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A B S T R A C T   

Although, in general, there is a high level of public acceptance of renewable energies (RE) in Spain, at a local 
scale, protests and campaigns against RE projects are becoming increasingly frequent. In order to identify the 
factors that most influence the acceptance/rejection of renewable electricity generation technologies (photo
voltaic, wind and biomass) at a local level, in this study we conducted a structured survey of the population of the 
province of Jaén in southern Spain. The analysis of the results of the questionnaire reveals that the social 
acceptance of RE plants is influenced by their location and size, and identifies the main criteria and situations 
that people take into consideration when deciding whether to support or reject RE projects. Although the results 
suggest that all RE technologies are widely accepted, they also highlight a preference for photovoltaic energy and 
for medium-sized plants in sites with low natural value. This article provides information and recommendations 
to facilitate the drafting of policies, plans and future studies that will enable social barriers to the implementation 
of RE technologies to be reduced, so helping accelerate the energy transition that is required in order for agreed 
climate targets to be met.   

1. Introduction 

The need to reduce greenhouse gas emissions, so as to avoid irre
versible damage to the planet’s ecosystems in the coming decades has 
become a worldwide emergency. This has caused governments to 
rethink their energy policies in order to speed up the generalized 
installation of electricity production technologies based on renewable 
sources (Masson-Delmotte et al., 2021). The use of fossil fuels in the 
energy sector is responsible for 73.2% of world emissions of greenhouse 
gases (Ritchie et al., 2020). The weakness of the European energy system 
has been laid bare on more than one occasion, such as in the oil crises of 
1973 and 1978, which highlighted the EU’s structural weakness as 
regards energy supply (Urrea Corres, 2011). This problem remains a 
source of concern today and its main cause is the strong dependence of 
Europe on imported oil and gas, especially from Russia (El País, 2022). 

In this context, the EU is faced with various different challenges: i) to 
reduce greenhouse gas emissions, as agreed in international agreements 
such as the Paris Agreement, ii) to reduce dependence on energy imports 

from outside the EU, and iii) to transfer these objectives to a local scale. 
This means that society in general and local communities in particular 
must embark on an energy transition towards a system based on 
renewable energy (RE) sources. Local support or acceptance of RE 
technologies is crucial for a successful transition to cleaner, more sus
tainable energy. For this reason, understanding the different factors that 
influence local acceptance of RE projects is of vital importance when it 
comes to designing spatial plans setting out the most suitable locations 
for installing them. These plans can then be integrated into the RE 
policies of European countries. 

Surveys conducted by the European Commission (Eurobarometers) 
indicate substantial support amongst the EU population for RE in gen
eral, as well as increasing, more widespread use of these energy re
sources (European Commission, 2006; European Commission, 2012; 
European Commission, 2019). Research also shows that they are widely 
accepted in Spain and in south-west Europe in general (Barral et al., 
2019). However, in spite of this generalized acceptance of RE, we 
observed that certain specific kinds of renewable technology projects are 
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frequently rejected at a local level (Musall and Kuik, 2011). 
In Spain, as in other countries in which RE technologies have un

dergone huge deployment, social perceptions of them have changed. For 
example, in the particular case of wind power, as its energy potential has 
grown dramatically through large-scale projects in many regions, its 
social acceptance has diminished (Dugstad et al., 2020). 

The impacts of these projects on the environment and the landscape, 
the siting of wind farms, their large size, unfair distribution, lack of 
economic and social benefits for local residents and the lack of trans
parency in the spatial planning processes have all become critical issues, 
which have sparked a large number of demonstrations and protests in 
Spain against this RE source (Prados et al., 2012). 

In the case of solar photovoltaic (PV) technology, there have also 
been recent demonstrations against the installation of large PV plants, 
which are displacing the traditional agricultural use of the land towards 
a new, more profitable form of business i.e. electricity generation 
(Navarrete, 2021). 

A lack of social acceptance is therefore considered one of the most 
important factors limiting RE development, in that it regularly delays 
the installation and operation of RE plants (Segreto et al., 2020; Gareiou 
et al., 2021). We must therefore find out more about the opinions of 
energy consumers regarding the possible installation of RE plants in 
their local areas, so as to gain an insight into how best to approach this 
process so as to ensure social acceptance and successful installation (Ek, 
2005). 

Numerous researchers have highlighted the importance of attitudes, 
visual perceptions, perceived environmental damage, perceived energy 
cost and personal risk as the factors that most influence individual op
position to energy technologies (Ek, 2005; Wüstenhagen et al., 2007; 
Rosso-Cerón and Kafarov, 2015; Liebe and Dobers, 2019). However, 
they have tended to focus on the analysis of the acceptance or rejection 
of RE projects, without exploring in detail the specific factors behind 
people’s perceptions of them (Batel et al., 2016). While most research in 
recent years has centred on the social acceptance of wind farms (Fast, 
2013; Caporale et al., 2020; Dugstad et al., 2020; Lagendijk et al., 2021), 
there are much fewer recent studies on the social acceptance of a range 
of different RE technologies (Yuan et al., 2011; Soland et al., 2013; 
Sütterlin and Siegrist, 2017; Prosperi et al., 2019). Furthermore, 
sub-sub-national scale is not so present in those type of studies (Fast, 
2013). These more holistic integrated studies of the different RE tech
nologies that may be installed in a particular territory have largely been 
overlooked in the literature. 

Therefore, based on a lack of understanding of how to reduce social 
barriers towards RE projects, especially when the specific factors behind 
people’s opinions at the sub-sub-national level are considered together 
with various technologies ––their sizes, and their potential locations––, 
the aim of this work, carried out by an interdisciplinary team, is to 
analyse the social acceptance or rejection of a range of different RE 
generation technologies (PV, wind and biomass) within the context of 
the province of Jaén (Spain). More than 50 solar PV plants are already in 
operation in this area, together with a windfarm and three biomass 
power generation plants and for each technology, there is great potential 
for the technically feasible implementation of new projects in the short 
term (Osorio-Aravena et al., 2022). In this study, we prepare and applied 
a structured survey that has three main objectives: (1) assess the levels of 
acceptance of the local community regarding RE technologies and the 
possible areas of the province where they might be sited; (2) analyse the 
effects of location on the degree of acceptance of each technology and; 
(3) identify the criteria and situations that could act as factors in the 
acceptance/rejection of RE projects in the study area. 

