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IMPACT OF SMALL WIND TURBINES ON THE SURROUNDING
AND AGRICULTURAL ENVIRONMENT

A. Borusiewicz!, L. Pisarek?

This study aims to present the impact of wind turbines on the agricultural environment. Scientific articles
and publications have been analysed. The performance characteristics of wind turbines and their wide-
ranging effects as a renewable energy source are presented. A questionnaire survey was conducted
to obtain detailed information on the appropriateness of building wind turbines near residential areas
and agricultural communities. It was carried out in December 2023 in Mszczonéw using a survey
questionnaire. The research group was people living in areas close to wind farms.

A comparative analysis shows that the benefits of building wind farms outweigh the losses. Wind power
plants are built on land and at sea, providing energy security for the modern economy and civilisational
development. In contrast to coal and gas, the low cost of electricity production in wind power plants is
beneficial for their rapid development. In addition, wind power plants do not emit harmful compounds
into the atmosphere, making them environmentally friendly and reducing global warming. The surveyed
farmers pointed out the acquisition of cheaper energy for their farms and the possibility of leasing land to
construct turbines, which increases their income. Wind energy has the most significant energy potential
among all renewable energy sources, so its expansion will positively impact the Polish economy.

Key words: renewable energy sources, wind power plant, offshore power plant, environment, agriculture,
landscape.
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doyinbHocmi 6yodisHUYMEA 8imposux mMypoOiH NOOAUIY IKUMA08UX PATIOHI8 MA CLAbCLKO20CNO0APCOKUX
2pomad. OnumyeaHrHs npogoounocs Yy epyori 2023 porxy e Mujorosi ([lonbuia) 3 UKOPUCTAHHSAM AHIKE-
myeaHHsi. [JoCAiOHUYbKOH 2pynoro OYu 00U, KL nposKUeams Yy patioHax, bausbkux 0o eimpogux
eleKmpoCmaHyiil.

Pesynbmamu nopisHANbH020 AHANISY 30C8I0UYI0Mb, U0 nepesazu 6YoieHUUMBA 8IMPOBUX eleKMmpPOCmMAaH-
yiti nepesaxcaroms Hao empamamu. Bimposi enekmpocmaruii 6yoyromuscst HA cywii i Ha mopi, 3abe3ne-
yyrouu eHepeemuuHy b6e3nexy 01si CYUACHOi eKOHOMIKU 1 po3gumKy yusinisayii. Ha eiominy 8i0 8yainis
i 2a3y, HU3bKA cobisapmicmsb supPobHUUMEA efeKmpoeHepz2ii Ha 8IMpPo8UX eleKMPOCMAHYISX cnpusie ix
docums weuokomy pozsumry. Kpim moeo, 8imposi eneKkmpocmaryii He euKuoarmes WUKIOAUBUX CNONYK
8 ammocgepy, uio pobums ix eKos02iUHO UUCIUMU | CNPUSIE NOCAONEHHIO meMNny Ma IHMeHCUBHOCM
2n0banbHo20 nomenniHHs. Onumani Yy npoyeci 00CNiOIKeHHS (hepmepu 8i03HAUUNU OMPUMAHHSL Oeules-

wioi eHepeii 0151 c8oix 20cnodapcme ma MOIKAUBICMb OpeHOU 3emai 05 bydisHuumea mypbiH, o chpusie
3HAUHOMY 36LTbULEHHIO IXHIX 00Xx00i8. ITiomeepdsKeHo, uio 8impoeHepeemuKka mae HallbLibwull eHepee-
MUYHUT NOMEHYIaN cepel YCix 8I0HOBMOBAHUX O2Kepen eHepeli, OCKLIbKU ii nouwupeHHs ma po3byoosa

€ NePCneKmMu8HOI0 1 MOIKe MAMU NO3UMUBHUL 8NIUE HA NOJTbCbKY eKOHOMIKY.

Knrouoei cnoea: BioHoento8aHI Orkepesia eHepell, 8impoea eneKkmpocmaHyis, opulopHa 8imposa
eleKmpoCcmaHyis, HaA8KOAUWHE cepedosulle, CllbCbKe 20cno0apcmaeo, JaHOWagm.

