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ABSTRACT: This paper addresses the construction of large-scale photovoltaic farms. The paper describes the issues of the
current overconsumption of energy from traditional sources and the associated overuse of fossil fuels. Alternatives to these
processes are presented based on literature sources, and the use of renewable energy sources, focusing on solar energy, is
recommended here. In the research section, attention was focused on the economic and environmental aspects of ventures
involving the construction of large-scale farms by manufacturing companies with high monthly energy consumption. In the first
stage of the work, economic analyses were carried out based on data obtained from photovoltaic installation companies. For
the simulation, an assessment of the costs and benefits of building a photovoltaic farm for a steel construction company
located in eastern Poland was used. Another element of the research part of the study was an analysis of the results of a ques-
tionnaire survey, which was conducted among people living in the vicinity of such farms. On this basis, the environmental impact
of neighbouring areas of this type of investment was estimated. Positive conclusions from the analyses made it possible to
recommend the construction of this type of facility, especially for manufacturing plants with high electricity consumption.
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Introduction

Mastery over the forces of nature has been the domain of humankind since the dawn of time
(Devauchelleet al., 2006). The ability to use fire contributed to social bonds and opportunities for
expansion and gave advantages over other animal species (Pausas & Keeley, 2009). Conscious of
using its heat and light opened the gates to the development of civilisation. As a result of progress,
man learned to use not only wood energy but also other deposits of energy and raw materials found
in the form of coal, oil, and natural gas deposits (Brownlie, 1922). The use of these raw materials on
an ever-increasing scale has helped to accelerate technical progress in many industries (McCloskey,
1981). Today, however, mankind is also increasingly recognising the disadvantages that the consump-
tion of fossil fuels brings (Olkuski, 2018). Their deposits are only found in certain countries that
profit from them and use these resources to necessitate the economic and political dependence of
other countries (Plewa & Strozik, 2019). The deposits of these raw materials are being depleted, and
it is already indicated that in a few decades, it will only be possible and profitable to extract them in
a few places in the world. However, the greatest threat to civilisation as a whole is the climatic effects
of burning fossil fuels (Garrett, 1992). Indeed, this process is the main cause of the greenhouse effect
(Mitchell, 1989). An increase in global temperature has been recorded for some time, contributing to
an imbalance in the atmosphere (Kweku et al, 2018). This anomaly leads to numerous floods,
droughts, hurricanes and rising sea levels. The consequence of this is massive damage to infrastruc-
ture (Mikhaylov et al., 2020). Countries located in hot climate zones suffer the most from the effects
of these disasters. Despite the fact that they are classified as poor, developing countries, the disasters
described cause additional huge economic losses and, during droughts, cause famines and migrations
of unprecedented magnitude (Solomon et al., 2010). In this situation, it is increasingly pointed out
that the era of fossil fuels should be coming to an end, and humanity should try to use energy from
renewable sources (Nowicki, 2012).

Literature review

The increase in energy demand due to rapid economic development combined with the described
conscious, limited use of fossil resources, as well as excessive environmental pollution, has resulted
in a great deal of interest in alternative energy in recent years (Rehman, 2020). An increasingly pop-
ular topic is the use of renewable energy sources whose utilisation is not associated with their long-
term scarcity (Rockett et al., 2011), as they renew themselves in a short period of time. Their raw
materials are constantly replenished, and the replenishment process can occur spontaneously, i.e.
without the need for human intervention (Dresselhaus & Thomas, 2001). Renewable energy is often
referred to by the term “green energy” because its resources occur naturally in nature, and their use
is the least harmful to the environment, as well as reducing emissions of greenhouse gases and other
hazardous substances (Bakis, 2007). The Renewable Energy Sources Act of 20 February 2015 states
that alternative energy sources are renewable and non-fossil energy sources, which include wind
energy, solar energy, aerothermal energy, geothermal energy, hydrothermal energy, hydropower,
wave, current and tidal energy, energy obtained from biomass, biogas, agricultural biogas and
bioliquids (Act, 2015).

The share of renewable energy in the fuel and energy balance is steadily increasing (Pacesila et
al,, 2016). This is mainly due to the development of new technologies (Bernath et al,, 2021), as well
as the fact that these installations are often financed with the support of EU funds. The use of renew-
able energy sources brings many benefits to local communities (Nawrot, 2017). This increases energy
security, promotes regional development or creates new jobs (Akellaet al., 2009). Increasing the
share of renewable energy sources in the world’s fuel and energy balance also brings environmental
benefits (Midilli et al.,, 2007). There is an improvement in the efficient use and conservation of energy
resources, as well as an improvement in the environment through a reduction in pollution to the
atmosphere and water and a reduction in the amount of waste produced (Tytko, 2010).

One of the primary sources of renewable energy is the electromagnetic radiation of the sun (Saidi
& Omri, 2020). According to literature sources, the amount of sunlight that reaches the Earth’s sur-
face in one hour would be sufficient for the world’s energy consumption for a whole year. For this
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reason, the use of the sun’s rays to generate electricity is considered a future technology that is cur-
rently being rapidly developed (Kabir et al., 2018). Solar energy (Gong et al., 2019) can be used in two
ways: passive and active. The concept of passive use of solar energy is to use the most energy and
prevent losses. This is done without special equipment, thanks to natural heat exchange phenomena.
Passive systems are used, among other things, to heat buildings by means of appropriate siting, i.e.
positioning in relation to the sides of the world and appropriate selection of materials for construc-
tion. Appropriate devices such as photovoltaic cells (Chenni et al.,, 2007) are already required to make
active use of solar energy.