The interdisciplinary methodology applied in this work is a contri
bution to the existing literature in terms of how to evaluate the factors, 
criteria and situations which can influence, in either a positive or 
negative sense, local people’s acceptance of RE projects at the sub-sub- 
national level. In fact, the procedure carried out to apply the survey is 
also a contribution in terms of how to cover almost the whole territory 

under study, despite the COVID-19 pandemic situation, and it is easy to 
replicate. 

The results and findings of this work provide useful information and 
recommendations to facilitate the drafting ––or improving–– of policies, 
plans and future studies to reduce the social barriers towards the 
installation of RE technologies, so helping accelerate the energy tran
sition that is required in order for agreed climate targets to be met. 

The results may also serve as a reference for the siting of RE plants in 
rural areas of the Mediterranean Basin, in which most of the land is 
occupied by olive groves, resulting in competition for the land between 
RE systems and agriculture. 

This article is structured as follows. Sections 2 and 3 describe the case 
study and methodology, while Section 4 presents the results of our 
analysis. Section 5 sets out the conclusions and recommendations for 
planners and developers. Finally, the limitations of this work are exposes 
in Section 6. 

2. Case study 

2.1. Geographical overview 

The Province of Jaén is situated in the North-East of the autonomous 
region of Andalusia, Spain (see Fig. 1). It is made up of 97 municipalities, 
which for administrative purposes are grouped together in ten sub- 
regions. It has a surface area of 13,484 km2 or 15.5% of the total area 
of Andalusia and a population of 627,190 (Instituto Nacional de Esta
dística, n.d). The province has 304,175 ha of protected natural areas and 
550,000 ha of olive groves, a crop on which the local economy is based 
(Herrador Lindes and Martín Mesa, 2020). In fact, Jaén produces 50% of 
Spanish olive oil and 20% of all the oil produced worldwide (Esencia de 
Olivo, 2021). 

2.2. Current situation of electricity generation in the province of Jaén 

In 2021, the province of Jaén had an installed capacity of 422.96 MW 
of RE technology, 4.7% of the total for Andalusia as a whole. Gross 
electricity production was 605.2 GWh (Agencia Andaluza de la Energía, 
2021) (Table 1). It had just one windfarm with an installed power ca
pacity of 15.2 MW, 3 power stations driven by biomass (16 MW, 15 MW 
and 6 MW) and over 50 photovoltaic plants. Most of these had power 
capacities of less than 10 MW, while the largest had a capacity of 
11.8 MW. The renewable electricity produced in the province of Jaén 
covers just 28.9% of all the electricity consumed in the province 
(Agencia Andaluza de la Energía, 2021). The province has no electricity 
generation plants driven by fossil fuels or hydropower (Agencia Anda
luza de la Energía, 2021). This means that it is clearly dependent on 
other areas for its energy needs. The great potential of RE in this area 
could therefore provide a perfect solution to enable the province to 
become self-sufficient in electricity as part of the energy transition. In 
this case, RE would have to compete with agriculture for the limited 
available land in the region. It is therefore necessary to search for al
ternatives that enable energy and agricultural production within the 
same physical space. 

2.3. Potential for renewable electricity generation in the province of Jaén 

According to Ruiz-Arias et al. (2012), the RE technologies with the 
greatest potential and the most feasible implementation in the province 
of Jaén are solar PV, wind and biomass. According to these authors’ 
calculations, the theoretical potential in this province for electricity 
generation from solar PV and wind energy came to 1000 TWh and 
110 TWh, respectively. These figures are 358 and 39 times higher than 
the total consumption of electricity in the province in 2019. They also 
estimated that with the annual residues produced by the pruning of olive 
trees in the province, a further 820 GWh could be generated each year i. 
e. 29% of total electricity consumption in 2019. 
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Recently, Osorio-Aravena et al. (2022) estimated that in the province 
of Jaén, solar PV, wind and biomass energy had a potential annual 
production of 8.9 TWh, 0.91 TWh and 0.68 TWh, respectively. They 
asserted that this production capacity was not merely theoretical, but 
could feasibly be implemented in the short term. They also argued that it 
would bring substantial socio-economic benefits and would be accepted 
by local people. Their combined total is equivalent to 3.8 times the total 
electricity consumption in the province in 2019. These authors also 
estimated that 1.5% of the total surface area of the province would be 
required for the installation of the solar PV plants and windfarms needed 
to produce such a large amount of electricity. 

However, in practice, successful installation of this RE production 
capacity in the short term is far from easy. This will depend on factors 
such as the size of the power stations, their specific location, and a wide 
range of other criteria and situations affecting the acceptability and/or 
rejection of RE projects. Many of these are associated with sociocultural 
aspects of the local population (Osorio-Aravena et al., 2022). 

3. Methodology 

This study was based on a structured survey applied in the province 
of Jaén, the main objective of which was to analyse the social acceptance 
by local people of three renewable energy technologies (solar PV, wind 
and biomass) and their possible locations. We also evaluated the criteria 
and situations that could influence the degree of acceptance or rejection 
of RE projects. Our ultimate aim was to provide useful information for 
decision-makers so that they can devise policies and plans that can break 
down the social barriers that stand in the way of the successful imple
mentation of RE technologies. We also sought to provide a useful tool for 
companies wishing to carry out projects of this kind, and in so doing help 
accelerate the energy transition. 

The procedure followed during the course of this work, which can be 
replicated at other territorial scales (e.g. regional and/or national), was 
divided into three stages. The first stage involved the preparation of a 
questionnaire. In the second stage, this questionnaire was used in sur
veys of local groups and neighbourhood associations in the different 
municipalities of the province of Jaén. Finally, we analysed the answers 
and interpreted the results. 

In the following subsections, we will now describe each of the three 
stages that made up this study. 

3.1. Preparation of the survey 

The preparation of the survey involved two basic steps. The first was 
to select the renewable electricity production technologies that we were 
going to evaluate and their possible installation sites. The second stage 
was to prepare the questionnaire, which was later applied in the form of 
a survey of the inhabitants of the province of Jaén. 

