 8).

‘Environmental impact’ and ‘Aesthetical impact’ seemed less ‘perceived’
factors compared to other factors (7able 8).
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In other words, respondents would particularly care for the quality of wind
technology and related economic costs. Consequently, landscape and environmen-
tal aspects would represent minor aspects in the presence of a well-managed wind
farm.

Table 8 — Descriptive statistics of macro-categories evaluation.

Variable Obs. Mean Std. Dev. Min Max
Aesthetic impact 176 3.22 1.208 1 5
Environmental impact 176 3.18 1.318 1 5
Economic impact 176 3.57 1.135 1 5
Functional efficiency 176 3.85 1.147 1 5
Noisiness 176 3.50 1.168 1 5
Inadequacy of the 176 3.77 121 1 5
nstitutions

A critical issue of wind energy development in Italy is bureaucracy and the
approval time of a plant. 87% of respondents perceive a long approval time as an
obstacle to wind energy development.

However, more incentives and savings in the energy bill could compensate
for long approval times.

Table A1 shows the correlation matrix of attributes considered in the sur-
vey. All attributes, but ‘Turbines colour’, result positively correlated to other at-
tributes. ‘Turbines colour’ appears, in fact, correlated with other attributes of the
same macro-category (Aesthetical impact).

‘Faunal alteration’ presents a high correlation value with ‘Implementation
costs’ (0.60) and with the ‘Amount of energy production’ (0.62). This means that
an increase of the importance of these two attributes would favour an increase in
the perception of the faunal alteration.

An interesting aspect to note is the high correlation value between ‘Man-
agement costs’ and ‘Misinformation’ (0.62) and ‘Management costs’ and ‘Lack of
benefit knowledge’ (0.60); and between ‘Dismantling costs’ and ‘Misinformation’
(0.61). These results would support the close link between economic aspects and
public information and knowledge in terms of social perception. An efficient par-
ticipation of citizens to the developments of local renewable energy policies could
drive social perception to accurately ‘weigh’ public benefits relatively to the costs.
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Moreover, ‘Misinformation’ and ‘Lack of benefit knowledge’ are posi-
tively correlated with ‘Useful life’ (0.63), ‘Amount of energy production’ (0.61
and 0.71, respectively) and ‘Average daily operation’ (0.61 and 0.63, respec-
tively).

It can be argued that a positive perception of functional efficiency could be

supported by public information about these aspects.

3.2.3. Analysis of variance

The present section illustrates an analysis of variance among group of re-
spondents to explain potential differences of social perception. Respondents are
grouped according to ‘genre’, ‘age’ and ‘Importance of location’. The creation of
these sub-groups needs an aggregation of data to obtain unbiased results. In par-
ticular, the ‘genre’ group considers the sample split between male and female re-
spondents. The ‘age’ group takes into account five classes of age as described in
Table 7. The ‘Importance of location’ group considers the sample divided into ‘not
at all important’, ‘slightly important’, ‘moderately important’, ‘very important’,
‘extremely important’. The analysis of variance (ANOVA) is used to test the dif-
ferences existing between the mean values of two or more groups or the mean
values within groups. The null hypothesis considers that all groups are random
samples of the same population and it helps to test whether differences in respond-
ents’ perceptions exist relative to the location and the wind farms under study.

Table 9 shows the main results of the ANOVA test. Each row indicates the
relevant attributes provided to respondents during the survey and aggregated in
macro-categories to carry out the ANOVA analysis. It also illustrates the statistical
values of the Fisher test (F-test) and the Bartlett test.

The F-test tests the differences between or within sample means. The Bart-
lett test tests the null hypothesis of equal variance across groups. Each of the two
tests are computed over the relevant groups (i.e. genre, age and importance of lo-

cation).
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Bartlett’s test results are not statistically significant for the majority of con-
sidered attributes. In other words, the null hypothesis is not rejected and the
ANOVA method is statistically valid.

Main results of the F-test suggest the existence of differences between or
within groups in few cases only, except in the sub-group ‘Importance of location’.
This would suggest an overall homogeneity in respondent perception for wind
farms in Apulia and Basilicata regions.

The perception of the remaining attributes is statistically significant at 95%
confidence interval (C.I.) among different levels of importance of location.

No attribute is statistically significant among different age classes. This
means that social perception would be somehow similar across age classes.

As for the perceived differences in the genre group, ‘Turbine dimension’
and ‘Management impacts’ appear both statistically significant (90% C.I).
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Table 9 - Analysis of variance (including Bartlett’s test) between groups in the sample:
genre (male vs female), age (18-25 vs 26-35 vs 36-50 vs 51-65 vs >65), importance of loca-
tion (not important at all, slightly important, moderately important, very important, ex-
tremely important).

Fisher test Bartlett test (32)
Importance Importance
Genre Age of location Genre Age of location
Number 0.59 (1(')9121 25.62 1.25 (26720 24.12
of turbines (0.44) ) ’ (0.00)** (0.26) ) ’ (0.00)
Turbines 2.10 ?67593 21.56 0.06 (16356 6.64
- distance (0.15) ) ’ (0.00)** (0.81) ) ’ (0.16)
Q
<
2,
£ Turbines 2.95 (1(')1392 39.25 0.67 ?(')655 15.70
% dimension (0.09)* ) ’ (0.00)** (0.41) ) ’ (0.00)
S
&
< Turbines 0.35 ?(')3836 11.88 0.03 (2(')1721 19.63
colour (0.56) ) ’ (0.00)** (0.87) ) ’ (0.00)
1.84 4.42
Location (10326 5) (0.12 (1(')2247) (0.35
. ) . )
Management 2.73 ?0295 1 9.21 0.02 (10189 ] 11.13
impact (0.10)* ) ’ (0.00)** (0.89) ) ' (0.03)
Implementa- 0.23 (063817 14.76 0.53 (1(')6;0 8.34
g tion impact (0.63) ) ’ (0.00)** (0.47) ) ' (0.08)
2,
£
= Dismantling 0.96 ?(54810 20.48 0.01 (1615§19 12.15
é impact (0.33) ) ’ (0.00)** (0.92) ) ’ (0.02)
|
9]
g Faunal 0.22 ?(.)6&13 16.79 0.10 (1(')0970 15.24
s alteration (0.64) ) ’ (0.00)** (0.75) ) ’ (0.00)
Agriculture 0.18 0.71
. 0.73 8.81 0.01 7.94
production (0.95 - (0.95
alteration (0.39) ) (0.00) (0.90) ) (0.09)
g Maintenance 1.21 ?65678 8.03 0.06 ?(57(?8 3.89
‘g‘ costs (0.27) ) ’ (0.00)** (0.80) ) ’ (0.42)
Q
g
% Implementa- 0.22 ?0098 9 7.61 0.07 ?045 ] 5.81
2 tion costs (0.64) ) ’ (0.00)** (0.79) ) ’ 0.21)
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0.23

2.70

Dismantling 0.08 12.90 0.00 6.72
costs (0.77) 50'92 (0.00)** (0.98) 50'61 (0.15)
1.71 3.52
1.63 3.82 0.07 2.04
Profit (0.20) 50'15 (0.00)** (0.80) 50'48 (0.73)
0.20 2.70
. 0.24 10.77 3.29 10.31
.. Usefullife ©.63) 50.94 (0.00y** .07 ;0.61 0.04)
=1
.é
am}
o
E ?n“elr"g“y“t of 0.13 ?(')351 13.01 2.65 ?(')5967 21.73
. " .
£ roduetion (0.72) ) (0.00) (0.10) | (0.00)
= 0.49 2.08
Average daily 0.02 ©.74 13.15 0.08 07 11.72
operation (0.88) NS (0.00)** (0.78) ) (0.02)
Turbine 1.17 ?(')9:5 8.91 0.16 ?(')5324 6.10
distance (0.28) NS (0.00)** (0.69) ) (0.19)
2 Turbine 0.41 (1(')1306 11.09 0.00 (1(')454 2.70
-‘Zg dimension (052) NS (0.00)** (0.94) ) (0.61)
Number 0.00 ?(')5697 12.69 0.08 ?(')8529 9.64
of turbines (0.99) NS (0.00)** (0.78) ) (0.05)
£ Misinfor- 0.17 ?(')059 13.33 0.01 ?(')9596 15.75
E  mation (0.68) NS (0.00)** (0.90) ) (0.00)
E
Q
= No transpar- 0.28 1.89
S . 0.04 3.61 0.05 3.89
4 ency of public (0.89 (0.76
o kk
S provurement (0.83) ) (0.01) (0.82) ) (0.42)
<
g 0.36 4.13
b= Lack of benefit 0.13 (6 34 7.03 0.62 ((') 39 9.32
= knowledge (0.71) NS (0.00)** (0.43) N (0.05)

Source: Our elaborations. p-Value in brackets. ***Statistically significant at 99% C.1 level;

**Statistically significant at 95% C.1. level; *Statistically significant at 90% C.I. level.
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3.2.4. Ordered logit estimation

An Ordered Logit Regression has been computed with the aim to under-
stand the relative importance of sub-factors to the ‘location’ variable. The model
results statistically significant at 99% C.I.

However, one of the assumption of ordered logistic regression is that the
relationship between each pair of outcome groups is the same. In other words,
ordered logistic regression assumes that the coefficients that describe the relation-
ship between the lowest versus all higher categories of the response variable are
the same as those considering the relationship between the next lowest category
and all higher categories. This is called the proportional odds assumption or the
parallel regression assumption.

Because the relationship between all pairs of groups is the same, there is
only one set of coefficients as well as only one model. In order to verify this as-
sumption, a Brant test has been estimated to test the proportional odds assumption.
In this case, the null test is that there is no difference in the coefficients between
models.

The Brant test of the ordered logistic regression model rejects the null hy-
pothesis. Based on this result, the assumption of the parallel lines is relaxed and
the generalised ordered logistic model as described by Williams (2016) is consid-
ered.

The output of the generalised ordered logistic is analogous to a sequence
of binary regressions and can be detailed as follows: the first panel of binary re-
gression comprises class / which is run against 2,3, 4, and 5, the second panel of
binary regression / and 2 is run against 3, 4, and 5; the third one /, 2, and 3 is run
against 4 and J; and finally the last panel of binary regression /, 2, 3, and 4 is run
against category J.

The estimated generalised ordered logistic model is statistical significant
at 99% C.1. (Table 10).
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The interpretation of the output in 7able 10 may look odd; nonetheless a
positive coefficient indicates a higher value of the independent variable and there-
fore it is more likely that the respondent attitude will favour higher categories than
lower ones, and viceversa.

The first panel of estimated regression is not statistically significant across
all attributes; for this reason we exclude it in Table 10.

Table 10 — Generalised Ordered Logit model estimates. Dependent variable ‘Loca-
tion’.
Variable Coefficient p-Value St.error

Aesthetic impact
Number of turbines

1&2vs 3,4 &5 1.8983 0.053%* 0.9807
1,2&3vs4& 5 3.1292 0.132 2.0768
1,2,3&4vs5 0.8862 0.322 0.8951
Turbines distance

1&2vs3,4&5 0.5054 0.450 0.6695
1,2&3vs4& 5 -4.3516 0.029%** 1.9939
1,2,3&4vs5 0.0609 0.946 0.8983
Turbines dimension

1&2vs 3,4 &5 -0.4289 0.571 0.7561
1,2&3vs4& 5 4.7690 0.005%** 1.6847
1,2,3&4vs5 0.6431 0.396 0.7585
Turbines colour

1&2vs3,4&5 1.0492 0.037** 0.5033
1,2&3vs4& 5 3.0565 0.003*** 1.0438
1,2,3&4vs5 0.2553 0.551 0.4286

Environmental impact
Management impact

1&2vs3,4&5 -1.2809 0.229 1.0646
1,2&3vs4& 5 5.8339 0.023** 2.5683
1,2,3&4vs5 -0.3007 0.721 0.8417
Implementation impact

1&2vs3,4&5 -0.7176 0.502 1.0697
1,2&3vs4& 5 2.8592 0.090* 1.6840
1,2,3&4vs5 0.0670 0.950 1.0738
Dismantling impact

1&2vs3,4&5 2.4569 0.005%** 0.8796
1,2&3vs4& S -1.5265 0.421 1.8952
1,2,3&4vs5 -0.5988 0.531 0.9558
Faunal alteration

1&2vs3,4&5 0.8618 0.480 1.2210
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1,2&3vs4& 5 -3.4273 0.010** 1.3230

1,2,3&4vs5 2.1516 0.004%** 0.7432
Agriculture production alteration

1&2vs3,4&5 -0.9092 0.488 1.3120
1,2&3vsd4& S 1.2403 0.199 0.9664
1,2,3&4vs5 -0.0739 0.895 0.5602
Economic impact

Maintenance costs -0.6908 0.278 0.6374
1&2vs3,4&5 0.7722 0.456 1.0365
1,2&3vs4& 5 -0.1825 0.865 1.0766
1,2,3&4vs5

Implementation costs

1&2vs3,4&5 -0.0987 0.927 1.0743
1,2&3vsd4& 5 0.0859 0.940 1.1337
1,2,3&4vs5 -2.1817 0.078* 1.2391
Dismantling costs

1&2vs3,4&5 0.7438 0.396 0.8756
1,2&3vs4& 5 -1.7565 0.043** 0.8661
1,2,3&4vs5 0.5417 0.488 0.7810
Profit

1&2vs3,4&5 -0.4536 0.382 0.5191
1,2&3vs4& 5 1.7266 0.072%* 0.9594
1,2,3&4vs5 0.9372 0.253 0.8192
Functional efficiency

Useful life

1&2vs3,4&5 -0.0624 0.907 0.5364
1,2&3vsd4& 5 -2.7676 0.017** 1.1554
1,2,3&4vs5 0.2787 0.741 0.8441
Amount of energy production

1&2vs3,4&5 0.9977 0.176 0.7376
1,2&3vs4& S -0.9372 0.493 1.3670
1,2,3&4vs5 1.2094 0.244 1.0388
Average daily operation

1&2vs3,4&5 0.1631 0.801 0.6481
1,2&3vs4&5 -0.2285 0.844 1.1617
1,2,3&4vs5 1.3378 0.262 1.1932
Noisiness

Turbine distance

1&2vs3,4&5 1.0924 0.197 0.8461
1,2&3vs4& S -2.3010 0.032%* 1.0734
1,2,3&4vs5 0.3382 0.711 0.9145
Turbine dimension

1&2vs3,4&5 -2.2997 0.012%** 0.9120
1,2&3vs4& 5 -1.6937 0.295 1.6163
1,2,3&4vs5 -1.9103 0.022%* 0.8310
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Number of turbines

1&2vs3,4&5 0.7312 0.220 0.5956
1,2&3vsd4&5 1.4801 0.088* 0.8680
1,2,3&4vs5 0.5818 0.522 0.9093
Inadequacy of the institutions

Misinformation

1&2vs3,4&5 0.4826 0.489 0.6967
1,2&3vs4&5 2.4183 0.093* 1.4414
1,2,3&4vsS5 4.4201 0.001 *** 1.3129
No transparency of public procurement

1&2vs 3,4 &5 -0.6232 0.358 0.6782
1,2&3vs4&5 1.5721 0.141 1.0687
1,2,3&4vs5 -2.3400 0.005%** 0.8404
Lack of benefit knowledge

1&2vs3,4&5 0.0422 0.945 0.6085
1,2&3vs4&5 -2.9867 0.030%* 1.3744
1,2,3&4vs5 -1.6183 0.059* 0.8556
Log-Likelihood -78.673024

Obs 176

Source: Our elaborations. ***Statistically significant at 99% C.I level; **Statistically sig-
nificant at 95% C.I. level; *Statistically significant at 90% C.I. level.

