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Abstract: This study focuses on the specific topic of assessing the negative visual impacts associated
with renewable energy infrastructure that may prevent their wider deployment in energy mix. The
main objective of the paper is to quantify the perception of the visual impact of renewable energy
infrastructure and to estimate potential changes in the visitation of a location after the construction of
power plants. The research was conducted using a questionnaire survey in which 449 respondents
evaluated edited photographic materials of seven locations with a fictitious power plant. The collected
data served as input for the statistical testing of eight defined hypotheses using the U-Mann–Whitney
test. The results confirmed trends regarding the influence of age, educational level, and power plant
proximity on the overall acceptance of renewable energy infrastructure. Landscape-forming factors
affecting the acceptance rate of power plants were also defined at the local level.

Keywords: renewable energy infrastructure; visual impacts; tourism; questionnaire survey; Slovak
Republic

1. Introduction

In recent years, the state of various components of the environment and society can be
characterized by the word crisis. While we have moved on from the term global warming
to climate change, the current environmental problems extend beyond climate change
and its negative impacts. Therefore, a more appropriate term for the current state is
environmental poly-crisis. Although the negative impacts on the environment, such as
pollution [1], deforestation and biodiversity loss [2], ocean acidification [3], or ozone layer
depletion [4], are significant, the most significant threat is climate change. According to the
latest report from The Intergovernmental Panel on Climate Change [5], the consequences of
climate change on society are alarming, and there is only a small chance of fully reversing
them. The trajectories of greenhouse gas emissions and the resulting increase in global
temperature indicate scenarios of future development that are rather negative [6]. One
way to mitigate climate changes and global temperature rise is to reduce the use of fossil
fuels, which are associated with the emission of a large volume of greenhouse gases [7].
In some areas, reducing the use of fossil fuels is limited by current technology, such as
cement production, maritime and air transport, but some areas can operate with significant
restrictions on the consumption of fossil fuels, such as electricity production using nuclear
energy or renewable energy sources (hereafter referred to as RES), personal transport using
electromobility or biofuels [8–10], and others. Some areas could be cut off from fossil fuels
due to an increased energy efficiency (e.g., residential housing) or due to the electrification
of processes in case low-emission sources are used for electricity production (e.g., steel
production [11]).

The prognoses of growth in the use of RES indicate a massive increase in installed
capacity in almost all types of utilized technologies. A smaller increase is expected in the
use of energy from sea waves and hydropower plants, where most of the potential for a
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large hydropower plant has been exhausted, and the increase is expected mainly due to
the use of small hydropower plants. According to the latest report from The International
Energy Agency (IEA) [12], a global increase in installed RES capacity in the electricity
production sector of 1800 GW is expected by 2026, representing 95% of the total increase
in all energy sources. Overall, a capacity of 4800 GW of RES is expected at the end of
this period. In terms of individual RES technologies, the largest increase is expected for
photovoltaics, up to 1100 GW by 2026. In onshore wind energy, an annual increase of
75 GW is expected in the assessed period, and the total capacity of offshore wind farms
is expected to reach 120 GW. In the case of hydropower energy, an increase of 153 GW is
expected (especially due to new projects in China, India, and Turkey). Smaller increases are
forecasted for the production of electricity using geothermal power plants, with 5 GW of
new installations, and concentrated solar power, at only 3 GW. Overall, a global annual
increase of 305 GW is possible in a neutral scenario of development, or 380 GW in an
optimistic scenario. At the end of the analyzed period, i.e., in 2026, RES should cover 37%
of the total generated volume of electricity. However, even in the most optimistic scenario,
based on previous experiences with the implementation of RES into the energy mix, the
IEA Net Zero Scenario 2050 is unattainable, and to achieve it, goals expressing the annual
increase in installed capacity would have to be increased by 80%.

The presented article deals with the research on the impacts of RES infrastructure
development on tourism in the conditions of the Slovak Republic. As a member of the
European Union, the Slovak Republic is committed to achieving environmental goals
related to reducing greenhouse gas emissions and increasing the share of RES in its energy
mix, which must be based on the current Fit for 55 agenda [13]. The goals of the Slovak
Republic in the field of RES are defined in the National Climate and Energy Plan [14], which
is currently being extensively updated. According to outdated but currently legislatively
valid indicators, RES should cover 19.2% of primary energy consumption by 2030. Even
with the achievement of this goal, the construction of hundreds of new wind turbines
with a total capacity of 500 MW and photovoltaic power plants with a capacity of 600 MW
is expected. The new updated target should correspond to the coverage of 24 to 30% of
primary energy consumption, so even greater efforts can be expected to build new power
plants using RES, and the number of wind and photovoltaic parks built throughout the
country will inevitably be higher.

As with any human activity, the use of RES brings not only obvious ecological and
economic benefits, but also a range of negative impacts on the environment and society.
This topic is currently extensively addressed by a wide range of scientific teams, which
not only identify new impacts of RES power plants, but also refine the quantification
of the already identified negative impacts. Based on the results of studies published by
Sebestén [15], Sayed et al. [16], Rahman et al. [17], Holma et al. [18], Nazir et al. [19], Wassie
and Adaramola [20], Atilgan and Azapagic [21] or McCombie and Jefferson [22], and many
others, it is possible to summarize the impacts of individual types of RES. A taxonomic and
quantified listing of all identified impacts would exceed the scope of this paper, so the most
significant impacts are mentioned. These are divided into two groups, where, in the first
group, the objective environmental impacts are listed, and in the second group, we discuss
subjective, i.e., visual, impacts.