When making our selection of possible RE technologies, two criteria 
were considered: i) that plants using this technology were already in 
operation in the province, and; ii) that the technology had significant 
technical potential and could feasibly be implemented in the short term. 
Of the four renewable electricity generation technologies currently in 
operation in Jaén (see section 2.2), we selected solar PV, wind and 
biomass. This decision, together with the possible locations, was based 
on studies conducted by Ruiz-Arias et al. (2012) and Osorio-Aravena 
et al. (2022) into the potential for RE in the province of Jaén and 
whether it could feasibly be integrated into the electricity network in the 
short term. 

We then began devising the questionnaire, which had three initial 
objectives: i) assess the levels of acceptance within the local community 
of RE technologies and the possible sites where they might be located in 
the province; ii) analyse the effect of location on the degree of accep
tance of each technology, and iii) identify the criteria and situations that 
might influence the acceptance/rejection of RE projects in the study 
area. For this reason, the survey was divided into three blocks (see 
Appendix A):  

• In Block 1, interviewees were asked two multiple-choice questions in 
an initial attempt to uncover any general trends regarding the 
acceptability of RE projects amongst people from the province of 

Fig. 1. Geographical location within Spain of the province of Jaén.  

Table 1 
Installed capacity and renewable electricity generation in the province of Jaén, 
2021   

Biomass Hydropower Photovoltaic Wind TOTAL 

MW installed 37.0 212.2 157.44 15.2 422.96 
GWh generated 239.2 178.0 161.7 26.3 605.2  
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Jaén. In these questions, interviewees were asked to choose which 
type of technology (on the basis of project size - small <5 MW, me
dium 5–50 MW and large >50 MW - Real Decreto 413/2014, de 6 de 
junio) they considered most suitable for installation in their prov
ince, and which areas (possible sites) within the province they 
considered most suitable for installing RE projects (regardless of the 
type of technology or the size of the plant).  

• In Block 2, the interviewees were asked the same set of questions 
about each technology so as to assess the acceptability of each one in 
greater detail, in line with the different locations proposed for their 
installation. Using a Likert scale, the interviewees were asked to 
select their degree of agreement - from totally disagree (1) to totally 
agree (5) – with the construction of solar PV plants, windfarms and 
biomass power stations in different locations. The proposed locations 
were chosen on the basis of the location of existing PV plants, 
windfarms and biomass power stations in the province and the lo
cations assessed in previous studies (Ruiz-Arias et al., 2012; Osor
io-Aravena et al., 2022). 

• In Block 3, the interviewees were asked four multiple-choice ques
tions which sought to identify the factors that influence the accep
tance or rejection of RE projects in the study area. In the first 
question, interviewees were asked to choose the criteria that would 
improve their perspective regarding the possible implementation of a 
RE project in the municipality. In the second question, the in
terviewees were asked to indicate which situations might be 
conceived as a barrier for the development of RE projects in their 
municipal areas. In the third question, the interviewees were asked 
about how much they agreed with a series of statements and ques
tions of varying kinds which have traditionally been associated with 
RE. Finally, in the fourth question, which referred specifically to 
biomass-driven power stations, the interviewees were asked to 
indicate the factors that might lead them to reject the construction of 
these powerplants (the analysis of this last question is associated 
with Block 2). In the last part of this Block, the interviewees were 
asked to provide the following details: age, sex and municipality of 
residence. 

3.2. Application of the questionnaire 

Due to the health emergency produced by the Covid-19 pandemic, 
the survey was drawn up using the Google Forms questionnaire 
administration software, and distributed online through Facebook 
groups. In order to guarantee maximum possible coverage of the study 
area and to try to reduce bias as much as possible in the sample, the 
online questionnaire was sent out to social/neighbourhood groups on a 
variety of issues in each town in the province. In this way, the aim was to 
achieve a heterogeneous sample in which the socio-economic diversity 
of the province was represented. 

For this purpose, the survey was posted directly to all existing public 
social groups on Facebook and access was requested to those private 
groups. In the same way, the survey was sent to the institutional profiles 
that each City Council has on the social network requesting its publi
cation and citizen participation. 

Finally, in order to achieve active participation and wider dissemi
nation, a reminder of the survey was placed in each publication every 
evening for a month. 

The fact that the survey was conducted online also made it easier to 
collect the information for its subsequent analysis, as the answers were 
registered on a digital database linked to the online questionnaire. 

3.3. Analysis of the answers and interpretation of the results 

The answers to each block of questions were analysed statistically 
using the IBM SPSS Statistics computer programme. The answers were 
subjected to different statistical tests depending on the nature of the 
questions and the particular focus of analysis of each block. 

In Block 1, we began by assessing the whole set of answers for each 
question individually. In Question 1, the objective was to identify which 
technology (wind or PV) and project size the local residents considered 
most suitable for development in the province of Jaén, while in the 
second question the aim was to observe the general predisposition of the 
population to hosting renewable technologies in different areas and sites 
within the province. 

Secondly, and given that interviewees can select more than one op
tion when answering each question, we tried to identify general trends 
in the acceptability of the installation of wind and PV technologies in 
different areas of the province we were studying. To this end, we com
bined the multiple answers associated with the “Size of the wind and 
solar PV installations” with those associated with the “potential areas for 
the installation of RE projects” using a contingency table, known in the 
SPSS software as a cross table. This table enabled us to analyse and 
observe the interaction between the different variables (“size of in
stallations” and “installation site”) in order to identify possible patterns. 
These in turn would allow us to go beyond the raw data in our inter
pretation of the results. 

The Pearson χ2 Test was used to analyse the answers for Block 2, 
which are related with the respondents’ degree of agreement regarding 
the installation of each technology in different locations. In this study, 
the χ2 Test was used as a test of independence so as to find out whether 
there was a significant relationship between the answers to the variables 
“acceptability of the technology in the province of Jaén” and “locations 
of the installations”. This would tell us whether the acceptability of the 
RE projects is influenced by their location. In order to determine 
whether the variables were related in any way, a significance level 
(referred to as α or alfa) of <0.05 was used for the χ2 Test (Gómez, 
2008). 

However, the Pearson χ2 Test does not determine the degree of the 
dependence or independence relationship; we therefore decided to 
apply the Cramer’s V correlation, so as to measure the effect size of the 
relations between the two variables (in line with Table 2). This enabled 
us to establish the strength of the association between them and to infer 
whether there were factors that influence said association in those cases 
in which it is not perfect (= 1). 