Table 11 shows the predicted probability of each attribute to the location
of wind farms.

Table 11 — Margins of attribute ‘Location’, (1=not important; 2= very important).

Predicted outcome 1,2 & 3 vs Predicted outcome 1,2, 3 & 4 vs 5

4& 5
Variable Margin p-Value St.err. Margin p-Value St.err.
Aesthetic impact
Turbines colour
_at
1 0.91 0.00%*** 0.07 0.08 0.22 0.06
2 0.94 0.00%*** 0.06 0.06 0.32 0.06
3 0.29 0.08* 0.16 0.55 0.00*** 0.09
4 0.29 0.13 0.19 0.55 0.00%** 0.10
5 0.10 0.48 0.14 0.50 0.03** 0.22
Turbines distance
_at
1 0.20 0.59 0.37 0.57 0.00%** 0.04
2 0.39 0.17 0.28 0.50 0.00%** 0.04
3 0.59 0.00%** 0.19 0.36 0.02%* 0.18
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4 0.79 0.00%** 0.19 0.19 0.27 0.04
5 0.86 0.00%** 0.19 0.12 0.46 0.26

Environmental impact
Faunal alteration

at
1 0.96 0.00%** 0.06 0.03 0.65 0.06
2 0.93 0.00%** 0.08 0.06 0.39 0.07
3 0.35 0.13 0.23 0.52 0.00%** 0.14
4 0.18 0.35 0.20 0.56 0.00%** 0.09
5 0.39 0.18 0.29 0.50 0.01%* 0.19

Inadequacy of the institutions
Lack of benefit knowledge

at

1 0.93 0.00%** 0.16 0.00 0.67 0.00

2 0.90 0.00%** 0.17 0.00 0.64 0.00

3 0.51 0.07* 0.28 0.42 0.05%* 0.21

4 0.21 0.21 0.17 0.57 0.00%** 0.08

5 0.48 0.05** 0.24 0.44 0.01** 0.18
Predicted outcome 1,2 & 3 vs Predicted outcome 1,2,3 & 4 vs 5
4& 5

Variable Margin p-Value St.err. Margin p-Value St.err.

Environmental impact
Implementation impact

at

1 0.00 0.69 0.00 0.99 0.00%** 0.03
2 0.00 0.59 0.00 0.99 0.00%** 0.02
3 0.86 0.00%** 0.13 0.01 0.38 0.01
4 0.93 0.00%** 0.08 0.00 0.57 0.00
5 0.96 0.00%** 0.06 0.00 0.57 0.00
Log-Likelihood -78.673024

Obs 176

Source: Our elaborations. ***Statistically significant at 99% C.I level; **Statistically significant
at 95% C.I. level; *Statistically significant at 90% C.I. level.

The predicted probability of considering ‘Location’ an important attribute
increases by 0.91 or 0.94 if the perception of ‘Turbines colour’ is in the lowest
categories of this independent variable.

The same behaviour is seen with the predicted probability of ‘Location’
with the predictors ‘Faunal alteration’ and ‘Lack of benefit knowledge’.
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The predicted probability of considering ‘Location’ as an attribute which is
in the middle category of importance to wind farm developments increases by 0.86
if ‘Turbine distance’ is perceived as a very important predictor. On the contrary,
the predicted probability of considering ‘Location’ an important attribute increases
by about 0.50-0.57 if the perception of ‘“Turbine distance’ is in the lowest catego-
ries (i.e. 1=not very important; 2=not important).

Indeed, the predicted probability of ‘Location’ is not important if ‘Lack of
benefit knowledge’ refers to the middle category (0.93); and important if ‘Lack of
benefit knowledge’ refers to higher categories (i.e. 0.48 and 0.51).

Finally the predicted probability of considering ‘Location’ an important at-
tribute increases by about 0.99 if the perception of ‘Implementation impact’ is in
the lowest categories (i.e. 1=not very important; 2=not important).

3.2.5. Discussion of results

The obtained results from the above pilot study reveal a certain degree of
controversy. First, the homogeneity of the sample would explain a relatively com-
mon perception about issues and benefits of wind energy in the area of Apulia and
Basilicata regions.

Second, differences in resident perception would result in terms of location
of wind farms. This would support the emotional (i.e. the sentiment) attitude of
residents to their territory (Jobert et al. 2007; Enevoldsen & Sovacool 2016). Aes-
thetical impact of wind farms would be considered a minor factor compared to
other issues proposed. This result seems interesting because it contrasts the major-
ity of literature (Strazzera et al. 2012; Sunak & Madlener 2016).

Local communities would care most about economic aspects and techno-
logical efficiency of wind farms rather than other aspects; and are eager to achieve
more information about social benefits.

Third, the above results suggest relevant policy indications to drive and

retrain wind energy markets. In particular, citizens’ participation and dissemina-
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tion of information among the public could re-address bottom-up knowledge to-
ward wind farms. To overcome the NIMBY phenomenon, local community would
need to have adequate information on social costs and benefits of each wind en-
ergy project that the decision maker plans to implement on the territory. Further-
more, the generation of local economic benefits for the territory would create ad-
ditional motivations to incentivise sustainable development initiatives.

Fourth, the obtained results also show that the environmental factor would
be considered of minor importance compared to other aspects. In this case it can
be argued that the adoption of turbines of modern technology could address or re-
address current functional efficiency and environmental sustainability issues. The
environmental impact assessment is a primary issue in order to preserve the iden-
tity of the territory and to promote innovation and sustainable initiatives to local
communities.

Finally, the obtained results also show that the higher people’s perception
of turbine colour and dimension, the maintenance and implementation impacts as
well as the profit and the disinformation, the higher is the importance of location.

This result may suggest a major attention of people living nearby a wind
farm to attributes that are strictly linked to the territory and the interest of citizens.

3.3. Focus Groups on perception of wind energy

The present section provides a second pilot study with the use of FGs
method. Two FGs are carried out in two cities of the Apulia region in Southern
Italy: Bari (the capital of the region) and Foggia that it is ranked first at national
level in terms of wind power installed (21%) (GSE 2016).

Both areas are characterized by wind farm developments and the present
pilot study is useful to understand the acceptance of local population to wind en-
ergy in a spatial context.

The two FGs comprise a total of 15 participants, 7 in Foggia and 8 in Bari,
respectively. Both groups are provided with the same guidelines.
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Participants to the FGs are randomly chosen. The groups are equally dis-

tributed in terms of gender (50% males and 50% females) and age (from 21 to 51

years old) and participants are residents in the city were the FG was held.

The moderator of the FG starts with a brief introduction and presentation

about the purpose of the pilot study. Then, opinions and personal perceptions were

asked taking into account the level of knowledge and information about the topic.

At this stage, no correct or incorrect answers are provided. The information re-

trieved can only be of right or wrong type including the related impacts.

After the above introduction, the moderator induces and guides a 45

minutes debating session, with a focus on retrieving information on the following

aspects:

Perceived wind energy diffusion and utilisation;

Perceived role of information about wind technologies;

Perceived quality of existing wind installations and technology effi-
ciency;

Perceived strategies for future developments of wind energy;
Preferences for renewable vs non-renewable energy.

The final part of the FG meeting asked participants to write, on a card, their

opinions in terms of advantages and disadvantages of wind energy. In addition,

participants were asked to rank on a scale from 1 (=the most important) to 3 (=the

least important) (Fig.5) the following statements:

Wind farms are located inadequately;

Wind farms ruin the landscape;

Wind farms alter the ecosystem and the nearby agricultural activities;
Turbines are too noisy;

Wind farms are too expensive;

Wind farms produce no economic return;

Wind farms do not work properly;

There is a lack of information/transparency on wind farm projects.
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Fig.5 — Ranking of wind energy issues by FGs participants.

Finally, participants were provided with Analytical Hierarchy Processes
cards to evaluate the sustainability of wind energy developments.

In Fig.6, the ranking of the top three most important attributes can be ob-
served as follows: 1. ‘Lack of information/transparency on wind farm projects’; 2.
‘Ruin the landscape’ and ‘Lack of information/transparency on wind farm pro-
jects’; and 3. ‘Located inadequately’.

Each participant also filled in a card providing his/her perception of ad-
vantages and disadvantages of wind farm developments.

The most perceived advantage was the term ‘sustainability’, because wind
is considered as clean source of energy supply. The second most perceived ad-
vantage are savings in the energy bill. Heterogeneity of perception in terms of
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advantages and disadvantages between participants of Bari and Foggia is also ev-
ident.

Specifically, participants of the Foggia FG also consider favourable local
climatic conditions, and the unlimited energy supply that wind energy can offer at
local as well as global level. As for participants of the Bari FG another important
element of wind energy is pollution savings.

In terms of disadvantages, the most perceived ones in both FGs are aes-
thetical impact on landscape, damages for the ecosystem and environmental im-
pacts during building and dismantling of wind farms; slow payback times and
damages for agricultural system. In addition, the lack of information about benefits
and risks and the functional inefficiency of turbines are drawbacks only emerged
within the Foggia FG. In contrast, participants of the Bari FG perceive an un-equal
distribution of turbines across the region.
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FIRST PLACE SECOND PLACE

THIRD PLACE

[ Located inadequately

- Ruin the landscape

- Alter the ecosystem and the nearby agricultural activities
- Are too noisy

- Are too expensive

- Produce no economic return

|:| Do not work properly

[ Lack of information/trasparency on wind farm projects

Fig.6 — Distribution of the top three wind energy issues.
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3.3.1. Text mining analysis

A transcription of audio-tapes recording during the discussion groups was
carried out both in Bari and Foggia FGs. These transcripts aimed to carry out a
text-mining analysis to further support the results obtained during group discus-
sions. To implement a text mining analysis, the present pilot study uses
Rapidminer (https://rapidminer.com/), an open source platform to perform several
machine learning, data preparation and predictive model predictions operations.

Table 12 summarizes the most frequent items discussed during FGs held
in Foggia and Bari. The majority of items tend to reveal a negative perception of
wind energy.

Heterogeneity of text-mining analysis between FGs also arises. Partici-
pants in Foggia would be more sensitive to the following items: costs, production,
environmental impact and dismantling. In contrast, participants in Bari would
seem particularly sensitive to: location, visual, big dimension, perception, beauti-
ful aspect and nuisance.

Moreover, Table 12 also shows the weights of the items. The top five
items weighted the most are the following: integration (100%), nuisance (98%),
nature (89%), landscape (84%) and knowledge (72%). In contrast, the top-five
items weighted the least are the following: information (0%), ground (6%), impact
(10%), benefits (10%) and visual (19%).
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Table 12 — Word list deriving from test mining analysis of FGs.

Attribute Weight Frequencies Foggia Bari
Impact 0.10 28 14 14
Environment 0.23 26 16 10
Ground 0.06 25 11 14
Information 0.00 24 12 12
Costs 0.44 22 18 4
Location 0.52 18 3 15
Production 0.28 17 14 3
Renewable 0.52 16 12 4
Visual 0.19 15 3 12
Big 0.53 12 0 12
Perception 0.61 12 0 12
Beautiful 0.45 10 2 8
Environmental impact 0.40 10 9 1
Integration 1.00 10 5 5
Aesthetical impact 0.19 9 3 6
Nature 0.89 9 3 6
Landscape 0.84 9 4 5
Issue 0.31 9 4 5
Nuisance 0.98 8 1 7
Favourable 0.23 8 6 2
Dismantling 0.62 8 7 1
Planning 0.53 7 5 2
Knowledge 0.72 6 3 3
Interests 0.36 6 3 3
Benefits 0.10 4 2 2

Items or attributes from the text-mining analysis present a certain degree
of correlation (see Table A2).

The highest correlation value is given by ‘Location’ and ‘Beautiful’ (0.95);
followed by ‘Issues’ and ‘Beautiful’ (0.91), ‘Production’ and ‘Environmental im-
pact’ (0.90), ‘Planning’ and ‘Dismantling’ (0.90), ‘Visual’ and ‘Big’ (0.89), ‘In-
terest’ and ‘Impact’ (0.88).
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3.3.2. Results of AHP cards

AHP approach is applied to quantify the main attribute(s) involved in so-
cial perception of wind farms. Bell et al. (2013) discuss the importance of defining
criteria and sub-criteria and evaluate their related weights in view of planning
strategies for new wind power plants (Bell et al. 2013). In the present section, an
extension of the AHP, namely Optimized-AHP process as mentioned in Fig.7, is
adopted to further support early results obtained by the FG analysis (Sangiorgio et
al. 2018).
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Analytic Hierarchy Process AHP

Step 1: Problem structuring il

Structuring of the problem in
a hierarchy

A 4

Choose alternatives and/or
criteria for weighting

!

Implementation of matrix
judgement

:|~ Standard AHP method

Step 2: Weight evaluation Yes—# Weight are reliable

No
h 4

Oprimized AHP to
perform Step 2

Are all the criteria and alternative weighted?

Calculated ranking and total

Step 3 Summary of pI‘iDI’itiES weight of each element by weight

aggregation

“No

h 4
Modify input data to observe the

Step 4: Sensitivity analisis impact on the result verifying the
ranking solidity

Fig. 7 — Steps of Optimized-AHP (Sangiorgio et al. 2018).

First, Step 1 in Fig.7 defines the goal of the O-AHP study in terms of eval-
uation of the perception of wind energy sustainability. To this aim, the problem is
structured according to the main issues discussed in literature (see 7able 1). In
particular, six criteria are identified to carry out the O-AHP such as: aesthetic im-
pact, environmental sustainability, economic sustainability, functional efficiency,
noisiness and inadequacy of institutions. Each criteria includes sub-criteria. Fig.8
shows a schematic view of the main criteria and sub-criteria applied to the percep-
tion of wind energy sustainability.
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Second, Step 2 in Fig.7, illustrates weight evaluation for each criteria and
for each user. For example, Fig.9 shows the AHP cards for aesthetic impact filled
in by user #1 of the Foggia FG. It is shown that the criteria ‘Aesthetic impact’
includes sub-criteria such as the number of turbines, the distance between turbines,
the dimension, colour and location of turbines. Following the standard AHP, the
user assigned 10 judgments based on the pairwise comparisons across sub-criteria

to obtain the matrix of judgment and the related weights.