In the case of wind energy, the most significant environmental impacts include the
effects on avifauna, aerodynamic and mechanical noise, and land use with the construction
and establishment of surrounding infrastructure. In the case of hydropower, the emphasis
can be placed primarily on the creation of a physical barrier in rivers, which affects the
hydro-fauna as well as the movement of sediments in the longitudinal profile, resulting
in an increased erosive activity, changes in evaporation regimes around the reservoir, or
increased noise. The use of geothermal energy can be associated with negative impacts
in the form of noise, possible effects on groundwater regimes, or their contamination, an
increased risk of seismic manifestations, and geological faults on the surface. The use of
solar energy, especially in the form of photovoltaic installations, may bring impacts in the
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form of the reduction in agriculturally valuable land, an increased thermal load in the
surrounding area and changes in the microclimate and albedo, the fragmentation of the area,
and associated threats to biodiversity. The use of biomass causes impacts to a greater or
lesser extent in the form of increasing nitrogen oxide emissions, increasing fertilizer use and
pressure on water supplies due to necessary irrigation, and endangering biodiversity after
planting monocultures of fast-growing plants. However, the most significant impact can be
attributed to overall deforestation, which increases erosive activity, reduces water retention
in the soil, and endangers the natural habitat of organisms throughout the vertical structure.

When studying the literature that deals with the overall impact of RES on the en-
vironment and society, visual impacts or changes in landscape aesthetics are prominent
considerations in almost all types of assessed usage possibilities. The significant visual
impact is mainly caused by the considerable dimensions of RES power plants, as the energy
they harness has a predominantly low energy density [23]. The dimensional aspect of
visual impact is problematic, especially in the use of wind energy through large wind
turbines and in the use of solar energy through large photovoltaic parks occupying tens of
hectares of land. To a lesser extent, it is problematic in the use of large hydroelectric power
plants, which are more widely accepted due to historical experience and their semi-natural
character. The negative perception of the visual aspects of RES power plants by the public
significantly complicates their wider implementation and, in some respects, represents a
problematic element in achieving climate goals. The affected public may enter a permitting
process (i.e., EIA), which can ultimately result in a negative final assessment of the project,
or the public’s rejecting attitude may lead to a reduction in investor interest in RES power
plant projects in specific areas.

2. Literature Review

The following analysis of relevant literary sources points to a wide range of approaches,
methods, and statistical research used in assessing the visual impacts of RES infrastructure.

Alphan [24] in his work addressed the visual impact assessment of RES infrastructure,
focusing on wind turbines. Besides describing the basic elements of visual impact, the
author proposed a potential visibility model for analyzing the visibility of wind turbines
from different observers’ viewpoints in various landscape scenarios. The results demon-
strated that the potential visual impact of wind turbines varies significantly, and the author
also identified areas with low visual impact. Ferrario and Castiglioni [25] emphasized the
crucial role of visibility or invisibility in the socio-spatial acceptability of new scenarios
dominated by energy infrastructure. The authors focused on the use of hydropower, its
visual impact on the environment, and the social acceptance of hydroelectric power plants.
Ioannidis and Koutsoyiannis [26] introduced a typology of landscape impacts for solar,
wind, and hydropower plants, using three metrics: land use, visibility, and public per-
ception, which were used to rank the sources according to their impact on the landscape.
Hydroelectric power plants had the least impact, and wind farms had the greatest impact.
In another work, Ioannidis et al. [27] examined how to improve and accelerate the process
of mitigating the impacts on the landscape through the redevelopment of an RES project
visibility analysis. The authors theoretically and practically investigated the calculation of
reverse visibility zones (R-ZTV) in the Greek region of Thessaly for significant landscape
elements to project the visual impacts of planned wind energy projects on them. Spielhofer
et al. [28] demonstrated an approach that combines assessed landscape visual quality
with measured visual properties. The authors created visual stimuli with systematically
controlled scenarios of the visual impact of an RES power plant in various landscape types.
Möller [29] presents a deterministic approach to determine the probable visual impact on
the landscape and population, considering that there is no clear threshold for the perceived
adverse visual impact. The author also used a geographic information system to create a
regional landscape model for the North Jutland district.

The evaluation of the visual impact of an RES power plant is mainly carried out in the
case of wind and photovoltaic power plants, with authors focusing comprehensively on
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the whole public sector [30–35] or only on parts of the public characterized by geographical
location or a distinctive feature. Given the nature of the presented contribution, a further
analysis of publication sources will focus on the field of tourism. Negative visual impacts
of wind turbine installations near tourist sites have been studied in scientific papers in
recent years. Machado and Andrés [36] conducted a systematic survey of the available
literature on the topic, highlighting the considerable lack of research on this topic in
scientific publications. Based on available sources from 2015 to 2019, they concluded that
negative impacts of wind parks appear mainly because of a lack of communication between
local parties involved in tourism and investors or designers of the wind parks, proving that
these negative impacts can be suppressed or mitigated. Tverijonaite et al. [37] evaluated
a specific area, focusing on tourist-attractive areas in Iceland. The authors assessed the
perception of tourism service providers toward new and existing RES power plants. Results
obtained through semi-structured interviews and work with mapping software allowed
them to define the affected areas where RES infrastructure could have a negative impact
on tourism. The authors emphasized the importance of including all stakeholders in the
initial phases of power plant design as well as the fact that older RES power plants are
perceived as less problematic than proposed ones, which may reveal the psychological
factor of rejecting new ideas.

Smythe et al. [38] assessed the impact of the first offshore wind farm in the United
States. The authors focused on tourism service providers, whom they divided into seg-
mented survey groups and interviewed. Most participants described the visual impact as
neutral or rather positive, emphasizing the fact that the wind farm also serves as a tourist
attraction, which, according to the focus group’s opinions, may change in the future. As in
previous scientific publications, the authors drew attention to the importance of involving
the tourism service provider segment in the initial phase of wind farm design. Carr-Harris
and Lang [39] also studied the same wind farm, in this case assessing the visitation and
occupancy rates of accommodations in tourist centers affected by the visual impact of
the wind farm. The authors’ results indicate an increase in occupancy, particularly in the
summer months of July and August, without a change in occupancy outside of this period.
The authors attribute this phenomenon to possible interest from the tourism public in the
wind farm, which serves as a tourist attraction.

