Sustainability 2015, 7, 11909-11932; doi:10.3390/su70911909

sustainability

ISSN 2071-1050
www.mdpi.com/journal/sustainability

Article

Assessing the Determinants of Renewable Electricity
Acceptance Integrating Meta-Analysis Regression and
a Local Comprehensive Survey

Simona Bigerna and Paolo Polinori *

Department of Economics, University of Perugia, Via A. Pascoli n. 20, 06123 Perugia, Italy;
E-Mail: simona.bigerna@unipg.it

*  Author to whom correspondence should be addressed; E-Mail: paolo.polinori@unipg.it;
Tel.: +39-075-585-5002; Fax: +39-075-585-5299.

Academic Editor: Arnulf Jager-Waldau

Received: 27 May 2015 / Accepted: 21 August 2015 / Published: 27 August 2015

Abstract: In dealing with renewable electricity (RE), individuals are involved both as
end-consumers on the demand side and as stakeholders (citizens) in the local production
process on the supply side. Empirical evidence shows that in many countries, consumers are
willing to pay a significant amount to facilitate adoption of RE. By contrast, environmental
externalities are often the cause of strong opposition to RE adoption if local communities are
involved as stakeholders in wind, solar or biomass investment projects. Looking at the
literature on willingness to pay and on willingness to accept, we have investigated RE
acceptance mechanisms. First, we have used the meta-analysis to assess the major determinants
of RE acceptance on both demand and supply sides. Meta-analysis has provided some insights
useful for managing field research on an onshore wind farm enlargement project located in
the Umbria region. Meta-analysis and survey results confirm that the local community plays
a central role in local RE acceptance. Furthermore, people who have previous experience
with windmills require less compensation, or are willing to pay more, for RE development.
Results suggest that these attributes should be included in future research to improve
understanding of determinants of RE acceptance.
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1. Introduction

Climate change has become a scientific problem of global interest in the 21st century [1]. Today, the
consequences of the use of fossil energy are seen from a different perspective because the issues related
to climate change are evident worldwide. Thus, climate change and resource depletion are real problems
to be addressed for the welfare of society. In this context, renewable electricity (RE) is essential to reduce
polluting emissions, even if it can produce a range of environmental effects that might be detrimental to
human activities, as attested by the “Not In My Back Yard” (Nimby) syndrome. [2]. This is because the
infrastructure-siting process is usually characterized by different pros and cons for the local community,
and, often, negative environmental externalities cause a strong opposition to RE diffusion. Nevertheless,
empirical evidence also shows that in many countries, individuals are willing to pay to support RE. These
results seem to suggest that individuals demonstrate different behavior according to the role they take
on. As stakeholders, on the supply side, they are more affected by local negative externalities, while as
consumers, on the demand side, they are more affected by global positive externalities due to RE.

In this paper, we survey existing literature related to RE adoption, taking into account this double role
played by individuals. We have addressed an important area of the economic analysis by investigating
the literature on willingness to pay (WTP) and the willingness to accept (WTA) related to RE. Consequently,
we have analyzed the relationship between RE, consumers and citizens, focusing on the literature related
to demand and supply. We have surveyed research evaluating both attitude of consumers towards RE
use and likelihood of citizens’ acceptance of new RE investment projects.

In particular, on the demand side, we have analyzed WTP for RE use. We want to stress that we have
not considered “labeled green electricity” such as in Ek and S6derholm [3] or “green power products”
such as in Wiistenhagen et al. [4]. In surveyed studies, authors have investigated a stated intention to
purchase a generic RE. In other words, respondents are generally asked if they want voluntarily to
contribute to RE development by purchasing more RE. In this context, we have focused on the main
determinants of respondents’ choices.

On the supply side, we have considered studies that use a contingent valuation (CV) method and
choice experiment (CE) to evaluate acceptance of green investment programs in the energy sector. We
have focused on the local community reaction in terms of opposition to and acceptance of investment
projects pointing out the main determinants of project outcomes.

The paper, therefore, is not about how to reconcile consumers’ and citizens’ behaviors; rather,
it explores the main determinants of people’s behavior for a better understanding of the preferences
involved in the double role considered.

The method used is mixed. First, we have analyzed related literature by meta-analysis regression,
then, using results obtained by meta-analysis, we have conducted a preliminary survey assessing perceived
net benefits associated with an onshore wind farm enlargement project in the Umbria region.

The general aim of this paper is to better understand the mechanisms related to RE acceptance.
In detail, we expected to build our knowledge and understanding on three fronts. First, we jointly
investigate consumers’ and citizens’ attitudes towards RE, allowing a better understanding of whether
common determinants exist in the acceptance process. Second, we deeply analyze local community
characteristics focusing on collective dimensions such as “sense of place” or “place attachment” that are
important psychological and emotional determinants. Third, we assess how day-to-day experience with
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windmills, which were erected in 1990 in this region, affected local community attitudes toward new
wind projects. All these points have been rarely investigated in the literature so we deem that our results
can improve knowledge on the determinants of RE. Finally, we also discuss conclusions that can be
drawn from the Umbria case for RE sector development.

The paper is organized as follows. In Section 2, we briefly discuss methods used, presenting the
related literature. The method is applied in Section 3 and obtained results are discussed. Section 4
presents our conclusions and possible insights for the RE sector.

2. Method

The meta-analysis is a useful tool for comparison and synthesis of various studies and research.
In the social sciences, and especially in behavioral studies, the meta-analysis is useful because it allows
for the comparison of similar results, given the semi-controlled nature of the experiments that are
conducted in these fields [5]. The meta-analysis consists of a series of techniques that allow researchers
to generate more information through a synthesis, and interpretation keys, starting from primary sources
that make up the body of knowledge available.

The work can be divided into four phases. In the first phase, we proceed to examine and catalog the
primary sources according to the criteria specified above. In the second phase, we specify the research
questions that can help to advance the degree of knowledge according to the aim of this paper. In the
third phase, we have regressed the primary information using the meta-analysis approach. Insights from
meta-regression results have been used in the local survey that we have conducted on the enlargement
project of the existing windmill in a central area in Umbria.