Perception of wind energy sustalnablliny

Evaluztion: Assthatic impact Userl CityFoggla
gl . Rl TR B . —
e R - | R 5 | 1 (2 [ s | o . Vg
e B - | - I vl 1 | o R - | . e
gl B c | - B o | 1 (2 [EEEE c | o . i

co

Turbines
dimention

Turbines
dbt“e.8?55ag(32123455?

Turbines Turbines
P . SN - | 5 (R N 1 |2 R S | O [ . s
Turbimes

e . 8 7 6|54 2|1 2 I 5 | & ([ 8 . Locatbon

Turblnes

Turbines
mmms::fE.Eam)(zezl23-t155.:r‘5=.mr
«

Turhl nes
a8 7| 5|5 32123455?3.wabn
Turb mes
o ) BN o | 5 [ 211 N4 5 | &[S 8.Locat|on

Fig.9 — AHP cards of user #1 of the Foggia FG for ‘Aesthetic impact’.

Step 2 is carried out for all criteria and sub-criteria and across all users to
obtain the local weights (Table 13 and Table 14).
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Table 13 - Weights of criteria for Foggia users.

Me-
Criteria User User User User User User User dian
1 2 3 4 5 6 7 weight
S
Aesthetlcal 4,70 7.8 21,6 22,0 5.89 6.11 29,5 13.89
impact 2 8 3
Environ- 31,8 349 11,1 248 262 21,5 182
mental sus- 24,11
N 0 4 5 5 6 1
tainability
Economic
.. 16,4 15,7 15,7 17,1 18,3 16,3
.sustalnabll— 0 ) 4,99 6 ) 9 5 14,96
ity
Functional 29,8 11,2 17,6 21,2 34,3 20,8
efficiency 0 5 7,32 1 2 4 2 20,34
Noisiness 3,10 8,31 5,80 9,85 17’} 10’3 6,95 8,77
Inadequacy
of 14,3 22,5 49,1 9,85 12,4 9,33 8,17 17,95
. 0 0 0 2
istitutions
Table 14 - Weights of criteria for Bari users.
Criteri User User User User User User User User Median
era 1 2 3 4 5 6 7 8 Weights
Aesthetical 1908 890 18,00 3,87 869 1655 927 36,64 15,12
1mpact
Environ-
mental sus- 31,08 3460 1530 26,03 1565 40,60 432 2343 23,88
tainability
Economic
sustainabil- 18,85 330 1020 13,78 2794 10,82 15,50 15,02 14,43
ity
Functional 16,96 20,80 900 26,14 1973 2436 1550 7,90 17,55
efficiency
Noisiness 6,67 6,50 9,00 20,71 23,85 5,12 30,92 12,56 14,42
Inadequacy 736 2590 38,50 9,48 4,13 2,55 24,50 4,45 14,61
of istitutions
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In each FG the highest weights are assigned to ‘Environmental sustainabil-
ity’ and ‘Functional efficiency’. Instead, ‘Noisiness’ results the attribute with the
lowest weight.

Third, Step 3 in Fig.7 performs the summary of priorities according to the
standard AHP. The resulting global weights of each sub-criteria are shown in
Fig.10. Such a global weight is obtained by multiplying each criteria weight to the
sub-criteria weight (Saaty, 1987).
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Fig.10 — Global weights of sub-criteria for all users.

The boxes represent the distribution of the 15 final weights obtained by
each criterion, after the procedure is run for each user. In particular, the red line
inside the boxes denote the median of the sample, while the box contains all ele-
ments within the 25th and 75th percentile of the population. The dashed line con-
tains all elements not considered as outliers.
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As it can be seen, although being affected by a large variance, the Number
of turbines criterion presents the highest median value: this means that in most
cases it is considered by the users as the most important criterion. On the other
hand, the ‘Colour of turbines’ and the three criteria relative to their position (Hill,
Plan and Sea) are generally characterized by a small weight, which means that
users fairly uniformly consider them as less important criteria.

Finally, Step 4 in Fig.7 evaluates the robustness of the above conclusions:
apparently, the users globally consider the ‘Number of turbines’ as the most im-
portant criterion and their location as the least important one. However, factors
such as inconsistencies, subjectivity or low attention may negatively affect the re-
sult, bringing the decision maker to draw wrong conclusions.

To take into account the above factors and obtain a more complete evalu-
ation of the user’s preferences, a sensitivity analysis has been performed.

A set of 5000 Monte-Carlo simulations has been run for the sub-criteria
weights which are computed by the O-AHP procedure; the criteria weights have
been randomly selected according to a uniform distribution.

Fig.11 summarizes the above-mentioned sensitivity analysis, presenting
the results of the Monte-Carlo simulations performed on the entire set of users. In
other words, each box contains the entire population of 5000 simulations for each
of the 15 users. Once again, the ‘Number of turbines’ criterion presents the best
median ranking, followed by the ‘Turbines distance’ and ‘Turbines dimension’
criteria. All other criteria present similar values of median ranking with the excep-
tion of ‘Turbines colour’, the three ‘Location’ criteria, ‘Misinformation’ and ‘No
transparency of public procurement’ that are the worst-ranked criteria.
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Fig.11 — Global ranking of sub-criteria for all users resulting from sensitivity analysis.
3.3.3. Discussion of results

Nowadays wind energy perception is one of the most important aspect that
drives renewable energy developments. The pilot study focussed on quantifying
the main features perceived by the public in terms of wind energy impacts.

Through the use of an FG approach, the analysis uncovered the pros and
cons of wind energy developments. In particular, a high level of misinformation
emerged that undermines public opinion with negative perceptions of wind energy
projects.

Similarly, the lack of information contributes to a critical attitude of con-
sumers judging the effectiveness of wind power, which, in several cases, leads to
an obstructive behaviour of the public. Nevertheless, participants to FGs have
shown a positive and proactive general opinion of wind developments provided
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that wind project management is transparent, contributes to the distribution of col-
lective benefits and determines a careful environmental assessment. Generally,
participants to FGs consider environmental attributes such as decarbonisation
and/or green energy one of the main factors affecting wind energy developments.
Economic aspects would play a secondary role. These results are in line with cur-
rent literature (Jobert et al. 2007; Enevoldsen & Sovacool 2016).

In contrast, the impacts on landscape and the ecosystem emphasised by a
lack of trust for institutions are the main issues affecting a contrasting view to
public acceptance of wind energy.

Considering these contrasting aspects of wind energy perception, an O-
AHP method was further implemented to define all criteria and sub-criteria affect-
ing the problem (as structured in Fig.8) and to assign them a level of importance.
The O-AHP method allowed reaching coherent results.

Global weights of criteria highlight that environmental sustainability (i.e.
faunal alteration and dismantling impact), functional efficiency (i.e. the amount of
energy produced) and inadequacy of institutions (i.e. misinformation and dis-trust)
exhibit the highest value of importance in terms of perception of wind energy mar-
ket. In contrast, noise of turbines seems the least important criteria. The obtained
results are in accordance with the outcomes of the FG discussion and the interna-
tional literature (Cohen et al. 2014; Diana Caporale & De Lucia 2015; Enevoldsen
& Sovacool 2016).

The obtained global ranking results (in Fig./2) also help to understand so-
cial acceptance to wind energy in terms of willingness to accept social costs. In
particular, the costs attributed to maintenance, implementation and dismantling are
significantly less important compared to the profits. This means that users are will-
ing to accept such costs if they could rely on an adequate economic incentive.

Another interesting result is the relative importance of the dismantling im-
pact compared to other criteria within the same rank. Dismantling impact appears
among the top five factors against wind energy developments. Participants to FGs
were particularly active to discuss this aspect. It emerged that a lack of information
and regulation on who has the right to invoke the dismantling of turbines heavily
affect social acceptance to wind energy. In addition, changes and adaptation of
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agricultural production and yields are ranked higher than the potential impacts on
fauna. It can be argued that wind farms are generally installed in agricultural areas
of Apulia region. In this respect, public acceptance would then be in favour of
agricultural than faunal preservation. A reduction of agricultural production means
loss of occupation and profits for the local community. Conversely, faunal risks
seem to be underestimated provided it is not directly perceived.
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Fig.12 — Global rankings of sub-criteria for all users.

Mistrust for policy makers and stakeholders is an issue widely argued dur-
ing FGs. This result also appears in accordance with global rankings. Users gen-
erally emphasise the lack of transparency of institutions. This aspect seems to rise
doubts of fairness, honesty and self- interest and contributes to a negative public
perception of wind energy. Less important would appear the contribution of mis-
information.
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To deepen the understanding of the above aspects, a comparison of results
between the two FGs was carried out. It is interesting to note that the sub-criteria
‘Misinformation’ and ‘No transparency of public procurement’ are considered
more important for participants living in Foggia than those living in Bari (Fig. 13).
Intuitively, Foggia residents live nearby turbines and this aspect would mostly af-
fect the magnitude of the residents’ distrust to local institutions.
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Fig.13 - Rankings of sub-criteria for all users coming from Foggia and Bari.

In addition, the ranking of criteria appears similar between the two groups.
Nonetheless, the weights attributed to each criterion, for the reasons explained
above, are in general higher for the Foggia group, except for the ‘Noisiness’ crite-
rion that weights 9 for the Foggia users and 14 for the Bari users (see Table 12 and
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Table 13). Noisiness, as argued by the literature (Chapman 2014; Yamani Douzi
Sorkhabi et al. 2016), would, in the Bari FG, be dis-linked to the distance between
the place of residency (where people live) and the turbines.

To conclude, it can be argued the existence of small differences on the per-
ception of wind energy across groups. Agent perception is affected by experience
and contiguity of the phenomenon. People living nearby wind energy develop-
ments assume a critical behaviour and consider information and transparency of
public administrations and regulatory procedures important factors to favour pub-
lic acceptance to wind energy. In contrast, these aspects appear underestimated by
people living far from wind farms which take into account economic related as-
pects (e.g. the possibility to make profits).

3.4. Chapter conclusions

The pilot studies shown in the present Chapter present similar results. In
particular, all considered attributes seem to significantly affect public perception
of wind energy.

An interesting aspect is that the perception of ‘Aesthetical Impact’ as is,
although frequently discussed during FGs, loses its importance with respect to the
arguments raised by the literature. In particular, this attribute would be more im-
portant as far as the number and location of turbines are taken into account.

A further attribute widely mentioned during group discussions and further
supported by text mining and O-AHP analyses is ‘Environmental impact’, which
is generally considered one of the major issue of wind farms development. Rele-
vant importance is attributed to the faunal impact and the dismantling impact as
well as greenhouse gas savings. Similarly, the term ‘sustainability’, which, in the
case of wind energy perception, is seen as unlimited and clean energy production.

Economic attributes would seem less important than the above ones.
Clearly, people would weigh benefits more than costs conditional to transparent
and well-defined social benefits (and costs) for the local community.
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Functional efficiency is another important attribute which has received at-
tention in the present pilot studies. It is mostly considered in terms of energy pro-
duced and also supported by the literature.

Crucial aspects are disinformation and lack of knowledge. These two at-
tributes often induce to mis-informed opinions which disrupt the success of wind
energy projects. To conclude, the majority of people generally perceive wind en-
ergy in terms of its drawbacks than its benefits and asymmetry of information is
key to develop this general view.

Next, based on the findings of the present chapter, the CE will be set up.
The attributes that will be included in the experimental design are the following:
visual impact, amount of energy production, CO> savings, faunal impact (i.e. num-
ber of died birds at turbines), costs, savings in the energy bill, dismantling and
information. The design will not take into account the attribute ‘Noisiness’ since it
has received limited attention by FGs.
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CHAPTER 4
THE CASE STUDY

The present Chapter proposes a case study estimating the public perception of
wind energy adoption in the Apulia Region. As depicted in the previous chapter,
the region is representative of wind national production. The present chapter
pursues two objectives: the first is to understand public attitudes towards fossil
fuels and wind energy plants for energy generation; the second is to investigate
the existing trade-offs between all factors (pros and cons) characterizing wind
energy installation.

In the light of the issues of wind acceptance we launched a survey that provides
a series of interesting results in terms of correlation among knowledge, risks
and wind perception. This study opens the door to new outcomes in the field.
Choice Experiment application is the core of the case study and is useful to
indirectly estimate the relationship between energy risks and territorial impact
of wind source.

Firstly, the Chapter shows the construction of CEs for the case under study.
Secondly, the main results of model estimates are shown. Thirdly, it proposes a
comparison and discussion between two CE treatments. Fourthly, it shows the
estimated results of clustering according to innovativeness scales. Finally, it de-
scribes a general discussion of results to conclude the Chapter.
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4.1. The construction of the Choice Experiment

CE method is a particular statistical tool for the analysis of people’s behav-

iour for a given hypothetical market, which in the case of the present case study is

represented by wind energy.

Choice sets construction consists of the identification of relevant attributes

that affect people’s choice. In line with current literature cited in Chapter 1 and

preliminary results shown in Chapter 3, the attributes considered in the experiment

are the following:
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Aesthetical impact. This attribute has four levels. The first one is rep-
resented by a picture of the coal power plant sited in Brindisi (the sta-
tus-quo). The second, third and fourth picture consider a wind farm
with different turbine densities and perspectives, respectively.

Energy production. This attribute has four levels. The first one is the
status quo, while the remaining levels refer to wind energy. As for the
coal plant, energy production is computed in relation to plant energy
capacity and annual energy consumption per person (see Chapter 1).
As for wind energy, the computation of energy production per person
is based on single turbines between 1 and 3 MW. The proxy for each
level considers the number of persons for which the energy can be pro-
duced.

COy. This attribute considers four levels. In the case of the status quo,
it is represented by the amount of CO> emissions. In the case of wind
energy, it is represented by the amount of CO- savings per gr/kW/h.
Avifaunal impact. This attribute considers four levels and is repre-
sented by the amount of birds killed per turbine (in the case of wind
energy) and per plant (in the case of the status-quo).

Costs. This attribute has four levels each considered as proxy levels for
plant operation and maintenance and the unit value is given by Eu-
ros/kWh.



- Bill savings. This attribute presents four levels each of which considers
savings in the energy bill due and the unit value is given by Euros spent
per year.

- Dismantling. This attribute has two levels. 0=no dismantling; 1=dis-
mantling.

- Information. This attribute has one level for the status-quo (i.e. partial)
and three levels (i.e. none, partial and full) for the wind energy case.

Table 15 summarises the attributes and the relevant levels.
Table 15 — Attributes and attribute levels.

Attributes Coal power plant (status-quo) Wind farms Levels

Level
Aesthetical -
impact

Energy For 3,400,000 persons For 1,700; 3,400; 5,000 persons
production

CO2 sav- 800 gr/kWh 500; 750; 1,000 gr/kWh

ings

Avifaunal 20,700 per MWh 0.0003; 0.005; 0.012 per MWh
impact

Costs 0.02 € per kWh 0.02; 0.04; 0.06 € per kWh

Bill savings 0€ 180; 1900; 3560 € per year
Disman- Yes No

tling

Infor- Partial None; partial; full

mation
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In order to implement a D-error experimental design, the following is con-
sidered:

1. Carry out an early pilot study with an Orthogonal Design.

2. Retrieve the priors of the utility function from the obtained results of the
pilot study.

3. Implement a D-error experimental design.

4. Setting up and distribute the final survey.

5. Model estimation.

Step 1. Given that no information is available on the priors, these should
be estimated. This initial step uses NGENE 1.2 software. Considering the number
of parameters the software needs to estimate (i.e. 9 parameters), a minimum num-
ber of 18 rows (i.e. choice sets) is set to obtain an Optimal Orthogonal Design.