Photovoltaics is an innovative technology that enables the conversion of sunlight into electricity
(Mathews et al., 2019). Recently, the concept has been associated with two important issues, namely
energy and environmental protection. It provides an alternative to nature-destroying methods of
producing electricity during ever-increasing demand (Saunder & Turner, 2008). Photovoltaics, as one
of the few branches of electronics, is still developing rapidly despite decades of practical use (Gratzel,
2005). Its development is also accompanied by a steady decline in the price of the electricity received
(Sibinski & Znajdek, 2016). Connected combinations that generate electricity from the sun are
so-called photovoltaic farms (Brodzinski et al,2021). These are solar power plants, usually sited on
the ground. They are specially delimited areas with chains of photovoltaic panels connecting to form
a single system. They have a specific capacity to generate electricity in full sunlight, which depends on
the number of solar panels installed (Ghaediet al., 2014). This type of power plant has great potential
to meet most of the electricity needs of all mankind (Yang et al.,, 2017). These installations allow
electricity to be consumed not only at its point of generation but also to be transmitted to the power
grid for use by other consumers. The energy produced can also be stored in batteries for use during
inferior solar radiation (Alva et al., 2017).

The last decade has seen a rapid development in the use of solar energy (Hou et al., 2011), pri-
marily in the installation of solar panels and photovoltaic panels. It is believed that solar techniques
will soon account for a significant proportion of global energy (Palacios et al., 2020). If these predic-
tions are confirmed, it will mean that all the countries of the world will have access to clean, safe and
free fuel. This will allow them to develop economically and civilisationally, ending any political con-
flicts over access and use of energy resources (Blaga et al., 2019). However, it should be remembered
that currently, as mankind, we are only at the beginning of the road to the rational use of this energy
source. Therefore, attention is also increasingly being drawn to the need to conduct both economic
and environmental analyses in order to learn about the risks of this type of activity (Wolanczyk,
2019).

With this in mind, this paper focuses on the economic and environmental aspects of large-scale
wind farm projects. The first stage of the work was to analyse the economics of such projects based
on data obtained from companies involved in photovoltaic installations. Another element of the
research part of the project was the analysis of the results of a questionnaire survey conducted among
people living in the vicinity of the farms. On this basis, the environmental impact of the areas neigh-
bouring such investments was estimated.

Research methods

In the first stage of the work, economic analyses were carried out for this type of project based on
data obtained from photovoltaic installation companies. This was done using the cost-benefit analy-
sis method. The data was obtained from surveys conducted by installation manufacturers, referring
to the methods presented in (Tokarski & Zegardto, 2020). The cost-benefit analysis that was used is a
comprehensive method for assessing the effectiveness of investments and projects, taking into account
all expected benefits and costs, including qualitative and quantitative elements, to determine the degree
of effectiveness of a given investment in the environment (Becla et al., 2012). In addition to the eco-
nomic aspects of the project, the cost-benefit analysis also took into account the social, cultural and
environmental areas considered in subsequent analyses (Boardman et al., 2006). The theoretical basis
for the above analysis was welfare economics (Szot-Gabrys, 2013). An assessment of the costs and ben-
efits that would be associated with the construction of a photovoltaic farm for a steel structure com-
pany located in eastern Poland was used for the simulation. With this type of production, all tools,
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such as welding machines, hydraulic presses, laser cutting machines, drilling machines, etc., run on
electricity, which has so far consumed a very high level of energy, averaging 607361kWh per year.
Electricity bills averaged 6398 EURper month, which amounted to 76 778 EUR in charges per year. It
was assumed that the plant would be equipped with a photovoltaic installation, which would cover
the full demand for electricity. According to the calculations, the electricity bill will therefore amount,
after installation of the installation, to the equivalent of the fixed and handling charges: 48.54 EUR
per year.

Three variants were considered for the calculation. The first option assumed the use of the cheap-
est materials available on the market, which would result in the fastest return on investment. How-
ever, this was related to the expected need to replace the electronic sub-assembly of the inverter
between the 5th and 10th year of operation of the installation. This option also assumed that the
photovoltaic panels would operate for a maximum of 25 years. The manufacturer’s warranty was 15
years for the photovoltaic panels and 5 years for the solar inverter. Variant two involved the use of
higher-quality components optimised in terms of value for money. In this case, the manufacturer’s
guarantee was 15 years for the photovoltaic panels and 10 years for the solar inverter. The need to
replace the electronic component of the inverter was anticipated between 10 and 14 years of opera-
tion. It was also assumed that the photovoltaic panels would operate for more than 25 years. The last
option assumed the highest quality components and the longest expected performance. In this case,
the manufacturer’s guarantee was as much as 30 years for the photovoltaic panels and 25 years for
the microinverters. The microinverters were expected to need to be replaced between 25 and 30
years of operation. It was also assumed that the photovoltaic panels would operate for more than 25
years. The results of the analyses in which the costs of constructing the installation, the returns on
electricity savings, an estimate of the payback time for the investment and the calculation of the
returns on savings over a period of 25 years were estimated are summarised in a summary table.