In this way, we have combined two methods, meta-analysis, that is quantitative, and a qualitative
comprehensive local survey. This is a hybrid design approach [6] that allows us to capture both qualitative
and quantitative aspects of our research question.

2.1. Related Literature

The meta-analysis can be defined as “the study of studies” [7] because it uses a wide range of individual
publications (primary sources) in order to integrate and summarize literature results [8].

In this section, we present existing literature that led us to formulate our research questions. To do
this, we clarify criteria used to reduce existing heterogeneity, then we present relevant topics for our case
study and, finally, we formalize our research questions contextualizing them within the current literature.

2.1.1. Criteria Selection

An overview of the primary studies used in the meta-analysis is provided in this section. We have
collected several papers related to RE acceptance according to the double perspective described in
the introduction. The incongruence between the RE demand and supply side has been underlined,
among others, by Groothuis et al. [9] and Ek and Matti, [10]. Nevertheless, the majority of the reviewed
papers deal with only one out two perspectives. Consequently, they are characterized by high
heterogeneity. In line with Nelson and Kennedy [11], we examined the literature in terms of factual and
methodological heterogeneity.
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Factual heterogeneity is related to some main characteristics such as type of respondents, type of
infrastructure or site characteristics, localization, context and period of investigation. Methodological
heterogeneity concerns the study design adopted such as the survey method used, information collected,
type of data and econometric technique.

In the case of RE studies, the first kind of heterogeneity is usually represented by variables related
to three main categories of determinants: (a) type of respondents; (b) institutional and contextual
conditions; and (c) project and service characteristics. Type of respondent can be an individual, such as
Alvarez-Farizo and Hanley [12], Batley ef al. [13,14], Bergmann et al. [15], Borchers et al. [16],
Botetzagias et al. [17], Byrnes et al. [18], Ek and Matti [10]; Goett et al. [19], Groothuis et al. [9],
Hanemann et al. [20], Hansla et al. [21], Koundouri ef al. [22], Meyerhoff et al. [23], Meyerhoff [24],
Mirasgedis et al. [25], Strazzera et al. [26] and Zhang and Wu [27]; the head of family [28] or the
homeowner [29] but scholars often refer to the “family” as a “unified” research unit, such as Bigerna
and Polinori [30,31], Bollino [32], Dimitropoulos and Kontoleon [33], Grosche and Schroder [34],
Kim et al. [35], Ivanova [36,37], Nomura and Akay [38] and Zori¢ and Hrovatin [39].

The use of the family in the economic research is an open research question. Casimir and Tobi [40]
have highlighted that rarely a theoretical or operational definition of the concept of household is provided.
Consequently, we have preferred to disregard this aspect, focusing on studies in which the respondent is
an individual or the household is treated as a single unit.

Nevertheless, since the seminal papers of Portney [41], Blamey et al. [42] and Sagoff [43], it is well
known that another important source of heterogeneity is related to the respondents according to the
consumers vs. citizens’ dilemma.

By referring to the topic of this paper, Huijts et al. [44] have underlined the importance of the
consumers vs. citizens’ dilemma. They have investigated this dilemma in terms of energy technology
acceptability distinguishing between citizen and consumer acceptance [44] (p. 526): in the first case,
preferences are concerned with “siting decisions”, while, in the second one, respondents are mainly
asked to purchase preexisting technology services.

In this paper, we have used this distinction that primary reflects the differences between the two groups
of papers (demand vs. supply side) even if one distinction exists within the demand side group [14].

Characteristics related to the respondents are numerous. Apart from characteristics such as age,
gender, education, environmental or cultural membership and political attitude, we have also found a
study that has analyzed both attitude vs. several types of environmental risks and peculiar aspects
associated with history of the respondents and his/her family. In particular, we have taken into account
how long the interviewee and his/her ancestors have lived in the area because this characteristic affects
WTP and WTA. Furthermore, empirical evidences confirm that newcomers generally differ from
long-term residents in terms of RE acceptance [45].

The second category refers to the scenario proposed in the empirical analysis. Several reviewed papers
proposed a policy scenario, incorporating clear environmental targets, such as Batley et al. [13,14],
Bergmann et al. [15], Bigerna and Polinori [30,31], Bollino [32], Grosche and Schrdéder [34],
Kim et al. [35], Koundouri et al. [22], Ivanova [36,37] and Yoo and Kwak [28].

Almost all of the authors have considered CO2 emission reductions as a result of changes proposed
in the studies even if it is puzzling to compare the environmental impact of different renewable energy
sources (RES), recent harmonized results seem to confirm that wind power emerged as the RES with the
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lowest impact [46]. Only in a few cases [10,15] were additional job opportunities considered. A subgroup
of papers [12,15,23,24,45] have focused on the visual impact of windmills in value areas trying to
explain the main determinants of the acceptance (or of the oppositions), while other papers simply
consider the economic constraints to the RE development, especially on the demand side. Other
important characteristics refer to the impact on the fauna and landscape; however, the Nimby syndrome
is the main issue considered in the literature.

According to Wolsink [2] (p. 57), considering project characteristics such as location is important
in order to distinguish among different types of Nimby syndromes. Several authors have dealt with
this crucial aspect—see, among others, Navrud and Braten [47]—also trying to quantify the impact of
the institutional factor and/or the role of the local community’s attitude towards windmills. Other authors
have extensively investigated the local community, focusing on social relations and on residents’
attachment to the territory.

Finally, important characteristics can be connected to the type of goods under evaluation. On the
demand side, the main characteristic considered is related to the energy mix used in RE generation—
see, among others, Borchers et al. [16], Goett et al. [19], and Kim et al. [35]—if a generic RE is not
proposed. More varied is the literature on the supply side. Characteristics involved are related to the
localization of the windmills [15,26]; tail of the towers and their numbers are also important
characteristics [23,24] both related with the wind farm size. In some cases, type of camouflage is also
considered [45] as is institutions involved in realization and management of the project and/or of the
wind turbines [26].