However, 18 choice sets may appear a large number to submit to respond-
ents and missing responses may arise. To avoid this, a blocking technique is em-
ployed. The obtained two blocks of 9 choice sets each seems an adequate number
that can be handled by respondents.

The utility functions defined for the experimental design are:

U(coal) =by ;

U(wind1) = by + B * aesthetical impact [0,1, 2] + B2 * energy production
[1700, 3400, 5000] + B3 * CO2 [500, 750, 1000] + B4 * avifaunal death [0.003,
0.005, 0.012] + Bs * costs [0.02, 0.04, 0.06] + Bs * bill_savings[180, 1900, 3560]
+ B7 * dismantling[0,1] + s * information[0,1,2] ;

U(wind2) = B * aesthetical impact + 2 * energy production + 3 * CO2
+ B4 * avifaunal death + Bs * costs + B¢ * bill _savings + 7 * dismantling + g *

information[0,1,2].

Table 16 shows the estimated cards of the Optimal Orthogonal Design used
in the pilot survey.
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Table 16 — Optimal orthogonal design.

Aesthet-

Choice ical Im- Energy Avifaunal Bill sav- Disman- Infor-

set Alt.  pact production CO2  death Costs  ings tling mation Block

1 1 Img.3 1,7 500 1000 0,02 180 no none 2
2 Img.3 1,7 750 7000 0,06 1900 yes full

2 1 Img.2 34 750 4000 0,04 1900 no none 1
2 Img.3 3.4 500 7000 0,04 3560 no full

3 1 Img.1 5,1 1000 7000 0,06 3560 no none 2
2 Img.3 5,1 1000 1000 0,04 1900 no partial

4 1 Img.1 34 750 7000 0,02 180 no partial 1
2 Img.2 1,7 1000 7000 0,04 180 yes none

5 1 Img.2 1,7 1000 7000 0,04 180 yes none 1
2 Img.2 3.4 1000 1000 0,02 3560 yes full

6 1 Img.2 1,7 500 4000 0,06 3560 no partial 1
2 Img.1 1,7 750 1000 0,04 3560 yes partial

7 1 Img.1 1,7 1000 4000 0,02 1900 no full 2
2 Img.2 34 750 4000 0,04 1900 no none

8 1 Img.3 3.4 500 7000 0,04 3560 no full 2
2 Img.3 5,1 750 4000 0,02 3560 yes none

9 1 Img.2 5,1 750 1000 0,06 180 no full 2
2 Img.1 1,7 1000 4000 0,02 1900 no full

10 1 Img.3 5,1 750 4000 0,02 3560 yes none 1
2 Img.3 34 1000 4000 0,06 180 yes partial

11 1 Img.2 1,7 1000 7000 0,04 180 yes none 2
2 Img.2 1,7 500 4000 0,06 3560 no partial

12 1 Img.1 3,4 500 1000 0,06 1900 yes none 2
2 Img.1 34 750 7000 0,02 180 no partial

13 1 Img.2 5,1 500 7000 0,02 1900 yes partial 2
2 Img.1 34 500 1000 0,06 1900 yes none

14 1 Img.1 1,7 750 1000 0,04 3560 yes partial 1
2 Img.1 5,1 1000 7000 0,06 3560 no none

15 1 Img.3 3.4 1000 4000 0,06 180 yes partial 1
2 Img.3 1,7 500 1000 0,02 180 no none

16 1 Img.2 3.4 1000 1000 0,02 3560 yes full 2
2 Img.1 5,1 500 4000 0,04 180 yes full

17 1 Img.1 5,1 500 4000 0,04 180 yes full 1
2 Img.2 5,1 500 7000 0,02 1900 yes partial
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18 1 Img.3 1,7 750 7000 0,06 1900 yes full 1
2 Img.2 5,1 750 1000 0,06 180 no full

4.1.1. Pilot survey

Each choice set includes three alternatives: the status quo and two alterna-
tives of wind energy as described in Table 16. Respondents were asked to order
their choices from the first to the third order of preference the alternatives proposed
within each choice set.

Two behavioural information can be obtained by this pilot study:

1. The preference between coal power plant and wind energy;

2. The preference between two different wind energy scenarios.

In relation to the above, two databases are computed, one for each behav-
ioural information. For the pilot study, a sample of 28 respondents has been col-
lected.

The utility functions to express the preference between coal power plant
and wind energy are the following:

U(coal) = Bcoal ;

U(wind1) = B * aesthetical impact + 2 * energy production + B3 * CO2
[+ B4 * avifaunal death + s * costs + s * bill savings + 7 * dismantling+ g *
information.
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Table 17 shows the estimated results of the MNL logit.

Table 17 - Multinomial logit model estimates of ‘coal’ vs ‘wind’ energy.

Variable Coefficient p-Value St. error
Constant -0.910 0.251 0.7927
Aesthetical impact 0.057 0.711 0.154
Energy production 0.260* 0.093 0.155
CO2 0.096 0.536 0.154
Avifaunal death -0.030 0.846 0.154
Costs -0.051 0.740 0.154
Bill savings 0.055 0.721 0.154
Dismantling 0.061 0.808 0.251
Information 0.017 0.911 0.154
Log-Likelihood -211.92

Obs 504

Source.: Our elaborations. ***Statistically significant at 99% C.I level; **Statisticall significant
at 95% C.1I. level; *Statistically significant at 90% C.1I. level.

Energy production appears the only attribute which is statistically signifi-
cant at conventional 90% C.I. This result may be due to the small sample as well
as a distribution of preferences which would favour wind energy (i.e. 85%).

A further step is to estimate the utility functions to express the preference
between the two wind energy scenarios as follows:

U(wind1) = Bwind + B1 * aesthetical impact + B> * energy production + 33

* CO2 + B4 * avifaunal death + Bs * costs + ¢ * bill_savings + 7 * dismantling
+ Bg * information;
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U(wind2) = B; * aesthetical impact + B, * energy production + 3 * CO2
+ B4 * avifaunal death + s * costs + B¢ * bill savings + 7 * dismantling + g *

information.

Table 18 shows the estimated results of the MNL logit.

Table 18 - Multinomial logit model estimates of wind energy scenarios.

Variable Coefficient p-Value St. error
Aesthetical impact -0.090 0.545 0.149
Energy production 0.461%** 0.002 0.146
CO» 0.243%* 0.097 0.146
Avifaunal impact -0.255%* 0.019 0.109
Costs -0.134 0.189 0.102
Bill savings 0.438%** 0.002 0.141
Dismantling 0.255 0.235 0.215
Information 0.112 0.334 0.116
Log-Likelihood -162.66

Obs 252

Source: Our elaborations. ***Statistically significant at 99% C.I level; **Statistically signifi-
cant at 95% C.1I. level; *Statistically significant at 90% C.I. level.

In this case, three attributes such as Energy production and Bill savings and
Avifaunal impact are statistically significant at 99, and 95% C.I. respectively. All
these three coefficients present the correct sign. As for the remaining variables,
provided that these show correct signs, their estimated coefficients can be used as
priors for the computations of the D-error experimental design.
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4.1.2. Experimental design using D-error

The Efficient Design has been computed with NGENE software consider-
ing the following utility functions with priors taken by the pilot study above:

U(coal) = Beoat (-0.91);

U(wind1) = Bwind + B1 (-0.09) * aesthetical impact [0,1, 2] + B2 (0.46) *
energy production [1700, 3400, 5000] + 3 (0.24) * CO2 [500, 750, 1000] + B4 (-
0.26) * avifaunal death [0.003, 0.005, 0.012] + B5(-0.13) * costs [0.02, 0.04, 0.06]
+ Bs (0.44) * bill savings[180, 1900, 3560] + B7 (0.25) * dismantling[0,1] + fs
(0.21) * information[0,1,2];

U(wind2) = B * aesthetical impact + 2 * energy production + 3 * CO2
+ B4 * avifaunal death + Bs * costs + B¢ * bill_savings + 7 * dismantling + g *
information.

Table 19, provides the results of the efficient design with the lowest d-error
(0.21) and a minimum of 10 choice sets, split in two blocks.

Table 19 — Efficient design estimation (D-error).

MNL efficiency measures

D error 0.214782
A error 0.266777
B estimate 16,123170
S estimate 83,961577

Aesthet- . .

ical Im- Energy CcO2 AVlfaunal Costs B]H. Dism. Inform.
. produc. impact savings
Prior pact
Fixed prior
value -0.09 0.46 0.24 -0.26 -0.13 044 0.25 0.21
Sp
estimates 83,96 5,22 15,88 12,52 41,27 5,94 32,09 18,09
Sp t-ratios 0.214 0.857 0.492 0.554 0.305 0.804 0346 0.461
Design
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Aesthet-
Choice ical
sets Alt. Impact

1 1 Img.3
2 Img.1
2 1 Img.1
2 Img.3
3 1 Img.2
2 Img.2
4 1 Img.1
2 Img.3
5 1 Img.1
2 Img.3
6 1 Img.2
2 Img.1
7 1 Img.3
2 Img.1
2 1 Img.3
2 Img.1
9 1 Img.2
2 Img.2
10 1 Img.1
2 Img.2

Energy
produc-
tion

5000
1700

5000
1700

5000
1700

3400
1700

1700
5000

3400
3400

1700
5000

3400
3400

1700
5000

1700

3400

CcO2

500
1000

1000
500

750

750

500
1000

1000
500

1000
500

750
500

750

750

500
750

500

1000

Avifaunal
impact

0,012
0,0003

0,005
0,0003

0,0003
0,012

0,005
0,005

0,012
0,0003

0,0003
0,005

0,0003
0,012

0,012
0,0003

0,005
0,005

0,0003

0,012

Costs

0,02
0,06

0,06
0,02

0,02
0,06

0,06
0,02

0,02
0,06

0,04
0,02

0,04
0,04

0,06
0,02

0,04
0,04

0,02

0,04

Bill
sav-
ings

1900
1900

180
3560

180
3560

1900
1900

1900
180

3560
180

180
3560

3560
180

180
1900

3560

180

Yes

In-
form.

Com-
plete
None

None
Partial

None
Com-
plete
Com-
plete

None

Partial
Partial

Partial

None
Com-
plete

None

None
Com-
plete

Partial

Partial

None
Com-
plete

Block

—_ =

Sample estimates (i.e. S-estimate in Table 19) suggests the optimal number

of observations needed for each block (84). The experimental design obtained

above was included in the final survey and distributed to consumers randomly

chosen through face-to-face interviews.
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4.2. The survey

The survey was carried out during the period August-October 2018. The
survey is structured in four sections: The first one comprises socio-demographic
information of respondents; the second section includes the Honesty Treatment to
check for hypothetical bias; the third section describes the Choice Experiment in
which the interviewee indicates his/her preferred choice among three alternatives
(including the status-quo); the last section identifies consumer knowledge on wind
energy and investigates for innovativeness scales.

4.2.1. Honesty Treatment application

Chartrand et al. (2008) argue that when people come across with a text or
sentences in an unrelated task are motivated to reach different goals influencing
their subsequent decisions in a non-conscious manner.

The use of priming techniques activates the concept of cooperation in a
social dilemma game by increasing contribution levels (Drouvelis et al. 2010)

The Honesty Treatment version used in De-Magistris et al. (2013) was ap-
plied to the survey. In particular, before completing their choices, respondents
were asked to develop a series of 10 grammatically correct sentences.

Fig. 14 shows the Honesty Treatment section included in the survey.
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STUDIO SU COSA PENSI DEI PARCHI
EOLICI NELLA REGIONE PUGLIA

*Campo obbligatorio

Per ogni gruppo di parole proposte, costruisci delle frasi corrette e scrivile nello spazio a
disposizione. Non devi usare per forza tutte le parole in ogni frase.

persona onesta questa rossa é *

Questa persona & onesta)|

terra & bianca tonda la *

La tua risposta

devi sempre dire tu verita sole la *

La tua risposta

pomodori sono i sopra rossi *

La tua risposta

balene vivono negli oceani le *

La tua risposta

Fig.14 —Honesty Treatment section.
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4.2.2. Choice Experiment section

Before proceeding with the expression of their preferences, respondents
are provided with a brief explanation of the choice procedure including a descrip-
tion of the alternatives and their attribute levels.

There are 5 choice sets for each block. Each choice set includes three al-
ternatives including the coal power plant (i.e. the status-quo) and two alternatives
of wind energy. Respondents were asked to order their choices from the first to
the third order of preference (see Section 2.4.1.1.).

Fig.15 shows an example of choice set.

STUDIO SU COSA PENSI DEI PARCHI
EOLICI NELLA REGIONE PUGLIA

Scenario 1

Considera di poter esprimere la tua opinione sullimpianto di un parco eolico o di una centrale a
carbone nel tuo Comune

ALTERNATIVA 1 ALTERNATIVA 2 ALTERNATIVA 3
| |

Produzione energla:  [5.000 persone 3.400.000 persone 1.700 persene

coz: 750 g/kWh risparmiate 800 g/kWh emesse 750 g/kWh risparmiate

0,65 per turbi 20.700 per centrale 44 per turbina
Uccelli morti:

(=0.0003 per MWh) (=5.180 per MWHh| (=0.012 per MWh)
Costt: 0,02 €/kwh 0,02 €/kWh 0,06 €/kWh
Risparmio in bolletta: 150 € allanno a persona  |nessuno 3.560 € all'anno a persona
Smantellamento s no no
Informazione: nessuna parziale completa

Ordina le alternative che vedi nellimmagine dal 1° (migliore) al
3° (peggiore) posto, secondo la tua preferenza. *

ALTERNATIVA 1 ALTERNATIVA 2 ALTERNATIVA 3
1 post o) 0 0
2° posto D) O O
3* posto O @) O

Fig.15 — Choice sets in the Choice Experiment section.
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4.2.3.Use of Innovativeness scales

The innovativeness scales (proposed by Rogers) described in the last sec-
tion of the survey needs a further detail.

A psychometric Likert scale was adopted to a series of attitudinal questions
proposed by Franceschinis, Thiene, et al. (2017), where 1=completely disagree
and 5=completely agree, as follows. The attitudinal questions refer to the percep-
tion of: i. A general knowledge on wind farms; ii. Communication channels on
information of wind energys; iii. Innovativeness scales.

i. As for general knowledge of wind farms, the attitudinal questions were
the following:

- ‘Complexity’:

o It is hard to install a wind farm.
o Itis hard to use energy generated by a wind farm.
‘Compatibility’:
o The use of wind energy is compatible with current energy net-
work.
o To install a wind energy in my municipality would require mi-
nor changes.
‘Trialability’:

o I know someone who could give me information about wind

energy.
o Iknow places where I can see wind installations functioning.
- ‘Relative advantage’:
o Energy production by a wind farm pollutes less than current
thermoelectric power plants.
o Energy production by a wind farm is more convenient than cur-
rent thermoelectric power plants.
o A wind farm can adequately produce energy for the municipal-
ity where I live.

