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Abstract: Although wind farms have an undeniable beneficial impact on the environment, certain
negative environmental implications do appear as a consequence of their operation. One of them
is the production of noise. The wind farm noise values decrease with distance, so that at a certain
point they are within the legally prescribed limits. This is the case for individual wind farms noise
impact assessments. However, with two or more wind farms in the same area, there is a superposition
of noise and a consequential change in the noise value. The focus of the paper is on the results of
modeling noise propagation in space in the case of the cumulative impact of two neighboring wind
farms. The results are modeled during the process of strategically assessing the environment so as to
determine territorial impacts and make informed decisions about future development. The paper
presents the strategic answer to the model of the spatial propagation of noise in cases of cumulative
impact with a view to including the preventive protection principle in the planning of several adjacent
wind farms.

Keywords: noise; cumulative impact; wind farm; strategic environmental assessment

1. Introduction

The impact of wind farm noise is especially important when it comes to assessing its
negative effects on human health. These effects can be classified into several groups [1]:
subjective effects (discomfort, distraction, and discontent); obstruction of everyday activities
(conversation, sleep, and studying); and physiological effects (anxiety, tinnitus, or hearing
loss at worst) [2,3]. The most striking issues in their significance so far have been the
acoustic impact and sleep disturbance that affect the local population in the areas around
wind farms [4,5]. Sleep disturbance caused by wind farm noise can be singled out as
having a particularly significant negative impact due to its health, psychological, and
psychosomatic effects, which have been the focus of many research papers [5–12]. The most
striking implications felt and reported by the population settled around wind farms are
anxiety, sleepiness, fatigue, irritability, and reduced sleep quality [7,10], especially if the
noise level exceeds 45 dB. Such symptoms are caused by the forced change of sleep patterns,
which affects the quality of life, especially for the sensitive and aging population [13].

A number of authors have mentioned infrasound as a noise-related issue resulting
from the wind farm operation [14–20], while some others are more concerned with low-
frequency sound [21]. In their comprehensive study of literature on the possible effects of
wind farms on the health of the population, Freiberg et al. [22] conclude that when it comes
to infrasound and low-frequency noise produced by turbines in wind power plants, major
impacts on people include physical symptoms, general health issues, and affective impact
(temper). By analyzing extensive literature, the authors point to the deficiency of properly
conducted and comprehensive studies, both clinical and epidemiological, on the potential
effects of all kinds of low-frequency noise on the well-being of the population inhabiting
wind farm areas. In such a context, certain authors [23,24] point out the significance of
predetermined referential methodology for measuring the impact as well as the need for

Appl. Sci. 2023, 13, 8792. https://doi.org/10.3390/app13158792 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app13158792
https://doi.org/10.3390/app13158792
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-1986-3087
https://orcid.org/0000-0003-4582-3708
https://orcid.org/0000-0002-5181-0383
https://doi.org/10.3390/app13158792
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13158792?type=check_update&version=1


Appl. Sci. 2023, 13, 8792 2 of 13

setting clear codes for estimating the tolerable level of turbine noise effects, especially if
we have in mind many different laws and regulations for determining the limitations of
acoustic noise produced by wind turbines in different countries existing today.

In addition to its effect on people, wind farm noise also negatively affects biodiversity,
or fauna, to be precise, which has been examined by Brignon et al. [25].

With all the above said, it would be most convenient to include measures of preventive
protection against the possibly negative environmental impact of wind farms as early as
the planning stage. The projection of noise effects is even more important if several wind
power plants are to be developed in the same area due to their cumulative acoustic impact
on the said space, which is, as a rule, stronger than the combined impact of individual
wind farms. The most convenient point for addressing the issue of noise impact assessment
would be the Strategic Environment Assessment (SEA), as it is one of the earliest documents
in the process of project development. Preventive planning at that stage would eliminate
issues arising in later stages of project development [26,27]. That was the case of Čibuk and
Vetrozelena, two adjoining wind farms from Serbia presented in this paper.

Different methods of projecting wind farm noise levels in the environment have been
used across the world. By studying the development of a wind farm noise propagation
prediction model, Bass, Bullmore, and Sloth [28] conclude that the noise propagation
prediction model defined by the international standard ISO 9613 offers “impressive” pre-
cision for the predicted and actually measured noise levels. However, it can be further
improved by introducing corrections depending on topographic conditions. After that,
Bullmore et al. [29] carried out measurements around three European wind power plants
and established that the ISO 9613 noise propagation prediction model produced the upper
noise limit in the case of a downstream wind.

The measured and projected noise levels of two wind farms that are part of the
Portland Wind Energy Project were also examined [30]. For the purpose of this research,
the noise levels were measured according to New Zealand Standard No. 6808 [31,32] and
compared with the sum of the predicted noise levels and the average noise levels before
the wind farms construction. The ISO 9613 noise propagation method proved to have
produced beneficial results in the analysis of these two wind farms.