The second part of the research was the analysis of the results of the questionnaire survey con-
ducted. The object of the research, according to Apanowicz (2002), was to analyse the opinion of local
residents concerning the impact of photovoltaic farms on the environment of their surroundings, and
its aim, according to Skorny (1984), was to determine the degree of this impact. In accordance with
Lobocki (2000), the research problem was formulated and defined by the question: “Does the photo-
voltaic farm have an impact on the environment?”. Additionally, helpful specific questions were for-
mulated: “Does the support for the development of photovoltaic farms depend on where they are
located?”, “Does a photovoltaic farm affect humans?”, “Does a photovoltaic farm affect the environ-
ment and landscape?”, and “Do the human-perceived effects of a photovoltaic farm depend on the
distance, of the residence from the nearest photovoltaic farm?”. The main hypothesis, according to
Apanowicz (2002), was that the photovoltaic farm affects the environment, and the specific hypoth-
eses were statements stating that the support of the development of photovoltaic farms depends on
the location of the farm, the photovoltaic farm affects humans, the photovoltaic farm affects the envi-
ronment and landscape, the effects of the photovoltaic farm perceived by humans depend on the
distance and place of residence from the nearest photovoltaic farm. In this study, a diagnostic survey
was used as the research method. The primary function of this method was to collect information
about issues of interest to the researcher as a result of the verbal accounts of the people surveyed,
called respondents. The technique used in the present study was a questionnaire targeted at people
living near photovoltaic farms. The research tool, or object, that helped to realise the chosen research
technique was a survey questionnaire containing questions related to photovoltaic farms. These
allowed the collection of the data necessary to carry out the survey. The information collected from
the survey questionnaire was presented in the form of graphs, which were then described and inter-
preted. Part of the data was also subjected to the calculation of a chi-square test of independence,
which was used to assess the relationship between the frequency distribution of responses in terms
of one variable in relation to another variable.
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Results of the research

Table 1 below summarises the necessary expenditure to be incurred, the payback period for the
investment, and the savings to be achieved, projected over the next 25 years.

Table 1. Summary of expenditure required, payback period and savings over the next 25 years from the
construction of a plant-based large-scale photovoltaic farm

Lp. | Description

VARIANT 1

VARIANT 2

VARIANT 3

Objective

Lowest investment
price

Cost-priceoptimisation

Use of the best materials
available on the market

1 Projectedpower

607.8 kWp

607.5 kWp

607.7 kWp

Photovoltaicpanels

2 | Type of panels

Polycrystalline

Monocrystalline

Monocrystalline

lifetime of the installation

3 Name / price \QJS\AOZ);;IF’nIi(-%(JE?GLE éﬁzg-éSQé%%qS/Q.PEAK ;g?%gé GEL’J\I; ON®2 365 W/
220151 EUR 326 246 EUR
4 Product guarantee 10 years 12 years 25 years
5 | Guarantee of energy yield after 25 years | 80.7% 85.00% 88.4%
6 | Estimated energy yield over 25 years 13500 mWh 13821 mWh 14084 mWh
7 | Installation area 3694.06 m? 3102.09 m? 2875.79 m?
8 Installation weight 41990 kg 34427 kg 30803 kg
Inverter
SolarEdge SE27.6K
9 Name/price Delta RPI M30A_120 SMA Sunny Tripower (27.6 KW) /1 908 EUR
(30KW) /2 684 EUR 25000 (25 KW) / 3344 EUR | plus power optimizers /
8 729EUR
Other material costs
10 | Wiring, rack 117 308 EUR 103 766 EUR 97 307 EUR
Costs of execution works
11 | Labour 185390 EUR 154 436 EUR 139672 EUR
12 | TOTAL COSTS 567 582 EUR 634 092 EUR 980 174 EUR
Savings
13 | Year to date electricity bill 76 778EUR 76 778 EUR 76 778 EUR
14 | Expected electricity bill per year 4854 EUR 4854 EUR 48.54 EUR
15 | Expectedannualsavings 76 729 EUR 76 729 EUR 76 729 EUR
Payback period and profits
o | e SO g
7 | Expected savings over the 25-year 1392 712 EUR 1331 128 EUR 1010682 EUR
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As was evident from the simulations presented, the differences in the anticipated installation
costs differed significantly between the proposed variants. The total prices of the installation in the
first - economic - variant were noticeably lower. This was mainly influenced by the value of compo-
nents such as panels and the inverter. It is worth noting that the difference in the cost of the solar
panels alone between the first and third variants was as much as 250%. The costs of ancillary mate-
rials such as wiring and racking and labour costs were higher for the economic variant than for the
other cases. This is because the manufacturer assumed that with lower-quality main components, the
assembly and ancillary work itself would be more costly. In the end, however, the values of the total
investment differed significantly. The value of the installation in Variant 2 was 11% higher than in
Variant 1, and in Variant 3, in which the most expensive components were used, it was approximately
17% higher. These calculations significantly affected the estimated payback period and projected
savings gains. Assuming trouble-free operation of the installation, the payback period from the elec-
tricity savings for variant one was calculated to be 6.8 years. For the subsequent variants, the period
was longer at 7.7 years for variant two and 11.8 years for variant three. Similarly, the projected prof-
its over the 25-year period were highest for variant one and amounted to 1392712 EUR. For subse-
quent variants, the profit was lower by 4% for variant two and as much as 27.43% for variant three.

On the basis of the simulation carried out, it was therefore noted that assuming optimistic condi-
tions and fault-free operation of the installation, it is most beneficial to build the installation on the
basis of the cheapest components available on the market. This type of investment ensures the fastest
return on the costs incurred and brings the highest expected long-term profits. It is also worth bear-
ing in mind that in times of a rather unstable market, both in the consumer and energy markets,
incurring very large costs for long-term investments is risky. However, the analyses carried out have
shown a relatively quick payback period and, in economic terms, the investment has been found to be
very profitable and worth recommending.

Another part of the research work consisted of survey analyses to answer the question of whether
and how the construction of large-scale photovoltaic farms affects the environment surrounding this
type of investment.

