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a b s t r a c t

As renewable energy projects have gradually been introduced in various forms and in many places
around the world, public skepticism on these developments has emerged and siting decisions have, in
several cases, been determined by intense conflicts and debate. In this context, the present study focuses
on the assessment of the levels of public acceptability for existing and new renewable energy projects,
namely wind farms, small hydro and photovoltaics (PVs), in a representative region of Southern Greece. A
point of particular interest in this survey is the adverse environmental conditions and poor air quality
existing in the area under investigation, resulting from the long-term operation of a lignite-based
thermal power station. A postal, three-part survey has been conducted based on a representative
sample of local inhabitants. According to the results obtained, high levels of acceptability for existing and
new projects have been encountered for all technologies examined. Interestingly, better results con-
cerned PV applications, with the positive trend towards new projects being illustrated by the high
percentage of about 85%. Similarly, wind and hydro energy applications demonstrate high acceptability
of the order of 80%. Furthermore, local habitants’ experience on already operating renewable energy
projects in the region has also designated their “tolerance” on the main environmental impacts of these
technologies (visual, noise, land occupation etc.). However, this survey also reveals a specific minority of
people that are opposed to renewable energy applications, either disregarding any environmental, social
and financial benefits or just weighing benefits less heavily than the reasons of opposition.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

While the greatest share of the world’s current electricity
generation derives from fossil fuel combustion, such as coal, oil and
natural gas, these energy production sources face a number of
social, economic and environmental challenges, i.e. rising and
volatile costs, security concerns due to the reliance on imported
fuels from a limited number of suppliers around the world and
finally, increasing concerns for the human health and the envi-
ronment. As a result, during the last decades, the electricity sector
has changed drastically and renewable energy sources (RES) such
as wind energy, hydropower and solar energy have been intro-
duced as potential alternatives for electricity generation [1]. In fact,
although current world electricity generation is mainly covered
(around 70%) from the operation of thermal power stations (TPSs)
based on conventional fossil fuel sources, exploitation of wind

energy (Fig. 1) and hydropower for the purpose of electricity
production comprises also a well established practice with fairly
good results (covering almost 3% and 15%, respectively), expected
to dominate among other RES in the forthcoming years [2,3].
Furthermore, photovoltaic (PV) technology, with almost 68 GW
installed at the end of 2011 [4], is intended to play a key role in the
future electricity generation sector by using an infinite and acces-
sible to everyone energy resource like the sun. In fact, it is esti-
mated that about 1700 TWof solar power is available on the earth’s
surface, with only 1% of this power captured by PVs being sufficient
to produce the current global power needs [5].

As resulting from the above described situation, increasing the
share of RES is essential in the political agenda of many countries
around the world [6]. Thus, several ambitious targets have been set
and support schemes have emerged in view of facilitating the wide
expansion of the renewable energymarket. In this context, under the
current European energy policy, the recent targets (according to Law
3851/2010) set atanational level concerning thepenetrationofRES in
Greece for the year 2020 dictate that 20% of the national gross energy
consumption and 40% of the national gross electricity consumption
should be supplied by RES. Nevertheless, although the present
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electricity generation system in Greece is mostly based on the utili-
zation of local lignite, the previous years were marked by natural gas
penetration and increased contribution of wind farms and PV plants
[7,8]. Particularly, the contribution of lignite to the total national
electricity generation is currently about 55% while RES share in the
national electricity consumption is around 10e12%. Hydroelectric
power plants possess the biggest share in terms of capacity [9], with
more than 3.5 GW installed (3 GW is approximately the capacity of
largehydroelectric plants).Windpowercomessecond [10]withwind
farm installations exceeding 1.6GW,whilst the respective amount for
PV applications is approximately 0.65 GW (as for the end of 2011).

Considering the current status of the energy sector in Greece it
becomes obvious that large-scale integration of renewable energy
applications is thought to be imperative in view of achieving the
2020 European targets. Actually, more than 10 GW of new RES-
based power stations are required in order to fulfill the 40%
national target of 2020. Moreover, the continuous increase for
energy demand and the retirement of many aged TPSs stress the
need for the introduction of new, effective and environmentally
friendly electricity generation solutions. On the other hand, avail-
ability of appropriate sites for the installation of new large-scale
energy applications is highly disputed at the moment, because
apart from the fact that many locations of adequate infrastructure
and high quality RES potential across the Greek territory have
already been exploited, public acceptability issues also comprise
a serious obstacle in meeting the national targets.

Acknowledgingtheabove, thepresentstudy,comprisingasequelof
other works of the authors [11,12], intends to provide useful informa-
tion concerning levels of public acceptability for RES applications such
as wind, small hydro and PV plants, using as a case study a represen-
tative region of Southern Greece, i.e. the region of central Peloponne-
sus,whichpresents interestingopportunities for furtherdevelopment
of wind parks, PV-plants and small hydropower stations. For this
purpose, a postal, three-part survey has been conducted using ques-
tionnaires to assess opinions, attitude and aspects of the local pop-
ulation towardsexistingandnewrenewableenergyoptions, inviewof
themain environmental impacts of the technologies examined.

2. Position of the problem: renewable energy and the public

2.1. Public opinion towards RES: some indicative views from
literature

Over the last years, a considerable number of RES-based projects
have been developed in many areas around the world. To this end,

manystudieshavebeen conducted in thefield (mostly regardingwind
energy) at an international level, with the public opinion polls indi-
cating a broad base support for this kind of technology. For instance,
the results of a recent study published by the European Commission
[13], revealed thatwhenEUcitizensareaskedabout theirexpectations
regarding the most used energy sources three decades ahead, they
perceive theuseof RES as quitepromising for future powergeneration
(i.e. 80% support the use of solar energy, 71% of wind energy, 65% of
hydroelectric energy).Onlyamarginalnumberof respondentsoppose
to the use of renewables, while many of them are unwilling to accept
the use of fossil fuels (less than half of them are in favor of gas, oil and
coal). Similarly, high proportions of positive views are also found in
a postal survey [14] concerning “green” power that was sent out to
Swedish households (528 responses). It was found that 88% of the
respondents consider wind power as an environmentally benign
electricity source, while the respective percentage for both solar and
hydropower was slightly higher, i.e. 93%.