Methodological heterogeneity is related to several aspects of empirical analysis used in the literature
reviewed. Several types of surveys have been used, though face-to-face interviews represent the most
frequent approach among the studies related to the supply side [12,26,33], and some scholars have
also used this type of interview on the demand side [16,28,35,39]. Among several elicitation methods,
CE [10,12,15,16,18,19,23,24,26,29,33,34] and CV are more intensively adopted among researchers. In
the CV approach, the open-ended elicitation method has been used by Mirasgedis ef al. [25], while the
single bounded elicitation method has been used by Ivanona [36,37], Batley et al. [13,14] and Zoric and
Hrovatin [39]. Double bounded elicitation method has been applied by Groothuis et al. [9], Groothuis [45],
Koundouri ef al. [22], Nomura and Akay [38] Kim et al. [35] and Yoo and Kwak [28]. Finally, payment
card has been utilized by Hansla ef al. [21], Bollino [32] and Bigerna and Polinori [31].

WTP is the only welfare measure used, given that only a few scholars have used WTA [9,25,26,45].

According to Lancaster’s [48] theory of consumption, CE allows obtaining a more detailed
representation of goods under evaluation, linking their use by respondents to the primary characteristics
of the good evaluated. On the other hand, CV outcomes are more accurate, especially when the scenario
proposed involves a policy targeting the goods being evaluated [49].

In conclusion, a large number of papers have been taken into account according to the aim of this
paper. We have focused on some aspects potentially useful for our field research. We have selected
papers that, directly or indirectly, dealt with the issue of the type of respondents. Second, we have found
papers in which a policy scenario, or a clear project, has been proposed. Finally, papers related to the
local community are also included in our review. The outcome of this selection is a sample of more than
30 papers almost equally divided between the demand and supply side, published from 1999 to 2014 and
mainly related to European, North American and Asian countries. It might appear as though the number
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of primary studies is low, however, in meta-analysis, the number of primary information that can be
derived from primary studies is also important. We use more than 30 papers, which is a common sample
size for meta-analyses, which allows us to manage about 300 primary information sources. International
literature provides papers that use fewer primary studies. For instance, Mirasgedis et al. [25] conducted
a meta-analysis using 10 papers.

2.1.2. Topics of Interest

Given that RE is mainly obtained by hydropower and photovoltaic in the Umbria Region, both close
to their maximum capacity, wind power has become the most important RES for achieving the next
European Climate Policy target. See Communication COM (2014) No. 15, 22 January 2014,
non-legislative resolution based on own initiative procedure, 2013/2135 (INI). According to this regional
energy scenario, the knowledge of the determinants of RE acceptance/opposition both on demand and
supply sides has become a crucial point in the regional energy policy.

From the surveyed literature, it is shown that, in general, RE is perceived by consumers as clean and
environmentally friendly. Nevertheless, the establishment of the related infrastructure appears to
be a difficult process due to local opposition [50]. This is particularly true for wind energy, biomass, as
well as for large size photovoltaic plants, as underlined by Wiistenhagen et al. [51] and Kaldellis et al. [52].

Due to the strategic role that wind power is going to play in the Umbria Region, we have focused
on this RES on the supply side. Through this decision, we have also been assisted by the substantial
research on the main drivers of public acceptance/opposition towards on-shore wind farms, see, among
others, Aitken [53], Cass and Walker [54], Devine-Wright [55], Jobert et al. [56] Read et al. [57],
van Rensburg et al. [58], Rowlands et al. [59], and Stigka et al. [60]. Commenting on the attitude of the
people towards RE, we have focused on four main questions that are of interest in the empirical analysis
due to their relevance to the Umbria Region:

(a) The role of individual and household characteristics in supporting RE.

(b) The role of the perception of risk to amenity in attitude towards windmills.

(c) The role of the local community attachment to the territory in attitude towards windmills.

(d) The role played by the existing windmills in the analyzed area both in attitude towards windmills
and in supporting RE.

This last topic is related to the impact of existing wind farms on the attitude and preferences of
respondents. This topic has not been investigated adequately in the literature and our results can improve
general knowledge on it. In the meta-analysis, controlling for heterogeneity, we have also tried taking
into account these aspects whenever possible.

2.1.3. The State of the Art

How individual characteristics impact on RE acceptance has been extensively investigated in the
literature both on demand and supply sides. A general agreement exists on the positive impact of
education on both sides [22,29,45,61], even if some exceptions exist. For instance, in Ek and Séderholm [3],
education degree is not significant, while, in Kim ef al. [35] and Zhang and Wu [27], education reduces
elicited WTP. On the contrary, Groothuis ef al. [9] found that WTA is reduced by education.
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Gender is another characteristic widely investigated. The expectation is that women are willing to
pay less due to their lower incomes and, consequently, males and females differently value costs and
benefits related to RE. Ek and Persson [61] have obtained this result for several wind firm attributes,
while Kounduri et al. [22] did not obtain analogous results. Several scholars have found gender differences
on the demand side. Women are willing to pay less according to Bigerna and Polinori [31], Bollino [32]
and Ivanona [36]. In Jiangsu province, Zang and Wu [27] also found that females are willing to
contribute less, especially as the amount of payment required increased. Finally, insignificant results
were obtained in Borchers et al. [16], Ek and S6derholm [3] and Zoric and Hrovatin [39].

Another important characteristic often analyzed in the literature is the age of the respondent.
In this case, varied results can be found in the literature. In general, younger people are more likely to
support RE on both sides [3,15,29,31,36,37,39]. Sometimes, variables related to the age of respondents
are simply not significant [22,27,28,32,45]. Finally, more articulate results arise in some cases.
Groothuis et al. [9] found that age does not affect, WTA even if increases in age reduce participation in
green programs. Kim et al. [35], testing for several RES, have found that age only negatively affects
WTP for hydropower. Finally, Borchers et al. [16] have pointed out that RE is preferred both by
respondents over 50 and under 30.