Ólafsdóttir and Sæþórsdóttir [40] evaluated the perception of a pilot wind farm project
in Iceland among residents and providers of tourism services. The results of a questionnaire
survey indicate a complex and sensitive relationship between residents and the unique
untouched wilderness where the planned wind farm should be located, which conflicts with
the existence of hydropower plants in the wider vicinity of the area under consideration.
Based on this observation, the authors argue that the social acceptance of wind farms is
more complicated than for more traditional forms of RES power plants.

The scientific teams use established data collection procedures and methods of statis-
tical analysis when assessing the impact of RES power plants on various socioeconomic
groups of the population. Mroczek and Kurpas [41] used a street survey method with
1169 respondents, including 680 (58.2%) from urban and 489 (41.8%) from rural areas;
354 (17.2%) respondents lived at a distance of more than 3 km from wind farms. Partici-
pants were asked about their understanding of sustainable development, their viewpoints
on wind energy and other RES, as well as sociodemographic data essential for character-
izing the analyzed population. Participants answered most of the key questions using a
five-point Likert scale. The results of the study were based on statistical processing using
the t-Student test, non-parametric U-Mann–Whitney test, and Kruskal–Wallis test, which
evaluated data from multiple segments of the group of respondents. Coleby et al. [42]
conducted a study of public opinion related to the construction of wind farms using a
five-point Likert scale survey, and the results of non-parametric Kruskal–Wallis and U-
Mann–Whitney tests allowed the assessment of the rejection or non-rejection of defined
research questions or hypotheses. A similar methodology was used by Hamza et al. [43],
who assessed hypotheses related to the installation of wind turbines on respondents’ own
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land as well as opinions on the installation of turbines in residential areas. The results
were processed by statistical analysis using the U-Mann–Whitney test for comparing two
groups and the Kruskal–Wallis test for comparing multiple segments of respondents. Fer-
reira et al. [44] assessed the relationship of local communities with wind farms using a
survey with 436 responses, and research questions were statistically processed based on
the U-Mann–Whitney test. The extensive study by Cronin et al. [45] deals with the public
and their perception of wind farm development in coastal areas of Ireland. Several basic
hypotheses were defined within the study, and their evaluation among different groups
was conducted based on the results of the U-Mann–Whitney test.

3. Methodology

The presented paper fits into the current necessary segment of scientific studies de-
scribing the complicated relationship between the public and the expansion of RES infras-
tructure, as shown by the literary overview above. The study is focused on describing the
attitudes of the tourists toward the possible expansion of wind and solar power plants in
areas that exhibit a higher landscape value or are subjected to an increased tourism visit. A
detailed description of this attitude is based on research questions and later hypotheses
suitable for statistical data analysis.

Each research question, respectively, examined, through the hypotheses, the forming
factors influencing the perception of the visual impact of the RES infrastructure. The
purpose of the research questions was also to characterize the public groups in relation to
the attitude toward RES infrastructure as well as to quantify the influence of the power
plant surroundings on the overall perception of the visual impact. The present research
was concerned with the influence of the ages of the respondents, their information source
about RES, affiliation to a tourist organization, or personal previous experience with the
location. The influence of the presence of a historical or significant landscape feature on the
acceptance of the RES infrastructure was also quantified. Začiatok formulára.

Hypothesis 1 was formulated based on the expectation that respondents aged over 55 naturally
have a negative predisposition toward perceiving new concepts, including RES, which could reflect
in their evaluation of locations with built RES infrastructure. In many sociological studies, the age
of 55 is considered the dividing line, the so-called older generation from younger ones. This age was
chosen so that the presented results could be compared with other studies. The null hypothesis (H0)
was formulated as follows: there is no difference in the evaluation of locations between the category
of respondents aged over 55 and those aged 55 and below. This corresponds to the alternative
hypothesis, which states that there is a difference in evaluation.

Hypothesis 2 was formulated based on the expectation that respondents who are organized in
tourist organizations (such as hiking clubs) have a stronger connection to nature and are more
sensitive to its changes, which could reflect in their evaluation of the perceived locations where RES
infrastructure was implemented. The null hypothesis (H0) was formulated as follows: there is no
difference in the evaluation of locations between the category of respondents who are organized in a
tourist organization and those who are not organized in a tourist organization. This corresponds to
the alternative hypothesis, which states that there is a difference in evaluation.

Hypothesis 3 was formulated based on the expectation that respondents who have previously
visited the evaluated location would be more sensitive to changes in the landscape caused by the
installation of RES infrastructure, which could reflect in their evaluation of the perceived locations.
The null hypothesis (H0) was formulated as follows: there is no difference in the evaluation of
locations between the category of respondents who have previously visited the location and those
who have not visited the location. This corresponds to the alternative hypothesis, which states that
there is a difference in evaluation.
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Hypothesis 4 was formulated based on the expectation that respondents who have information about
RES from an educational environment would better reflect their positive contributions compared to
respondents who have information about RES obtained from mass media or other sources. The null
hypothesis (H0) stated that there is no difference in the evaluation of locations between respondents
who have information about RES from school and those who have information from other sources.
This corresponds to the alternative hypothesis, which states that there is a difference in evaluation.

Hypothesis 5 was formulated based on the expectation that respondents would evaluate locations
with RES infrastructure located near a historical element more negatively compared to locations
without a historical element. The null hypothesis (H0) stated that there is no difference in the
evaluation of locations with a historical element in the landscape and locations without a historical
element. This corresponds to the alternative hypothesis, which states that there is a difference
in evaluation.