While the electric power output provided by different sources
(e.g. coal, oil, gas, wind, sun, water etc.) is completely homoge-
neous, consumers may perceive it as a differentiated product based
on production conditions and practically on environmental
parameters [14]. In this context, the recorded level of social support
towards renewables also extends to the willingness of some people
to pay more for contributing to the development of such projects
and thus to the environmental protection. To this end, numerous
“willingness to pay” surveys have revealed a significant market for
“green” electricity, based on recorded consumers’ preferences to
pay a premium for buying renewable energy. In a survey [15] on the
UK “green” power market, which showed that the majority of
people that participated support renewables, 34% of those backing
renewables said they were willing to pay more for electricity
generated from RES. Relevant studies in the US, report that
respondents are willing to pay more for electricity from generation
sources that have a minimal adverse impact on the environment
[16]. Similar results are also illustrated by Zarnikau [17] who
examined the results of a study conducted by electric utilities in
Texas for exploring the willingness of people to pay more for
electric utility investments in renewable energy and energy effi-
ciency. It is doubtful however, whether high levels of “willingness
to pay” would remain so high in reality e respondents may often
report that they would be willing to paymore, whilst in reality may
choose not to do so. Bearing that in mind, reported willingness to
pay a premium for renewable energy and energy efficiency seemed
to be affected by socio-demographic parameters such as age, salary
and education. Interestingly, exposure of people to information
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Fig. 1. Renewables consumption generation (1980e2008), excluding hydro. Based on data from [2].
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(e.g. presentations, writtenmaterials) about energy issues, led to an
increase in number of respondents who are willing to pay
a premium for both renewable energy and energy efficiency.

This favorable overall view for RES has led policy makers to
believe that social acceptance is not an issue. However, when
moving from the global to the local level and fromgeneral support of
these technologies and policies to siting decisions for particular
projects, one has to recognize that a problem emerges [18]. Partic-
ularly, although results from previous research efforts suggest that
the public, in general, expresses a quite positive attitude towards
renewable energyapplications, the experience has shown that there
exist specific caseswhere suchprojects face resistance fromthe local
population [19]. In other words, there is a great difference between,
for example,wind energyas an idea andwind turbines as acceptable
structures in the landscape [20]. This occurrence of local opposition
may be explained on the basis of the NIMBY (Not In My Back Yard)
syndrome. In this context, the pubic concern often originates from
the fact that environmental advantages of RESprojects areperceived
ona global or national level,whereas environmental impacts of such
systemsonlyaffect the local environment andhabitants. Thus,while
for example, people are in favor of wind energy, they may resist to
the installation of a new wind farm in their own area. It should be
mentioned however, that the above explanation for the NIMBY
phenomenon has also been questioned and considered as
a simplistic and secondary issue for people resisting to the instal-
lation of RES-based projects in their vicinity. While at a first glance,
local opposition to a project (whereas people support this kind of
projects in general) is conventionally equated with NIMBY-ism, this
theorymay not be entirely valid. Local oppositionmay, for example,
be attributed to habitants’ skepticism towards the private company
or the authority whowants to install the project or evenmay be due
to people’s unwillingness to the installation of any kind of project in
their vicinity insteadof the rejectionof the renewable energyproject
itself [14]. In this context, habitants’ skepticism may also be
considered as a place-protective action arising when new develop-
ments disrupt pre-existing emotional attachments and threaten
place-related identity processes [21].

Aswith conventional electrical power generation, levels of public
acceptance are usually considered among the most important
indicators for the implementationeor noteof a RES-based project,
comprising at the same time a matter of political interest [22]. In
some cases, environmental concerns become rather important,
adversely affecting or even preventing the implementation of these
projects. A representative example that illustrates how public
opinion can adversely affect the expansion of renewable energy
projects is the case of the second largest island in Greece, Euboea
[19] where a considerable amount (150 MW) of wind energy
installations took place during the period of 1998 and 2001. During
this considerable introduction of newwind farm developments, the
high local opposition, eventually ledein2001etoavirtual stand-still
of any new similar project in many areas of S. Euboea ever after.

2.2. Main environmental aspects of RES

Every energy production method has an adverse impact on the
environment during construction, installation, operation and
decommissioning phase [23e25]. As it is well known, nuclear
power plants produce hazardous to the human health and the
environmenteradioactive waste and conventional energy gener-
ating options such as coal, gas and oil are responsible for consid-
erable amounts of airborne emissions and greenhouse gases [26]
that aggravate air quality and damage ecosystems. On the other
hand, renewables induce negligible environmental footprint (if
compared with other sources of energy, e.g. coal, oil, etc.) which is
rather restricted within the area of operation, while at the same

time provide obvious environmental benefits and thus contribute
to the sustainable development of human societies. Not counting
the soaring prices and the uncertain reserves of fossil fuels, the
main advantage of electricity from renewable resources such as
wind energy, hydropower and solar energy is the absence of any
kind of direct air pollutant emissions (SOx, NOx etc.) and green-
house gases (CO2, CH4 etc.) during the energy production phase.
Thus, one may say that with the operation of wind, PVs and small
hydro projects, significant environmental protection may be ach-
ieved. Nevertheless, the emissions avoided from the operation of
a RES-based project depend on the type of thermal power plant the
project replaces, its age, its energy efficiency, the consumed fuel
characteristics (e.g. sulfur content of lignite) and the pollution
preventive measures of that power plant.