Many other individual characteristics have been investigated in the literature such as income,
household size, homeownership, environmental awareness and knowledge of RE.

With rare exceptions, income is always positively related to WTP (or negatively related to WTA) for
RE or increased participation in RE projects [9,16,28,31,32,34,35,39]. Income is not significant in
Ivanova [36,37], Hanemann et al. [20] and Kounduri ef al. [22], while in Groothuis [45], the correlation
was negative, indicating that there were no change in attitudes in Mountain View due to the windmill.
Ek [29] has also found a negative relationship between income and support for RE due to occupational
effect on lower income respondents. Finally, Zhang and Wu [27] point out that different relationships
exist between WTP and income according to how much the respondents had to pay, while Grosche and
Schroder [34] found income to be insignificant.

Family size negatively affects support for RE in Bigerna and Polinori [31], Kounduri ef al. [22] and
Zoric and Hrovatin [39].

Scholars sometimes take homeownership into account. The hypothesis is that a homeowner will be
more affected by the technology. For example, the realization of new windmills close to the property
could reduce the value of the house. On the other hand, homeowners may be more affected by electricity
price variations due to RE diffusion. Consequently, the expectation is that homeownership could reduce
support for RE. Nevertheless, variables related to homeownership are not significant [31,32,39].

Finally, environmental awareness and knowledge of RE increase the support for [30-32,35,39] and
the participation [9,16] in RE programs.

The perception of risk to amenity considered in this paper mainly refers to two environmental traits:
COz concentration in the atmosphere and visual intrusion. We have just seen in this section that reduction
of the first characteristic is commonly used to describe the benefits of RE diffusion.

The second trait is the most important negative impact associated with on-shore wind farm projects.
Several scholars have directly investigated this aspect. Alvarez-Farizo and Hanley [12] found that
landscape impact is valuated less in monetary terms than impacts on flora and fauna. Groothuis et al. [9]
estimated a significant reduction in the acceptance of electrical windmills due to mountain view
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intrusion. Mirasgedis et al. [25] have obtained similar results in terms of WTP reduction to support siting
of on-shore wind farms. In Italy, Strazzera et al. [26] confirm that visual impact is crucial, especially if
residents involved in the projects have experienced windmills before. Meyerhoff et al. [23] have
conducted an articulate analysis pointing out, among other results, that distances from residential areas
and the small size of windmills both contribute to increased acceptance of wind projects with reduced
landscape intrusion. Meyerhoff [24] confirms this result, also introducing a spatial model in the analysis.
On the other hand, van Rensburg ef al. [58], analyzing 345 wind farm applications and planning authority
decisions in Ireland, have pointed out that proximity to residential areas does not affect planning
outcomes; visual intrusion and identity of appellants appear to be more important.

These results confirm that amenity risk perception seems to be a central aspect in the siting process
of windmills especially if local communities are directly involved in terms of environmental externalities.

Local communities play a central role in the wind farm siting and realization process. Jobert et al. [56]
underline that local actors affect acceptance of wind energy. Van Rensburg et al. [58] obtain the same
result by focusing on local authority decisions. Read et al. [57] identify several local community attributes
related to wind farm project opposition, partially confirming the results of Jobert et al. [56].

The presence of community members able to influence local residents is the key variable associating
the opposition process to past opposition behaviors. Less relevant seem to be proximity, visual perception
and sense of place. Place attachment is also analyzed by Groothuis et al. [9] taking into account how
long respondents have lived in the location of the wind project. Results point out that those who have
ancestors in the area required higher compensation to accept electrical windmills. Similar results are
obtained by Strazzera et al. [26].

Finally, few studies have analyzed the impact of having previously experiencing wind farms on the
local acceptance and opposition mechanisms. To the best of our knowledge, only Koundouri ef al. [22]
Meyerhoff et al. [23] Meyerhoff [24] and Strazzera et al. [26] have explicitly taken into account this
aspect referring to on-shore wind farms. Results confirm that respondents’ previous experience with
windmills influences welfare measures. In Germany, Meyerhoff et al. [23] and Meyerhoff [24] found
that respondents who live in proximity to windmills are more willing to accept new wind projects.
Strazzera et al. [26] underline that those residents in municipalities that have experience with wind farms
pay more attention to technical characteristics of the new wind energy project.

In the next section, we analyze in a quantitative way the literature reviewed and selectively control
for publication characteristics and heterogeneity sources.

2.2. The Meta-Analysis

WTA and WTP are neoclassical welfare measures used for policy analysis. Formally, we used an
indirect utility function (v) defined over a vector of goods (G) purchased at prices p, a rationed good RE,
and income M [31]; consequently, we can obtain WTP and WTA solving the following equations:

w(M, G, REo) = v(M — WTP, G, RE1) (1a)
v(M, G, RE\) = WM + WTA, G, REo) (1b)

The WTP/WTA for a marginal increase of production of RE is defined as the ratio of the marginal
utility of the production of RE and the purchase price of property attributes:
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dU/0RE
WTP/WTA = +

ORE/0P

We assume that U is a linear stochastic utility function for the individual, with the production of RE,
the purchase price P and a vector of other variables. We must therefore define the WTP as the ratio of
the coefficient of the production of RE, Bre and the purchase price Br:

BRE
WTP/WTA = + (—) 3)
BP

These coefficients are estimated using information derived from the existing literature, and the
estimates of the WTP/WTA depend on the reference level used for the calculation. In the literature, these
reference levels are usually calculated as the average level of production of RE and the purchase price
used in the survey. Reference levels can vary considerably between primary studies so the comparison
of WTP/WTA values obtained using different utility function specifications can be difficult and
puzzling. From a theoretical point of view, see Equations (1a) and (1b), a measure that circumvents this
problem is the compensating variation, which reflects the change in the economic welfare of an
individual caused by a change in the level of consumption of a good. In other words, the compensating
variation is the monetary compensation necessary after a change in the level of the good consumed to
restore the same level of welfare that the individual had before the occurrence of the changes. However,
if we assume that the utility function is linear in the production of RE, the compensating variation is
simply equal to the product of the marginal WTP/WTA in relation to the proposed change. For each
study, we take into account, as much as possible, the value of REI/REo and the ARE objective of the
environmental policy. According to meta-analysis literature [11,62,63], we have formulated Equations (4a)
and (4b) showing meta-regression models used to explain the variation of the logarithm of the estimates
of the WTP and WTA.