Hypothesis 6 was formulated based on the expectation that locations where fictitious RES power
plants are situated in a landscape with other infrastructure (settlements, industrial complexes,
agricultural production) would be evaluated more positively than locations where the fictitious RES
power plants are situated in a landscape without other visually prominent infrastructure. The null
hypothesis (H0) stated that there is no difference in the evaluation of locations with other built
infrastructure and locations without other built infrastructure. This corresponds to the alternative
hypothesis, which states that there is a difference in evaluation.

Hypothesis 7 was formulated based on the expectation that respondents would rate locations where
RES power plants significantly impact the view of the High Tatras mountain range more negatively
than locations where RES power plants do not affect the view of the High Tatras. The High Tatras
are perceived as a highly valuable environmental area with high landscape value in the context of
Slovakia. The null hypothesis (H0) stated that there is no difference in the ratings of locations where
RES power plants affect the view of the High Tatras compared to locations where RES power plants
do not affect the view. The alternative hypothesis (H1) stated that there is a difference in the ratings
of these locations.

The study deals with the perception of the visual impact of RES infrastructure by
tourists (more precisely hikers). The focus of the research on this segment of the public
is based on the specifics of the Slovak Republic, which is generally perceived as a tourist
attractive country, with a unique density of marked hiking trails with a total length of
15,500 km, with the largest number of kilometers located in the mountains within the
central part of the country. The high density and good marking of the network of hiking
trails are closely related to the large number of hiking clubs, which are represented by the
Slovak Hiking Club, with approximately 22,000 members in more than 300 hiking clubs.
However, the number of the population that occasionally engages in hiking is even higher.
The community is therefore numerous, and the network of trails allows for movement in
various parts of Slovakia, which in the future may be interesting from the perspective of
building new RES.

The choice of the tourists (hikers) as survey respondents is based on two main factors.
The first factor is the high degree of organization in hiking clubs, which may bring a risk
factor in organizing protest or interventions within the EIA process. The second factor arises
from the assumption of the need to consider the economic losses of operators of tourist
facilities in the event of a decrease in tourist interest in locations with newly built RES. On
the other hand, it cannot be overlooked that the organization in clubs can contribute to
mass visits to possible future wind or PV power plants to increase their acceptance through
on-the-ground education, which could have a positive effect beyond the tourist community.

The visual impact of RES infrastructure was assessed in seven locations located in the
eastern and northern parts of Slovakia. Specifically, these locations are Folkmarská skala
(no. 1), Ďumbier (no. 2), Smrekovica (no. 3), Suchý (no. 4), Skároš (no. 5), Sl’ubica (no. 6),
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and Skalisko (no. 7). The geographical locations are shown on the map in Figure 1. Spodná
čast’ formulára.
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The selection was based on an assessment of the tourist attractiveness of the location
as well as the suitability of the location for a particular type of RES power plant, without
considering the currently applicable legislative restrictions. This rather bold argument
stems from the belief that the increasing pressure for a larger share of RES in the energy
mix of Slovakia will gradually lead to the relaxation of restrictions on their construction, as
indicated by discussions on legislative changes at the level of the European Commission
and Slovak Republic.

The selection of locations represents a wide range of landscape elements. This range
was chosen to represent basic attractive elements, which, in this case, was represented by
the mountain range of the High Tatras—a cultural monument—as well as less significant
elements such as a village, a hydro reservoir, a densely populated suburban landscape, etc.
Graphic inputs were chosen so that the fictional RES power plants could be dominant in
one case, but less pronounced in others, to capture different cases of mutual interaction.
For each location, a selected type of RES power plant was pre-planned.

All photographic materials were created with a camera equipped with a lens with a focal
length range of 8.8–36.8 mm and a 20 MPx CMOS sensor with a size of 13.2 mm × 8.8 mm.
When calculating the focal length of the lens using the 35 mm equivalent of sensor size
(the so-called film size sensor, which is commonly used in describing and comparing
photographic techniques), the camera has a lens with a focal length of 24–100 mm. It was
very important to prevent various distorting influences that could affect the final evaluation
when creating the used graphic materials. The correct use of the focal length of the final
photograph has the most significant impact. The use of a focal length of 50 to 75 mm (for
the 35 mm equivalent) is closest to human perception [46], providing the closest viewing
angle to the human eye, respectively; it is close to the parameters of peripheral vision of
the average person. Due to the absence of a 35 mm film sensor format in the used camera,
the 50 mm (for the 35 mm equivalent) focal length was converted to a value of 18.14 mm,
which, in combination with a 13.2 × 8.8 mm sensor, represents identical optical properties
of the resulting image.

Selected types of RES power plants were added to the photography materials using
graphic editing software. Two types of power plants were chosen for evaluating their visual
impact—photovoltaic power plants and wind turbines (or wind farms). For simulating a
photovoltaic park, photographs of polycrystalline photovoltaic panels with a power output
of 550 Wp and dimensions of 2 × 1.3 m were selected and subsequently arranged into
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the desired shape and size of the power plant. For simulating views with wind turbines,
photographs of Enercon and Gamesa wind turbines with a power output of 5 MW, tower
height of 120 m, and rotor diameter of 128 m were used.

A key part of the preparation of the edited images was to determine the size of the
fictional wind or photovoltaic power plant. For a correct determination, it was necessary
to know the distance of the location of the fictional power plant from the observer (i.e.,
the place from which the photographs were taken). This information was obtained from a
commonly available interactive map that allows the measurement of distances between
two points with different elevations.

The next steps aimed to determine the exact dimensions, i.e., the height of the wind
turbine and the width (and length) of the photovoltaic power plant. In this process, a
photograph of an object with a known height was first taken from a precisely determined
distance, with a precisely determined focal length. The size of the known object in pixels
was subsequently determined through image analysis in the ImageJ 1.0 software. Based
on this, it was possible to calculate the relationship between the real size of the object, the
distance from the observer, and the size of the fictional object in pixels. A photovoltaic
park with dimensions of 70 × 200 m was added to location 1; a wind park with five wind
turbines was added to location 2; a solitary wind turbine was added to location 3; a wind
park with five wind turbines was added to location 4; a wind park with eight wind turbines
was added to location 5; a photovoltaic park with dimensions of 300 × 300 m was added to
location 6; and a wind park with three wind turbines was added to location 7. The resulting
graphical materials with fictional RES power plants are shown in Figure 2.