The questionnaire survey was conducted in January 2022 and targeted people living close to PV
farms. The questionnaire was available online. The survey had 90 respondents who answered 18
questions, of which 15 were related to photovoltaic farms, and three questions were related to gen-
der, age and education choices.

The surveyed group consists of both women and men. Women were more numerous and
accounted for 53.33% of all respondents. Men were a slightly smaller group, comprising 46.67% of
the total survey group. The largest number of respondents was in the 31-50 age range, and they
accounted for 45.13% of all respondents. The smallest number of respondents were under 18 years
of age, who accounted for 3.54% of all respondents, and people over 50 years of age, who accounted
for 17.70% of all respondents. Those in the 18-30 age bracket accounted for 33.63% of all respond-
ents. Most respondents had a high school education, which accounted for 41.11% of all respondents.
Slightly less, or 34.45%, were those with a university education. The fewest respondents had primary
and vocational education, who represented 12.22% of all respondents.

The first survey question was to establish how many people supported the development of
renewable energy sources in the form of photovoltaic farms. The vast majority, or 83.33% of all
respondents, were in favour of supporting the development of this energy. A small proportion, repre-
senting 11.11% of the total survey group, stated that they did not support the development of this
type of energy.

The second question concerned the permission to locate a photovoltaic farm in their municipal-
ity. The majority of people, 82.22% of all respondents, allowed the construction of such a farm in
their municipality. A small proportion of people, 13.33% of the total survey group, stated that they do
not allow the location of a photovoltaic farm in their municipality. The remaining respondents, who
accounted for 4.45% of all respondents, had no opinion on the subject.

The next question sought to establish how many people allow the location of a photovoltaic farm
in their locality. The vast majority (Figure 1), or 73.33% of all respondents, stated that they allow the
location of such a farm in their locality. A small part of the survey group, representing 15.56% of all
respondents, does not allow the location of a photovoltaic farm in their locality. The remainder of all
respondents had no opinion on the subject.
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Figure 1. Percentage share of respondents in Figure 2. Percentage of respondents in response to the
answer to the question: Do you allow the question: Do you allow a photovoltaic farm to
location of a photovoltaic farm in your be located on your land? Yes — 48.89%,
village? Yes — 73.33%, No — 15.56%, No — 40.00%, | have no opinion = 11.11%

| have no opinion = 11.11%

The next question concerned permission to locate a photovoltaic farm on a neighbour’s land. The
majority of respondents, as in the previous survey representing as much as 70.00% of the total sur-
vey group, allowed the construction of such a farm on a neighbour’s land. A number ofrespondents,
i.e. 17.78% of all respondents, do not allow the location of a photovoltaic farm on their neighbour’s
land. The rest of the respondents, who accounted for 12.22% of all respondents, had no opinion on
the subject.

The next question (Figure 2) concerned the answer to the question: do you allow the location of
a photovoltaic farm on your land?

Although the majority of respondents allowed for the location of a PV farm in their municipality,
village or on a neighbour’s land, this percentage was much lower for their own land, amounting to
48.89% of the total survey group. Almost 40.00% of the respondents did not allow a photovoltaic
farm to be located on their land. The remainder of the respondents, or 11.11% of all respondents, had
no opinion on the subject.

The next question sought to establish whether photovoltaic panels cause noise. The vast majority
of people, or 88.89% of all respondents, stated that no source of noise is felt during the operation of
the photovoltaic panels. A small proportion of the survey group, representing 3.33%, felt noise from
the operation of the photovoltaic panels. The rest of the respondents, or 7.78% of all respondents,
had no opinion on the subject.

Question eight (Figure 3) asked whether photovoltaic installations produce light reflections. The
majority of people, or 60.00% of all respondents, assessed that photovoltaic panels do not produce
light reflections. A portion of the respondents, which accounted for 14.44% of all respondents,
believed that photovoltaic installations produce light reflections. The remainder of the survey group,
or 25.56% of all respondents, had no opinion on the subject.

The answers to question nine showed how the environmental impact of photovoltaic farms was
assessed. The majority of people, 44% of all respondents, stated that such farms have little impact on
the destruction of natural habitats for plants and animals. Almost 30% of the respondents in the
study group were of the opinion that these farms have no impact on nature. Those who stated a high
and moderate degree of impact of photovoltaic farms on the destruction of habitats for living organ-
isms each accounted for 10% of all respondents.

The next question was to establish whether photovoltaic farms cause a change in land values
(Figure 4).
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60.00%
Figure 3. Percentage of respondents answering the Figure 4. Percentage of respondents in response to
question: do photovoltaic installations the question: do photovoltaic farms cause
produce light reflections? Yes — 14.44%, achange in land value? Yes — 70.00%,
No - 60.00%, | have no opinion - 25.56% No - 20.00%, | have no opinion = 10.00%

The vast majority of the survey group, which accounted for 70.00% of all respondents, stated that
such farms affect the value of land plots. A small proportion of people, or 20.00% of all respondents,
believed that photovoltaic farms do not cause a change in land values.

The answers to the next question were to show whether the location of the photovoltaic farm
caused an increase or decrease in land values. The vast majority, or 77.78% of all respondents,
assessed that there would be a decrease in the value of land plots as a result of the construction of this
type of farm.

The next question sought to establish whether photovoltaic farms contribute to exclusion from
potential development opportunities. The majority of people, 58.89% of the respondents, believed
that the location of a photovoltaic farm causes a reduction in interest in building various types of
buildings in its vicinity. A sizable proportion of respondents, representing 33.33% of the total survey
group, stated that photovoltaic farms do not contribute to exclusion from potential development
opportunities. The remainder of the respondents, who accounted for 7.78% of the total survey group,
had no opinion on the subject.