Equation WTP for RE

I J
In(WTP,) = a + Breln(RE,) + Z 8py; PUiq + Z Opac; FACjq + (4a)
P i=1 J=1 (4a)
+ Z Smer, METyq + €4
k=1

where In (REy) is the natural logarithm of the average level of consumption of the RE, reported in or
assumed by the g-primary study. PUj is a vector of / dummy variables indicating whether the primary
study is published in a peer-reviewed journal and if the period of publication is after 2007 (in particular,
we focus on pre- or post-crisis). FAC,; denotes a vector of J dummy variables related to factual
heterogeneity and indicating the location of the study; the different composition of RES used in
electricity generation; the type of respondent; if environmental awareness and knowledge of RES are
verified; and if a clear policy target is proposed to interviewees. METy, is a vector of K dummy variables
related to methodological heterogeneity such as the elicitation format, survey type and the treatment of
uncertainty. Finally, ¢, is an error term with mean zero and variance og.
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Equation WTP/WTA for on-shore wind farm
In(WTA,/WTP,)

1 ]
= @+ Breln(RE) + ) 8pu, PUig + (46) ) Orac, FAG,
i=1 j=1 (4b)

K
+ Z (SMETk METk,q + Eq
k=1

Adding some variables, and deleting others, in Equation (4a), it is possible to analyze WTP/WTA for
the on-shore wind farm siting process. We have extended the previous model, taking into account the
FAC, vector, some technological characteristics such as the distance of the windmills and the installed
capacity, and if visual intrusion is taken into account. Furthermore, we have considered the type of
opposition of the local community and other characteristics of the local community. In addition, the
welfare metrics used are also considered in the methodological category.

Both equations are estimated using unweighted and weighted least square estimators. In particular,
weighted ordinary least square (OLS) is superior to conventional random effects estimator when
meta-analysis refers to a small sample [64], such as in our paper.

2.3. The Survey

This survey is included in a broader CV study in which the monetary evaluation is obtained
through the development of a hypothetical market. We use the result of the preliminary survey to test
the questionnaire. This survey was conducted at the end of June 2012 to capture local communities’
attitudes both towards RE in general and to a new wind project. Furthermore, we have focused on the
attitude of the community towards new wind farm projects.

We have interviewed individuals who live in a municipality close to an on-shore wind farm to
investigate their attitude towards RE in order to appraise both the acceptability of the improvement of
the existing wind farm and the support that interviewees are willing to provide to RE production.

Respondents are asked if they perceive the project as positive and consequently if they want to support
the project (WTP). Otherwise, respondents can declare their opposition to the projects, due to their
negative perception, and consequently they are asked if they are willing to accept a monetary compensation
for the project (WTA).

The respondents have dealt with a development project of an existing on-shore wind farm. The project
involves the installation of 16 towers for wind generation of electricity. Precisely, the plan should
provide for the installation of four towers reaching 40 to 60 m in Pian di Spilli (Municipality of
Costacciaro), in Val di Ronco (Municipality of Sigillo) and eight similar towers in the municipalities of
Scheggia Pascelupo and Fossato di Vico. Each tower will have a maximum power of 1 MW. The
questionnaire includes three sections. Initially, we tested respondents’ specific knowledge on RES and
sustainability. In the second section, we investigated respondents’ attitudes towards potential benefits
and environmental damage associated with the project.

The CV scenario included the possibility for respondents to state if they wanted (or not) to support
the project, accounting for their choice. In the first case, WTP is examined while in the second one WTA
is measured. According to Frew et al. [65] and Lunander [66], among several elicitation formats, we
have adopted the open-ended contingent valuation as providing the most prudent estimates of “true”
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economic value. The last section of the questionnaire is aimed at measuring respondents’ socio-demographic
and -economic characteristics, ensuring us a means to investigate how socio-economic factors influence
WTP and WTA.

Face-to-face interviews were conducted by the authors using a sub-sample population representative
in terms of demographic features according to the 2011 population census.

3. Results and Discussion

In this paper, we apply the meta-analysis for RE WTP/WTA studies both on the demand and supply
sides. We have reduced selection distortion, using as much as possible the published and working papers,
by correcting for heteroscedasticity. In this regard, we prefer to focus our attention on the impact of different
empirical methods on the final results of the study, rather than provide a simple summary of the main
results of the literature. To do this, we have classified all the variables into four categories: (a) calculated
variables; (b) variables related to publication; (c) factual variables; and (d) methodological variables.

In the first category, data collected have been transformed into comparable information converting
original data into kWh for consumption and production data. In other words, both WTP for RE households’
consumption and WTP/WTA for wind farm production refer to kWh. Furthermore, to conduct the full
comparative assessment of the studies, the estimated values of WTP and WTA have been converted to
2013 EUR and recalculated as a percentage of GDP per capita to compensate for income differences.
Consumption data are available at World Energy Council [67]. For the UK, additional information are
available at Department of Energy and Climate Change [68]. For Italy, additional information are
available at Terna, the Transmission System Operator, [69] and GSE [70] that is the state-owned
company which promotes and supports RES in Italy. Information on capacity factors are gathered by
EIA [71] and IEA wind [72]. Finally, information on exchange rates and deflators are gathered by
Blomberg [73] and Oanda [74], respectively.