- ‘Performance risk’:
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o Iam concerned about maintenance and dismantling required by
a wind farm.
- “Social risk’:
o I am afraid that a wind farm nearby my municipality could be
badly considered by my neighbours and the people I know.
- ‘Knowledge’:
o Ihave the necessary knowledge to evaluate the installation of a
wind farm.
o I am aware of the installation requirements of a wind farm.
- ‘Environmental friendliness’:
o A wind farm would improve the local environment.

o A wind farm would reduce GHGs.

ii. As for communication channels, the attitudinal questions were the
following:

- I am aware of wind energy;

- What is the main source of information among ‘People known to
you and that live in a municipality with a wind farm’, ‘Mass media’, ‘Organi-

zations’.

iii. Finally, as for innovativeness scales, the attitudinal questions were

the following:

- I'love to use innovations that inspire others.

- Ilike to own an innovative product that makes me different from oth-
ers.

- Iprefer to try innovative products with which I can introduce myself to
other people.

- If a new product makes me more comfortable I do not hesitate to buy
it.

- If a new product makes my work easier, then it is ‘a must-buy’.

- If a new time-saving product is launched, I will buy it right away.
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- When I buy an innovative product it makes me happier.

- Innovative products make my life exiting and stimulating.

- Innovative products that are intellectually stimulating are ‘a must-buy’.

- T often buy new products that I consider hard to use.

- People I know often asks for my help to choose the best innovative
product available on the market.

- People I know think it is important that I like the product they buy.

4.3. Empirical analysis and results

The survey comprises a total sample of 239 interviews collected among
Apulia citizens. Block 1 comprises a total of 114 responses while block 2 contains
125 responses.

Table 20 summarizes useful socio-demographic information of the sam-

ple.
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Table 20 — Socio-demographic information of the sample.

Variable Obs. Freq. Percentage Mean Std. Dev.
Sex 239 1.54
Male 109 46
Female 130 54
Age 239 2.32 1.11
18-25 56 23
26-35 103 43
36-50 42 18
51-65 24 10
>65 14 6
Province of residence 239 1.63
Bari 149 62
Barletta-Andria-Trani 14 6
Brindisi 2 1
Foggia 53 22
Lecce 9 4
Taranto 12 5
Education 239 3.73
Elementary school degree 5 2
Junior high school degree 2 1
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High school degree
Bachelor degree
Post-graduate degree

Other

Employment 239
Director

Entrepreneur

Self-employed

Employee

Student

Retired

Unemployed

Other

Income 239
Up to 16.000€

16-001-28.000€

28.001-40.000€

40.001-52.000€

>52.000€

78

128

24

41

81

81

13

16

71

59

42

30

37

33

54

10

17

34

34

30

25

18

12

15

2.59

4.41

1.42
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4.3.1. Fossil vs Wind energy: choice behaviours

The present sub-section deals with the behavioural analysis of fossil vs
wind energy. The total sample considering this behavioural mechanism is re-
trieved from the responses obtained in the choice sets of blocks 1 and 2 of the
survey and comprises of 4,780 observations. More than 70% responses are to-
wards a wind energy scenario, compared to just about 30% responses for fossil

fuels (i.e. status quo).

4.3.1.1. Logit regression

To model fossil vs wind energy behaviour, a Binary Logit Model has been

estimated as shown in Table 21.

Table 21 — Binary logit model estimates of ‘coal’ vs ‘wind’ choices.

Variable Coefficient p-Value St. error
Aesthetical impact 0.135%%** 0.015 0.056
Energy production -0.010 0.829 0.047
CO, 0.129%** 0.010 0.050
Avifaunal impact 0.043 0.385 0.049
Costs 0.147%** 0.004 0.051
Bill savings 0.122%* 0.011 0.048
Dismantling -0.046 0.611 0.091
Information -0.108%%* 0.034 0.051
Log-Likelihood -3092.176

Obs 4,780

Source: Our elaborations. ***Statistically significant at 99% C.I level; **Statistically signifi-
cant at 95% C.1. level; *Statistically significant at 90% C.I. level.
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The estimated coefficients are statistically significant at 99% C.I. and 95%
C.1. with the exception of ‘Energy production’, ‘Avifaunal impact’, and ‘Disman-
tling’ attributes. Looking at the sign of coefficients, it emerges that a positive sign
increases the probability to prefer wind energy vs fossil fuels. As for the positive
sign of aesthetical impact, these results would imply to favour a landscape with
wind farms rather than coal power plants. A similar consideration can be drawn
for ‘COy’, ‘Bill savings’ and ‘Costs’ attributes.

The above estimated positive aspects of wind energy would induce to con-
sider coal power a minor energy source to satisfy consumer needs.

The computation of the marginal rate of substitution (MRS) between ‘Aes-
thetical impact’ and ‘Costs’ would provide an indication of the willingness to pay
for wind energy. In this context, Scarpa & Rose (2008) shows that the unit WTP
for an attribute can be derived as a function of the coefficient attributes:

WTP, = 2
_ﬁcost
(14)

By applying eq. (10) to the estimated coefficients of ‘Aesthetical Impact’
and ‘Cost’, the trade-off between these two attributes is obtained as follows:

Baesthetical_impact 0.135
WTP, ical i = = = = —0.918
aesthetical_impact —Beosts 0147
(15)

Eq. (15) shows that a change of landscape from a coal power plant to a
landscape with a wind energy farm would imply a reduction of about a unit cost.
It means that consumers are willing to pay 0.92 units more to have a wind energy

installation, rather than a coal power plant.

132



4.3.2. Wind energy alternatives: choice behaviours

Given the results obtained from the previous section, the present sub-sec-
tion deals with the behavioural analysis of wind energy alternatives. The total sam-
ple considering this behavioural mechanism is retrieved from the responses ob-
tained in the choice sets of blocks 1 and 2 of the survey and comprises of 1,195
observations.

4.3.2.1. Multinomial logit regression

Table 22 shows the estimates of the Multinomial logit (MNL) model.

Table 22 — Multinomial logit model estimates of wind energy alternatives.

Variable Coefficient p-Value St. error
Aesthetical impact 0.176%*** 0.000 0.041
Energy production 0.13 1% 0.004 0.045
CO; (savings) 0.341%** 0.000 0.044
Avifaunal impact 0.151%** 0.000 0.042
Costs 0.356%*** 0.000 0.041
Bill savings 0.275%** 0.000 0.046
Dismantling 0.109 0.105 0.067
Information -0.012 0.782 0.043
Log-Likelihood -742.477

Obs 1,195

Source: Our elaborations. ***Statistically significant at 99% C.1I level; **Statistically signifi-
cant at 95% C.I. level; *Statistically significant at 90% C.1I. level.
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The estimated coefficients are statistically significant at 99% C.I., except
for ‘Dismantling’ and ‘Information’. The sign of coefficients suggests that re-
spondents prefers wind farm alternatives more densely distributed, producing
more energy, and CO» savings.

Considering the ‘Avifaunal impact’, the number of birds killed seems to be
acceptable. A similar argument can be drawn for the sign of the estimated ‘Costs’
coefficient.

Finally, ‘Bill savings’ are also considered adequate to the wind farm sce-

nario under consideration.

4.4. HT use vs non-HT use: empirical analysis and results

The present sub-section deals with the analysis of results obtained to miti-
gate hypothetical bias in CEs. The survey, as described in Section 2.4.2., has been
constructed with an Honesty Treatment section randomly submitted to respond-
ents.

In particular, the analysis aims at testing two hypothesis.

Hypothesis #1: The first hypothesis is defined as follows:
HO; : (MNLHP — MNL"B) = 0, and
Hl1; : (MNLPHP - MNLHB) <0

Where MNL is the MNL model estimates, HHP denotes the hypothetical
CE with honesty priming and HB denotes the hypothetical baseline CE.

If HO is rejected the honesty priming in the hypothetical CE would reduce
hypothetical bias because MNL estimates with honesty priming would be more
consistent than in the standard baseline hypothetical CE.

Also, If HO1 is rejected the honesty priming task could have some effects
on hypothetical WTP values. To test this assumption,

Hypothesis #2, is defined as follows:
HO, : (WTPHHP _ WTPHB) =0, and
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Hl, : (WTPHHP _WTPHB) <0

Table 23 reports the socio-demographic characteristics of the participants

in the two treatments.

Table 23 — Sample: Socio-demographic characteristics, percentages.

Hypothetical Honesty Prim-

Variable Obs. Hypothetical baseline ing
Sex 239 1232 116*
Male 44 47
Female 56 53
Age 239 1232 116*
18-25 27 20
26-35 45 41
36-50 15 21
51-65 6 15
>65 7 4
Province of residence 239 1232 116*
Bari 67 58
Barletta-Andria-Trani 4 8
Brindisi 2 0
Foggia 14 31
Lecce 7 0
Taranto 6 3
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Education

Elementary school degree
Junior high school degree
High school degree
Bachelor degree
Post-graduate degree

Other

Employment
Director
Entrepreneur
Self-employed
Employee
Student
Retired

Unemployed

Income

Up to 16.000€
16-001-28.000€
28.001-40.000€
40.001-52.000€

>52.000€

239 1232

14

59

10

239 1232

15

30

36

239 1232

32

23

19

10

16

116

41

47

116*

19

38

31

116*

27

27

16

16

15

132 humber of observations
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Because of comparison of results, participants with similar socio-demo-
graphic characteristics across the two treatments were randomly recruited by age,
gender, province, educational level, employment and income for each hypothetical
honesty treatment.

A chi squared Person’s test was performed to determine differences in so-
cio-demographic profiles across treatments. The result of this test suggested that
the null hypothesis of equality between socio-demographic characteristics across
hypothetical honesty treatment samples is accepted at 95% significance level for
gender, age, employment and income. Therefore, it suggests that randomization
was successful across the two hypothetical honesty treatments.

4.4.1. Multinomial logit regression

A Multinomial logit regression is estimated for each of the two hypothet-
ical honesty treatments considering the two types of choice: i. coal power plant
versus wind energy, and i1. wind energy alternatives. Table 24 summarizes the
MNL model estimates.
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Table 24 — Estimates of binary logit regression and MNL logit regression.

Coal vs Wind power plan Wind energy alternatives
Binary Logit regression MNL logit regression
Variable HB HHP HB HHP
Aesthetical impact 0.093 0.148* 0.150%** 0.199%*x*
(0.243) (0.069) (0.001) (0.001)
Energy production 0.003 -0.007 0.110* 0.180%**
(0.963) (0.916) (0.061) (0.014)
COs 0.226%** 0.034 0.345 0.369%**
(0.002) (0.630) (0.000) (0.000)
Avifaunal impact 0.079 0.024** 0.105% 0.212%**
(0.275) (0.734) (0.070) (0.001)
Costs 0.134* 0.136* 0.310%** 0.400%**
(0.057) (0.077) (0.000) (0.000)
Bill savings 0.103 0.144%** 0.210%** 0.361%**
(0.135) (0.0.34) (0.001) (0.000)
Dismantling -0.133 0.049 0.068 0.156
(0.294) (0.720) (0.45) (0.137)
Information -0.157%* -0.044*** -0.050 0.031
(0.026) (0.562) (0.400) (0.638)
Log-Likelihood -1588.20 -1500.99 -384.12 -355.642
Obs 2,460 2,320 615 580

Source: Our elaborations. ***Statistically significant at 99% C.1I level; **Statistically signifi-
cant at 95% C.I. level; *Statistically significant at 90% C.1I. level. p-value in parenthesis.

Differences arise between the two hypothetical honesty treatment regres-
sion estimates (7able 25).

The likelihood ratio (LR) test for the joint equality between the two hypo-
thetical honesty treatment estimates was implemented. Table 25 reports the results
of the estimated Log-likelihood as well as the LR tests for the coal vs wind energy
choice.
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Table 25 — Hypothesis tests of equality across Hypothetical and non-Hypothetical Treat-

ments.

Hypothesis Obs.
tests of equality

Binary Logit Regression MNL Logit Regression

Coal vs Wind choice
All treatments 4,780

Hypothetical 2,460
baseline CE
(HB)

Hypothetical 2,320
CE with hon-

esty priming

(HHP)

HO1coa = Test
of equality
across hypo-
thetical treat-
ments

Wind energy alternatives
All treatments 1,195

Hypothetical 615
baseline CE
(HB)

Hypothetical 580
CE with hon-

esty priming

(HHP)

HOlwind = Test
of equality
across hypo-
thetical treat-
ments

Log-Likelihood  p-value Log-Likelihood p-value

-3,092.18

-1,588.20

-1,500.99

0.01 0.920

-742.477

-384.120

-355.642

0.05 0.827

Source: Our elaborations. ***Statistically significant at 99% C.I level; **Statistically signif-
icant at 95% C.I. level; *Statistically significant at 90% C.1. level. p-value in parenthesis.
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The obtained results indicate that the joint null hypothesis of equality be-
tween hypothetical and non-hypothetical treatments (LR=0.01 p-value=0.920 and
LR=0.05 p-value=0.827) are accepted.

In terms of estimated Log-Likelihood values, hypothetical CEs with hon-
esty priming (-1,500.99 and -355.642) converge at better fit than hypothetical CEs
without honesty priming (-1,588.20 and -384.120), respectively.

It can be argued that hypothetical choice experiments with honesty priming
tasks can mitigate the hypothetical bias arising in CEs.

Table 25, illustrates the obtained results from testing hypothesis #2 across
WTPs computed according to Eq. (14).

Table 26 — Marginal WTP Values and Hypothesis tests across Hypothetical and non-
Hypothetical Treatments.

Hypothesis tests Binary Logit Regression MNL Logit Regression

BAesthetical_impact/3Costs BAesthetical_impact/3Costs

Coal vs Wind choice

WTPHHP -1.088 -
WTPHB -0.694 -
HOZcoal -1 782 -

(WTPHHP _ WTPHB) =

Wind energy alternatives

WTPHHP - -0.497
WTPHE - -0.484
HOx2wind - -0.981

(WTPHHP _ WTPHB) = 0

The results of WTP hypothesis tests indicate that the null hypothesis HO2
is rejected, suggesting that the WTP is generally affected by the honesty priming
task in hypothetical CEs.
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4.5. Innovativeness scales

One of the main hypothesis emerging from Rogers’ theory is that the per-

ception of characteristics and sources of information about wind energy affect con-

sumer preference toward the adoption of such technology. The use of innovative-

ness scales in the survey would help to identify innovator types defined in terms

of ‘innovators’, ‘early adopters’, ‘early majority’, ‘late majority’, and ‘laggards’.