The twelfth question asked whether the construction of a photovoltaic farm affects the aesthetics
of the landscape. The majority of people, or 62.22% of respondents, stated that the location of these
farms affects the appearance of the space. A small part of the survey group, which accounted for
20.00% of all respondents, assessed that photovoltaic farms do not affect landscape aesthetics. The
remainder of the people, or 17.78% of all respondents, had no opinion on the subject.

The next question (Figure 5) was to establish
whether the construction of a photovoltaic farm
would improve or worsen the attractiveness of the
landscape.

77.78%

Figure 5. Percentage of respondents answering the question:
do photovoltaic farms cause beautification or
disfigurement of the landscape? Disfigurement -
77.78%, Beautification — 22.22%
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The vast majority of people, or 77.78% of those surveyed, stated that the environment had been
disfigured following the location of the farm. The remainder of the survey group, which accounted for
22.22% of all respondents, assessed that the construction of the photovoltaic farm had improved the
attractiveness of the landscape.

The last question was intended to show whether there had been any health damage and failures
related to photovoltaic panels in the area. Almost all of the survey group, or 98.89% of the respon-
dents, answered that there had been no incidents or accidents related to photovoltaic systems in
their vicinity. Only 1.11% of the respondents reported that there had been a dangerous incident
related to photovoltaic panels in their neighbourhood, which was an installation fire.

Part of the data was also subjected to the calculation of a chi-square test of independence, which
was used to assess the relationship between the frequency distribution of responses in terms of one
variable in relation to the other variable. The first analyses were carried out to illustrate the depen-
dence of the place of residence from the nearest PV installation in relation to the perception of light
reflections produced by the PV panels. Most people living less than 1 km from the PV installation
thought that the PV panels did not produce light reflections, and they represented 59% of all respon-
dents living at this distance. 15% thought that the PV installation produced light reflections, and 26%
had no opinion. The majority of respondents who live between 1.0 and 1.9 km from a photovoltaic
installation believed that this installation does not produce light reflections, and they represented
70% of all respondents living at this distance. 10% of people thought that the PV panels produce light
reflections, and 20% had no opinion on this question. The largest number of people living between
2.0 and 2.9 km from a PV installation believed that PV panels do not produce light reflections, and
they accounted for 70% of all respondents at this distance. 5% thought that the PV installation pro-
duced light reflections, and 25% had no opinion. The majority of respondents who lived more than
3 km from a PV installation thought that the installation did not produce light reflections, and they
accounted for 48% of all respondents living at this distance. 17% of people thought that the photo-
voltaic panels produced light reflections, and 35% had no opinion in relation to this question. As the
empirical value of the chi-square test (x2 ) was below the cut-off value, it could be concluded with a
probability of 95% that the distance from the residence to the nearest PV installation did not depend
on the perception of light reflections produced by PV panels.

Another testlooked at the distance from the residence to the nearest PV installation in relation to
the perception of noise resulting from the operation of the PV panels. The largest number of people
living less than 1 km from a PV installation did not feel any noise resulting from the operation of the
PV installation, and they accounted for 88% of all respondents living within this distance. 4% of
people felt noise from the operation of the PV panels, and 8% had no opinion on this issue. The major-
ity of respondents living at a distance of 1.0-1.9 km from the PV installation did not experience noise
from the PV panels, accounting for 85% of all respondents living at this distance. 5% of people felt
noise from the PV panels, and 10% had no opinion. The largest number of people living between 2.0
and 2.9 km from a PV installation felt no noise from the PV installation, and they made up 80% of all
respondents living at this distance. 5% of people felt noise from the operation of the PV panels, and
15% had no opinion. The majority of respondents living more than 3km from the PV installation did
not experience noise from the operation of the PV panels, and they made up 82% of all respondents
living at this distance. Those who felt noise from the operation of the PV panels and those who had no
opinion on this question were 9% each. As the empirical value of the chi-square test (x2 ) was again
below the cut-off value, it could be concluded with a probability of 95% that the distance from the
residence to the photovoltaic installation does not depend on the perception of noise from the opera-
tion of the photovoltaic panels.

Conclusions

On the basis of the analyses carried out, it was concluded that the construction of large-scale
photovoltaic farms is the most economically viable project. The construction of a solar plant to ensure
that electricity needs are fully met is particularly beneficial for production facilities that consume
large amounts of energy. Despite the fact that this is an expense of several million Euros for a produc-
tion plant, economic calculations prove that the investment will pay for itself within six to seven years
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from the moment of its creation. The economic analyses carried out, taking into account the variants
for this type of project in terms of the quality of the components used for construction, showed that
the most favourable, in economic terms, is the construction of the installation from the cheapest
available components. This is because the payback period is much shorter than the warranties offered
on the components.