Introduction

Innovative technologies, regulatory
changes, and global environmental initiatives
shape wind power development. Globally,
wind energy contributes around 3% of global
electricity consumption. The European Union
aims to make Europe the first continent to
use wind power by 2050. Europe became the
first continent to become climate-neutral.
Zero greenhouse gas emissions is a goal that
requires the implementation of long-term solu-
tions and the emergence of new investments.
“In July 2021, The Commission adopted ‘Fit
for 55’ — a package of proposals to align the
EU’s climate, energy, land use, transport and
tax policies to achieve the CO,reduction target
by 2030” (Fragkiadakis & Vrontisi, 2023).

Wind energy is related to wind power. Winds
that blow over land where wind turbines can
be built have a global energy potential of 40TW.
Economic considerations say that winds blow-
ing less than 100m are used most often, but
investors plan to build windmills over 200m.
The energy sector in Poland is dependent on
external oil supplies. “Windmills can be part
of a sustainable energy mix in Poland to sup-
port the decarbonisation process and reduce
dependence on fossil fuel supplies” (Polish
Wind Energy Association, 2022). Energy policy
requires a new approach, as the construction
of wind turbines is about onshore and offshore
energy. The development of three types of wind
installations is recommended: wind farms,
i.e., the siting of clusters of dozens of wind tur-
bines; distributed wind energy, i.e., individual
wind turbines of small capacity; and offshore
wind power plants. In addition, “solar sources
should be an investment compliment, as their
joint operation results in a more stable energy

supply for consumers” (Ehrenhalt, 2022).
Particularly attractive for building offshore
wind farms are areas such as the Baltic Sea
coast, the open areas of Warmia, Mazury, and
Pomerania, the foothills of southern Poland,
Podkarpacie and Lower Silesia. The first Polish
private energy group to do so is Polenergia SA,
which has received a positive decision from
the Regional Directorate for Environmental
Protection in Gdansk regarding constructing
the Maritime Wind Farm Baltyk Srodkowy III.
“The wind farm construction is preceded by
the installation port in Swinoujscie, which is
expected to be ready between 2024 and 2025.
Construction of Baltic Power will begin next
year with the foundations. In 2025, 76 Vestat
turbines of 15 MW each are scheduled to be
installed. The first electricity from the farm is
expected to flow in 2026” (Zieniewicz, 2022).
It is worth mentioning that the Baltic Power
offshore wind farm project won the European
Transaction 2023 award.

“Unlike power plants powered by conven-
tional energy sources, wind power generation
does not require any fuel, so no toxic com-
pounds are released into the atmosphere, and
no waste is created. In addition, the absence of
fuel means that there are no costs associated
with it, which frees the price of wind power
from the fluctuating prices of coal, oil, natu-
ral gas, or nuclear fuel. With the prospect of a
continued decline in conventional fuel stocks,
wind power’s steady (and even falling) price
encourages investment in this energy source”
(Kmiecik & Smiech, 2019).

New power plants are being adapted using
renewable energy sources from solar pan-
els and wind turbines. On 23 April 2023, an
amendment to the Windmill Act came into
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force, which requires wind turbines to be built
within 700m of buildings. Local communi-
ties will make decisions on the development
of windmills within a municipality, consider-
ing the local spatial plan. In order to assess
the minimum distance — between 10 times the
maximum height of a wind turbine (thelOH
rule) and the minimum distance for residen-
tial buildings of 700m, a strategic environ-
mental impact assessment (SEA) will need to
be carried out as part of the LSDP. The Wind
Act also introduces minimum distances of
wind turbines from electricity transmission
lines and prohibits the construction of resi-
dential buildings near existing wind turbines
(Pisarek, 2024).

Poland’s energy policy is based on the
Energy and Climate Package. It stipulates that
trading in greenhouse gas emissions caused
by extracting primary energy requires special
permits. The European Commission wants to
bring about a reduction in free allowances at
an accelerated pace. “Maritime transport is
to join the ETS, and the aviation rules will be
tightened. On the model of the ETS, a sepa-
rate mechanism is to be created for transport,
construction and the insulation of buildings,
which means that the CO emotion costs will
also be imposed on these sectors, “ (European
Commission, Fit for 55 2021 package).
Figure 1 shows the data related to wind farm
revenues in Poland.