Through the analysis of innovativeness scales, the following assumptions

are analysed through the use of a cluster analysis (see below):

1.

2.

An adequate good perception of wind energy features. An argument in
favour of this assumption would be obtained through a low value scale
for wind energy complexity, performance risk and social risk; and a
high value scale for compatibility, trialability, relative advantage,
knowledge and environmental friendliness.

An adequate perception of communication channels (i.e. information).
According to Rogers, the ‘word of mouth’ counts in social system.
Given that wind energy is a hot topic in Apulia region, a high value
scale can be expected for this energy type innovation diffused through
word of mouth. Generally, information from mass media is particularly
influent in the first period of the adoption. In contrast, the scenario of
Apulia region would show a well-defined adoption of this technology
diffused across mass-media. Therefore, a medium-high innovativeness
scale is expected for wind energy diffusion through mass media chan-
nels. Finally, information provided by organizations would be the least
influential and is expected to have a lower impact in terms of innovator
types than other sources.

Table 27 reports some descriptive statistics about dimensions of innovation

for the final sample.
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Table 27 — Descriptive statistics of dimensions of innovation.

Dimension of innovation Obs. Mean St.err. Min.—Max.
A.Perception of characteristics

Complexity

Al.It is hard to install a wind farm. 239 2.53 1.103 1-5
A2.1t is hard to use energy generated by a 239 1.94 0.992 1-5
wind farm.

Compatibility

A3.The use of wind energy is compatible 239 3.66 1.158 1-5
with current energy network.

A4.To install a wind energy in my munic- 239 3.18 1.150 1-5
ipality would require minor changes.

Trialability

AS5.1 know someone who could give me 239 3.02 1.495 1-5
information about wind energy.

A6.1 know places where I can see wind 239 4.02 1.341 1-5

installations in function.

Relative advantage

A7.Energy production by a wind farm is 239 431 1.114 1-5
less polluting then by the current thermo-

electric power plant.

A8.Energy production by a wind farm is 239 3.76 1.169 1-5
more convenient then by the current ther-

moelectric power plant.

A9.A wind farm can product energy ade- 239 3.54 1.229 1-5
quately for my Municipality require-

ments.

Performance risk

A10.I am concerned about maintenance 239 2.81 1.294 1-5
and dismantling required by a wind in-

stallation.

Social risk

A11.I am afraid that installation in my 239 2.89 1.253 1-5
Municipality of a wind farm could be

badly considered by people I know.

Knowledge

A12.1 have the necessary knowledge to 239 2.46 1.279 1-5
evaluate the installation of a wind farm.

A13.1 am aware of the installation re- 239 2.15 1.244 1-5

quirements of a wind farm.
Environmental friendliness

A14 . Wind farm installation would im- 239 3.73 1.150 1-5
prove my local environment.

A15.Wind farm installation would reduce 239 4.08 1.151 1-5
greenhouse gases.

B.Communication channels 239
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B1.How much respondents think to be in- 2.84 0.964 1-5
formed about wind energy

B2.From other people 8

B3.From mass media 81°

B4.From organizations 11?

C.Timing of adoption

C1.Ilove to use innovations that impress 239 2.65 1.297 1-5
others.

C2.1 like to own an innovative product 239 2.64 1.370 1-5

that distinguishes me from others who do
not own this new product.

C3.1 prefer to try innovative products 239 2.21 1.312 1-5
with which I can present myself to other

people.

C4.1f a new product gives me more com- 239 3.11 1.222 1-5

fort than my current product, L would not
hesitate to buy it.

C5.1f a new product makes my work eas- 239 3.39 1.102 1-5
ier, then this new product is a “must” for

me.

C6.1f a new time-saving product is 239 3.20 1.104 1-5
launched, I will buy it right away.

C7.Acquiring innovative products makes 239 2.92 1.274 1-5
me happier.

C8.Innovative products make my life ex- 239 2.34 1.184 1-5
iting and stimulating.

C9.1 find innovations that need a lot of 239 291 1.183 1-5

thinking intellectually challenging and
therefore I buy them instantly.

C10.I often buy new products that I con- 239 2.05 1.140 1-5
sider hard to use.
C11.People I know often consult me to 239 2.71 1.285 1-5

help choose the best innovative product

available on the market.

C12.People I know think it is important 239 2.32 1.234 1-5
that I like the product they buy.

2 variable frequency, percentages

As shown from the results above, some aspects do not fully satisfy the
above expectations and could justify some negative perceptions of wind farms.
In terms of ‘Complexity’ a low mean value scale (A1=2.53 and A2=1.94) is ob-
tained; Alternatively, ‘Performance’ and ‘Social risk’ show high mean values
such as A10=2.81 and A11=2.89, respectively. Risk averse consumers would, in
this case, negatively affect the perception of wind energy resulting an obstacle to
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its adoption and diffusion. It can be argued that ‘Performance’ and ‘Social risks’
would have differences among classes of innovation because a risk adverse be-
haviour is typical for laggards rather than for innovators. The relatively high
value of standard deviation would be support this assumption.

Wind energy would be perceived an efficient technology in terms of its
‘Compatibility’, ‘Trialability’, ‘Relative advantage’ and ‘Environmental friendli-
ness’. In particular, trialability is subject to a high standard deviation such that
potential differences among classes of innovators may arise.

‘Knowledge’ (A12-A15) about wind energy shows, on average, a low
mean scale value. This could probably support the negative perception of wind
energy.

Finally, communication channels would not seem as adequate as ex-
pected. Responses show a medium-low scale of awareness for wind energy. Sur-
prisingly, information through word of mouth would not benefit technology dif-
fusion as suggested by Rogers.

4.5.1.8Sample clustering with K-Means

To investigate innovator types of wind technology diffusion, the present
sub-section adopts a cluster analysis. Three motivations arise:

1. Cluster analysis is a useful tool to group the sample into classes of

adopters with similar attitudes for innovation.

2. Cluster analysis is a useful tool to uncover common characteristics

within groups.

3. Cluster analysis is an adequate tool to investigate latent variables af-

fecting groups.

A K-Means Clustering has been estimated to obtain the groups. K-Means
is useful for minimizing the distance within clusters and maximizing it between
clusters. With K-Means Clustering, adopters (or consumers) are split into dis-
jointed subsets, such that each adopter is member of one cluster only. Each cluster
is associated with a centroid such that each adopter is assigned to the cluster closest
to the centroid.
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The initial number of clusters is equal to 5 according to the classes of in-

novator types defined by Rogers (i.e. innovators, early adopters, early majority,

late majority, and laggards).

4.5.1.1. Analysis of clustering outputs

Table 28 reports the distribution of the final sample among clusters. In

particular, 57 adopters belong to the first cluster, 17 belong to the second cluster,
16 to the third cluster, 76 to the fourth cluster, while 50 adopters are part of the

fifth cluster.

Table 28 — Number of cases in each cluster, percentages.

Cluster

Valid
Missing

1

wn AW

24
17
7
32
21
2397
0

2 number of observations

In order to understand the features of the five clusters, a final cluster centers

analysis is carried out in Table 29.

Table 29 — Final cluster centers.

Dimensions of innovation

Cluster

3

Complexity Al
Complexity A2
Compatibility A3
Compatibility A4
Trialability A5
Trialability A6
Relative advantage A7
Relative advantage A8
Relative advantage A9

23
1,5
4,0
3,5
4,3
4,7
4,8
4,2
41

2,2
1,9
3,7
3,4
2,2
3,4
4,7
4,5
4,2

21
21
2,2
2,0
21
2,8
21
2,0
1,8

2,7
2,0
37
3.2
2.3
4,2
4,4
3,5
34

29
23
3,8
3,0
3,5
3,8
4,0
3,6
3,2
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Performance risk A10 24 24 24 3.2 3,2

Social risk A1l 2.9 2.9 2,3 2,9 3,1
Knowledge A12 3,4 1,8 2,2 1,7 3,1
Knowledge A13 3,0 1,4 2,3 1,4 28
Environmental friendliness Al14 4.1 43 22 38 33
Environmental friendliness A15 4.6 46 1,8 4,3 35
Communication channels B1 37 25 2.9 2.4 2.8
Communication channels sources 2.2 1,9 2.1 2,0 1,9
Timing of adoption C1 2.0 3,4 1,8 2,0 4,0
Timing of adoption C2 20 35 1,6 1,9 41
Timing of adoption C3 1,4 3.1 1,4 1,5 3,8
Timing of adoption C4 2.6 3,6 2,2 3,2 3,5
Timing of adoption C5 3.1 3.9 2.4 34 3,7
Timing of adoption C6 29 3.6 2.3 3,0 3,7
Timing of adoption C7 2.1 3,9 2,1 2,5 4,0
Timing of adoption C8 1,6 3,1 1,9 1,8 3,6
Timing of adoption C9 27 3,2 2.3 2,6 3,7
Timing of adoption C10 1,8 2.0 1,5 1,6 3,3
Timing of adoption C11 26 3,0 2.4 1,9 3,9
Timing of adoption C12 1,9 2.4 1,9 1,8 3,7

Cluster centers consist of centering each dimension of innovation scales by
averaging them within the cluster. This helps to understand the features of re-
spondents belonging to each cluster.

The first cluster includes the highest value for Compatibility, Trialability,
Knowledge and Communication; a high value of environmental friendliness; a
medium/ high value of relative advantage and social risk; a low value of complex-
ity, performance risk and timing of adoption. This cluster could be identified as
the ‘late majority’ of innovation.

The second cluster shows the highest value for relative advantages and en-
vironmental friendliness; a high value of compatibility and timing of adoption; a
medium value of trialability and social risk; a medium-low value of complexity; a
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low value of performance risk, communication channels and knowledge. This
cluster could be identified as the ‘early adopters’.

The third cluster has a high value of communication channels; a medium
value of knowledge; a low value of complexity and performance risk; the lowest
value for compatibility, trialability, relative advantage, social risk, environmental
friendliness and timing of adoption. This cluster could be defined as the ‘lag-
gards’.

The fourth cluster includes a high value of complexity, compatibility,
trialability, relative advantage, performance risk, social risk, environamental
friendliness; and a medium-low value of knowledge and timing of innovation. This
cluster could be considered as ‘early majority’.

Finally, the fifth cluster shows the highest value in terms of complexity,
trialability, social risk and timing of adoption; a high value of compatibility, per-
formance risk and knowledge; a medium value of relative advantage, environmen-
tal friendliness, and communication channels. This cluster could be representative
of the ‘innovators’.

Table 30 — Distances between cluster centres.

Early Late

Cluster Innovators Early adopters 7 o Laggards
majority majority

Innovators 4,284 6,265 6,334 7,860

Early adopters 4,284 4,069 5,305 7,613

Early majority 6,265 4,069 3,853 5,532

Late majority 6,334 5,305 3,853 6,916

Laggards 7,860 7,613 5,532 6,916

Table 30 illustrates the Euclidean distance between centroids of final clus-
ters. The higher the distance, the higher will be the dissimilarity across clusters.
The five clusters seem being distant from each other. As expected, the highest
distance is observed between the ‘Laggards’ and ‘Innovators’, while ‘Late major-
ity’ and ‘Early majority’ seem to be very close.

Finally, an ANOVA analysis in Table 31 indicates which dimension of in-
novation contributes more for cluster identification.

147



Table 31 — ANOVA estimated with K-Means clustering.

Cluster Error F Sig.
Mean df Mean df
Square Square
Complexity Al 5.321 4  1.146 234 4.642 0.001
Complexity A2 4.341 4 0926 234 4.687 0.001
Compatibility A3 10.188 4 1.190 234 8.561 0.000
Compatibility A4 7.597 4 1.215 234 6.254 0.000
Trialability A5 46.460 4 1.479 234 31.412 0.000
Trialability A6 18.229 4 1.517 234 12.015 0.000
Relative ad- 25.690 4 0.824 234 31.195 0.000
vantage A7
Relative ad- 21.743 4 1.019 234 21.338 0.000
vantage A8
Relative ad- 22.503 4 1.151 234 19.548 0.000
vantage A9
Performance risk  8.803 4 1.553 234 5.670 0.000
Al10
Social risk A11 1.766 4 1.568 234 1.127 0.345
Knowledge A12 33.740 4 1.087 234 31.032 0.000
Knowledge A13 30.511 4 1.054 234 28.960 0.000
Environmental 17.212 4 1.051 234 16.371 0.000
friendliness Al4
Environmental 33.114 4 0.782 234 42.335 0.000
friendliness A15
Communication 16.433 4 0.665 234 24.722 0.000
channels B1
Communication 0.972 4 0.175 234 5.546 0.000
channels sources
Timing of adop- 41.983 4 0994 234 42.246 0.000
tion C1
Timing of adop- 55.187 4 0967 234 57.064 0.000
tion C2
Timing of adop- 57.890 4  0.761 234 76.111 0.000
tion C3
Timing of adop- 11.200 4 1.326 234 8.444 0.000
tion C4
Timing of adop- 9.407 4 1.074 234 8.756 0.000
tion C5
Timing of adop- 9.236 4 1.083 234 8.528 0.000
tion C6
Timing of adop- 40.767 4 0954 234 42.729 0.000
tion C7
Timing of adop- 40.245 4 0.739 234 54.471 0.000
tion C8
Timing of adop- 14.082 4 1.183 234 11.904 0.000
tion C9
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Timing of adop- 27.429 4  0.853 234 32.143 0.000
tion C10

Timing of adop- 30.249 4  1.163 234 26.015 0.000
tion C11
Timing of adop- 33.812 4 0970 234 34.864 0.000
tion C12

The F tests should be used only for descriptive purposes because the clusters have been chosen
to maximize the differences among cases in different clusters. The observed significance lev-
els are not corrected for this and thus cannot be interpreted as tests of the hypothesis that the
cluster means are equal.

From the analysis of ANOVA in Table 31, ‘Timing of adoption’ and
‘Knowledge’ represent the two variables which are significantly associated to clus-
ters identification; These variables are followed by ‘Relative advantage’ and
‘Trialability’. ‘Social risks’, instead, appears a less influent variable for cluster
identification.

4.6. Chapter conclusions

The case study investigated for this Thesis supports a series of interesting
results in terms of wind energy perception and people’s attitudes for wind energy
technology, but also in terms of CEs application.

First, the use of the D-error in the experimental design reduces significantly
the error. This also implies a reduced sample size during survey analysis.

Second, the use of Honesty Priming Treatment is a valuable tool for mini-
mizing hypothetical bias during CEs.

Third, the case study highlights that the drivers of public preferences for
wind energy are cleanliness of the energy and acceptability of costs (i.e. mainte-
nance and operational).

However, social risks and issues related to wind energy are the main as-
pects emerging in the study of public opinion.

All aspects considered in CEs seem to affect a general perception of wind
energy, with the exception of information and dismantling issues, which are fac-
tors emerged during FGs. A mismatch between hypothetical and real world appli-

cations of wind energy emerges. For this reason, a certain degree of underesti-
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mated information arises. Similarly, the obtained results also revealed that the dis-
mantling issue and avifaunal impact are considered as minor aspects. This may be
explained by the relatively low bird mortality in the area under study, compared
to coal power plants.