Finally, the results of Block 3 were analysed descriptively according 
to the number of times that each of the options was marked (in the 
questions with multiple answers) or according to the number of in
terviewees who selected each option as a percentage of the total 
(question about the degree of agreement). The aim was to identify which 
criteria would improve the respondents’ general outlook regarding the 
installation of a RE project in their municipalities and find out which 
situations they believe would act as a barrier. 

4. Results and discussion 

In this section we present and discuss the results and analysis of the 
survey. Firstly, we describe the characteristics of the sample group. Then 
we analyse the trends regarding public acceptance of different RE 
technologies as a function of their size and depending on the proposed 
sites for installation, so as to later explore in greater depth for each 
technology how location affects the degree of acceptance. Finally, we 
analyse the criteria and situations that can influence the acceptance or 

Table 2 
Interpretation of the Cramer’s V effect size. Source: International Business Ma
chines Corporation (IBM).  

Effect 
size 

Interpretation 

≤0.2 The result is weak. Although the result is statistically significant, the 
fields are only weakly associated. 

0.2–0.6 The result is moderate. The fields are moderately associated. 
>0.6 The result is strong. The fields are strongly associated.  
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rejection of RE projects in the study area. 

4.1. Characteristics of the sample group 

The sample group consisted of a total of 329 interviewees (n = 329), 
which, according to the formula applied by Gareiou et al. (2021), 
implied a margin of error of 5.4% in the extrapolation to the population 
as a whole. This means that the survey has a confidence level of 94.6%, 
which is a percentage within the standard representativeness range 
established in social science studies (Rositas Martínez, 2014). In terms of 
sex representation, 47% of the respondents were female and 53% were 
male. The most highly represented age groups were between 51 and 60 
years old (26% of the respondents) and from 41 to 50 years old (24%). 
The age structure of the sample group is representative of the age 
structure of the inhabitants of the province, according to statistics from 
the Instituto Nacional de Estadistica (INE) (2021). 

In spatial terms, we received answers from 60 municipalities out of a 
total of 97 in the province. These included the largest towns in the 10 
subregions that make up the province, which means that the sample 
offers a general impression of the situation in all the different 
subregions. 

4.2. Trends in the acceptance of RE projects in the province of Jaén 

The results set out below are for the answers to the questions in Block 
1. In response to the question about which type of technology (on the 
basis of project size - small <5 MW, medium 5–50 MW and large 
>50 MW - Real Decreto 413/2014, de 6 de junio) they considered most 
suitable for installation in the province of Jaén, 65% opted for solar PV 
plants and 35% for windfarms. In addition, in all three plant sizes, a 
higher percentage of respondents opted for solar PV plants than for 
windfarms. This is in line with a trend that has been observed in other 
studies that analyse the social acceptability where solar energy is widely 
more accepted than wind energy (Sütterlin and Siegrist, 2017; Marrero 
et al., 2021). A greater acceptance of solar energy compared to wind 
energy that authors such as Jeuland et al. (2021) try to explain by a more 
positive perception of the impacts and usefulness of solar energy. 

The answers also shows that the public prefer medium-sized power 
plants (5–50 MW), with a trend towards small installations (≤5 MW) 
and that the least popular option was large power plants (>50 MW). 
These preferences, is in line with the size of the existing PV plants 
(<12 MW) and windfarms (15.2 MW) in the province. 

A preference for solar PV and medium-sized projects differs with the 
Spanish auction strategy oriented towards large-size projects, predom
inantly wind farm projects, in order to quickly reach European targets in 
this area (EuropaPress, 2022). In fact, this strategy has met with strong 
social opposition, mobilising over 180 Spanish associations against 
renewable megaprojects (LaSexta.com, 2021). This emerging social 
barrier can be reduced by implementing energy policies that prioritise 
the size of projects and the type of RE technology that local people 
prefer. 

This result indicates that despite the high acceptance of solar and 
wind energy in the province of Jaén, the degree of acceptability is not 
stable when the size variable is introduced. Therefore, if a comparison of 
acceptability for different technologies, or even for a single technology, 
but without considering the size of the infrastructure, trends can be 

obtained that do not persist as large-scale implementation is proposed. 
As regards possible sites, the “areas of no environmental value” op

tion was the most popular, in that it was ticked by 46% of those inter
viewed compared to just 4% who selected “protected natural areas”, the 
location considered least suitable for hosting RE projects. This suggests 
that the respondents show a certain degree of environmental sensitivity 
in that they prefer the locations with the least possible environmental 
impact. This suggests that degraded land such as barren fields, quarries 
or abandoned industrial areas should be prioritised as possible instal
lation sites for RE projects. 

The second least popular option for installing a RE project was 
“tourist areas”, which was selected by just 8.6% of those interviewed. 
This suggests that those interviewed consider that installing RE projects 
in these areas could make them less attractive for tourists by damaging 
the natural and landscape values of these areas. From this point of view, 
and in some cases strong conviction, examples of social rejection of RE 
projects are becoming more and more frequent throughout Spain 
(Bayona, 2020; Bella, 2021; Mohorte, 2021). 

In the contingency table representing the combination of the set of 
answers that the interviewees gave to the two questions in Block 1 
(Fig. 2), a general trend can be observed in which both technologies are 
associated with areas of no environmental value, with a higher prefer
ence for solar PV plants, as reflected in the warmer tones. 

It is also clear that even though windfarms are not the preferred 
option for installation in the different areas, many people would be 
willing to site medium-sized windfarms in areas of no environmental 
value. In short, medium-sized RE projects in areas of no environmental 
value could be considered the most favourable option when trying to 
guarantee high levels of social acceptability, with a low spatial footprint. 

We also noticed a slight trend amongst the respondents when 
combining medium-sized plants with olive-growing and livestock- 
farming areas, with a greater willingness to install medium-sized solar 
PV plants in olive-growing areas (Fig. 2). 

Fig. 2. Contingency table for the preferences regarding “Potential areas for the 
installation of renewable energy projects” and “size of the photovoltaic plants 
and windfarms”. 
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PV energy has expanded rapidly in the province over the last 10 years 
through solar fields and solar irrigation-pump facilities (Agencia 
Andaluza de la Energía, 2021). As a result, local residents are becoming 
more familiar with installations of this kind, which in most cases are 
located in olive-growing areas. However, the sensitivity towards rural 
landscapes and the growing conflicts related with the use of the land has 
led to strong opposition to RE projects in Spain (Frolova, 2010; Martí
n-Arroyo, 2022). As a result, the preference of the surveyed population is 
for areas of no environmental value. 