Subsequently, the annual equivalent emissions avoided “dX(j)”

(expressed inkgor t)due totheoperationof theRES-basedprojectmay
be estimated using the corresponding pollutant “X” emission coeffi-
cient“εx”of thereplacedTPS(expressedinkgofXperkWheavoided)as:

dXðjÞ ¼ EðjÞ$εXðjÞ (1)

with E(j) being the energy production of the renewable energy plant
the year “j”. Accordingly, the annual fossil fuel saving “mf(j)” due to
the operation of the RES-based project may be estimated by using
the efficiency “h” of the thermal power unit and the corresponding
specific calorific value “Hu” of the fossil fuel consumed. Thus,

mf ðjÞ ¼ EðjÞ
hðjÞ$HuðjÞ

(2)

Opposite to the above, it shouldn’t be ignored that although RES-
based electricity has many obvious environmental advantages, there
are some technical aspects (e.g. the reliabilityof supply)which should
be considered when deciding which system to choose. For instance,
renewable energy often relies onweather conditions for its source of
power. Wind turbines need wind to turn their blades (stochastic
variation), hydro generatorsneedwater tofill the reservoirs (seasonal
variation) and PVs need sunshine to generate electricity (daily vari-
ation). When these natural resources are inadequate, the plant is not
capable to produce the desired energy amounts, thus reducing its
capacity factor “CF” value (average power produced by the plant over
a year divided by its rated power capacity “Po”), i.e.:

CF ¼ EðjÞ
Po$8760

(3)

Typical wind power capacity factor values normally fall within
the range of 25e40% (including offshore wind power). Small hydro
capacity factor valuesmaybe around40e60%while for PVs, capacity
factor is considerably lower, i.e. approximately15e20%.On the other
hand, it should be mentioned that the capacity factor value for the
mainland TPSs is between 45% and 75%, while in remote islands the
corresponding value is quite lower, i.e. in the range of 25e50%.

Based on the above, it becomes obvious that it is quite difficult for
renewables to produce the large quantities of electricity that the fossil
fuel counterparts are able to produce [27]. Thus, the use of back-up
power or the application of energy storage solutions [28,29] is often
required (in the case of wind farms and PVs) in order to safeguard
constant agreementbetweenenergyproductionandenergydemand,
i.e. a fact which is actually themain reasonwhy renewables have not
yet become mainstream in the energy sector. However, public
concerns about environmental degradation, including global warm-
ing (as a result from the combustion of conventional non-renewable
sources), along with the technology improvements in the course of
time, have made RES a more viable and sustainable option.
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Nonetheless, as it has been thoroughly analyzed before, despite
the obvious environmental benefits of RES and the associated high
levels of social support, there are cases where specific projects
often face local opposition. Particularly, public opposition on
renewable energy often focuses on the environmental impacts
linked to the installation, operation and decommissioning phase of
such projects. For instance, hydropower is considered to be the
most important form of renewable energy with the longest history
of development, first appearing more than one hundred years ago.
However, the development of hydroelectric applications has
generated a lot of controversy and conflicts over time regarding
mostly opposition to the construction of large-scale dams, dislo-
cation of local populations and cultures, as well as threats to
ecosystems and valued environments [30]. As a result, a number of
proposed projects faced rejection in the past since they were
considered as environmentally and socially unacceptable [31,32].

A response to the reported opposition against hydroelectric
installations has been the development of small-scale projects (up
to 10e20MW capacity ratings) [33] which are generally considered
to have negligible environmental footprint and social impacts and,
therefore, greater public acceptance [34,35]. In fact, small-scale
hydropower projects require zero or limited capacity dams and
have numerous benefits apart from their entirely domestic nature
and their contribution to climate change mitigation due to carbon
emissions reduction. Furthermore, small-scale hydroelectric
applications produce no air pollutants whatsoever (e.g. sulphur
dioxide (SO2), ozone (O3), nitrogen dioxide (NO2) etc.) and they are
a constant power supply source with the ability to smooth varia-
tions in energy production from other, more intermittent, genera-
tion sources (e.g. wind farms, PVs etc.) [36e38].

As with small hydro applications, unfavorable environmental
effects of PVs during their operation are usually minor and they can
be minimized even more by adopting the appropriate mitigation
measures. Among the most important issues for the public are the
impact of land use and visual intrusion, both of them however
depending upon specific parameters such as the topography of the
landscape, the type and the area of the land covered by the PV
system and the distance from places of natural beauty or sensitive
ecosystems [39e41]. Other aspects like disturbance of wildlife [42]
and impact on the fauna and flora are less severewhen compared to
other anthropogenic activities and thus seem to have less signifi-
cance for the public.

Nevertheless, among all renewable technologies, most attention
has been given to the public attitude towards wind energy appli-
cations. Available literature regarding public attitude to wind
energy projects falls into two main categories, i.e.: first, project-
related surveys and opinion polls conducted in specific places (e.g
[43,44].) and second, more general studies (policy-oriented),
including reviews and generic conclusions about the extent of
public opposition towards wind energy (e.g [20,45,46].). In this
context, opinion poll data and findings of surveys suggest that
public support for wind energy is in general high, although there is
some evidence to suggest that opinion poll data should not be
considered to represent incontrovertible “facts”. Actually, on the
one hand, opinion polls can be taken as a valuable, quick and
inexpensive source of information but on the other hand one
should not neglect that subjective influences may enter into every
stage of their development and thus responses do not necessarily
reflect the exact public opinion [46,47].

Wind power technology is generally considered as a mature and
cost-effective mean of achieving renewable energy targets but
issues such as the scarcity of appropriate on-land installation sites
or visual and noise constraints often limit its development; without
however disregarding a range of other concerns that are quite
frequently experienced concerning particular features of the local

environments [48] or stem from controversy around scientific/
policy claims for RES [47]. In any case however, the visual impact is
considered among the most important negative features of wind
farms [30] and an issue that shouldn’t be ignored during siting
decisions. This along with the noise impact, are the main concerns
often raised by the members of the public [49]. Under this argu-
ment, it is also stated that visual and noise impactsmay take central
roles in the initial planning debates as the public usually frames its
opposition in terms of established arguments (such as visual and
noise effects) rather than expresses its real concerns [48,50].

A study conducted by Ek [14], revealed that a large proportion
of the respondents (75%) acknowledged the visual impact on the
landscape as an important negative effect of wind energy, while
21% of the people asked claimed that wind turbines produce dis-
turbing noise pollution. In any case, it is understandable that
typical onshore wind turbines e with tower height of about 60e
100 m e form a visual impact on scenery, however the reaction
to the sight of a wind farm is highly subjective [51]. Many
people believe that wind turbines are a welcome symbol of clean
energy, whereas others find them disturbing additions to the
landscape. Visual intrusion can also be perceived to affect tourism.
Nevertheless, relevant studies have found contradictory responses
in this respect [52,53]; some visitors reported that a wind farm
would put them off visiting a location while others claimed that
a wind farm could be used as an attractive touristic destination
[44]. Thus, although a wind energy plant is clearly a man-made
structure, what it represents may be seen either as a positive or
as a negative addition to the landscape. In this context, a series of
parameters are considered as being determining in the shaping of
visual perception of the public concerning wind turbines,
including both the type of the area where the wind farm is
installed (e.g. close to a coast, tourist zone etc.) and the charac-
teristics of the wind turbines themselves (e.g. tower height, color
or contrast, size etc.).