Finally, given that wind energy is an increasingly dominant and innovative
product in the energy market, wind energy technology can be considered an inno-
vation compared to fossil fuel use.

For this reason, this chapter carried out an investigation about the inno-
vativeness characteristics of the sample. The analysis included the identification
of innovator types according to the definition of Rogers, as follows: innovators
(21%), early adopters (17%), early majority (32%), late majority (24%) and lag-
gards (7%).
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CHAPTER 5
DISCUSSION AND POLICY INDICATIONS

The present Chapter turns to answer the research questions and provides useful
insights for policy makers from the results previously presented.

Firstly, a description of current renewables energy market regulation at national
and regional level is presented, according to the directives of the European
Community. It follows a critical discussion and comparison of outcomes ob-
tained from the preliminary pilot studies and the final case study.

In addition, the present chapter critically discusses the obtained results in light
of the literature presented in the first chapter, and the research questions de-
scribed in the introductory part of the present Thesis.

Finally, the Chapter describes main international, European and regional energy
policies and suggests relevant insights to close the gap between bottom-up and
top-down policy implications to drive wind energy markets and public ac-

ceptance.

5.1. Market regulation of renewables

In Italy, renewable energy regulation has been adopted with Legislative
Decree (D.Lgs.) n.387/03, in reception of Directive 2001/77/EC. This legislative
decree becomes an important opportunity for coordination and rationalization of
rules and measures concerning the promotion of electricity produced from renew-
able sources.

D.Lgs. n.387/03 helped to create a clear and secure legal framework for
investments in the renewable sector, despite several delays due to bureaucratic
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reasons. A key issue includes the adoption of guidelines and procedures relative

to the localization of wind plants to limit potential damages to the landscape.

National guidelines — announced in the tenth paragraph of Art.12 — have

been issued after almost seven years from the entry into force of the D.Lgs. During

this period, regional provisional regulations have been adopted thus leaving stake-

holders’ needs difficult to coordinate. This un-harmonised system provided several

side-effects among operators in the sector.

To limit the side effects, D.Lgs. n.387/03 provided a series of rules with

the aim of promoting a greater contribution of renewable energy sources, among

which the following are particularly important:

Rationalization and simplification of authorization procedures (Art.
12). It provides a single authorization — issued by the region or by del-
egated provinces following a single procedure — issued within 180
days, in compliance with the principles of simplification and proce-
dures established by Law n.241/90. This procedure is applied to con-
struction and operation of electricity production plants powered by re-
newable sources (defined as being of public utility and urgent); modi-
fication works; upgrades, total or partial remaking and reactivation, as
well as related works and the necessary infrastructures needed for con-
struction and operation of plants.

Prohibition of providing compensation measures for regions and prov-
inces.

Location of plants for electricity production from renewable sources,
allowed also in agricultural areas.

Specific disciplines for specific categories of renewable sources.
Connection of plants to electricity grids. Art. 14 provides that the au-
thority issues regulations defining technical and economic conditions
for the supply of plants’ connection service powered by renewable
sources to power grids with a nominal voltage greater than 1 kW.

During the 2000s, further regulatory actions followed. In particular, Law

n.239/2004 provides for the reorganization of the energy sector according to three

main lines:
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1. Definition of State and Regional responsibilities according to the new
constitutional order outlined by Law n. 3/2001, amending Title V of
the Constitution;

2. Completion of market liberalization;

3. Increase in market efficiency.

With reference to the principles of EU law and international obligations in
the energy field, provisions for the energy sector are determined to ensure compe-
tition, benefits concerning civil and social rights, public safety, protection of the
environment and the ecosystem. These provisions ensure legal and economic unity
of the State and respect for regional and local autonomies, international treaties
and community legislation.

The evolution of Apulian regulatory system appears dynamic, due to the
importance of renewable sources in the region.

Resolution n.716 of May 31, 2005 titled ‘Procedure for the issue of author-
izations for plants construction and operation producing electricity from renewa-
ble sources’, promotes electricity production from renewable sources in the inter-
nal market and proposes to support a greater contribution, while ensuring a har-
monization of procedures for renewable energy production.

As for wind energy plants, Regional regulation n. 16 of April 4™, 2006
titled ‘Regulations for the construction of propellers in the Region’ introduces
‘Regulatory Plans for the installation of wind power plants’ (PRIE). PRIE estab-
lishes that each municipality should endow for >60 kW wind power plants — in the
case of a plant with more than one wind turbine; and for >1 MW wind power plants
in the case of a plant with a single wind turbine.

Art.4 of Regional regulation n. 16/2006 establishes that:

1. PRIE are aimed at identifying unsuitable areas or those areas in which
it is not allowed to locate wind turbines, in addition to those reported
in Art. 6 paragraph 3 of this Regulation;

2. For the purposes of simplifying the authorization procedures pursuant
to Art.12 D.P.R. 387/2003, municipal administrations should adopt
PRIE.
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As for the authorization process, the Deliberation of the Regional Council
of 23 January 2007, n. 35 titled ‘Procedure for issuing the Single Authorization
pursuant to Legislative Decree No. 387/2003 and for the adoption of the final au-
thorization provision for plants powered by renewable sources and related works,
as well as necessary infrastructures needed for construction and operation’ is
adopted. Attachment A, point 1 of the Deliberation titled “Purpose and applicabil-
ity, to letter a) and b)”, the regulation proposes to adopt national targets for the
diffusion of the electricity production from renewable sources. This regulation
supports, through the commitment undertaken by the Italian Government to the
Kyoto Protocol, the reduction of GHG emissions; favours an adequate establish-
ment of renewable energy plants in the territory of Apulia region; and promotes
sustainable development. Furthermore, as for the single authorization, it also de-
tails inclusion criteria and applicants' requirements.

In 2008, the Resolution of the Regional Council n. 1462 titled ‘Procedure
for issuing the authorization for the adoption of the final authorization provision
for wind power plants. Directives of the regional procedures in the activities aimed
at issuing the single authorizations for implementation of wind power plants’ in-
cludes the approval of regulations to improve the harmonization of regional pro-
cedures aimed at issuing authorizations for the construction of wind energy plants.

Following the above Resolution, the Management determination of Janu-
ary 3rd, 2011, n.l titled ‘Single Authorization pursuant to Art.12 of
D.Lgs.387/2003 — DGR n. 3029 of 30.12.2010° — Approval of the ‘Technical In-
structions for the computerization of the documentation supplied with the Single
Authorization’ and the ‘Telematic Procedure Guidelines’” aims at digitalizing the
authorization procedure.

All wind plants overcoming the limit of 60kW — as set in Table A, Annex
n.1 of the D.Lgs. n.387 / 2003 — can be installed and operate following the issue
of the Single Authorization. This authorization indicates an Environmental Impact
Assessment (EIA) for wind plants with more than 1 MW power.

In 2005, the Ministry of Economic Development, together with the Minis-
try of Environment, Territory and Sea Protection issued the Decree titled ‘Updat-
ing the directives for the incentive of energy produced from renewable sources
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pursuant to Art. 11, paragraph 5, of D.Lgs. 79/1999’ that — in the abrogation of the
Ministerial Decree 11/11/1999 and 18/03/2002 — decreed new provisions for the
qualification of renewable source plants (IAFR qualification) and the issue of
green certificates.

The IAFR qualification is ruled by the Ministerial Decree 18/12/2008. It is
a prerequisite to obtain green certificates or access to the feed-in tariff.

Finally, the 2007 financial law postulated that, starting from 1/1/2007, pub-
lic spending and incentives promoting renewable energy sources can only be

granted for the production of electricity produced from renewable energy sources.

5.2. Discussion of results and policy indications

For several years, renewable energy sources (RES) have played a leading
role in Italy. The GSE Statistical Report (GSE 2016) provides a complete and of-
ficial statistical framework on the dissemination and use of these sources in Italy.
Data are updated to 2015. Main data are also sent to the Statistical Office of the
European Commission (Eurostat) and to the International Energy Agency (IEA),
for statistical purposes and monitoring energy consumption targets from RES to
2020 set by Directive 2009/28 /EC and the National Action Plan for Renewable
Energy (PAN).

According to the most recent reports of the IEA, future implementation of
RES will continue to increase worldwide (IEA 2017) . However, this trend also
depends by exogenous factors such as overall energy consumption, the interna-
tional context, as well as policy strategies.

The integration of economic, environmental and social concerns into pol-
icy making is a hall-mark of the sustainability approach (Assefa and Frostell
2007), though this theoretical construct to date has been targeted, to some extent,
to energy policy.

Considering the above, the obtained results of the present Thesis support
the above dimensions into policy-making suggestions. The Sixth Environmental
Action Programme titled ‘Environment 2010: Our Future, Our Choice’ — called
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for a deepening of environmental policy integration, which should fully assess all
Commission policy initiatives with greater use of environmental indicators and
best benchmarking practice. The Seventh Environmental Action Programme titled
‘Living well, within the limits of our planet’ — helps guiding EU action on envi-
ronment and climate change up to and beyond 2020 as follows:

“In 2050, we live well, within the planet’s ecological limits. Our prosper-
ity and healthy environment stem from an innovative, circular economy where
nothing is wasted and where natural resources are managed sustainably, and bi-
odiversity is protected, valued and restored in ways that enhance our society’s
resilience. Our low-carbon growth has long been decoupled from resource use,

setting the pace for a safe and sustainable global society”.

In recent years, as discussed in the previous Section, concerns over climate
change, diversification of energy sources and security of energy supply have led
to policy reforms containing measures of environmental policy integration and
liberalization. At the same time, these reforms concerned energy supply rather
than energy demand, thus re-addressing supply rather than use; and dealt more
with the economic rather than social side of the sustainable development defini-
tion.

Wind energy is the most advanced technology providing green electricity
in several EU member states, including Italy (IEA 2017). To achieve renewable
targets, governments need to get full information on social preferences in order
implement adequate and efficient policy instruments.

The obtained results of the present Thesis reveal a certain degree of con-
troversy about public acceptance of wind energy. In general, wind energy would
be preferred to fossil fuels because of a relevant perception of current energy mar-
ket risks. At the same time, there exists a common perception about issues and
benefits of wind energy in the context of Apulia region. However, differences in
resident perception would result in terms of location of wind farms. This would
support the emotional (i.e. the sentiment) attitude of residents to their territory
(Jobert et al. 2007; Enevoldsen & Sovacool 2016).
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Aesthetical impact of wind farms would be considered a minor factor com-
pared to other issues proposed in the study. This trend is confirmed both in pilot
studies results and the final case study. Therefore, it contrasts the majority of lit-
erature (Strazzera et al. 2012; Sunak & Madlener 2016).

Local communities would care most about economic aspects and techno-
logical efficiency of wind farms rather than other aspects; and starve to achieve
more information about social benefits. This result is also supported by Szarka
(2006).

The adoption of turbines of modern technology could address or re-address
current functional efficiency and reduce wind energy risks. It is shown that the
higher people’s perception of turbine colour and dimension, maintenance and im-
plementation impacts as well as profit and disinformation, the higher the im-
portance of location.

This result may suggest a major attention of people living nearby a wind
farm to attributes that are strictly linked to the territory and the interest of citizens.
The assessment of functional efficiency and wind farm location is a primary issue
in order to preserve the identity of the territory and promote innovation and sus-
tainable initiatives to local communities. Considering the high concentration of
innovators and early adopters, wind energy would have the ground for success.

Of course, the main focus of wind energy policy should be targeted to in-
vestments in new capacity, despite this suggests a ‘productivist’ view of energy
policy purpose. Yet, this aim drives the promotion of technological progress, re-
ductions of costs and energy prices, and thus social acceptance.

Szarka (2006) defines two main alternatives to achieve increasing produc-
tion capacity such as price-based (i.e. feed-in tariffs) and quota-based policies (i.e.
renewable portfolio standards). The former (also named as REFIT) guarantees to
all targeted suppliers a price per kilowatt. The latter (also named as RPS) requires
that a specific amount of national energy, the ‘quota’, comes from renewable
sources, thus providing market certification mechanisms reaching that quota.

Rickerson (2002) and Meyer (2003) argue that REFIT mechanisms would
provide stronger capacity growth of wind power. In contrast, RPS would contrib-
ute less to reach the desired expansion of wind energy. Other studies (Haas et al.
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2004; Lauber 2004; Sawin 2004) indicate different outcomes from different con-
texts and argue that a policy mix should evolve parallel to technological develop-
ments and reduction of production costs. This aspect would suggest a first policy

indication.

Policy Implication 1: In order to support the adoption of more efficient
turbines employing the latest technology, a simplification of the bureau-
cracy is advised in terms of current approval procedures and time for the
implementation of a wind project. Furthermore, preliminary valuation
studies, including the use of non-market evaluation tools, as well as moni-
toring, market feasibility plans and detailed environmental impact assess-
ment should be required.

An interesting aspect of case study results is public acceptance of wind
energy in terms of willingness to accept social costs. In particular, the costs at-
tributed to maintenance, implementation and dismantling are significantly less im-
portant compared to profits. This means that users are willing to accept such costs
if they could rely on an adequate economic incentive. In addition, CE results high-
light that public preference on wind energy is due because this renewable source
is perceived clean, and with acceptable costs such as bill savings. This aspect
would suggest the following second policy indication.

Policy Implication 2: An energy cost reduction scheme should be pro-
vided for those Municipalities hosting a wind farm. This reduction scheme
could be proportional to the amount of wind energy consumption used to
replace fossil fuel energy use. This would create a direct economic benefit
for citizens providing further positive effects to the local community. Also,
an adoption of ‘advanced renewable tariffs’ offering stepped and digres-
sive rates for a specific location, and compensating measures for wind re-
gimes and technological improvements of turbines should be taken into

account.
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Some examples of ‘advanced renewable tariffs’ are adopted in Germany,
France and Spain (Chabot 2001). These measures set tariffs at levels that are fair
and efficient overcoming excessive prices and undue profits.

Risks and issues related to wind energy are the main aspects emerging from
public perception. Following the positive attitude to innovation and wind energy
of Apulian people to help energy market de-carbonization, the above policy indi-
cation could represent a starting point for a more efficient wind energy diffusion.

A high level of misinformation emerged from all studies undermining pub-
lic opinion with negative perceptions of wind energy projects.

Similarly, the lack of information contributes to a critical attitude of con-
sumers judging the effectiveness of wind power, which, in several cases, leads to
an obstructive behaviour of the public. Nevertheless, participants to FGs have
shown a positive and proactive general perception of wind developments provided
that wind project management is transparent, contributes to the distribution of col-
lective benefits and determines a careful environmental assessment. The obtained
results are supported by the outcomes of the FG discussion and the international
literature (Cohen, 2014; Caporale and De Lucia, 2015; Enevoldsen, 2016).