2016
Przychody ze sprzedaiy energii
mmmm Przychody ze sprzedazy certyfikatow

Wik finansowy

It can be seen from the graph above that
wind companies are among the most profitable
subsectors for acquiring electricity, which
has a positive impact on the Polish industry.
Areas with varying wind conditions influence
the efficiency of wind turbines. “Poland’s
National Electricity System, with a total
installed capacity of more than 61.4 GW, is
primarily based on coal-fired sources. Large
fossil fuel-fired power plants and combined
heat and power plants dominate the electricity
sector. As of February 2023, their combined
share of the installed capacity of the NPS was
approximately 59.3%” (DWF Guide, 2023).
The coastal belt represents the most critical
ground for establishing onshore and offshore
turbines. The IMGW Meteorology Centre has
developed a division of Poland according to
wind energy zones, as shown in Figure 2.

It is a fact that wind turbines affect the
natural environment and people. Noise,
electromagnetic field emissions, stroboscopic
effects, glare, fire, and ice hazards are noted.
Developer work must, therefore, consider the
provincial spatial plan and its suitability. Many
farms also undergo an environmental impact
assessment and receive an environmental
decision for a viable project. It is a myth
that wind turbines contribute to mass bird
deaths. In Poland, a monitoring system has
been developed, allowing HD cameras to be
mounted on windmill towers to warn of danger

wysokie(A)apiecie.pl

Fig. 1. Revenues and financial performance of wind farms in Poland
Source: compiled from Central Statistical Office data [Derski B., 2021].
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Fig. 2. Map of the division of Poland into wind zones

Source: Study from IMGW Meteorology Centre

with warning signals such as light, sound, or
automatic turbine stopping. “The tests carried
out have confirmed the effectiveness of the
system. The camera can detect up to 80% of a
flying red kite within 400m of a wind turbine.
The system also reduces the intermittent
turbine-only collision with the bird by almost
80%. False detections are only 4% of the time.
With this system, birds effectively avoid the
wind turbine obstacle” (Pisarek, 2024).
Malfunctions of wind turbines are possible
and sometimes result from causes beyond
human control. These result in financial losses.
Factors contributing to turbine failures include
lightning, which damages turbine components
through tall structures mounted in the open.
Existing lightning protection is designed to
protect the turbines from the consequences
of failure. Another factor is the detachment
of components or entire rotor blades, which
is counteracted by periodic maintenance by
specialised service teams. The greatest threat,
however, is icing and turbine fires. Icing mainly
affects areas with cold climates, such as in the
mountains. Ice detaching from the windmill
and blades is sometimes the most common
cause of failures and accidents associated
with wind turbines. Fires, conversely,
usually involve flammable components
such as the nacelle, tower, and the sub-
installation to which the turbine is connected.
Malfunctions are caused by lightning strikes,
damage to electrical circuits, formation of
high resistances due to poor connection
between mating components, overvoltages in
transformer windings, mechanical damage to
generators, high surface temperatures caused
by the operation of the mechanical brake, high

temperatures caused by lack of or insufficient
lubrication of mechanical components and
improper maintenance. The solution may lie
in using systems that detect fires quickly and
training wind turbine operators so that timely
damage detection will prevent future fires.

Wind energy is also essential for the
agricultural environment. Household wind
turbines are an investment with financial
and environmental benefits, as wind energy
is one of the cleanest renewable sources.
Reduced carbon dioxide emissions and less
dependence on conventional energy sources
are vital arguments for such an investment.
“Landowners on which investors want to build
wind turbines can gain additional funding.
Data shows that in 2022. A farmer earned
around PLN 16,000. per year even if the
windmill was not located on his agricultural
land” (Zieniewicz, 2022).

Wind turbines for the farmers produce
electricity through the power of the wind.
The windmill turbine converts the kinetic
energy from the wind into mechanical energy
from which the rotor rotates. It makes the
windmill capable of powering any business.
Different power production values can be
achieved depending on the turbine’s power.
A small installation of 2kW can quickly meet
a seasonal cottage’s needs, possibly reducing
the electricity bill and power lighting and some
electronics. Typically, a SkW wind installation
should cover the needs of a smaller farm.
With this solution, farmers do not have to
worry about rising electricity prices or even
think about using renewable energy from the
turbine to heat their home or heat domestic
hot water.