As mentioned above, noise impact (especially aerodynamic
noise) during wind turbines’ operation is another important issue
[54]. Despite the remarkable progress of the wind turbine
manufacturing industry to reduce the noise impact of contemporary
commercial machines, noise still remains an important issue for the
local communities and statutory authorities [55], even hindering the
approval for the installation of new wind power projects [56].
Actually, wind farm developers may face strong resistance from
people who reside in the close proximity of new projects, owed to
concerns that the noise immission from wind turbines is a very
distracting nuisance and will disrupt their lives [51,57].

At this point, it should be mentioned that public opinion
towards RES is generally considered as being highly flexible, tran-
sitory and adaptable [46] and attitudes may vary significantly from
one project to another. In this context, some studies have endeav-
ored to illustrate the “gap” between the general high support for
renewable energy applications and the opposition which is often
documented for specific projects [18]. For instance, it has been
noted e under the common term “proximity hypothesis”, that the
closer a person is to a project (e.g. wind, PV or hydro plant) the
greater his/her opposition or negative attitude towards it will be
[43,58].

On the other hand however, many surveys have revealed that
the overall attitude of the public living close to an existing RES-
based project is highly supportive because opposition mainly
results from ignorance of the benefits of the technology employed
in this kind of projects (see for example Refs. [59,60]). That is the
other side of the coin which believes that public opposition
reduces, rather than increases with the degree of being directly
affected by a specific project [14,30,61]. For instance, as it has been
stated by Ebert [62] “the majority of people who live in a community
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close to a wind farm live quite happily with it”. This argument is also
supported by a study in the UK, recording that visual and noise
impacts concerns were found alleviated after the operation of
a wind farm (in comparison with the before state) [63]. Further-
more, such a view is reflected within a survey carried out by the
Scottish Executive [64] which analyzed local opinion towards wind
farms in “affected” areas. It was found that while many habitants
were concerned about issues related to the development of a new
wind energy project in their vicinity, very few people actually
experienced real problems once the project was implemented.
Similarly, a study concerning tenwind farms in Scotland found that
48% of people that participated in that survey (residents living close
to wind farms) anticipated that they would be negatively affected
by the presence of wind turbines before the projects’ completion.
Notwithstanding, after commissioning, only 18% of people believed
that they were subject to negative effects [65].

3. The study area

As noted above, although there is well established evidence to
validate the argument that the greater experience on renewable
projects could generally lead to greater acceptance, the present
study comes to add an additional dimension which contributes in
shaping public attitude towards RES and the associated environ-
mental impacts, i.e.: the adverse environmental conditions and
poor air quality existing in the area under investigation resulting
from the consumption of other, non-renewable sources for elec-
tricity generation.

Specifically, a point of particular interest in this study e apart
from extending the quite limited research conducted so far con-
cerning public attitude towards small hydroelectric and PV appli-
cations in Greece [34,66] e is the area under investigation. The
wide region of central Peloponnesus is of major interest since,
except from the interesting opportunities for further RES devel-
opment (e.g. wind and solar potential exceeding in many locations,
7 m/s and 1500 kWh/m2, respectively) and the already existing (at
approximate distance from central Peloponnesus <50 km radius)
wind (existing installations approx. 260 MW), hydro (existing
installations: 70 MW large-scale and 16 MW small) and PV plants
(existing installations: approx. 60 MW), the local population is also
familiar with the long-term operation of a lignite-based power
station existing in the area of Megalopolis since 1970 [67]. Today,
Megalopolis thermal power plant (see Fig. 2) is the third in Greece
in terms of capacity (850 MW) (Fig. 3) and offers more than one
thousand job positions to local inhabitants.

However, the long-term operation of the thermal power plant
and the excavation of lignite in the local mines have caused
significant impacts and detrimental effects on the environment
(e.g. crops, forests, ecosystems etc.) and on human health [68].
Particularly, the plant presents very high pollutant emission coef-
ficients (see for example Table 1) and thus it is found responsible
for approximately 8,000 kt of CO2 [69], 3 kt of NOx and 210 kt of SO2
[70] emissions per year, while the annual fuel quantities consumed
exceed 10,000 kt (representative data for 2008). It should be noted
that these high lignite amounts are the consequence of the low fuel
calorific value and low efficiency of the existing thermal power
units, i.e. approx. 4,500 kJ/kg and 30%, respectively. Furthermore, it
should be mentioned that these extremely high SO2 emissions are
attributed to the high sulphur content and relatively low alkaline
(CaO) ash content met in Megalopolis reserves, a condition which
does not apply to the lignite found in Northern Greece. In fact,
Megalopolis thermal plant has been responsible for about 70% of
the total SO2 emissions in the Greek power generation sector
during the last years (see for example Fig. 3), exceeding many times
both the hourly and daily permissible limits [71e73].

The aforementioned environmental problems in the wide
region of central Peloponnesus have provoked serious public
reactions against the operation of the thermal power plant in the
past, stimulating at the same time the local inhabitants to seek for
an alternative solution. At this point, by taking into account the
existing TPS technical characteristics (h and Hu), a qualitative
approach of avoided emissions (dX(j), see Eq. (1)) and fuel saving
(mf(j), see Eq. (2)) per MW of installed rated power of a RES-based
project is carried out for several potential CF values of RES appli-
cations (see Eq. (3)). The respective results are presented in Table 2.
For instance, a wind turbine rated at 1 MW with a 40% capacity
factor (or about 3,500 MWhe/year) eliminates the production of
about 6,500 t of CO2, 240 t of SO2 and 3 t of NOx per year due to the
annual fuel saving of more than 9,000 t. Accordingly, by taking into
account the lower CF values (15%e20%), which normally corre-
spond to the annual operation of a PV plant with the same capacity
ratings, the avoided emissions and fuel saving fall to half. On the
other hand, the operation of a small hydropower unit with CF being
between 40% and 60% eliminates the consumption of higher fossil
fuel quantities and contributes to the environmental protection by
avoiding more than 9,500 t of CO2, 360 t of SO2 and 4.5 t of NOx per
year. Thus, by considering the significant opportunities for further
RES exploitation in the wide area of central Peloponnesus in
combination with the results depicted in Table 2, one may realize
the significant fossil fuel savings and environmental benefits which
may be obtained by renewable energy technologies such as wind,
PV and small hydroelectric installations.