Conclusions drawn from the survey-based analyses of the environmental impact of the installa-
tion on the surroundings of this type of facility have shown that the photovoltaic farm does not have
a significant impact on its surroundings. Its impact is most evident in terms of landscape changes
following the introduction of photovoltaic panels into the surroundings. Respondents living in the
vicinity of the farms mostly supported the development of renewable energy sources in the form of
the construction of such facilities. It is worth noting, however, that support for the construction of
such an investment depends on where it is located. The closer to the respondents’ land a photovoltaic
farm was to be built, the support for the construction of this type of energy source decreased. In the
case of the construction of a photovoltaic farm in the respondent’s municipality, support was very
high. Respondents were slightly less likely to support the construction of such an investment in their
municipality and even less likely to support it on their neighbour’s land. The least support was
declared by respondents for the construction of a photovoltaic farm on their own land. It is also worth
noting that respondents mostly believed that the construction of a photovoltaic farm would cause a
decrease in the value of the land after its construction and would reduce potential development
opportunities. The above survey also showed that photovoltaic farms do not affect human health.
After examining the respondents’ opinions on the perception of noise and light reflections, it could be
concluded that the effects of photovoltaic panels are not felt by people. For the two effects surveyed,
light reflections appeared to be more perceptible. Noise, on the other hand, was felt by a small num-
ber of people. The survey showed that there was little or no impact of photovoltaic farms on the
destruction of natural habitats of organisms. In contrast, the impact on the landscape was different.
Respondents felt that the construction of photovoltaic farms significantly affects the environment
in a negative way. Most people say that PV farms disfigure the landscape. It is also worth noting that,
in general, there were no health hazards or accidents associated with PV farms. The survey also
showed that the human-perceived effects of a PV farm do not depend on the distance of the residence
from the nearest PV farm. This was due to the fact that noise and light reflections were not felt at all
by the majority of people taking part in the survey.

The positive conclusions of the analyses made it possible to recommend the construction of this
type of facility, particularly for generating plants with high electricity consumption.

The contribution of the authors

Conception, B.Z. and N.P; literature review, B.Z.; case study, B.Z. and N.P,; investigation, B.Z. and
N.P; formal analysis, B.Z. and N.P; editing, B.Z.; conclusions, B.Z. and N.P and A.B.

References

Act from 20 February 2015. Act on Renewable Energy Sources. Journal of Laws 2015, item 478. https://isap.
sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu20150000478 (in Polish).

Akella, A. K., Saini, R. P,, & Sharma, M. P. (2009). Social, economic and environmental impacts of renewable energy
systems. Renewable Energy, 34(2), 390-396. https://doi.org/10.1016/j.renene.2008.05.002

Alva, G, Liu, L., Huang, X,, & Fang, G. (2017). Thermal energy storage materials and systems for solar energy
applications. Renewable and Sustainable Energy Reviews, 68, 693-706. https://doi.org/10.1016/j.rser.
2016.10.021

Apanowicz, J. (2002). Ogéina Metodologia. Gdynia: Wydawnictwo Diecezji Pelpliniskiej Bernardinium. (in Polish).

Bakis, R. (2007). Alternative electricity generation opportunities. Energy Sources, Part A:Recovery, Utilization,
and Environmental Effects, 30(2), 141-148. https://doi.org/10.1080/00908310600628362

Becla, A, Czaja, S., & Zielinska, A. (2012) Cost-benefit analysis in the valuation of the natural environment. War-
saw: Difin. (in Polish).

Bernath, C., Deac, G., &Sensfulf, F. (2021). Impact of sector coupling on the market value of renewable energies-A

model-based scenario analysis. Applied Energy, 281, 115-185. https://doi.org/10.1016/j.apenergy.2020.
115985

10

DOI: 10.34659/eis.2024.88.1.596


https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu20150000478
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu20150000478
https://doi.org/10.1016/j.renene.2008.05.002
https://doi.org/10.1016/j.rser.2016.10.021
https://doi.org/10.1016/j.rser.2016.10.021
https://doi.org/10.1080/00908310600628362
https://doi.org/10.1016/j.apenergy.2020.115985
https://doi.org/10.1016/j.apenergy.2020.115985

ECONOMICS AND ENVIRONMENT 1(88) * 2024

Blaga, R, Sabadus, A., Stefu, N., Dughir, C., Paulescu, M, & Badescu, V. (2019). A current perspective on the accu-
racy of incoming solar energy forecasting. Progress in Energy and Combustion Science, 70, 119-144. https://
doi.org/10.1016/j.pecs.2018.10.003

Boardman, A. E., Greenberg, D. H., Vining, A. V,, & Weimer, D. L. (2006). Cost-Benefit Analysis: Concepts and Prac-
tice. 3" edition. New Jersey: Pearson Prentice Hall.

Brodzinski, Z., Brodzinska, K., & Szadziun, M. (2021). Photovoltaic farms-economic efficiency of investments in
north-east Poland. Energies, 14(8), 2087. https://www.mdpi.com/1996-1073/14/8/2087

Brownlie, D. (1922). The Early History of the Coal Gas Process. Transactions of the Newcomen Society, 3(1),
57-68. https://doi.org/10.1179/tns.1922.005

Chenni, R., Makhlouf, M., Kerbache, T., & Bouzid, A. (2007). A detailed modelling method for photovoltaic cells.
Energy, 32(9), 1724-1730. https://doi.org/10.1016/j.energy.2006.12.006

Devauchelle, B., Badet, L., Lengelé, B., Morelon, E., Michallet, M., Testelin, S., D’'Hauthuille, C., & Dubernard, J.-M.
(2006). First human face allograft: early report. The Lancet, 368(9531), 203-209. https://doi.org/10.1016/
S0140-6736(06)68935-6

Dresselhaus, M. S., & Thomas, I. L. (2001). Alternative energy technologies. Nature, 414(6861), 332-337. https://
www.nature.com/articles/35104599

Garrett, C. W. (1992). On global climate change, carbon dioxide, and fossil fuel combustion. Progress in Energy
and Combustion Science, 18(5), 369-407. https://doi.org/10.1016/0360-1285(92)90007-N