143



Ukrainian Journal of Natural Sciences Ne 9

Yrpainceruil okypHan npupodHuuux Hayk Ne 9

Wind turbines often trigger discussions
regarding landscape degradation. There is a
perceived divide in the public perception of
wind farms. Some people state the need for
RES development, but on the other hand,
concerns about the visual impact of wind
turbines cause much concern. “Conducted
by the team of K. Molnarov and colleagues,
the study aimed to objectify this impact and
identify the factors determining how people
evaluate these constructions. The visual
quality of the landscapes in which these
structures are to be placed, the number of
structures and their distance from the viewer,
and various characteristics of the respondents
were studied. It was found that wind turbines
are also better accepted if their number in
the landscape is limited and if the structures
are far from viewpoints such as settlements,
transport infrastructure, and viewpoints”
(Jasinski & Kacejko, 2022). The CBOS survey
confirms that the majority of Poles are in
favour of building wind turbines. Figure 3
presents the results.

The problem is still insufficient subsidies
for windmill investments, which delays their
creation. The Environmental Protection and
Water Management Fund wants to introduce
the ‘Moja elektrownia wiatrowa 2024’
programme, which will offer 400 million,
guided by environmental objectives and
the desire to increase the energy efficiency
of Polish households. “It offers a unique
opportunity to subsidise the purchase and
installation of wind turbines of up to 20kW,
including a 10kw backyard wind turbine

and a Skw backyard wind turbine, as well as
associated energy storage facilities. Under the
programme, beneficiaries can expect to cover
up to the eligible costs of the installation, with
a maximum grant of up to PLN 30,000 for a
household wind turbine and up to PLN 17,000
for an energy storage facility” (Environmental
Protection and Water Management Fund
2024).

Material and methods

The study aimed to report on the impact of
small wind turbines on the surrounding and
agricultural environment. The main research
problem was formulated:

1. What impact do wind turbines have on
the agricultural environment?

The research scope concerned the literature
analysis on the subject and the survey results
conducted in Mszczonow. Based on the
primary research problem, specific research
questions were formulated:

1. What benefits and losses do wind
turbines generate for farmers?

2. Do farmers benefit from the energy
generated by wind turbines?

3. What impact do wind turbines have on
the human and animal environment?

4. What are the advantages and
disadvantages of building wind turbines near
farmers’ homes?

Farmers who live near wind turbines
and benefit from the energy they generate
participated in the survey. Based on a survey
questionnaire, the respondents answered
questions about the rationale for building wind
turbines and their environmental impact. The

CBOS
RYS. 1. Farmy wiatrowe umozliwiaja pozyskiwanie energii elektrycznej z wiatru.
Czy popiera Pan(i) rozwdj ladowych farm wiatrowych w Polsce czy tef nie?
g1 11 %
(—J"—‘. -"_j‘_"-
V2021 42 ag B I 8
_3_3,‘3_1 10
12023 46 37 /?_Ai F
Zdecydowanie tak Raczejtak Raczej nie s Zdecydowanie nie Trudno powiedzied

Fig. 3. Poles’ opinion on the construction of wind farms in Poland

Source: CBOS study
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survey included ten closed questions and six
open questions. The survey was intended for
100 people, but 96 responded. 4 questionnaires
were not returned.

The main wind power plant in Mszczonow
is located on the industrial premises of the
“KERAMZYT” Light Aggregate Company. It is
located close to people’s places of residence,
where IMW and 2 MW turbines have been in
operation since 2012. Mszczonow residents
objected to constructing further turbines,
but the Mszczonéw site council rejected
the complaint. The benefits of the wind
turbines helped the decision. The residents
of Mszczonow in this study will be able to
comment on the current turbines and those
newly constructed, allowing the research
questions to be answered more accurately.

Results

The answers to the open-ended question
show that building wind turbines near farmers’
homes generates more benefits than losses.
The benefits include less pollution in the
air, energy generation at a low cost, farmers

benefiting from cheaper energy for households
and agriculture, and the possibility of leasing
land to investors who want to build a small
wind turbine. Among the losses are the negative
impact on the landscape, the undervaluation
of the land when sold, and noise emissions.
Table 1 presents the results.