Fig. 2. The location of Megalopolis and a view of the thermal power station.
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Fig. 3. Characteristics of lignite power stations in Greece along with the share of SO2

production (representative data for 2008).
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4. Methodology

4.1. The questionnaires

The survey was carried out in the wider area of central Pelo-
ponnesus, during the period between December and March 2009e
2010, based on a representative sample of local inhabitants. It
should be kept in mind that for the preparation of the question-
naires a number of scientists collaborated, including statistics
experts, sociologists andmarket survey experts. Each questionnaire
had a number of closed-type questions, on top of some open-ended
questions concerning socio-demographic parameters such as age,
sex, exact habitation region, educational level, etc. Except of general
knowledge questions and socio-demographic information, the
content of the questionnaires was orientated to clarify the level of
public acceptance for three different RES-based technologies (i.e.
wind, solar-PV and small hydro) in a region where the local pop-
ulation is experienced in both the operation of similar installations
(wind parks, hydropower stations and PV installations) and
a medium size thermal power plant. Special attention was paid in
order to illustrate the role of the adverse environmental conditions
(due to the operation of the TPS) in shaping public attitude about
these three different renewable energy applications, taking also
into consideration their main environmental impacts. At this point,
it should be mentioned that the responses recorded through this
poll reflect only the opinion of the local residents surveyed andmay
not represent general estimates for the wider population.

A detailed description of the questionnaire employed [11,12] for
each technology can be found in Table A.1 (see Appendix) along
with the five-point possible answers for each question. The first
two questions concerned people knowledge for the technology
investigated, while Question 3 asked the opinion of the respon-
dents concerning the presence and operation of existing renewable
energy projects (wind, PV and small hydroelectric power plants) in
the wide region of central Peloponnesus. Questions 4 and 5 focused
on the main environmental impacts of the existing projects and
finally, the last question asked was relative to new renewable
energy applications in the close vicinity of the respondents.

It was decided that the most cost effective route, for gaining
a representative feedback of the local population, would be to
undertake an opinion poll by postal with multiple-choice answers
instead of other options such as personal interviews, door-to-door
questionnaires or long surveys with many questions and multiple
answer styles. Nonetheless, the weaknesses of opinion polls by
postal are well known and should not be neglected when one

analyses the results [46]. Furthermore, in opinion polls, question-
naires need to be kept short in order to maximize public response,
otherwise response rates can be significantly lower than the ones
expected from the application of other forms of surveys (e.g. face to
face interviews). Thus, a well-managed postal survey can normally
ensure an acceptable response rate. For this purpose an adequate
number (for extracting initial views) of questionnaires were posted
to a representative sample of the local population, equally divided
for each RES-based technology under investigation.

4.2. The sample

As it is evident from the literature [74], the validity of the results
depends largely on the size of the approved sample used, since the
outcome uncertainty is normally decreasing with the square root of
the sample size. At this point, one should keep inmind however that
response data from such surveys may contain both random and
systematic errors which, for instance, may be attributable to
mistakes made by the respondent (random errors) and from ‘faulty’
questions (imperfect aspect of the questionnaire design) or different
reactions of respondents to the chosen methods (e.g. it is possible
that the respondents consciously or unconsciously misrepresent the
truth), thus generating biased answers (systematic errors).

In the present survey, due to the geographical diversity of the
area examined, the number of 380 approved questionnaires (i.e. an
adequate number of responses to extract an initial view on the local
people attitude towards RES-based applications) has finally been
gathered (achieving however a fair response rate of about 30% from
the initial number of 1320) for the purpose of the survey [11].
Particularly, 130 questionnaires were finally gathered for wind
energy, 110 for hydroelectric energy and 140 for PVs. Note that the
initial number of questionnaires sent was the same for all tech-
nologies and the response rate was close to 30% for each particular
case. Furthermore, it should be mentioned that the questionnaire
was sent to randomly selected residents from the electoral register,
thus enabling the survey to be restrictedwithin the desired region’s
boundaries.

5. Results and discussion

According to the entire sample of 130 respondents analyzed
concerning wind energy applications in the central Peloponnesus
wide area, 49%weremale and 51%were female, while their agewas
from18 to 74 years old,withmost respondents (58%) being between
31 and 60 years old. Accordingly, concerning the sample of 140
respondents regarding PV applications in the same region, 49%were
female and 51% were male. Their age ranged between 18 and 83
years old and most of them (56%) were from 31 to 60 years old.
Concerning those answering for small hydroelectric applications,
47%weremale and 53%were female. Their agewas found from18 to
79yearsold,with themajority (53%)of thembeingagainbetween31
and 60 years old. Finally, the educational level of more than half of
the respondents was medium (high school) in all cases examined.

Proceeding to the results obtained, in general, high levels of
acceptability have been encountered for all the RES-based projects
examined. However, minor opposition, recorded for several reasons
(e.g. lack of proof for RES usefulness, aesthetics, land use, etc.) has
also been noted.

Specifically, as far as wind energy is concerned, respondents
were overall supportive toward this type of technology, realizing its
environmentally-friendly character. However, they appeared to be
rather skeptical towards wind energy projects in their territory,
unless they were convinced on their effectiveness. In this context,
the first two questions asked whether the respondents were
familiar with wind energy. Particularly, according to the analysis of

Table 2
Qualitative approach of avoided annual emissions and fuel saving per MW of
installed rated power of a RES-based project.