However, the prominent development of solar energy in the province 
of Jaén, as in the rest of Spain, has taken place on agricultural land due 
to the large extension and availability of this land (Frolova Ignatieva 
et al., 2014). As a consequence, Andalusia is currently facing growing 
social opposition to large solar PV plants that threaten future in
vestments in its provinces (Losa, 2022). Therefore, considering the 
opinion of local communities in tools such as environmental sensitivity 
maps, and prioritising these preferences in energy policies can be an 
effective measure to ensure a smooth transition to RE. 

Finally, analysing these trends can help policy makers to propose 
new models of territorial planning that take into account citizens’ 
preferences and thus reconcile interests. Along these lines, and in rela
tion to the above-mentioned results, it would be interesting to propose 
agrivoltaic systems, where the symbiosis between PV energy production 
(respondents’ preferred technology) and olive crop would allow farmers 
to obtain new sources of income without losing any of the productivity 
or the ownership of their land (Toledo and Scognamiglio, 2021). How to 
make olive-growing compatible with solar electricity production is a line 
of research that has yet to be explored within the field of agrivoltaics. 

4.3. Effects of the location of RE projects on social acceptability 

Table 3 (for solar PV plants) and Table 4 (for windfarms) show the 
results of the Pearson χ2 Test and the Cramer’s V Test, as applied to the 
association between the answers to the questions in Block 2 about the 
degree of agreement with the installation of each technology in the 
province of Jaén (acceptability variable) and the possible sites (location 
variable). 

The tests showed that there was a certain dependence between two 
variables given that for all the relations in the Pearson χ2 Test, alpha was 
less than 0.05 (Tables 3 and 4). This shows that there is a relationship 
between the answers given by the respondents in relation to the degree 
of agreement with the idea of installing PV plants and windfarms in the 
province and the degree of agreement regarding the different possible 
locations in which these plants could be installed. The social accept
ability of solar PV plants and windfarms in this province therefore de
pends to some extent on the location of these installations. This 
reinforces the previous results, and in addition to considering technol
ogy and its size, policies and energy planning should take into account 
the location of projects. In democratic systems, citizens’ attitudes of 
acceptance or rejection of different types of energy largely decide the 
fate of energy policies and influence their approval and success (Li et al., 
2019). As Tables 3–5 reveal, social acceptance of different RE technol
ogies can be influenced by perceptions towards specific locations, and 
their consideration in energy policies should serve to focus the energy 
transition towards a model with less social opposition. 

In addition, the dependence between the variables is confirmed 
when the Cramer’s V Test is applied on the Pearson χ2 Test, in that the 
“locations” variable has a moderate (over 0.3) and in some cases high 
(over 0.6) strength of association, which reinforces the idea that in 
general, the people of the province have a very favourable attitude to
wards RE technologies regardless of their particular location. 

The results we obtained indicate that for both solar PV and wind 
energy technologies, location near a village/town shows the greatest 
strength of association in the Cramer’s V Test (0.615 solar PV/0.655 
windfarms) (Tables 3 and 4). This indicates a high degree of social 
acceptability of the possible installation of solar PV plants and 

windfarms in the province, and suggests that these projects could be 
situated near towns and villages. However, other studies that have also 
considered location as a factor in social acceptability point out that 
although the acceptability of RE projects being located close to popu
lation centres is higher than in the case of fossil fuel power plants, the 
distance between the RE plants and the respondents’ homes is a major 
factor in acceptability (Sharpton et al., 2020; Pinto et al., 2021). The 
minimum distance, which another previous study has attempted to 
approximate and which, based on a review of the literature and the 
location of existing installations in the province of Jaén, has been esti
mated at 100 m for solar PV plants and 1.5 km for wind farms (Osor
io-Aravena et al., 2022). 

The locations with the lowest rating are agricultural and livestock 
farming areas. Referring to Table 2, the result obtained for these areas is 
classified as moderate, which is in line with the results shown above, 
where, although spaces with no environmental or economic impact are 
prioritised over other proposed spaces, there is a moderate tendency to 
consider agricultural areas as a potential sites to host RE projects. 
However, economic and land use factors would seem to be behind the 
low levels of acceptance of the installation of solar PV and windfarms in 
these areas. These technologies directly occupy the land (especially in 
the case of PV plants) and can involve changes in land cover and in the 
use of agricultural and grazing land, with a knock-on effect on the 
landscape, natural dynamics and the traditional economy (Prados, 
2010). 

In line with other studies that analysed the acceptability of RE in 

Table 3 
Association between Acceptability of the installation of photovoltaic plants in the 
province of Jaén and Acceptability of locations.   

Installation of photovoltaic 
plants in the province of Jaén  

Pearson χ2 

Test 
Cramer’s V 
Test 

Near villages/towns <0.001 0.615 
Near industrial estates <0.001 0.574 
Near tracks, roads or railway lines <0.001 0.423 
In agricultural and livestock farming areas <0.001 0.311 
In farming areas, changing the land use, when the 

RE installation produces greater financial returns 
<0.001 0.339 

In areas of no environmental value <0.001 0.494  

Table 4 
Association between Acceptability of the installation of windfarms in the province of 
Jaén and Acceptability of locations.   

Installation of windfarms in 
the province of Jaén  

Pearson χ2 

Test 
Cramer’s V 
Test 

Near villages/towns <0.001 0.655 
Near industrial estates <0.001 0.631 
Near tracks, roads or railway lines <0.001 0.534 
In agricultural and livestock farming areas <0.001 0.403 
In farming areas, changing the land use, when the 

RE installation produces greater financial returns 
<0.001 0.423 

In areas of no environmental value <0.001 0.515  

Table 5 
Association between the variables Acceptability of the installation of a biomass 
plant in the province of Jaén and Acceptability of locations.   