Ghaedi, A., Abbaspour, A., Fotuhi-Friuzabad, M., & Parvania, M. (2014). Incorporating Large Photovoltaic Farms
in Power Generation System Adequacy Assessment. Scientia Iranica, 21(3), 924-934. https://scientiai-
ranica.sharif.edu/article_3530.html

Gong, J., Li, C., & Wasilewski, M. R. (2019). Advances in solar energy conversion. Chemical Society Reviews, 48(7),
1862-1864. https://doi.org/10.1039/C9CS90020A

Gratzel, M. (2005). Solar energy conversion by dye-sensitized photovoltaic cells. Inorganic Chemistry, 44(20),
6841-6851. https://doi.org/10.1021/ic0508371

Hou, Y, Vidu, R, & Stroeve, P. (2011). Solar Energy Storage Methods. Industrial & Engineering Chemistry
Research, 50(15), 8954-8964. https://doi.org/10.1021/ie2003413

Jordehi, A. R. (2016). Parameter estimation of solar photovoltaic (PV) cells: A review. Renewable and Sustainable
Energy Reviews, 61, 354-371. https://doi.org/10.1016/j.rser.2016.03.049

Kabir, E., Kumar, P, Kumar, S., Adelodun, A. A., & Kim, K.-H. (2018). Solar energy: Potential and future prospects.
Renewable and Sustainable Energy Reviews, 82, 894-900. https://doi.org/10.1016/j.rser.2017.09.094

Kweku, D. W, Bismark, 0., Maxwell, A., Desmond, K. A, Danso, K. B., Oti-Mensah, E. A,, Quachie, A. T., &Adormaa,

B. B. (2018). Greenhouse effect: greenhouse gases and their impact on global warming. Journal of Scientific
Research and Reports, 17(6), 1-9. DOI: 10.9734/]SRR/2017 /39630

Lobocki, M. (2000). Metody i techniki badan pedagogicznych. Krakéw: Oficyna Wydawnicza Impuls. (in Polish).
https://www.publio.pl/files/samples/2e/5a/68/51731/Metody_Demo.pdf

Mathews, 1., Kantareddy, S. N., Buonassisi, T, & Peters, 1. M.(2019). Technology and Market Perspective for Indoor
Photovoltaic Cells. Joule, 3(6), 1415-1426. https://www.cell.com/joule/pdf/S2542-4351(19)30166-7.pdf

McCloskey, D. N. (1981). The Industrial Revolution. The Economic History of Britain Since 1700, Cambridge: Cam-
bridge University Press,103-27.

Midilli, A., Dincer, L., & Rosen, M. A. (2007). The Role and Future Benefits of Green Energy. International Journal
of Green Energy, 4(1), 65-87. https://doi.org/10.1080/15435070601015494

Mikhaylov, A., Moiseev, N., Aleshin, K., & Burkhardt, T. (2020). Global Climate Change and Greenhouse Effect.
Entrepreneurship and Sustainability Issues, 7(4), 2897. https://jssidoi.org/jesi/article /560

Mitchell, J. F. (1989). The ‘Greenhouse’ Effect and Climate Change. Reviews of Geophysics, 27(1), 115-139.
https://doi.org/10.1029/RG027i001p00115

Nawrot, F. (2018). The legal concept of shared natural resources. Polish Yearbook of Environmental Law, (8),
33-51 https://doi.org/10.12775/28638

Nowicki, M. (2012). Nadchodzi era Storica. Warszawa: Wydawnictwo Naukowe PWN. (in Polish).

Olkuski, T. (2018). Swiatowe zuzycie energii pierwotnej oraz zapotrzebowanie na nig w przysztosci. Polityka
i Spoteczenstwo, 2(16), 56-70. (in Polish). https://www.ceeol.com/search/article-detail?id=730543

Pacesila, M., Burcea, S. G., &Colesca, S. E. (2016). Analysis of renewable energies in European Union. Renewable
and Sustainable Energy Reviews, 56, 156-170. https://doi.org/10.1016/j.rser.2015.10.152

Palacios, A, Barreneche, C., Navarro, M. E,, & Ding, Y. (2020). Thermal energy storage technologies for concen-
trated solar power-A review from a materials perspective. Renewable Energy, 156, 1244-1265. https://doi.
org/10.1016/j.renene.2019.10.127

Pausas, ]. G., & Keeley, J. E. (2009). A Burning Story: The Role Of Fire In The History Of Life. BioScience, 59(7),
593-601. https://doi.org/10.1525/bi0.2009.59.7.10
Plewa, F, & Strozik, G. (2019) Energy and environmental implications of electromobility implementation in

Poland. In IOP Conference Series: Earth and Environmental Science, 261, 0112 042 https://doi.org/10.
1088/1755-1315/261/1/012042

11

DOI: 10.34659/eis.2024.88.1.596


https://doi.org/10.1016/j.pecs.2018.10.003
https://doi.org/10.1016/j.pecs.2018.10.003
https://www.mdpi.com/1996-1073/14/8/2087
https://doi.org/10.1179/tns.1922.005
https://doi.org/10.1016/j.energy.2006.12.006
https://doi.org/10.1016/S0140-6736(06)68935-6
https://doi.org/10.1016/S0140-6736(06)68935-6
https://doi.org/10.1016/0360-1285(92)90007-N
https://doi.org/10.1039/C9CS90020A
https://doi.org/10.1021/ic0508371
https://doi.org/10.1021/ie2003413
https://doi.org/10.1016/j.rser.2016.03.049
https://doi.org/10.1016/j.rser.2017.09.094
https://doi.org/10.1080/15435070601015494
https://doi.org/10.1029/RG027i001p00115
https://doi.org/10.12775/28638
https://doi.org/10.1016/j.rser.2015.10.152
https://doi.org/10.1016/j.renene.2019.10.127
https://doi.org/10.1016/j.renene.2019.10.127
https://doi.org/10.1525/bio.2009.59.7.10