Wind PVs Small hydro

CF 0.25e0.4 0.15e0.2 0.4e0.6
dCO2(j) (t) 4095e6552 2457e3276 6552e9829
dSO2(j) (t) 150e241 90e120 241e361
dNOx(j) (t) 1.8e2.9 1.1e1.5 2.9e4.4
mf(j) (t) 5840e9344 3504e4672 9344e14,016

Table 1
Greenhouse gases and pollutant emission coefficients of
the TPS in Megalopolis (representative data for 2008).

Pollutant εC(j) (kg/MWh)

CO2 1870
SO2 69
NOx 0.8
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the entire sample, approximately 92% (Fig. 4) of the respondents
were familiar with the basic wind energy principles (Question 1)
and more than 78% (Fig. 5) of the respondents were aware of the
potential benefits of wind energy to the environment by recog-
nizing this technology as being important for climate change
mitigation (Question 2). On the other hand, although a notable part
of the respondents (almost 17%) were aware that wind turbines
may be used for electricity generation instead of fossil fuels, at the
same time they believed that their operation is harmful for the
environment (Fig. 5), revealing a need for additional public infor-
mation on the usefulness and environmentally friendly nature of
this technology.

In any case however, the above levels of public awareness can be
generally considered quite high and they can be attributed to the
existence of appreciable capacity wind energy projects in the area
under investigation. It should be noted that similar results have also
been mentioned in the literature, in other studies conducted in
regions with renewable energy projects nearby (see for example
Refs. [75e78]).

As it results from the analysis, public attitude towards existing
wind farms is in general quite supportive (Fig. 6). Particularly, the
majority of the respondents was in favor of existing wind parks
(61%), while another 23% were positive under conditions (e.g. they
needed proof of their usefulness). It is noteworthy however, that
people who react against the existence of wind turbines represent
only 5% of the sample. This low percentage of people opposing to
the existence of wind farms in their region may be attributed to the
fact that the long-term operation of the thermal plant in Mega-
lopolis has caused severe impacts on the environment [68],
increasing residents’ negative reactions and forcing them to seek
for an alternative solution (i.e. wind energy).

In terms of visual and noise impacts of existing wind turbines in
their territory (Figs. 7 and 8), the public attitude appeared to be quite
supportive. More specifically, 65% of the respondents expressed
positive trend for the visual impact of the wind farms, by either
stating that they were not affected visually by the presence of wind
turbines (49%) or that wind turbines make their territory attractive
(16%) (Fig. 7). However, 21% of the sample (12% þ 9%) found wind
turbines either visually annoying or not aesthetically right, while 14%
expressed no opinion on their esthetic impact. Besides, on top of the
fact that 65% of the sample is positive about the visual impact of
wind turbines in its territory, the vast majority of the respondents
(92%) also does not feel annoyed by the noise produced during
operation for different reasons, i.e. no feeling of disturbance, the
noise is covered by the surroundings, or pleasant to hear (Fig. 8).

Following, concerning the last question asked, the public
opinion towards the installation of newwind power projects in the
region seems again quite positive (Fig. 9). A considerable number
(35%) of the respondents were undoubtedly positive for new
installations and another 28% were positive under conditions. It
should be noted that, only a small minority (6%) of participants
expressed negative opinion towards new wind energy activities in
their vicinity. In any case however, it is difficult and risky to with-
draw safe conclusions for the above positive trends as one should
definitely not disregard the typically conditional nature of public
support [18] or the fact that a range of local, social, political or
environmental factors may become significant if particular/real
projects are actually proposed.

As far as PV applications are concerned, similar to the case of
wind farms, the first two questions focused on people’s knowledge
on PV energy. According to the information gathered, almost 94%
(Fig. 4) of the people asked were familiar with the basic PV prin-
ciples (Question 1) and approximately 66% (Fig. 5) of them were

0% 20% 40% 60% 80% 100%

In producing electrical
energy

In marking reasons

For esthetic reasons

For televising purposes

For other reasons

wind turbines PVs small hydro plants

Fig. 4. Public knowledge on different RES technologies (Question 1).
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   environment and fossil fuels
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Fig. 5. Public knowledge on different RES technologies (Question 2).
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Fig. 6. Public opinion towards existing RES-based projects (Question 3).
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Fig. 7. Public opinion towards the visual impact of existing RES installations
(Question 4).
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aware that PV systems may generally contribute to the environ-
mental protection and to the reduction of fossil fuel consumption
(Question 2). However, as with the case of wind energy, additional
public information is required as, again, a noteworthy percentage of
people (i.e. 17%) declared that although PV systems can partially
substitute fossil fuel consumption, this would be detrimental for
the environment (Fig. 5).

Overall, public attitude towards existing PVparks (see Fig. 6) seems
almost as supportive as the respective towards wind energy applica-
tions. Actually, this is depictedmore clearly in Fig.10,where responses
given in Questions 3, 4 and 6 have been interpreted to positive,
negative and neutral trends for comparison purposes. In this context,
83% of the respondents were either in favor of existing PV parks (53%)
or positive under conditions (30%) (they needed proof of their
usefulness). Further, it is noticeable that people reacting against the
existing PV systems in the area represented only 9% of the sample,
while another 8% had either no formed opinion (7%) or were not
interested in this matter (1%) (see also Fig. 6).

Moreover, in terms of visual effect caused by already existing PV
systems in their territory (Fig. 7), the public appeared to be rather
controversial. More specifically, 52% of the respondents claimed
that PV panels have no visual impact on them, which is 13% lower
than in the case of wind farms (see also Fig.10). Furthermore, 22% of
the sample (9% þ 13%) stated that PV systems are either visually
annoying or not aesthetically right, while 1/4 had no opinion on
their esthetic impact.

As far as the land use of existing PV parks in the sample’s
territory is concerned (Fig. 11), 23% of the respondents answered
that the land which is occupied by the panels is relatively small and
19% of them acknowledged that although PV installations require
large areas, this actually does not cause any problem. On the other
hand, 20% declared that perceive significant impact with the exis-
tence of PVs in their region, either by claiming that the land they

occupy is large (13%) or by mentioning that such applications
restrict development (tourism, residence, agriculture) of the area
(7%), with a significant percentage (38%) however expressing no
opinion on the subject.