The respondents live in areas in the
Mazovia region where small wind turbines
operate. All confirmed that there are wind
turbines in their area. Residents did not
specify the number of wind turbines in their
area but answered a question about their
opinion on the development of wind farms in
Poland (Fig. 4).

Most farmers believe that turbines impact
the agricultural environment (80 people)
and acknowledge that they benefit from the
energy generated by wind turbines. Sixteen
people denied this. There were 48 responses
regarding the impact in relation to the price of
the energy harvested (Table 2).

According to farmers, wind turbines impact
human and animal life. Thirty-two people

Table 1
Benefits and losses of building wind turbines according to farmers
Benefits Persons Losses Persons
Less pollution in the air 12 Negative impact 8
on the landscape
Low-cost energy generation 24 Under-valuation 24
of land for sale
The use by farmers of cheaper 20 Noise emissions 16
domestic and agricultural energy
Possibility of giving away land 12
investors

Source: own elaboration based on own research, * respondents answered the open question

0% B3%
800
TP
B0
50
405
k13
200

108

YES ENO

17%

0%

| HAVE NO OPINION

Fig. 4. “Impact of wind turbines on the agricultural environment”

Source: compiled from own research
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Table 2

“Farmers’ views on the impact of wind turbines”

Impact of wind turbines

Quantity answers provided

The most visible impact is in relation
to the price of the energy generated

48

Source: compiled from own research,* respondents answered the open question

stated that humans feel the presence of the
turbines, while four people have no opinion on
the subject. Among the sensations mentioned
were lousy mood, headaches, insomnia,
irritation, and sleepiness. These feelings can be
exacerbated by low-frequency noise and hum
and the generation of electromagnetic fields.
Fifty-six farmers stated that the turbines do
not impact the animal environment, while 40
confirmed this theory. Large wind installations
are now equipped with warning systems in
light signals, sound signals, or automatic
turbine stops. Such measures are designed to
prevent collisions between birds and turbines
(Fig. 5, Table 3).

Table 3

“Self-perception of surveyed people living
near wind turbines”

The number
Self-assessment . .
of replies given
Poor well-being 32
Nervousness 8
Headaches 32
Insomnia 32
Drowsiness 8
Imbalances -
Respiratory infections -
Other -
Source:  compiled from own  research,

* respondents answered the open question

The farmers surveyed pointed out the
advantages and disadvantages of building
wind turbines near their homes. Among the
advantages emerged again: the acquisition
of cheaper energy for households and
farms, the possibility of leasing land for the
construction of wind farms, the development
of new technologies, and the reduction of air
pollution. The most significant disadvantage,
and the reason for not building wind farms, is
the still small amount of funding that would
contribute to farmers willingly reaching for an
energy solution such as domestic small wind
farms. Other disadvantages include landscape
degradation, noise-causing people to move to
quieter places and the dangers of ice and fires
(Table 4).

Discussion

The findings confirm that wind turbines have
an impact on the agricultural environment.
Respondents indicated that the benefits
outweigh the losses, making the case for
developing wind farms onshore and offshore.

Renewable energy sources are an
indisputable part of international climate and
energy policy. They influence the development
of the economy, including the agricultural
economy. Wielewska I. et al. (2017) consider
that RES influences energy demand growth.
Napieraj K. and Stanczak M. (2013) argue that
wind turbines contribute to the production
of energy in an environmentally friendly way,
as they contribute to the elimination of toxic
waste, which is also confirmed by the results
of this study. CBOS surveyed Poles’ attitudes
towards onshore wind energy, which found
that ‘the vast majority of Poles (83%) support
the development of onshore wind energy, with
only a few (10%) taking an opposing stance
on the issue. Compared to the results from
nearly two years ago, the public’s attitude
on this issue has not changed. [...] A wind
farm near where they live would be accepted
by more than two-thirds of those surveyed
(68%), while more than one-fifth (22%) would
oppose its construction. For less than two
years, the level of approval of the presence
of wind turbines near the place of residence
has increased slightly (by five percentage
points)” (CBOS..., 2023). The formation of
public opinion regarding the construction of
wind turbines is possible thanks to the media,
which determines the scale of onshore and
offshore wind energy development (Bednarek-
Szczepanska, 2023).