Installation of biomass plants in the province of Jaén  

Pearson χ2 Test Cramer’s V Test 

Near a village/town <0.001 0.564 
Near industrial estates/areas <0.001 0.647  
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relation to land use and landscape impact (Prados, 2010; Ioannidis and 
Koutsoyiannis, 2020), in the province of Jaén, people seem to be more 
doubtful about wind power than about solar PV energy, even though 
windfarms occupy less land and on occasions even enable joint use, with 
farmers continuing to farm the land around the turbines. This also seems 
strange given that at present there is only one windfarm in the whole 
province and it is sited a long way from any towns or villages. This 
confirms that resistance to wind energy projects does not seem to spring 
from cumulative negative experiences of wind turbines per se, a finding 
also highlighted by Ladenburg et al. (2013) and Ladenburg (2015). At 
the same time, the literature shows that unsuitable planning and 
development at a supra-local scale can fuel local concerns, so creating 
negative attitudes towards windfarms, even when there are none situ
ated nearby (Clausen and Rudolph, 2019), as occurs with wind power in 
this province. Based on this problem, authors such as Giordono et al. 
(2018) consider that a political opportunity for action arises for local 
governments, as it has been observed in wind projects that their location 
is more accepted when the decision, in addition to considering society, 
comes from the local government. 

If the acceptability of installing solar PV plants in the province of 
Jaén is crossed with the possibility of these facilities being installed in 
olive groves via a change in land use in those cases in which PV energy 
production is more profitable than olive-growing, the strength of asso
ciation between the two variables is very similar to that for installing 
these RE systems in agricultural and livestock farming areas without 
receiving any economic benefit. This suggests that, unlike land owner
ship to which great importance is attached, economic profit is not a 
limiting factor for solar PV or wind energy development. From this, we 
can infer that landowners would prefer the plant to be installed on a 
different site rather than surrendering their ownership of the land (see 
Fig. 4). 

In the study of biomass power production, given that existing 
biomass power plants in the province are linked to the olive oil sector, 
the potential locations were restricted to areas surrounding the villages/ 
towns and to industrial estates/areas (where the olive oil factories are 
normally located). This means that the variable location will behave 
quite differently relative to that of acceptability of installing biomass plants 
in the province than it did relative to solar and wind power, as can be 
observed in Table 5. 

Biomass power plants appear to be widely accepted by the people of 
the province in that the values are significant in both proposed locations. 
However, unlike the situation for solar and wind energy, the strength of 
association for the acceptability of biomass is greater near industrial 
estates as compared to areas near towns and villages. There could be two 
reasons for this: firstly, because in Jaén the main bioenergy material 
used in power stations of this kind comes from waste products of the 
olive oil industry, which means that its optimum potential location is 

near olive mills (Agencia Andaluza de la Energía, 2021), and secondly, 
because two of these powerplants have already been rejected in this 
province. The main reasons for complaint were the nearness of these 
plants to residential areas and the fact that local residents were exposed 
to bad smells and pollutant gases (Rodríguez Cámara, 2016; López, 
2019). This was in line with the results of a survey in which 70% of the 
respondents declared that the bad smell would be the main reason for 
rejecting the construction of a biomass plant, while the second main 
reason for rejection was the fact that the smoke from the factory could be 
seen from the village (cited by 60%). Therefore, the location of biomass 
power plants seems to be a more decisive criterion in social acceptance 
due to the socio-environmental factors that can derive from such loca
tion and that can cause citizen rejection, compared to the visibility of 
wind farms or the large use of land required by solar plants (Upreti, 
2004; Upreti and van der Horst, 2004). 

Although all these projects are subject to environmental assessment 
and suitability reports, the negative reactions with which they have 
sometimes been greeted, such as those displayed against biomass pro
jects in Jaén (Rodríguez Cámara, 2016; López, 2019), reveal the 
weakness of existing processes for the installation of RE projects and 
territorial planning in Spain, where public participation is very limited 
and on occasions is restricted to purely informative processes (Del Valle 
et al., 2019). 

4.4. Criteria and situations that influence the acceptance or rejection of 
renewable energy projects 

The fact that the associations are not exact in the statistical tests we 
performed shows that the acceptability and the capacity to choose when 
faced with multiple variables is subject to a wide range of factors that 
can positively or negatively affect public perceptions of the projects. 
Social perception should be considered as a primary objective of energy 
policies Scheer et al. (2017). Furthermore, social perceptions towards 
different types of energy technologies are a key factor affecting the de
cisions of developers, consumers and policy-makers on development, 
consumption and energy policy (Batel et al., 2013). 

Fig. 3 illustrates the answers associated with the question: “Which 
criteria would improve your attitude towards a renewable energy 
project in your town or village?“. These show that in general terms the 
population would have a better opinion of RE projects if they provided 
some kind of benefit for the town. In this figure, we can see that the most 
attractive potential benefit for local people of a project being located in 
their municipality would be the economic benefit. 

77.4% of the respondents considered that the main criterion with 
which energy projects should comply would be to provide economic 
benefits to the population. This was followed by the “meeting local 
demand” criterion, which was selected by 67.20%. These results 

Fig. 3. Criteria that would improve public attitudes towards a renewable energy project in their town or village (based on the number of answers as a percentage of 
the total number of respondents – respondents could tick as many boxes as they liked). 
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reaffirm the idea put forward by Delicado et al. (2016), that Southern 
European countries show a different pattern than Northern Europe in 
terms of success factors in energy transition. Contrary to countries such 
as the UK, Ireland, the Netherlands or Germany, where landscape 
modification is the most important factor driving local acceptance for 
most technologies (Bertsch et al., 2016); in Spain, Portugal or Italy, 
economic attributes and benefit are highly considered factors by the 
population (Caporale and De Lucia, 2015; Delicado et al., 2016). 

The fact that acceptance/rejection was so focused on economic fac
tors meant that the people regard criteria such as the location, the size or 
the educational function as less important. Even so, over half of those 
interviewed considered the location of the installations an important 
criterion in the projects, which would have a positive effect on their 
acceptability. In fact, 58.5% marked the option “located in non- 
cultivated or environmentally degraded land” and 53.7% selected 
“located in industrial areas or areas set aside for energy production”. 
These results were in line with the rest of the survey, where unused or 
degraded areas and industrial areas remained the preferred locations for 
future projects. In these locations, the visual impact was selected by a 
considerable number of people (38.4%). Although studies such as those 
by Scherhaufer et al. (2017) found that the location of these installations 
and their impact on the landscape are important for the social accept
ance/rejection of RE, our results were closer to those of Lagendijk et al. 
(2021), who reaffirmed the idea that the positive support from those 

concerned is linked above all to economic and community benefits and 
much less to environmental concerns (Scherhaufer et al., 2017; Lagen
dijk et al., 2021). 