Interestingly, public opinion for new PV installations appeared to
be more positive than new wind farms (Figs. 9 and 10), although the
main impacts of wind energy were perceived as less severe for the
public based on the results obtained. This favorable trend towards
new PV installations may be attributed to effective incentives

63%

6%2%4.5%

24.5%

Is too loud

Is too annoying

Does not actually disturb me

Is covered by the surroundings

Is pleasantly heard, in relation
to their valuable energy

Fig. 8. Public opinion towards the noise impact of existing wind turbines (Question 5).
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Fig. 9. Public opinion towards new RES-based projects (Question 6).

84%

5%

11%

83%

9% 8%

84%

5%

11%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

positive negative neutral

wind farms

PVs

small hydro

Public opinion towards existing projects

65%

21%

14%

52%

22%

26%

56%

9%

35%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

positive negative neutral

wind farms

PVs

small hydro

Public opinion towards visual impact

63%

6%

31%

83%

4%

13%

67%

4%

29%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

positive negative neutral

wind farms

PVs

small hydro

Public opinion towards new projects

Fig. 10. Comparison between RES-based technologies based on public opinion trends.
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Fig. 11. Public opinion towards the land occupation of existing PV parks (Question 5).
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(financial and practical) implemented in Greece during the last
years, promoted through quite high, guaranteed feed-in tariffs,
which aimed to stimulate both new investments in large PV systems
and the introduction of PV applications (up to 10 kWp) into the
building sector (domestic or small enterprises) [79]. As a result of
these positive incentives, thousands of potential investors, both
individuals and large-scale companies across the Greek territory,
have expressed interest to install PV systems [7]. On the other hand,
it should bementioned that opportunities for individuals to invest in
wind energy are rather small while most of the wind power activity
in Greece is currently being driven by large companies and major
investors. In this context, based on the results of the present study,
the positive trend towards new PV applications is depicted by the
high percentage of 83% (see Fig. 10), being 20% greater than in the
case of new wind energy projects. Specifically, 44% of the respon-
dents stated that they would happily agree in case of a new PV
installation in their territory, being already aware of the effectiveness
of such projects (see Fig. 9) while, at the same time, there was
another 39% that could possibly agree after examining all available
data concerning the benefits of those projects (e.g. environmental,
financial, employment positions etc.). Finally, it should also be kept
in mind that people being totally against new PV installations in
their vicinity represented, as in the case of wind energy, only a very
small percentage of the sample, i.e. 4%.

Unsurprisingly, overall results do not differ considerably for
small hydro projects. Again, the existence of quite significant
hydroelectric installations in the wide area under investigation
could have led to the recorded high levels of public awareness.
Particularly, the knowledge on the basic principles of hydro
projects and their beneficial effects on the environment (Figs. 4 and
5) is illustrated by the high percentages of 93% (Question 1) and 73%
respectively (Question 2). Nevertheless, the need for additional
public information arises here as well (see Fig. 5), based on the
answers given in the second question asked, i.e. 18% of respondents
stated that small hydro projects are detrimental to the environment
but contribute to fossil fuel consumption reduction, 7% were not
aware of the impact on the environment and fossil fuels and finally,
2% mentioned that this kind of projects have negative environ-
mental consequences.

The public attitude towards existing small hydro projects is,
again, highly supportive. As with the previous cases analyzed, 84%
of the respondents demonstrated positive trend towards existing
installations (Fig.10), 51% out of whichwere absolutely positive and
33% needed further information, while, only a small minority (5%)
presented negative opinion (Fig. 6).

As far as the visual impact of existing small hydro projects is
concerned, respondents’ opinion was quite positive. More than
a half of them (56%) believe that the existing small hydro

installations make either the area attractive or have no visual
impact (Figs. 7 and 10); this however being 9% lower than the
corresponding percentage of the wind farms case. Moreover, only
9% of the sample (7% þ 2%) stated that they find small hydro
projects either visually annoying or not aesthetically right, while
a considerable percentage of 35% had no opinion on their esthetic
impact. On top of that, although 56% of the respondents expressed
positive attitude for the visual impact of small hydro projects in
their territory, the vast majority of them (84%) recognize the
beneficial features of this technology (Fig. 12). In this context, it is
worth mentioning that 62% of people participating in the survey
stated that small hydroelectric installations produce ‘pure’ elec-
trical energy, controlling at the same time the water supply in the
rivers and 13% of them answered that such projects contribute to
regional development through entertainment facilities (e.g. aqua-
culture etc.). The negative impact on fauna and florawas supported
by the not-so-insignificant proportion of 14%.

Finally, public opinion for new small hydro installations was
almost the same with wind energy counterparts and considerably
less than that of PVs (see Fig. 10). In this context, 31% of the
respondents were undoubtedly positive for new installations and
another 36% were positive under conditions (Fig. 9). It should be
noted, that again, only a very small minority of the order of 4%
expressed negative opinion towards new small hydroelectric
activities in the wide region of central Peloponnesus.

6. Conclusions

Considering the current status of the energy sector at both the
national and international level, it has become obvious that large-
scale integration of renewable energy applications is thought to
be imperative in view of contributing to the sustainable develop-
ment of human societies. In this context, several private and public
investors have repeatedly tried to site new RES-based production
facilities, an effort that has often raised serious local opposition
however.

To this end, the up to now experience has shown that public
opinion is generally considered as highly unstable and attitudes
may vary significantly from one project to another as well as among
locations or evenwithin one location may change over time. In fact,
public opinion depends on several factors such as ignorance or
misinformation of the benefits of the technology employed, local
environmental conditions, national energy policies, people’s
experiencewith this kind of projects etc., thusmaking it difficult for
individual behavior to be always accurately interpreted. In any case
however, the present survey intended to provide a ‘snapshot’ of the
public opinion towards differenteexisting and newerenewable
energy applications (wind farms, PVs and small hydro projects) in
a region where the atmospheric quality is low due to the long-
term operation of a thermal power plant which is responsible for
about 70% of the total SO2 emissions of the Greek power generation
sector during the last years. For that reason, a three-part surveywas
conducted using questionnaires to assess opinions, attitude and
aspects of the local population towards existing and new renewable
energy applications, aiming also at valuing their main environ-
mental impacts.