Mistrust for policy makers and stakeholders is an issue widely argued dur-
ing FGs. This result also appears in accordance with global rankings in the case of
AHP analysis. Users generally emphasise the lack of transparency of institutions.
This aspect seems to arise doubts of fairness, honesty and self-interest and con-
tributes to a negative public perception of wind energy, as also discussed by Stigka
et al. (2014) and Enevoldsen and Sovacool (2016).

Policy analysis of ‘innovation systems’ could be useful to identify an opti-
mal policy approach in relation to different requirements due to market innovation
stages. Foxon et al. (2005) developed a multidimensional approach considering
three stages: pre-commercial (including R&D and demonstration facilities); sup-
ported commercial (including the so-called near-market); and commercial (rela-
tive to the maturity stage). Also, Foxon’s approach helps to identify and fix system
failure along the innovation chain.

Bergek and Jacobsson (2003) explain the success of the German wind en-
ergy policy by purposing a combination of its four-strand approach. Firstly, in the
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R&D phase a policy encouraging the adoption of technological variety of wind
turbines is necessary. Secondly, in later phases, policies should encourage market
creation and development bringing the attention of inventors to the wind energy
market. Thirdly, industrial policy strategies would also be relevant in this context.
Finally, energy policies should favour and encourage social legitimacy of wind
energy.

Based on the above, a third policy indication could be suggested from the
obtained results.

Policy Indication 3: Citizens’ participation and dissemination of infor-
mation among the public could re-address bottom-up knowledge towards
wind farms. To overcome the NIMBY phenomenon, local community
would need to have adequate information on social costs and benefits of
each wind energy project that the decision maker plans to implement on
the territory. Furthermore, the generation of local economic benefits for the
territory would create additional motivations to support sustainable devel-
opment initiatives.

Institutional capacity is also relevant for policy ambition and success. Le-
gitimacy and visions belong to a process of cumulative causation comprised by
institutional change, market formation and strengthening of coalitions.

Generally, participants to FGs consider environmental attributes such as
decarbonisation and/or green energy one of the main factors affecting wind energy
developments. The case study revealed that CO; savings would be considered an
important attribute compared to other aspects. Instead, avifaunal impact would not
seem to influence negatively wind perception as expected. This aspect contrasts
the current literature arguing on perceived risks in the ecosystem (Dai et al. 2015;
Masden & Cook 2016). Dismantling impact appears among the top five factors
against wind energy developments in the AHP valuations and participants to FGs
were particularly active to discuss this aspect. It emerged that a lack of information
and regulation on ‘who has the right’ to invoke the dismantling of turbines heavily
affect public acceptance to wind energy.
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However, dismantling issues became a secondary aspect in CE. A relevant
difference would arise between what people declare and their choice behaviour.
This difference is significant and mostly relating to environmental impacts as al-
ready argued by Caporale and De Lucia (2015).

Protest groups against wind energy usually contrast the view that wind en-
ergy entails economic, social and environmental costs. While the attention of pol-
icy makers seems shifted to internalise economic costs; other costs, such as envi-
ronmental and social costs, have received less attention.

Based on the above considerations, a fourth policy indication can be ad-

dressed:

Policy Indication 4: Awareness of people of environmental issues should
be carefully addressed. First, communities should be aware on major ben-
efits of wind energy (as well as other renewable sources) in terms of pol-
lution reduction and improved environmental quality; and second, commu-
nities should be aware about current procedures for restoring local ecosys-
tems during the building stage of wind farms, as well as procedures for
recycling and/or upgrading turbines. In support of the above advices an
emphasis should be placed on education activities through developing new
undergraduate, graduate and postgraduate curricula throughout Apulia re-
gion. Furthermore, a support from the energy and industrial sector is also
advised to guarantee the formation of adequate expertise between aca-

demia and industry.
5.3. Chapter conclusions

This Chapter has explained the main findings of the present Thesis. The
obtained results have been investigated in the light of the research questions pro-
vided in the introductory section. These questions deepen wind energy perception
considering potential wind energy risks, individual attitudes to innovate, and the

overcome of hypothetical bias in SP.
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The implementation of Honesty Treatment helps to overcome hypothetical
bias in stated preferences.

Potential risks linked to the perception of wind energy affect social ac-
ceptance but seem less relevant to the risks attributed to fossil fuels.

Economic aspects, mostly defined in terms of benefits, significantly affect
wind choice behaviour, rather than environmental and aesthetical impacts.

Wind power plants are considered an innovative technology, in relation
to fossil fuels power plants, and present several potentials in terms of the ‘innova-
tion attitude’ of the sample. In particular, people would be risk takers and this could
favour the adoption of efficient wind energy developments overcoming current
risks.

To conclude, a bottom-up policy insight would consider enhancing com-

munity acceptance and pro-active participation:

1. Participation through decision making (i.e. community actions for
planning wind farm projects);

2. Local community benefits (i.e. profit and investment sharing on local
projects);

3. Information and incentives to local energy consumption (i.e. wind en-
ergy promptly available at reduced costs to locals);

4. Environmental regeneration (i.e. improving ecological quality of
nearby lands using profits from wind farms).
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CONCLUSIONS

In order to reach the aim of understanding preferences of public acceptance
for on shore wind energy attributes and their incidence on public well-being, the
objectives of this Thesis, as outlined in the Introduction, are:

1. To use Choice Experiments to understand public perception of wind
energy attributes;

2. To investigate the efficiency of Honesty Priming Tasks to mitigate hy-
pothetical bias in Choice Experiments;

3. To understand consumers’ attitude to innovate.

Chapter 1 reviewed the literature background on wind energy. The review
was performed by looking at the different facets of perception and psycho-social
characteristics affecting social acceptance of wind energy, and examining general
impacts and issues discussed in the literature.

Social perception is based on evaluation of public or social acceptance ac-
cording to three dimensions: socio-political acceptance; community acceptance
and market acceptance.

Furthermore, specific determinants affect social acceptance, such as per-
sonal, psychological, and contextual factors. An effect of these determinants is the
NIMBY phenomenon, which is one of the main causes of social conflicts and eco-
nomic losses in terms of wind energy.

The chapter also provided a detailed understanding on the following indi-
vidual attributes which are generally used to calibrate case studies: aesthetic im-
pact, environmental sustainability, economic sustainability, functional efficiency,

noisiness, and inadequacy of institutions.
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In Chapter 2, the use of stated choice methods under a theoretical and applied point
of view was widely discussed.

In particular, the Theory of Value explained the foundations of non-market
good valuation. Also, stated preference models were described as useful tools to
analyse changes in individuals’ well-being from public good consumption. Ran-
dom utility models and utility maximization represented the conceptual frame-
work to investigate choice and ranking in SCM applications. Stated preferences
models generally assess the value of non-market goods by using individuals’
stated behaviuor in a hypothetical setting.

The hypothetical task was built through the use of a Choice Experiments
(CEs) approach. Preference analysis and price estimation of attributes, as defined
in a multi-value space through CEs, could present more complexity. The complex
model of valuation through a choice modelling approach has the potential for suc-
cess in situations in which practical issues limit CV. People are asked to choose
their preferred alternative within a set of two or more alternatives and among dif-
ferent choice sets. Alternatives are different in relation to a combination of attrib-
ute levels and across attributes. The model helps to investigate how people change
their preferences in relation to the change occurred in attribute levels and deter-
mine variations of people’s well-being. Furthermore, some supporting techniques
to CEs were introduced, such as Focus Groups, survey distortion reductions, and

innovativeness scales.

Chapter 3 illustrated pilot studies to retrieve useful preliminary results in
terms of wind energy attributes. Results from a desk analysis of wind energy mar-
ket at national and regional level justified the choice of Apulia region as the area
under study.

The first pilot survey conducted a general examination of attributes per-
ception. NIMBY phenomenon was supported by survey analysis results, whereas
economic aspects and technological efficiency, rather than environmental aspects,
were considered.

With the objective of identifying latent issue affecting wind energy percep-
tion, two Focus Groups were implemented. The text-mining analysis and AHP

164



results suggested the inclusion of positive effects of wind energy production on air
pollution and the importance of faunal and dismantling impacts. Moreover, FGs
supported the importance of other attributes included in the final survey such as:
visual impact, amount of energy production, CO; savings, faunal impact (i.e. num-
ber of birds killed), costs, savings in the energy bill, dismantling and information.

Chapter 4 described the final survey submitted to a random sample of the
population of Apulia region.

The objectives of the case study addressed the understanding of public at-
titudes towards fossil fuels and wind energy, as well as existing trade-offs between
all factors (pros and cons) of a wind energy installation.

Survey results provided a series of interesting insights in terms of correla-
tion among knowledge, risks and wind perception. The study filled the literature
gap in terms of estimated attitudes between perceived risks and territorial impact
of wind energy.

The construction of CEs for the case under study followed the following
steps: (1) Construction of an orthogonal design with attributes and attribute levels
according to current literature and previous studies; (i1) Pilot CEs; iii. Use of MNL
logit regressions from pilot CEs; (iv) Use of priors to estimate utility functions and
D-efficient design; (v) A final survey with CEs.

Results suggested that the use of a D-error in the experimental design sig-
nificantly reduces the error and minimizes the sample size.

Furthermore, hypothetical bias was checked through the Honesty Priming
Treatment. Results suggested a positive effect of HHP treatment before CEs.

The main drivers of public acceptance for wind energy were CO> savings
and costs (i.e. maintenance and operational). Considering the positive signs of the
estimated coefficients for the above attributes, respondents should be considered
risk taker. This result would contrast the assumptions behind the Prospect Theory.

Social risks and issues related to wind energy were the main aspects emerg-
ing from the case study. All aspects considered in CEs seemed to affect a general
perception of wind energy, with the exception of information and dismantling is-
sues, which were factors emerged during Focus Groups. Similarly, the dismantling
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issue and avifaunal impact were considered minor aspects. This may be explained
by the relatively low bird mortality in the area under study, compared to coal
power plants.

Wind energy was considered an innovative technology compared to fossil
fuels technology. The diffusion of innovation was investigated according to Rog-
ers theory. Results suggested a risk taker attitude of respondents, once again in
contrast with the Kahneman’s theory.

Chapter 5 provided a critical assessment of the main findings. The obtained
results were explored in the light of the research questions advocated in this The-
sis’ work. Relevant policy indications were suggested to overcome the literature
gap concerning public acceptance of wind energy.

6.1. Limitations and future perspectives

Wind energy is generally considered a cleaner alternative to conventional
energy sources. However, local residents generally present an obstructive behavior
for wind farm developments close by where they live. In order to turn negative
feelings into positive perceptions, all issues argued in the present Thesis should be
considered during the design and development phases of a wind farm.

A positive perception of local residents may be encouraged promoting
community participation and information initiatives. In particular, Dai et al. (2015)
suggest working together to seek solutions to impact issues.

Advance of technology and adoption of more recent wind turbines will also
improve functional efficiency and environmental sustainability, if supported by
adequate governmental strategies and local plans.

The assumptions suggested by current literature find support through an
investigation of Stated Preference of people living in Apulia region, which is rep-
resentative of national wind energy production. Nonetheless, a comparison with
other Italian regions which are less representative of wind energy production at

national level could be further addressed in future studies.
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The use of Choice Experiments was the core of the present Thesis. How-
ever, preference analysis and price estimation of attributes, as defined in a multi-
value space through CEs, may present more complexity. CEs application presents
a series of advantages, such as the possibility of product disaggregation into dif-
ferent value attributes; avoiding part-whole bias issues; inclusion of monetary
measure as implicit element; modelling non-collinear attributes; modelling a large
number of parameters estimation using D-error method; stimulus control subject
to respondents; evaluation of marginal variations in hypothetical multi-dimen-
sional scenarios; implementation of a multi-dimensional, multi-attribute and
multi-value scenarios survey.

The investigation of wind energy preferences is restricted to the analysis
of hypothetical market. As a consequence, limitations also appear for the imple-
mentation of CEs. Firstly, the complexity of a well-defined market limits the al-
ternatives offered in the choice sets. Secondly, the investigation to set a well-de-
fined market could be expensive and time-consuming, particularly for the survey
design, survey management, and data collection (Jacquement et al. 2011; de-Mag-
istris et al. 2013; Jacquement et al. 2013).

Due to these difficulties, an ex-ante calibration method, such as the Hon-
esty Priming Treatment, was performed in the hypothetical CE to mitigate the hy-
pothetical bias. Therefore, the obtained results indicate the inadequacy of methods
for hypothetical bias mitigation. However, a further improvement that may be
made on this work is to consider different types of treatments, such as the neutral
treatment (NT) (de-Magistris et al. 2013) in order to proceed with a comparison
of results between HPT and NT methods. By doing so, the effect of each treatment
on hypothetical bias can be defined, and the use of an adequate treatment can be
determined according to the hypothetical context under study. Thus, an interesting
contribution to further developments of priming treatment use with CEs in the field
of social acceptance of wind energy as well as other fields arises in the next future.

Also, a further extension of the present Thesis is to consider, as alternative
to the Probability Theory, the theoretical insight of the Possibility Theory pro-
posed by Zadeh (1978). This theory is part of the mathematical fuzzy measure
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theory introduced by Choquet in 1953 and suggests to use measures such as plau-
sibility and belief measures, as well as fuzzy set membership functions to risk as-
sessment and uncertainty studies. The main peculiarity of the Possibility Theory
is that it handles incomplete information and quantifies the meaning of an event.
Based on this view, and considering Klir and Parviz’s (1992) argument that neither
of theories ‘is weaker or stronger than the other”, future perspectives of the present
Thesis can be investigated through the use of fuzzy measures by providing an ad-
equate setting of the case study.

Finally, the use of innovativeness scales helped the present Thesis to in-
vestigate heterogeneity within the sample. In addition, to reduce the error term due
to missing information on potential other attributes, the use of Focus Groups and
preliminary pilot surveys was taken into account for a deeper investigation of pub-
lic acceptance.

Future works should consider an investigation of wind energy perception
in areas with low diffusion of wind power plants. A cross-country comparative
analysis can be further suggested between low and high-diffusion areas of wind
power plants to address the NIMBY phenomenon on public acceptance.

Finally, an extension to current work should also examine public ac-
ceptance to other renewable sources and investigate latent issues, which arise in
perception studies and help policy makers with setting efficient energy mix poli-
cies.
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NOTES

I“WTP is the maximum sum of money that an individual is willing to pay rather
than do without an increase in some good (i.e. the environmental amenity).

2 WAC is the minimum sum of money that an individual is required to voluntarily
forgo an improvement that otherwise would be experienced.

3 The error is independent and identically distributed if each random variable has
the same probability distribution as the others and all are mutually independent.

% Contingent valuation methods belong to Conjoint/Choice Models (including
contingent ranking, contingent rating and paired comparisons). These methods
valuate a non-market good with given attributes and the partial utilities deriving
from each attribute (Mazzanti & Montini 2001; Scarpa et al. 2005).
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APPENDIX

Table Al

Correlation matrix of attributes affecting wind farm social acceptance.
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