In fact, as can be seen in Fig. 4, around 52% of those interviewed 
were either very much or totally in agreement with the assertion that 
their attitude towards a RE project would improve if direct or indirect 
benefits were obtained and 55% with the idea of a project of this kind 
being installed on land they owned. A high social consideration of 
benefit, which is latent throughout the responses in this block and which 
authors such as Kubota (2015) consider should be fairly ensured by local 
government in order to improve public attitudes towards project 
acceptance. However, this degree of agreement fell to 44% when asked 
whether they would be prepared to sell their property or part of it to 
enable an energy project to be installed. These results seem to confirm a 
trend in Spain towards a change in land uses linked to an increase in the 
rental price for the land on which solar PV plants are installed. This has 
led to more landowners offering their land to the electricity companies 
due to the fact that they can make more money from the rental than they 
can from cultivating and working the land (Aparicio, 2020). The Spanish 
government’s campaign to achieve the energy targets set for 2030 has 
also led to a series of forced expropriations of land backed by a decla
ration of “public interest”. This is causing resentment amongst land
owners (Martín-Arroyo, 2022), which could explain the reluctance of 
some to sell even part of their farms. 

Fig. 4. Degree of agreement of the respondents to different statements and questions about renewable energies (number of respondents who selected each option as a 
percentage of the total). 

Fig. 5. Situations that would impede the development of renewable energies in the municipality (number of respondents who selected each option as a percentage of 
the total - respondents could tick as many boxes as they liked). 

F.J. Rodríguez-Segura et al.                                                                                                                                                                                                                   



Energy Policy 173 (2023) 113356

9

These results highlight the need to investigate, firstly, the compati
bility of olive-growing and renewable electricity production, as pro
posed by the agrivoltaic systems based on PV panels and on wind power, 
and secondly the return on a hectare of olive trees as compared to the 
return on a hectare of solar PV panels or wind turbines. This would 
enable us to provide more objective information to all the actors 
involved (politicians, landowners, farmers and renewable energy 
companies). 

In any case, the people of the province of Jaén, as happens in the rest 
of Spain, are clearly aware of the need to replace fossil fuels with 
renewable energies. As can be seen in Figs. 4, 71% of those interviewed 
were either very much or totally in agreement with the idea of replacing 
powerplants that use fossil fuels with plants based on RE sources, a 
finding in line with European surveys, which have shown a high level of 
acceptability of RE within Spanish society (European Commission, 
2006, 2012, 2019). This widespread support for renewables is confirmed 
by the fact that a large proportion of those interviewed strongly reject 
popular beliefs that wind turbines can have negative effects on human 
health or on property prices. 

In order to gain a clearer picture of public attitudes towards RE 
projects and their acceptability, respondents were asked “What do you 
think are the main obstacles to renewable energy development in your 
municipality?“, so as to find out which situations could cause them to 
view RE development negatively (see Fig. 5). 

The results indicate that a lack of public information and awareness, 
together with a lack of local initiatives and grants are the main obstacles 
to RE development in the province of Jaén. In fact, 68.6% of those 
interviewed said that there was a lack of public information and 
awareness and that this was the main obstacle for the development of RE 
projects in their municipality and in the province in general. It is 
therefore not so much a problem of a lack of direct, active public 
participation in the projects, but more of a lack of clear accessible in
formation, of dialogue between companies, public authorities and local 
people that would enable the population to feel that they were in some 
way part of the project. In this line, it has been observed that the lack of 
information or knowledge about renewable energy projects is one of the 
main factors that negatively influence social perception, generating 
distrust, lack of impartiality and suspicion of investors, which finally 
translates into rejection of the projects (Rosso-Cerón and Kafarov, 
2015). Transparent and publicly available information is necessary, as it 
allows different stakeholders to carefully inspect scenarios and enables 
policy makers to deduce which assumptions and contexts drive certain 
outcomes in the projection of the energy transition (Carvajal et al., 
2022). In addition, information from local sources, or well-known in
termediaries, is more likely to have a positive impact on public 
perception (Sauter and Watson, 2007). 

The second great obstacle to the development of RE projects was the 
lack of subsidies and grants. 64.6% of those interviewed said that this 
would impede RE development in their areas. This situation is very 
closely linked with the lack of local initiatives and projects, an option 
which was selected by 57.6% of those interviewed, making it the third 
greatest obstacle to development. The fact that both situations were 
marked by a high percentage of respondents indicates that the attitudes 
of local people would improve and they would show even stronger 
support for RE projects, if they sprang from local initiatives and if the 
work were carried out by local companies using local labour. In this way, 
they believe that the maximum possible benefit would be obtained for 
the town in which the plant was located. Along similar lines, previous 
research has demonstrated that locally financed or community projects 
with high public involvement are better valued and accepted, and 
ensure more effective use of the potential resources of the local area, so 
stimulating local socioeconomic development (Ruggiero et al., 2014). In 
the context of generating social acceptance in local energy communities, 
policies have proven to be important, both in their ability to make the 
project cheaper or easier to complete, and in the leadership capacity of 
politicians and government institutions, which can serve as opinion 

leaders on energy-related issues (Azarova et al., 2019). 
All these situations act as obstacles to RE development. These ob

stacles could be overcome by the right energy policies and by plans 
drawn up together with the local community. Policymakers will there
fore play a key role in reducing obstacles and in encouraging and 
enhancing the factors that would improve social acceptance of the 
development of RE projects in the province. 

5. Conclusions and policy implications 

In this study, involving a survey of public opinion in the province of 
Jaén, we assess social acceptance of the installation of three types of 
renewable electricity generation technologies (photovoltaic, wind and 
biomass), their possible locations and sizes, and the criteria and situa
tions that can influence acceptance or rejection of renewable energy 
(RE) projects in this area. The aim of this research is to provide useful 
information and recommendations for the preparation of plans and 
policies that could reduce social obstacles to the implementation of RE 
technologies and in this way accelerate the energy transition required to 
enable us to comply with climate targets. 

In general terms, we came to the conclusion that the population of 
the province of Jaén were highly in favour of replacing fossil fuel-based 
powerplants with others based on RE technologies. However, the degree 
of acceptance varies considerably from one RE technology to the next 
and can also be affected by criteria and situations such as: the location of 
the plants and their size, the economic benefits it provides for the local 
population and the levels of public participation at the different stages of 
the projects. However, this study has not taken into account how social 
and economic variables (age, sex, income level or education) may in
fluence social acceptability. Limitations, which are identified and 
developed in the next section. Therefore, it is considered to continue the 
present work with a more detailed study that will go deeper into citizen 
acceptability on the basis of the overview provided in this paper. 