The other three categories simply refer to different sources of heterogeneity described in Section 2.
Finally, we want to underline that in both models we use log-linear specification. First, we use the
logarithmic transformation of the estimates of the WTP/WTA for the dependent variables because the
transformed data are less sensitive to the problem of heteroscedasticity. Second, our sample contains
some negative estimates of WTP that are lost due to the logarithmic transformation (less than 10%).

3.1. WTP for RE

With reference to the demand side, we use 18 studies that take into account the WTP for RE; empirical
results are shown in Table 1. According to the variable classification, we can see that there is a negative
effect on the WTP caused by the level of total RE consumption.
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Table 1. Meta-analysis regression of WTP for RE.

RHS Unweighted OLS (uOLS) Weighted OLS (wOLS)
Calculated InRE —0.804 ok —0.611 ok
0.058 0.046
Publication PU: after 2007 n.s. n.s.
PU: ISI journal 0.111 *x 0.051 *
0.053 0.033
Factual FAC: Europe 0.515 ok 0.521 ok
0.122 0.037
FAC: U.S. —0.532 * —0.299 *
0.299 0.087
FAC: Wind —0.622 ok —0.659 HoHk
0.077 0.061
FAC: Green generic n.s. n.s.
FAC: Individual n.s. n.s.
FAC: Env. Awareness 0.045 ok 0.032 *
0.021 0.019
FAC: Knowledge RE 0.025 ok 0.015 *
0.011 0.009
FAC: Specified target n.s. n.s.
Methodological MET: Payment card —0.491 ok —0.467 Ak
0.034 0.034
MET: Choice experiment n.s. n.s.
MET: Double bound DC n.s. n.s.
MET: Face to Face n.s. n.s.
MET: Uncertainty 0.335 ok 0.387 o
0.148 0.122
MET: Small sample -0.276 ok —0.347 A
0.098 0.045
Const. 0.457 hoxck 0.502 ook
0.054 0.071

Obs. 189; R-sq. adj.: uOLS = 0.753; wOLS = 0.835. RMSE: uOLS = 0.324; wOLS = 0.232. Prob F.:
uOLS = 1.5 E-04; wOLS = 2.4 E-04. St. err. in italic.*** sig. at 1%; ** sig. at 5%; * sig. at 10%; n.s.,

not significant.

Period of publication is not significant, while the paper being published on ISI positively affects WTP.
Among the factual variables, a negative effect is evident in studies conducted in the USA, while the
effect is positive in European studies.

Studies that differentiate renewable energy mix found a negative effect on WTP when wind energy
is taken into account. This is interesting because it confirms that wind energy is perhaps seen by the
public as a potentially environmentally dangerous RES. The results related to individual characteristics
are also interesting, given that studies in which environmental awareness is taken into account found a
positive effect on WTP for RE.
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Furthermore, smaller positive effects are also due to “knowledge of RES” confirming that providing
information on RE to the consumers increases the acceptability of RE. Surprisingly, the parameter
associated with the policy target is not significant.

This means that the definition of a clear environmental target does not affect the WTP of respondents.
A possible explanation is that currently environmental policy uses too many strategies and, consequently,
environmental targets are not clear to the citizens that perceive a lack of policy efficacy [75].

Controlling for methodological aspects, we find that a negative effect is due to studies that use payment
cards or small samples. The results are robust when using both normal and weighed OLS.

3.2. WTA and WTP for On-Shore Wind Farm

With reference to the supply side, we use 13 studies of various externalities related to wind farms by
estimating the WTP (10 studies) or the WTA (three studies). Results are shown in Table 2.

We can, again, see that that there is a negative effect on the WTP caused by the level of total
RE production. In this model, both period of publication and type of publication are not significant. The
positive effects among European studies are confirmed while the results related to other factual
characteristics are very interesting.

Assuming that distances equal to or above 10 km do not lead to visual impact, we dichotomized
the information using a dummy variable that takes the value zero for distances below 10 km. Parameter
estimates confirm that distance increases the WTP for RE produced. Citizens are willing to pay to move
windmills far away, and this means that increase in distance positively affects attitudes towards
RE generation.

For the installed capacity, when the original data were not available, we calculated them assuming a
standard power for each turbine of 2 MW; in the case of a study in which it was possible to infer the
production of electricity, it has been edged up to capacity by using load factors between 25% and 30%.
Coherent with the literature results, the estimate parameter is significant and negative suggesting that
people are willing to pay less if a large size wind firm is proposed.

Environmental impact of wind projects is analyzed using several factual variables. The type of
resistance was dichotomized into a variable, which takes the value one if it is Nimby syndrome and zero
otherwise. Results confirm that Nimby syndrome consistently reduces the RE acceptance. Visual intrusion
has the same effects even if its estimate parameter is smaller.

Environmental awareness and knowledge of RES are also considered in this model. The parameter
associated with the first dummy is greater and becomes negative in this model with respect to parameters
estimated in Section 3.1. Considering that visual intrusion is estimated separately, this result points out
that environmental negative externalities are perceived more intensely when respondents are directly
involved in electricity generation. It is also interesting to underline that the parameter associated with
knowledge of RES is not significant, suggesting that information on RES may not be decisive—in the
context of investment projects—in increasing the acceptability of RE. Dummy variables related to local
community are not significant either. This dummy takes the value one if the results are related to
investigations conducted at the local level with the specific development projects, and zero otherwise.
This result is not surprising because there are few studies conducted at a local level and because the
variable local community needs a more detailed specification that we have introduced in the local survey.
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Table 2. Meta-analysis regression of WTP/WTA for on-shore wind farm.