Numerous standards and guidelines suggest different wind farm noise prediction
methods [33]. In cases of considerable distance between wind turbines and receptors,
where considerable characteristics of the terrain must be taken into account, the ISO 9613
model offers more precise results, which makes it seemingly the most precise predictor of
the measured post-construction noise levels. South Australian noise level guidelines also
recommend ISO 9613 as a prediction method.

All the advantages presented by this method suggest the application of the method
based on ISO 9613 in the research presented in this paper.

2. Initial Position

Čibuk Wind Farm and Vetrozelena Wind Farm (case study) are planned in the northern
part of the Republic of Serbia (East Europe), some 35 km from the capital Belgrade and about
the same distance from the border with Romania (Figure 1). It is a low-lying, plain area,
which is of special importance for determining the characteristics of the spatial propagation
of noise. Čibuk Wind Farm (156 MW) has already been developed and is operational, while
Vetrozelena Wind Farm (300 MW) is in the document preparation stage.

In the course of Vetrozelena Wind Farm Urban Plan preparation, it is necessary to
include the cumulative acoustic effect of both the existing and the planned wind farms, as
well as the change in the outline of the impacted area relative to identified receptors.

The assessed cumulative impact of noise produced by turbines is part of the expert
analysis and multicriteria evaluation (semiquantitative method) in SEA [34–36], aimed at
determining the best possible microlocations of each turbine that is to be part of the future
Vetrozelena Wind Farm and also applying preventive measures against noise from the very
first stage of planning and developing Vetrozelena Wind Farm [37]. The basis for defining
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criteria for determining the acceptable wind farm noise effect was local legislation in the
area, leaning on the Environmental Noise Directive (2002/49/EC) [38] and the Guidelines
for Community Noise (WHO, 1999) [39].
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The European Strategic Environmental Assessment Directive 2001/42/EC [40] stipu-
lates the implementation of the SEA process in planning and drafting programs in different
areas, one of them being the energy management sector, ergo the wind power industry.
Despite the widely accepted negative impact of wind farms on the environment, it must
be pointed out that their benefits are far greater. Negative impacts cannot be completely
disregarded, though, as stated in EU Guidance on Wind Energy and EU environmental
regulations [41]. Plenty of research highlights the negative impacts of wind farms on the
environment and ecosystem services [42].
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When assessing the territorial impacts in SEA, the planning stage includes taking
stock of the wind farms effects on biodiversity, people living in the area (those being
shadow flicker effects, noise pollution, or the possibility of accidents), and landscape. These
results are of prime importance for deciding on the proper number of turbines and their
microlocations. Each of the above aspects can be partially examined (The term “partial” is
used here for assessing the effect of a specific project, i.e., a wind farm, on a single element
of the environment (more specifically noise), therefore the noise impact only), but it can
also be a part of the holistic wind farm effects environmental assessment, preferably by
means of software models that make the process more objective [43–47].

3. Materials and Methods

The space in question is predominantly anthropogenically changed agricultural low-
laying land, containing different infrastructure. The wind farm impact zone also includes
several rural settlements. All these are spatial limitations for setting the exact locations
of turbines.

In this Case Study, different environmental aspects of wind farms were determined
by means of SEA: their impact on biodiversity, on the quality of land, water, and air, on
landscape, climate change, cultural heritage, more precisely the impacts of cumulative
noise, non-ionizing radiation, shadow flicker effect, infrastructure, possible accidents,
socio-economic aspects of development, and based on the results, the optimum position
of wind turbines. The focus of this paper, however, was not the SEA process itself, which
examines all the said aspects, but only a partial assessment of the aspect of noise, the
results of which were then integrated into the SEA process by means of the criteria for
multi-criteria assessment of the planning solutions. References describing the principle
of integrating a partial assessment into the SEA process are provided hereafter. The SEA
procedure is mostly based on expert methods, which are qualitative and subjective in
nature. It allows a comprehensive approach to the environment assessment but is also
less precise compared with different mathematical and software environmental models
in the project design stage (not in planning), that is, in preparing technically oriented
environment assessment studies, such as Environmental Impact Assessment (EIA) [48]. For
that reason, it is challenging to apply the balanced methodological approach that allows
the combined use of available environment assessment techniques in SEA so as to ensure a
holistic approach to environmental protection at the strategic level of wind farm planning.

In this particular case, as a means of supporting the SEA process in the part referring
to the assessment of the acoustic impact, the modeling was done for the propagation of
noise cumulatively generated by the 57 GE Wind Energy GE 2.75–120 turbines that operate
in the Čibuk Wind Farm and the future Vetrozelena Wind Farm, which would comprise
49 VESTAS V162-6.2 wind turbines.

Noise was modeled by means of the licensed Wind Pro 3.5.584 software package,
made by the renowned Danish software developer EMD International, which is con-
sidered an industry standard and whose results are interpreted against regulations and
standards [38,39,49–55].