The presented visual materials formed a key part of the questionnaire, which aimed
to answer a series of questions regarding the perception of RES infrastructure within the
hiking community. The structure of the questionnaire was designed into three parts. The
first part characterized the group of respondents in terms of basic characteristics such
as gender, age, education, location, relationship to tourism, environment, ecology, and
energy in general. The second part was focused on evaluating the visual materials and
assessing the visual impact of fictional RES power plants on the perception of the location,
where the respondent rated the presented examples using the following five-point Likert
scale: (1) a strong negative reaction to RES installations with a negative impact on future
visit; (2) a moderate negative reaction to RES installations without a negative impact on
future visit; (3) a neutral reaction toward RES installations; (4) a moderate positive reaction
to RES installations without a positive impact on future visit; and (5) a strong positive
reaction to RES installations with a positive impact on future visit. The third part of
the questionnaire was focused on expressing the respondents’ opinions on various ways
of increasing acceptance of RES through information infrastructure such as information
panels, education trails, etc. The whole questionnaire included a total of 34 questions, with
closed answers, or the respondent could choose several answers at once. Before the actual
dissemination of the questionnaire, it was tested on a selected group of ten respondents,
which included people of different genders, ages, educational levels, and occupational
backgrounds. The questionnaire was also tested on different devices (smartphone, tablet,
laptop, desktop) as well as different browsers. After positive references on the clarity of the
questions, answers, and the visual design of the edited photographs, the questionnaire was
distributed to the chosen segment of the public.

Respondents were approached through social networks as well as direct email com-
munication through the Slovak Hiking Club. In total, 462 responses were obtained, and
after a selection of the so-called “liners” (i.e., respondents that selected the same points
on the Likert scale for each question), 449 responses were used as a data source for the
statistical verification of the defined hypotheses. In the field of statistical analysis, data
from the Likert scale can be considered interval or ordinal, as the intervals may not have
the same value for each respondent (i.e., the difference between “strong negative” and
“moderate negative” may not be subjectively the same as the difference between “moderate
negative” and “neutral”). Each of these approaches has its advantages and disadvantages,
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and there is a lively debate in the professional community about the overall suitability of
each approach [47]. The choice of the approach to the data in terms of their interval or
ordinal definition adjusts the usability and suitability of selected statistical methods in the
further testing of statistical hypotheses.
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The acceptance or rejection of the defined null hypotheses was based on the results of
the U-Mann–Whitney test at a significance level of α = 0.05. This test is a nonparametric
counterpart to the t-Student test for statistical data samples of independent character.
The dataset should contain an independent variable with at least two distinct codes that
unambiguously identify the group membership of each case in the dataset. The U-Mann–
Whitney test assumes that the dependent variable under study was measured on an ordinal
scale. The U-Mann–Whitney test compares the sums of ranks of the considered samples
and is the most sensitive nonparametric alternative to the t-Student test for independent
samples, and in some cases offers a better result for rejecting the null hypothesis (both
samples are from the same population) than the t-Student test. The null hypothesis of
the test is that there is a 50% probability that the value of a randomly selected member
of the first sample will be greater than a member of the second sample. Another possible
formulation of the null hypothesis is that these two samples come from the same population
(i.e., they have the same median).

The unrestricted use of the U-Mann–Whitney test requires the fulfilment of several
conditions regarding the parameters of the statistical datasets for their use. The most
important condition is the homogeneity of variance in the two compared datasets. The
result of this parameter further conditions the evaluation and interpretation of the results.
This parameter can be analyzed visually using a histogram of the variables, or Levene’s test
can be used. The null hypothesis of this test states the equality of variances, meaning that
the compared datasets are homoscedastic. The alternative hypothesis states the inequality
of variances, meaning that the datasets are heteroscedastic. If the data from the selections
do not achieve homogeneity according to Levene’s test, the U-Mann–Whitney test can only
be used in a limited form, when it is only possible to reject or not reject the tested hypothesis,
but it is not possible to assign a marking of the selections based on the median value.

4. Results and Discussion

The initial data analysis was carried out during the data collection period. This
approach was chosen to test the success of the questionnaire dissemination among the
target groups. The success of targeting the questionnaire was assessed by responses to
questions regarding the subjective relationship of respondents to hiking, membership in an
organized hiking club, or the frequency of engaging in this sport activity. Ongoing checks
as well as final data confirmed the correctness of the chosen approach. The presented
data shows that a significant majority of the participants identified themselves as a hiking
enthusiast, or recreational hikers, and 63.7% of respondents were organized in a hiking
club. From the perspective of the questionnaire’s focus, it is also possible to positively
perceive the responses to the question regarding the frequency of visiting nature for the
purpose of hiking, with the most frequent answer being at least once a week with 39%,
followed by at least once a month with 25.6%. A detailed summary of the categorization
of respondents within the given set of questions is displayed in Figure 3. Based on the
analysis of these data, it can be stated that the survey was attended by people who have a
positive relationship to nature, which corresponds to the high frequency of its visit and are
therefore relevant from the perspective of the presented research.

The general division of respondents according to basic characteristics such as gender,
age, education, etc., enabled their subsequent selection into selected groups defined by
research questions or hypotheses. A detailed summary of this division is shown in Figure 4,
which shows a relatively significant representation of the older generation as well as
respondents with higher education, but this corresponds to the average membership base
of these organizations.