RHS Unweighted OLS (uOLS) Weighted OLS (wOLS)
Calculated InRE —0.361 HA* —0.305 Hokk
0.031 0.023
Publication PU: after 2007 n.s. n.s.
PU: ISI journal n.s. n.s.
Factual FAC: Europe 0.253 ok 0.259 *ok
0.056 0.021
FAC: Nimby -0.912 *ok —0.969 ok
0.023 0.015
FAC: Distance 0.832 koA 0.818 HA*
0.003 0.005
FAC: Installed capacity —0.053 * —0.077 *
0.041 0.034
FAC: Visual intrusion —0.031 * —-0.027 *
0.021 0.020
FAC: Individual n.s. n.s.
FAC: Env. Awareness —0.108 * —-0.097 *
0.075 0.052
FAC: Knowledge of RES n.s. n.s.
FAC: Experienced WF 0.081 *E 0.075 o
0.033 0.030
FAC: Local community n.s. n.s.
FAC: Scenario n.s. n.s.
Methodological MET: Choice experiment —0.473 HA* —0.406 Hokk
0.038 0.032
MET: Face to Face —0.863 HAK —0.925 ok
0.008 0.008
MET: WTA 0.830 *ok 0.617 **
0.012 0.018
MET: Small sample -0.130 *ok —0.183 oAk
0.046 0.029
Const. 0.220 HoAk 0.247 Hokok
0.030 0.042

Obs. 119; R-sq. adj.: uOLS = 0.604; wOLS = 0.671. RMSE: uOLS = 0.392; wOLS = 0.344. Prob F.:
uOLS = 1.3 E-04; wOLS = 1.5 E-04. St. err. in italic.*** sig. at 1%; ** sig. at 5%; * sig. at 10%; n.s.

not significant.

The variable related to the policy scenario is not significant; we deem that the same reason underlined
in the previous model can be put forward. Finally, studies conducted in areas where respondents have
experienced windmills found a positive effect of WTP for RE, confirming that respondents exposed to
windmills for medium or long periods are more supportive of wind power development.
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Controlling for methodological aspects, we found that CE affects negatively WTP for RE production.
This can be explained considering that the CE approach produces more conservative WTP estimates.
Furthermore, as discussed in the theoretical model, the use of the WTA produces an increase of the
amounts elicited consistent with the fact that this metric is not in any way bound to the income of the
respondent. Finally, we see that small sample studies tend to provide lower WTP even if the weighted
OLS estimator has been used.

3.3. Local Survey Results

By using results of preliminary survey (210 interviews), we compare WTP and WTA for kWh of RE,
taking into account preference heterogeneity. All of the respondents knew both fossil and RES; the most
widely known are methane (57%) and wind (64%), respectively, for electricity generation. The majority
of respondents (75%) stated they were aware of both positive and negative forms of environmental
impact associated with electricity production. Respondents who support wind farm development projects
and perceive positive externalities are almost of the same percentage of those who oppose the same
project because of perceived local negative externalities. Table 3 shows that the two types of respondents
are quite similar for socio-demographic and economic characteristics.

Both groups pay a bill that is between 72 and 73 EUR/bimonthly and have a declared income that is
approximately 26,000 EUR, with a difference smaller than 10%; in both cases, more than 78% of respondents
are homeowners. Some differences arise in the socio-demographic characteristics.

The group requiring compensation for the project includes families that are long-term residents and
have a younger head of family with respect to the respondents of the other group. Number of components
is instead similar between the two groups; furthermore, respondents’ characteristics are quite similar
only in terms of gender, while the two groups differ consistently for the remaining characteristics. In
particular, respondents are less educated in the second (supportive) group in which there are also fewer
members of environmental associations but more leftist members. Finally, compared to the other group,
we have found that respondents that are willing to pay for the project believe that amenity does not
characterize their dwelling place; this group also was more supportive than other respondents towards
the first on-shore wind farm project in 1999.

As expected, the mean WTA is significantly higher than the mean WTP, while the median values are
more similar. The difference between WTA and WTP is still positive and statistically significant. Figure 1
shows the kernel density estimation of the WTP and WTA distributions, showing the skewness and the
kurtosis of the distributions; WTA also has a higher maximum value, with a higher density for 20 and
35 EUR.
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Table 3. Sub sample descriptive statistics .

Variables Type Acronym  Unit  Supporters ®  Opponents ©
Bimonthly Electricity bill Continuous bill EUR 73.062 72.232
9.256 9.210
Head of family age Continuous agehf nr. 54.030 48.595
19.771 14.72
Gender Dummy sex # 0.455 0.486
(1 = female) 0.505 0.506
Family years ,Of residence Continuous resanni nr. 41.545 33.297
(ancestors included)
21.21 18.65
Household components Continuous ncomp nr. 2.939 2.757
1.058 0.954
Household income (x10,000) Continuous incom EUR 2.781 2.500
1.156 1.001
Left party affinity Dummy leftp # 0.697 0.189
(1 =yes) 0.466 0.397
Amenity perception Scale (1-10) amenity nr. 4.909 6.432
(10 = max) 1.588 1.993
Year of education Continuous educy nr. 9.545 11.541
4.024 4.226
Environmental assoclation Dummy  assambcc  # 0.091 0.189
membership
(1 =yes) 0.291 0.397
Homeowner Dummy homeow # 0.788 0.730
(1 =yes) 0.415 0.450
Positive attitude vs. wind Dummy wiexp # 0212 0.135
farm project in 1999.
(1 =yes) 0.415 0.346
Willingness to pay (mean oo os mWTP EUR 7.003
WTP)
8.797
Willingness to accept Continuous ~ mWTA  EUR 7.935
(mean WTA)
9.980

@ standard error in italic; ® 103 observations; ) 107 observations.

Partial correlations among WTP, WTA and socio-demographic and economic variables are shown in
Table 4. We emphasize that this type of analysis does not allow for an explanation of causality but that
it only investigates whether a linear interrelation exists among these variables.

Females exhibit a higher WTA for the project; this is consistent with some recent studies, see, among
others, Kontogianni et al. [76]. As expected, other individual variables are positively related to the WTA,
such as amenity perception and the education of respondents. How people perceive the place where they
live and WTA are closely related, confirming existing literature on this topic.
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Figure 1. WTP and WTA kernel density estimation.