Summarizing the survey’s results, the following conclusions
may be drawn:

➢ Intensive exposure of RES-based projects in the region may
have led to the inarguably high levels of awareness (con-
cerning general knowledge questions) which were recorded
in the present survey, reflected by percents that reached
almost 95% in all cases.

2%
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9%

13%62%

Reduce the available water supply

Have negative impact on fauna and
flora

Provide a controlled water supply
resulting in the support of local
ecosystems

Contribute to the development of
the region through entertainment
facilities, aquaculture, etc 

Produce ‘pure’ electrical energy
controlling at the same time the
water supply in the rivers of the
region

Fig. 12. Public opinion towards several environmental impacts of existing small
hydroelectric installations (Question 5).
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➢ A specific minority of people were revealed through this
survey that were opposed to RES applications, either dis-
regarding any environmental, social and financial benefits or
just weighing benefits less heavily than the reasons of
opposition. Thus, the need of additional public information
regarding RES exploitation (e.g. environmental and financial
gains, employment opportunities etc.) derives.

➢ High levels of public acceptability for existing RES-based
projects in the wide region were recorded, reaching about 85%
for all technologies examined. It should be noted that, in all
cases, people who react against the existence of renewable
energyprojects intheirvicinitywere lessthan10%of thesample.
These high levels of public acceptability could be attributed to
the presence of the thermal power plant in the region which
impedes a good life quality of the people residing in the area.

➢ More than a half of respondents expressed positive trend
towards the visual impact of the existing installations. Inter-
estingly, among the three technologies, wind farms demon-
strated better results, with 65% of the respondents declaring
either that they were not visually affected by the presence of
wind turbines or that their existence makes the territory
attractive. Wind turbines are usually located in highly visible
areas, a fact which increases their visual exposure to many
nearby locations, especially if compared with PVs and small
hydro projects which may not be such exposed. Therefore,
although one would expect that the visual impact would be
higher forwind farms, eventually it seems to be lower. A sound
explanation of this could be that the presence of wind farms in
the region has made people to get used to them, realizing that
the problem of visual intrusion is in fact not as severe as they
would normally expect before the installation of such projects.

➢ Local habitants’ experience on already operating wind farms
in the region has also designated their ‘tolerance’ on the noise
impact, with the vast majority of the respondents (92%) not
feeling annoyed by the noise produced during wind turbines’
operation. On the contrary, habitants seemed more skeptical
concerning the land use impact of PV plants, with almost 20%
thinking of the PV plants’ size as a considerable disadvantage.
Regarding small hydroelectric power plants, the impact on
the fauna and flora was mentioned as the most significant
disadvantage by almost 15% of the sample.

➢ The public opinion towards new renewable energy projects
was highly supportive as well. This could be attributed, as
mentioned before, to the existence of the thermal power
plant which has increased people’s reactions against its
operation and has stimulated them to seek for an alternative
solution (e.g. wind farms, PVs, small hydro applications).
Interestingly, among the three examined technologies, better
results concerned PV applications, with the positive trend
towards new projects being illustrated by the high
percentage of 83% (including those who might agree after
examining all available data). At this point what is worth
mentioning is that people who would definitely react against
a new project (wind farms, PVs, small hydro) in their territory
represented approximately only 5% of the sample; however,
one should not neglect the conditional nature of public
support or the fact that several factors (local, social, political
or environmental) may be raised in case that particular
projects will actually be proposed in the future.

➢ Finally, realizing the relatively low response rate recorded in
the present study, although the number of 380 approved
questionnaires is adequate to extract initial estimations, the
authors intend to extend their work by employing properly
designed questionnaires in order to achieve a larger “sample
-to-population” ratio and thus to ensure a more accurate

generalization in this field. In any case however, what can be
arguably concluded from the results presented is that the
majority of people having participated in the current research
acknowledge the benefits of RES, while, a notable part of
them support any kind of new RES-based activity in their
territory, possibly reflecting in that way a ‘backlash’ against
the consumption of fossil fuels and the adverse environ-
mental consequences involved.

Appendix

Table A.1
Demonstration of the questionnaire in the present public opinion survey.

Question 1 The wind turbines/photovoltaic/hydroelectric systems
are usually used:

Possible answers a. In producing electrical energy
b. In marking regions
c. For esthetic reasons
d. For televising purposes (satellite antennas)
e. For other reasons

Question 2 The wind turbines/photovoltaic/hydroelectric systems:
Possible answers a. Are detrimental to the environment but contribute to

fossil fuel consumption reduction
b. Contribute to the protection of the environment and

to the reduction of fossil fuel consumption
c. Consume significant quantity of oil
d. Pollute the environment
e. I am not aware of the impact on the environment and

fossil fuels
Question 3 Do you actually agree with the existence of wind

turbines/photovoltaic/small hydroelectric systems in
your territory?

Possible answers a. I am not interested in this matter
b. I have no formed opinion
c. I would agree if only I had proof of their usefulness
d. No, I do not
e. Yes, I do

Question 4 The wind turbines/photovoltaic/small hydroelectric
plants of your territory:

Possible answers a. Are visually annoying
b. Have no visual impact on me
c. Are not aesthetically right
d. I have no opinion on their esthetic impact
e. Make the area attractive

Question 5 The noise of the wind turbines in your territory:
Possible answers a.Is too loud

b.Is too annoying
c.Does not actually disturb me
d.Is covered by the surroundings
e.Is pleasantly heard, in relation to their valuable energy
The land use of a photovoltaic park in your territory:
a. Is relatively small
b. Is considerable compared to the size of the area
c. Is large enough but does not cause a problem
d. Restricts the development of the region (tourism,

residence, agriculture)
e. I have no formed opinion
The small hydroelectric plants in your territory:
a. Reduce the available water supply
b. Have negative impact on fauna and flora
c. Provide a controlled water supply resulting in the

support of local ecosystems
d. Contribute to the development of the region through

entertainment facilities, aquaculture, etc
e. Produce ‘pure’ electrical energy controlling at the

same time the water supply in the rivers of the region
Question 6 In case of a new wind farm/photovoltaic park/small

hydroelectric plant in your territory:
Possible answers a. I would react against this installation

b. I have no formed opinion
c. I might agree, after examining all available data
d. I would happily agree, being aware of their

effectiveness
e. I am not interested
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