Piotr Kacejko gave an interview to Oko Press
(2023) in which he was unequivocal about the
lack of data confirming the harmful effects
of wind turbines on humans. He discussed
a study conducted among employees of
factories close to the farms. “According to a
report published by Prof. Dariusz Pleban of
the Central Institute for Labour Protection, 54
percent of people employed at sites between
0.5 and 1 km from the turbines can hear their
sound. However, the survey results indicated
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Fig. 5. “Impact of turbines on human well-being according to people surveyed”

Source: compiled from own research

that workers generally felt little discomfort at
sound levels below 50 dB — audible at distances
of less than 100 meters from the turbine,
according to Prof Kacejka.” This study shows
that most farmers believe that human beings
are slightly affected by noise from turbines.

Concerning environmental and animal
risks, modern wind turbines have a monitor-
ing system to detect birds approaching the
turbines. According to a study by the British
Ecological Society, modern monitoring has
made it possible to reduce bird mortality in
wind farm areas by 82%. Farmers also believe
that wind turbines do not contribute to bird or
animal mortality.

According to Janusz Gajowiecki, President
of the Management Board of the Polish Wind
Energy Association, subsidies for constructing
small wind farms will increase. Furthermore,

subsidies are envisaged for farmers and local
investors who decide to build wind farms. The
Ministry of Climate and Environment intends
to include subsidies for small wind turbines
in the Current programme. A public consul-
tation on the details of this project ended
on 5 February 2024. Support for small wind
turbines is to be launched as early as 2024.
“The development of this technology in Poland
is also in line with the main principles of the
European Green Deal, an EU programme
aimed at achieving the EU’s offshore renew-
able energy strategy” (Senate Office..., 2020).
In summary, wind turbines have both
advantages and disadvantages. The main
advantages include using renewable wind
energy and avoiding harmful emissions.
These power plants can be built quickly and
relatively cheaply and do not require a fuel

Table 4
Advantages and disadvantages of building wind turbines near farmers’ homes
Benefits Persons Failures Persons
"Sourcing cheaper energy for 72 "Insufficient amount and quantity 36
households and agriculture" of subsidies for the construction of
small wind farms"
"The possibility of leasing land 12 "Landscape degradation” 8
for the construction of a wind
power plant”
"Development of new 12 "Noise causing people are moving to 20
technologies" quieter places"”
"Reducing air pollution" 12 "Ice and fire hazards" 16

Source: compiled from own research, * respondents answered the open question
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supply. On the other hand, the disadvantages
are the instability of power production
and the potential negative environmental
impact. In order to fully exploit the potential
of wind power, it is necessary to integrate it
harmoniously into the electricity system. “The
entry into force of the Law of 8 February 2023
should contribute to the development of local
businesses directly or indirectly related to
the construction of wind power plants in the
area and may also have a positive impact on
the construction industry related to housing,
due to the abolition of the 10H rule for the
construction of residential houses in the
vicinity of a wind power plant. Unlocking
municipal development in this area will have a
positive social and economic dimension”.

Conclusions

Based on the literature shown and the
survey carried out in Mszczonéw, the following
conclusions can be drawn:

Sixty-eight farmers believe that wind
turbines generate more benefits than losses.
Among the benefits, less air pollution, obtaining
energy at a cheaper cost, and the possibility
of leasing land for wind turbines were singled
out. 8 include landscape degradation among
the losses.

All the farmers surveyed live in areas close
to wind turbines and benefit from the energy
extracted from them.

Respondents most appreciated the low
energy price of wind turbines (44 respondents).

Farmers cited the advantages of wind turbines
in terms of the low cost of energy production
(72 people), the possibility of making a profit by
leasing land (12 people), and the development
of new technologies (12 people). Disadvantages
included noise from the turbines (20 people),
degradation of the landscape, and a factor
that plays a decisive role in the construction
of turbines, as well as the low subsidies for the
construction of wind turbines (36 people).

The above considerations, the literature
analysis, and the research results have led
to the main research problem. The validity of
building wind turbines, including those close
to where people live, has been established.
The new technology makes it possible to
obtain cheaper energy, reducing air pollution.
Building turbines close to homes allows the
use of energy produced at a low cost, reducing
maintenance costs. In addition, the subsidies
planned for creating this type of investment
will promote the construction of small wind
turbines near farms.
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