The key part of results obtained from the survey dealt with the perception of a fictional
RES power plant by respondents who evaluated their visual impact and their possible
influence on the future visits of such locations. This section analyzed responses to two
questions assigned to each location, the first of which focused on the respondent’s relation-
ship with the location, i.e., whether the respondent had visited it in the past, or whether
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or not the respondent planned to visit it in the future. The second question concerned the
expression of the respondent’s attitude toward the fictional RES power plant depicted in
an edited image.
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The evaluation of all locations summarizes the graphical representation of the Likert
scale in Figure 5, where the darkest color represents the most negative attitude, and the
lightest color represents the most positive attitude. Of all the evaluated cases, location no.
7 has the lowest level of acceptance, where a fictional wind power plant with three wind
turbines was added. The fictitious wind power plant significantly affects the panorama
view of the High Tatras (a highly popular mountain range in terms of its landscape and
aesthetic value), which, according to the questionnaire results, would have a significantly
negative impact on the future visit of the site. The paradox with this location is the fact that
massive deforestation has taken place within the surroundings, after which most of the
displayed areas remained strongly devastated. Despite the relatively devastated landscape,
this view from the location after the addition of the power plant is unacceptable for 44.3%
of respondents.

Another problematic area identified based on the questionnaire results is the proximity
of a historical element, in the presented cases, it was Spiš Castle (the largest castle in Central
Europe). Both location 3 and location 6 recorded approximately 30% of respondents who
expressed a rather negative attitude toward the fictitious photovoltaic and wind power
plant. On the opposite end of the spectrum are locations 2, 4, and 5. Each of these sites is
characterized by a view of agricultural or industrial landscape, which resulted in a more
positive assessment of the impact of RES infrastructure. This is because in these cases, RES
power plants would not have a dominant impact on the landscape view.
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Figure 5. Summary of ratings of evaluated locations.

In the interpretation of the results evaluating the potential change in location visits
after the construction of RES power plants, it can be observed that the future visits in
individual locations would be negatively affected by a range of 2.9% to 16.5% among all
respondents. This interval or number of visitors cannot be ignored, as it could have a
significant impact on the selected economic parameters related to the tourism industry.
However, it is necessary to note that based on examples from abroad [48], RES infrastructure
can also attract a new type of visitor seeking elements of industrial tourism, potentially
replacing the number of visitors who may stop visiting a particular location due to the
existence of wind or solar farms in the future. From the point of view of tourism linked to
the RES infrastructure, it is possible to discuss the different types of tourist infrastructures—
simple information panels, educational hiking trails, or large-scale educational visitor
centers that allow the learning of RES in an attractive form. According to the findings of
the study [48], these visitor centers may have annual visits in the tens of thousands. From
foreign experience and examples, it is possible to confirm that these centers are built mainly
at wind, geothermal, and hydropower plants.

Nevertheless, this fact needs to be thoroughly examined and analyzed within future
research tasks and studies in the conditions of the Slovak Republic.

The most important findings, in terms of a more effective public engagement in the
design and approval process of RES infrastructure, come from the statistical analysis of data
within the testing of defined research questions or hypotheses. The analysis of hypotheses
not only identifies the potential negative impacts of the public on the approval process or
boycotts of areas with future power plants, but also focuses on specific population groups
that can be considered the most affected segments of the public. Their characterization in
terms of distinctive characteristics (age, gender, education level, etc.) is the first step toward
possible adjustments in the construction preparation processes to reflect these realities.
Furthermore, it enables tailoring specific processes to target population groups, thereby
reducing the overall project risk.

Results of Statistical Hypothesis Testing

In the process of statistical analysis, within each hypothesis, all obtained responses
were divided into two groups. The first group consisted of responses from the selected seg-
ment of respondents, while the second group included responses from all other respondents.
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Hypothesis 8. Based on the p-value of the Levene’s test (0.558), it can be concluded that the dataset
has an homogenous variance, which means it can be used in the U-Mann–Whitney test without
limitations. The results of the U-Mann–Whitney test revealed that there is a statistically significant
difference between the evaluations of locations by respondents aged over 55 (Md = 2, n = 945)
compared to those aged 55 and below (Md = 3, n = 2198). Therefore, based on the significance value
(p = <0.001), the null hypothesis can be rejected at the given level of statistical significance. When
comparing the medians, it can be stated that the older generation evaluates the locations with built
RES infrastructure more negatively (rating 2—moderate negative reaction to RES installations
without negative impact on future visit) than the younger generation (rating 3—neutral reaction
toward RES installations).

Hypothesis 9. Based on the p-value of the Levene’s test (0.927), it can be concluded that the
dataset has an homogenous variance, which means it can be used in the U-Mann–Whitney test
without limitations. The results of the U-Mann–Whitney test revealed that there is a statistically
significant difference between the evaluations of locations by respondents who are organized in
tourist clubs (Md = 2, n = 2002) compared to those who are not organized in tourist clubs (Md = 3,
n = 1141). Therefore, based on the significance value (p = <0.001), the null hypothesis can be rejected
at the given level of statistical significance. When comparing the medians, it can be stated that
respondents who are organized in tourist clubs evaluate the locations with built RES infrastructure
more negatively (rating 2—moderate negative reaction to RES installations without negative impact
on future visit), compared to respondents who are not organized in tourist clubs (rating 3—neutral
reaction toward RES installations).

Hypothesis 10. Based on the p-value of the Levene’s test (<0.001), it can be concluded that the
dataset has an heterogeneous variance, which means it can be used in the U-Mann–Whitney test
with the limitation of comparing medians. In this case, we can assess the difference between the
statistical sets, but we cannot precisely quantify the evaluation of groups based on the median rating,
only based on the sum of ranks. The results of the U-Mann–Whitney test revealed that there is no
statistically significant difference between the evaluation of locations with built RES infrastructure
by respondents who have previously visited the location and those who have not visited the location.
Therefore, based on the significance value (p = 0.202), we cannot reject the null hypothesis at the
given level of statistical significance.