Table 4. Partial correlations.

Variables WTP WTA
Bimonthly Electricity bill 0.1573 0.1791
Head of family age 0.2135 0.3040
Gender (1= female) 0.2561 0.3926 *
Family years of residence (ancestors included) 0.4266 * 0.4806 *
Household components —0.1892 * 0.3276 *
Household income (x10,000) 0.3293 * —0.3936 *
Left party affinity (1 = yes) 0.0859 0.0399
Amenity perception —0.5690 * 0.4957 *
Year of education 0.4833 * 0.3671 *
Environmental association membership (1 = yes) —0.1510 0.4827 *
Homeowner (1 = yes) 0.2406 0.2637
Positive attitude vs. wind farm project in 1999 (1 = yes) 0.3995%* —0.1018

* Significant at 5%.

This literature has mainly investigated negative perceptions due to the wind farm (see, among
others [77-79]) instead of the direct amenity perception. Several family characteristics are positively
correlated with WTA.

The first one regards how long households of respondents have been in the area. Literature on “place
attachment” and on “sense of place” describes the importance of this attribute [80,81] for determining
Nimby syndrome, while Groothius et al. [9] underlined that those who have ancestors in the area
involved in the wind farm project exhibit a higher WTA. We also confirm this last result. More educated
people also require higher compensation; this result is in contrast with Groothius et al. [9], while it is
consistent with Landry et al. [82]. According to the existing literature, household size and income are
correlated positively and negatively [9] with WTA, respectively. Finally, WTA is positively linked to the
environmental association membership. This result seems logical and consistent with expectations; it is
not easily comparable with literature given that, to the best of our knowledge, no other studies have used
this variable. Among respondents who have declared themselves to be in agreement with the project,
those who have a positive attitude towards the wind farm project in 1999 exhibit a higher WTP; this
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confirms that prior experiences matter [24,83,84]. The same expected relationship arises between WTP
and household income, WTP and how long family and ancestors have lived in the place [9] and WTP
and education of respondents. A negative correlation is obtained between WTP and household size and
WTP and amenity.

Integrating meta-analysis with a local comprehensive survey, we have investigated the main
determinants towards RE acceptance and development taking into account several explicative variables
categorized as factual variables.

We have paid particular attention to the environmental externalities and how individuals and local
community perceive them. The reason is that these perceptions impact on citizens’ and consumers’
preferences and behaviors when both deal with RE acceptance. Some useful insights arise.

Environmental awareness affects differently the two market sides considered. Indeed, it increases
WTP for RE on the demand side but opposite results arise on the supply side confirming that externalities
are more strongly perceived if respondents are directly involved in the project. Both meta-analysis and
survey results support this hypothesis given that we have controlled for visual intrusion and for exposure
to windmills.

The impact of the knowledge of RES is clearly asymmetrical. Indeed, it impacts only on consumers’
behavior increasing WTP for RE, but this variable does not matter in the local context if a wind investment
project is proposed. This means that information is not sufficient to mitigate stronger perceptions of
negative externalities. Even if information on wind energy does not increase RE acceptance, our results
suggest that to increase acceptability of wind power, new wind investment should take place near an
existing wind farm. This solution allows taking advantage of the dynamism of preference towards wind
farms. Wolsink [84] has pointed out that preferences change according to the U-shape scheme. Indeed
attitudes are very positive in two particular periods. First, attitudes are very positive when citizens are
not confronted with wind farms. Second, attitudes are positive again some reasonable time after the
construction of wind farms. This result is also directly confirmed by the fact that people who had positive
attitude in 1999 are still positive towards new projects.

4. Conclusions

Promoting RE is essential at the global level. Nevertheless, a reduction in worldwide CO2 emissions
implies a comprehensive legal framework, an adequate incentive mechanism and considerable costs.
Furthermore, it requires the harmonization of two opposing behaviors. Indeed, if consumers declare
strong support for RE, citizens exhibit low acceptance towards new infrastructure for RE production
when this project involves their community. The aim of this paper is to provide a novel contribution,
first analyzing existing literature on this argument through the meta-analysis, and second conducting a
comprehensive survey on a local community that has experienced wind energy production previously
and is involved in a new wind investment project.

Meta-analysis results confirm that consumers are willing to support RE when they are end users but
are less supportive if a new project is proposed. In addition, meta-analysis highlights that distance is an
important attribute in the siting process and that the local dimension is also relevant given that, at this
level, the perception of technology is stronger if compared with the supra-local scale. This result supports
our choice of conducting a comprehensive local survey putting major emphasis on the local dimension.
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Integrating meta-regression with the local survey allows us to jointly investigate citizens’ and consumers’
preferences within the local community. This analysis confirms some well-known results in terms of
individual characteristics, such as education which positively affects RE acceptance on two market sides,
and age that negatively influences both consumers’ and citizens’ attitudes. However, some interesting
insights have also been pointed out. Confirmation of Wolsink’s [84] scheme suggests that past experiences
with wind investments projects could be a useful tool for institutional communication strategies.
Furthermore, in the siting decision process, communities already involved in wind projects seem to be
the ideal counterpart in the bargaining process due to their pragmatism and also because they focus on
institutional aspects rather on “ideological questions”. However, the local dimension strengthens the
perception of negative externalities, so careful planning is required in the establishment of wind
investment projects taking into account both their technical characteristics and environmental impacts.

In conclusion, our research results suggest that sociological and psychological aspects should be
included in the future economic research to facilitate the new installation of onshore wind farms reducing
the related infighting. On the other hand, the policy agenda should include this type of research into its
toolbox, based on at least three reasons. First, to better understand wind investment project outcomes.
Second, to guarantee an active participation of the local community in the decision-making process.
Third, the combined effect of the first two allows increasing the probability of positive outcomes for this
type of project.
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