In technological terms, the public in this area seem more prepared to 
accept photovoltaic plants than windfarms or biomass-driven power 
stations. However, and regardless of the type of RE technology, the 
general preference is for small and medium-sized installations, 
providing that they are not installed in protected natural areas or areas 
popular with tourists. There is also a general willingness to accept 
photovoltaic and wind energy near towns, in industrial areas and in 
agricultural and livestock farming land, although the priority of those 
interviewed was for plants to be installed in areas on which they would 
have little or no environmental impact. Nonetheless, a finding worth 
noting but which requires greater analysis is that around 50% of those 
interviewed are either very much or totally in agreement with the idea of 
installing RE projects in their olive groves. In fact, given that olive- 
growing and land ownership have both proved to be important as
pects for the people of this area, we suggest that more research be 
conducted into the compatibility of these crops with photovoltaic sys
tems (within a new field of research known as agrivoltaics) and wind 
turbines; and into the annual return from a hectare of olive trees 
compared to that from a hectare of solar panels. Compatibility between 
the two, in addition to improving public perceptions and acceptability, 
would reduce Spain’s dependence on imported energy, while main
taining agricultural use of the land. 

These specific aspects and circumstances could change if a RE project 
could provide economic benefits for the local population and/or satisfy 
local energy demand, the criteria that respondents regarded as most 
important for improving their acceptance of RE. Acceptance of RE 
projects can also be improved by working on the negative aspects, i.e. 
the lack of information, of awareness, of local grants, initiatives and 
projects, the features highlighted by the respondents as the main factors 
that could trigger rejection of the installation of renewable technologies. 

On the basis of the results of this study, the following recommen
dations could be made to decision-makers, politicians and planners: 
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• Preferences to technologies, sizes and locations, as well as the criteria 
and situations identified in the results, need to be prioritised in en
ergy policy and planning because of their link to the acceptability/ 
opposition to RE projects.  

• Promote the installation of photovoltaic plants of a similar size to 
existing plants in the area, i.e. with an installed capacity of up to 
12 MW.  

• Draw up maps of possible locations for the installation of RE projects 
in the province on the basis of public consultations.  

• Implement lines of finance and business models that enable olive 
growers to install photovoltaic and wind-power plants on their land, 
so as to ensure that they receive economic benefits from these pro
jects (either by renting the land to the power company or by selling 
the electricity they produce). 

• Try to find solutions to those situations that can impair public per
ceptions of the development of RE projects at municipal level. 
Greater involvement of local governments in areas such as such as a 
lack of information, grants and local initiatives, can strengthen a 
positive attitude towards RE projects.  

• Considering the history of rejection of energy projects in Jaén and 
the rest of the country, decision-makers should understand public 
perceptions and address them through information campaigns.  

• Draw up energy plans based on dialogue, training and participation 
of the local population, given that informed citizens who participate 
in energy plans and projects can guarantee their success due to 
higher levels of social acceptance.  

• Promote the development of energy communities, to reinforce the 
weaknesses identified by the population. Politicians and local gov
ernment institutions can serve as opinion leaders due to the admin
istrative complexity that characterises the energy transition in Spain. 

Finally, the results of this research could be used as basic information 
for improving social acceptance of the RE projects currently being pro
cessed. Knowledge of citizens’ perceptions and attitudes regarding the 
aspects considered in this work can be used by policy makers and experts 
as a strategy for designing campaigns to promote RE projects. Carrying 
out the recommendations made here would also help accelerate the 
energy transition in a more participative, fairer way which ensures that 
the public feel that they are participating in all the different stages of 
energy production and consumption. This would provide benefits for 
local communities in rural areas with a Mediterranean climate, areas 
which, like the one analysed in this study, are characterized by an 
agricultural economy dominated by olive farming. This means that 
planned energy development that is aware of and respectful of the 
available resources in the area would help reduce the tensions between 
the two sectors (energy and olive oil), due to their high demand for land. 

6. Limitations 

Some socio-economic parameters such as income, profession or ed
ucation of respondents were not asked about, which could lead to bias in 
the sample and responses, as only part of the population might be 
responding. However, efforts were made to achieve a wide territorial 
coverage in the issuing of the survey and to reach diverse social groups; 
as it was described in section 3.1. 

Although age and sex were asked in the survey, no analysis of how 
these parameters may influence social perceptions was undertaken. 
Nevertheless, the proportion of respondents of both sexes is quite 
similar. Regarding the age groups, a similarity was observed between 
the representation of the different age groups and the population 
structure of the province of Jaén. However, these parameters, together 
with the above mentioned, need to be studied in depth to see if their 
consideration influences the responses shown in this work. 

Finally, the survey was only issued online due to the restrictions 
imposed by the Covid-19 context, however, 62% of all municipalities in 
the province and its ten sub-regions were reached. Although we used 

probability sampling design and technically the findings can be gener
alized for the province of Jaén, yet the findings will be more represen
tative and robust if large sample is selected. 
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Rodríguez Cámara, J., 2016. Firmas de 650 tosirianos para exigir que la planta de 
biomasa sea limpia. DiarioJaén [Online]. https://www.diariojaen.es/provincia/fir 
mas-de-650-tosirianos-para-exigir-que-la-planta-de-biomasa-sea-limpia-YY1643067. 
(Accessed 7 June 2022). 

Rositas Martínez, J., 2014. Los tamaños de las muestras en encuestas de las ciencias 
sociales y su repercusión en la generación del conocimiento (Sample sizes for social 
science surveys and impact on knowledge generation). Innovaciones de negocios 11 
(22), 235–268. http://eprints.uanl.mx/12605/. 

Rosso-Cerón, A.M., Kafarov, V., 2015. Barriers to social acceptance of renewable energy 
systems in Colombia. Curr. Opin. Chem. Eng. 10, 103–110. https://doi.org/10.1016/ 
j.coche.2015.08.003. 

Ruggiero, S., Onkila, T., Kuittinen, V., 2014. Realizing the social acceptance of 
community renewable energy: a process-outcome analysis of stakeholder influence. 
Energy Res. Social Sci. 4, 53–63. https://doi.org/10.1016/j.erss.2014.09.001. 
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