Hypothesis 11. The Levene’s test resulted in a p-value of 0.476, indicating that the dataset has
an homogeneous variance and can be used in the U-Mann–Whitney test without limitations. The
results of the U-Mann–Whitney test revealed a statistically significant difference in the evaluation of
locations between respondents who have information about RES from the educational environment
(Md = 3, n = 728) and those who obtained information from sources outside of school (Md = 2,
n = 2401). Therefore, based on a significance level of p < 0.001, we can reject the null hypothesis.
When comparing the medians, it can be concluded that respondents who obtained information about
RES from sources outside of the school evaluated the locations with built RES infrastructure more
negatively (rating 2—moderate negative reaction to RES installations without negative impact
on future visit) compared to respondents who acquired information within the educational process
(rating 3—neutral reaction toward RES installations).

Hypothesis 12. The Levene’s test resulted in a p-value of 0.065, indicating that the dataset has
an homogeneous variance and can be used in the U-Mann–Whitney test without limitations. The
results of the U-Mann–Whitney test revealed a statistically significant difference between the
evaluation of locations with a historical element (Md = 2, n = 898) and locations without a historical
element (Md = 3, n = 2245). Therefore, based on a significance level of p < 0.001, we can reject the
null hypothesis. When comparing the medians, it can be concluded that locations with a historical
element are evaluated more negatively (rating 2—moderate negative reaction to RES installations
without negative impact on future visit) compared to locations without a historical element (rating
3—neutral reaction toward RES installations).
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Hypothesis 13. The Levene’s test resulted in a p-value of <0.001, indicating that the dataset has
an heterogeneous variance. This means that it can be used in the U-Mann–Whitney test with the
limitation of comparing medians. In this case, we can assess the difference between the statistical
datasets, but we cannot precisely quantify the group evaluation according to the median rating,
only based on the results of the sum of the rank order of the statistical datasets. The results of
the U-Mann–Whitney test revealed a statistically significant difference between the evaluation
of locations where RES infrastructure was located near other built infrastructure (n = 898) and
locations where RES infrastructure was in a landscape without other built infrastructure (n = 2245).
Therefore, based on a significance level of p < 0.001, we can reject the null hypothesis at the given
level of statistical significance.

Hypothesis 14. Based on a p-value of 0.085 from the Levene’s test, it can be concluded that
the dataset has an homogeneous variance, allowing the use of the U-Mann–Whitney test without
restrictions. The results of the U-Mann–Whitney test revealed a statistically significant difference in
the ratings of locations where RES power plants affect the view of the High Tatras (Md = 2, n = 898)
compared to locations where RES power plants do not affect the view (Md = 3, n = 2245). Therefore,
based on the significance level (p = <0.001), the null hypothesis can be rejected. In terms of medians,
it can be concluded that locations where RES power plants affect the view are rated more negatively
(rating 2—moderate negative reaction to RES installations without negative impact on future visit,)
compared to locations where RES power plants do not affect the view (rating 3—neutral reaction
toward RES installations).

Hypothesis 15. Based on a p-value of 0.328 from the Levene’s test, it can be concluded that
the dataset has an homogeneous variance, allowing the use of the U-Mann–Whitney test without
restrictions. The results of the U-Mann–Whitney test revealed that there is no statistically significant
difference in the ratings of locations between respondents who viewed the questionnaire on larger
devices and those who viewed it on smaller devices. Therefore, based on the significance level
(p = 0.069), we cannot reject the null hypothesis at the given level of statistical significance.

When referring the overall results of hypothesis testing, we can positively evaluate
the way they were formulated, considering that out of a total of eight tested hypotheses,
two were rejected, and we were able to demonstrate statistically significant differences in
six hypotheses between the evaluated statistical samples at the given level of significance.

For a better clarity of the results, the outcomes of the statistical analysis for the defined
hypotheses are summarized in Table 1.

Table 1. Summary of the results of statistical hypothesis testing.

Research Question Group and
Median Rating

p-Value
Levene’s

Test

p-Value
U-Mann–Whitney

Test
Conclusion

1

Are respondents over 55 years of
age more negative in their

evaluation of RES infrastructure
compared to younger

respondents (up to 55 years old)?

under 55y
(Md = 3, n = 2198);

over 55y
(Md = 2, n = 945)

0.558 <0.001

There is a difference:
respondents over 55 years of

age rate RES more
negatively.

2
Do respondents who are members

of tourist clubs evaluate RES
infrastructure more negatively?

club members
(Md = 2, n = 2002);
non-club members
(Md = 3, n = 1141)

0.927 <0.001

There is a difference: club
members evaluate RES

infrastructure more
negatively.

3
Do respondents who have visited
the location in the past rate RES
infrastructure more negatively?

visited (N/A);
not visited (N/A) <0.001 0.202

There is no difference in
RES infrastructure ratings
between respondents who
visited and those who did

not visit the location.
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Table 1. Cont.

Research Question Group and
Median Rating

p-Value
Levene’s

Test

p-Value
U-Mann–Whitney

Test
Conclusion

4

Do respondents who have
information about RES from
educational sources rate RES

infrastructure more positively?

information from
school

(Md = 3, n = 728);
other sources

(Md = 2, n = 2401)

0.476 <0.001

There is a difference:
respondents who have

information from
educational sources rate
RES infrastructure more

positively.

5
Are locations where RES

infrastructure is near a historical
element rated more negatively?

RES infrastructure
near historical

element
(Md = 2, n = 898);
RES infrastructure

distant from
historical element
(Md = 3, n = 2245)

0.065 <0.001

There is a difference:
locations where RES

infrastructure is near a
historical element are rated

more negatively than
locations without a
historical element.

6

Are locations where RES
infrastructure is situated in areas

with other built infrastructure
rated more positively than in

natural areas?