ECONOMICS AND ENVIRONMENT 1(88) * 2024

12

Rehman, M. U. (2020). Dynamic correlation pattern amongst alternative energy market for diversification oppor-
tunities. Journal of Economic Structures, 9, 1-24. https://link.springer.com/article/10.1186/s40008-020-
00197-2

Rockett, A., Blaschek, H. P, Butterfield, S., & Chung, Y.-W. (2011). Transformative research issues and opportuni-
ties in alternative energy generation and storage. Current Opinion in Solid State and Materials Science,
15(1), 8-15. https://doi.org/10.1016/j.cossms.2010.09.001

Saidi, K., &0mri, A. (2020). The impact of renewable energy on carbon emissions and economic growth in 15
major renewable energy-consuming countries. Environmental Research, 186, 109-167. https://doi.org/10.
1016/j.envres.2020.109567

Saunders, B. R., & Turner, M. L. (2008). Nanoparticle-polymer photovoltaic cells. Advances in colloid and inter-
face science, 138(1), 1-23. https://doi.org/10.1016/j.cis.2007.09.001

Sibinski, M., & Znajdek, K. (2016). Przyrzqdy i instalacje fotowoltaiczne. Warszawa: Wydawnictwo Naukowe
PWN. (in Polish).

Skorny, Z. (1984). Prace magisterskie z psychologii i pedagogiki: przewodnik metodologiczny dla studiujgcych
nauczycieliWarszawa: Wydawnictwa Szkolne i Pedagogiczne. (in Polish).

Solomon, S., Daniel, ]. S., Murphy, D. M., &Sanford, T. J. (2010). Persistence of climate changes due to a range of
greenhouse gases. Proceedings of the National Academy of Sciences, 107(43), 18354-18359. https://doi.
org/10.1073/pnas.1006282107

Szot-Gabrys, T. (2013). Koncepcja rachunku kosztéw i korzysci w rachunkowosci odpowiedzialnosci spotecznej
przedsiebiorstwa. Warszawa: Difin. (in Polish).

Tokarski, D., &Zegardto, B. (2020). Costs and economic benefits of recycling electrical insulators in special con-
cretes production. Economics and Environment, 75(4), 95-102. https://doi.org/10.34659/2020/4/35

Tytko, R. (2010). Odnawialne zrédta energii. Warszawa: OWG Publishing House. (in Polish).
Wolanczyk, F. (2019). Jak wykorzysta¢ darowangq energie. O kolektorach stonecznych i ogniwach fotowoltaicznych.
Krosno: KaBe Publishing House. (in Polish).

Yang, L., Gao, X, Lv, F, Hui, X,, Ma, L., & Hou, X. (2017). Study on the local climatic effects of large photovoltaic
solar farms in desert areas. Solar Energy, 144, 244-253. https://doi.org/10.1016/j.solener.2017.01.015

Bartosz ZEGARDEO - Natalia POGONOWSKA < Antoni BOMBIK

ANALIZY EKONOMICZNE | SRODOWISKOWE BUDOWY PRZYZAKELADOWYCH,
WIELKOPOWIERZCHNIOWYCH FARM FOTOWOLTAICZNYCH

STRESZCZENIE: W artykule niniejszym podjeto problematyke budowy wielko powierzchniowych farm fotowoltaicznych.
W pracy opisano zagadnienia dotychczasowego nadmiernego zuzycia energii pochodzacej ze Zrédet tradycyjnych i wigzace sie
z tym nadmierne wykorzystanie paliw kopalnianych. Na podstawie Zrodet literaturowych przedstawiono alternatywy dla tych
proceséw oraz zarekomendowano wykorzystanie w tym miejscu odnawialnych Zrédet energii koncentrujac uwage na energii
stonecznej. W czesci badawczej uwage skoncentrowano na aspektach ekonomicznych i srodowiskowych przedsiewzieé polega-
jacych na budowie wielko powierzchniowych farm przez firmy produkeyjne o wysokim miesiecznym zuzyciu energii. W pierw-
szym etapie prac bazujgc na danych pozyskanych z firm wykonujgcych instalacje fotowoltaiczne dokonano analiz
ekonomicznych. Do symulacji postuzono sie oceng kosztéw i zyskow jakie wigzatyby sie z budowg fermy fotowoltaicznej dla
firmy wytwarzajacej konstrukcje stalowe zlokalizowanej we wschodniej Polsce. Kolejnym elementem czesci badawczej byta
analiza wynikéw przeprowadzonego sondazu ankietowego, ktéry zostat wykonany wsrdd oséb zamieszkujgcych sasiedztwo
takich farm. Na jego podstawie oszacowany zostat wptyw na $rodowisko terenéw sasiadujacych tego typu inwestycji. Pozy-
tywne wnioski ptyngce z przeprowadzonych analiz pozwolity na zarekomendowanie budowy tego typu obiektéw w szczegdlno-
$ci dla zaktadéw wytwdrczych o wysokim zuzyciu energii elektrycznej.

StOWA KLUCZOWE: fermy fotowoltaiczne, odnawialne Zrédta energii, panele fotowoltaiczne, solary, srodowisko, energia elek-
tryczna, OZE
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