RES infrastructure
near other

infrastructure
(Md = N/A,

Rank = 1819.52);
RES infrastructure

in natural
landscape

(Md = N/A,
Rank = 1472.99)

<0.001 <0.001

There is a difference:
locations where RES

infrastructure is situated in
areas with developed

infrastructure are rated
more positively than

locations without developed
infrastructure (specific

ratings cannot be
determined based on the

statistical analysis results).

7

Are locations where RES
infrastructure affects the view of

the High Tatras mountains
perceived more negatively?

RES infrastructure
affects views

(Md = 2, n = 898);
RES infrastructure

does not affect
views

(Md = 3, n = 2245)

0.085 <0.001

There is a difference:
locations where RES

infrastructure affects the
view of the significant

mountain range are
perceived more negatively.

8

Is it true that there is a difference
in the rating of locations,

depending on the device used to
display the online questionnaire?

ratings from small
devices (N/A);

ratings from large
devices (N/A)

0.328 0.069

There is no difference
depending on the device on
which the questionnaire was

displayed.

When comparing the presented results within Slovakia, we cannot rely on a study
or scientific work that would assess the same issue, namely the visual impact of RES
infrastructure, as there is no such study available in the conditions of the Slovak Republic
to the best knowledge of the authors. However, the obtained results can be partially
confronted with studies focused on the public perception of RES in general. The results of a
study conducted by the Slovak Climate Initiative titled “Support for RES in Slovakia” [49]
in June 2021 indicate that 68% of respondents support the greater utilization of RES, with
24% strongly in favor and 45% leaning toward support. Conversely, 8% are strongly against
the further utilization of RES, and approximately 23% are leaning toward opposition.
These findings roughly correlate with the presented data, as the most negative rating is
represented by an average of 7.2% of respondents, and the group with a somewhat negative
perception of RES consists of 22% of respondents. According to the Slovak Climate Initiative
study, respondents over 55 years of age have the most negative attitude, which was again
confirmed by the presented survey. Similar results are found in comparison with foreign
studies. The Southwest Research Company conducted a survey in Cornwall (UK) [50], in
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which authors evaluated the impact of wind and photovoltaic power plants on visitors
to locations with established RES power plants. Out of the total number of respondents
(1007), 80% were in favor of RES infrastructure, 14% had an ambivalent attitude, and only
6% had a negative attitude toward RES infrastructure. These results also correlate to some
extent with the presented findings.

The commentary on the results of the study for the Slovak Climate Initiative also
suggests the need for better education regarding RES, which could help overcome barriers
to their further development. With the expected significant growth of RES power plants in
the future, as indicated by the information and data presented in the introductory chapters
of this work, significant efforts must be made to improve the media image of RES, as most of
the public acquires knowledge through mass media. The current unfavorable media image
of RES is caused by several factors, including the political controversy surrounding past
subsidy schemes that negatively impact current high electricity prices, poor communication
skills of investors in crisis communication, and the insufficient use of knowledgeable RES
experts in commenting on current controversial projects in the mass media, where they are
replaced by environmental activists or, at best, scientists from other fields. When comparing
the impact of the surrounding environment on RES infrastructure acceptance, the study by
Michell et al. [51] can be utilized. In this study, the authors examined the acceptance of RES
installations in various landscape or urban elements within the environment of Switzerland.
The respondents in that study rated RES installations on the roofs of historic city centers,
near historic buildings, and in undeveloped natural landscapes as the most negative. On
the other hand, installations in industrial areas and in connection with modern architecture
were seen as the least problematic as was demonstrated in presented study.

5. Conclusions

The presented research deals with the specific issue of the visual impact of power
plants that utilize RES such as wind and solar energy. These types of power plants are
particularly negatively evaluated in terms of their visual impact on the landscape and the
degradation of the scenic value of an area. The research was focused on the tourist-active
part of the public and was conducted through a questionnaire survey. Respondents used a
five-point Likert scale to evaluate photographs of selected tourist-attractive locations, to
which wind or solar power plants were added using graphic editing software. Hypotheses
formulated within the research were based on an attempt to quantify the state of the topic
and identify possible negative phenomena that could influence the future expansion of RES
infrastructure. The statistical analysis of the hypotheses, which allowed for either the rejec-
tion or non-rejection of the given hypotheses, was performed using the U-Mann–Whitney
test. The results of the questionnaire survey and statistical data analysis confirmed the
expected findings, namely that respondents over the age of 55 and respondents affiliated
with a tourist organization would evaluate new RES infrastructure more negatively. The
hypothesis regarding the importance of information sources was also confirmed, as respon-
dents who obtained information about RES from educational environments rather than
mass media evaluated new RES infrastructure more positively. These findings, express-
ing the acceptance of RES infrastructure, mirror the results of studies conducted in other
countries as well as the results of domestic studies dealing with support for RES in general.
Another significant contribution of the presented research is the analysis of the impact
of the surroundings of an RES power plant, where respondents negatively evaluated the
proximity of a historical element in the landscape and evaluated installations in extensively
used landscapes more positively, as expected. The analysis of the visual impact of power
plants on the High Tatras mountain range, which is perceived as a significant landscape
feature and a center of tourism in the conditions of the Slovak Republic, yielded relatively
specific results. In this case, all power plants were evaluated negatively, regardless of the
wider surroundings. Lastly, the research also assessed the potential change in visitation
to a location after the construction of wind or photovoltaic power plants, with 2.9% to
16.5% of respondents expressing that they would never visit the location again for the
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considered locations. However, it is necessary to reflect on experiences from abroad where
RES power plants can to some extent be a part of industrial tourism and attract a new
segment of visitors to a location. Nevertheless, this fact needs to be further examined under
the conditions of the Slovak Republic. According to the authors, the presented results
can bring about necessary changes in the communication with the affected public in the
process of designing and constructing RES power plants, thereby achieving their faster
development and representation in the country’s energy mix.
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