The key input data in modeling wind farms are the positions and types of turbines,
as well as the wind speed, collected during the continual measuring campaign by setting
anemometers on the location of the future wind farm. Another input would be the position
and status of buildings in the wind farm area acting as the affected receptors. The same
field research can identify potential natural and anthropogenic barriers between wind
turbines and receptors since they can relativize potential impacts, especially the shadow
flicker and less so the noise effects. The data on receptors and their microlocation are of key
importance for the modeling procedure.

The software package uses the data on the turbines position and the terrain configura-
tion, as well as default data on the noise generated by a specific type of turbine depending
on the wind speed. The software itself takes into consideration the standards for prescribed
noise extent (ISO 9613-2). In this specific case, ISO 9613-2—Attenuation of sound during
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propagation outdoors, Part 2. A general method of calculation was used for calculating
sound attenuation during propagation outdoors (in case octave data are not available).

The modeling parameter was an 8 m/s wind speed measured at a height of 10 meters
above ground level. A detailed explanation of the modeling process in WindPro 3.5 is
available on the producer’s link [56].

The following mechanisms for reducing the noise level were taken into account:

• Reducing the noise level caused by geometric deviation—reducing the level of noise
with the increase in distance from a particular wind turbine;

• Reducing the noise level caused by atmospheric absorption—further reduction of
noise in contact with air;

• Reducing the noise level caused by the land effect—further reduction of noise as it
travels through the soil between a wind turbine and a receptor.

The said calculation method is used in conditions when the sound travels in the
direction of the wind. The level of noise is lower when the sound travels in the opposite
direction from the direction of the wind. Therefore, the said method is a conservative
scenario since it implies that receptors are always positioned in the wind’s direction.
Separate models were made and noise calculations performed for each of the 49 turbines in
the future farm and the 57 turbines that are already in operation. The total noise produced
by all the wind turbines was modeled in the zone of the identified sensitive receptor.

The paper points out the use of the most conservative method—the noise traveling
in the direction of the wind (from the wind turbine towards the receptor), in which case
Cmet (meteorological correction factor) was not taken into account in calculations, meaning
the case of a wind blowing in the opposite direction was not taken into account, which
would produce lower values. In the analysis, the guidelines of A Good Practice Guide to
the Application of ETSU-R-97 for the Assessment and Rating of Wind Turbine Noise have
also been used [57].

This document provides a framework for measuring wind farm noise and presents
indicative noise levels that call for a reasonable level of protection without imposing
unreasonable limitations on wind farm development. The working group that dealt with
the noise impact in this document recommends the fixed nightime limit be derived from
the criteria for healing [58–62] and sleep disturbance of 35 dB(A), which served as a basis
for noise level projections in this paper.

When it comes to analyzing the cumulative effect of several wind farms, the conditions
or criteria on the selected receptors that have to be met remain unchanged as compared
with the analysis of a single farm’s noise production.

The allowed values of operating noise are established in line with the recommenda-
tions of IFC PS1, i.e., Environmental, Health, and Safety (EHS) Guidelines—General EHS
Guidelines: Environmental Noise Management, for wind energy (International Finance
Corporation Performance Standards 1—World Bank Group).

Allowable wind turbine noise levels recommended by the World Bank (Table 1) are
examined against the allowable values envisaged by local legislation in the Republic
of Serbia (Table 2) and/or Directives on the noise indicators, limit values, methods for
the assessment of noise indicators, disturbance, and negative environmental effects of
noise [51,56].

Table 1. Recommended noise levels (World Bank) *.

LAeq (dBA)

Receiver—receptor Day Night
07.00–22.00 22.00–07.00

Residential; institutional; educational 55 45

Industrial, commercial 70 70
* The data are for the noise registered outside the buildings [49].
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Table 2. Limit values of outside noise indicators.

Zone Purpose of Space
Noise Level, LAeq (dBA)

Day and Night * Night

1 Leisure and recreational areas, zones of hospital,
heritage sites, large farms 50 40

2 Tourist destinations, camping zones, school areas 50 45

3 Strictly residential areas 55 45

4 Combined commercial and residential areas, combined
shopping and residential areas and playgrounds 60 50

5 Industrial zones, warehouses, car service areas,
transport terminals 65 55

* For this purpose, the 24 h period is separated into a day (from 06.00 to 18.00); an evening (from 18.00 to 22.00);
and a night (from 22.00 to 06.00).

Calculating the cumulative effect of noise produced by several wind farms can be a
complex process depending on multiple factors, including the size and number of wind
turbines, the distance between the farms, and the different characteristics of the surround-
ing area.

The computer-generated model can be used for the simulation of the noise level at
different points around the wind farm, including the nearby residential facilities. The results
can be used for the prediction of potential wind farm impacts on local levels of noise and
for the identification of areas requiring the implementation of noise reduction measures.

The following equation presents the method of calculating the noise level of a single
turbine in a receiver [63]:

Lp = Lw − Adiv − Aatm − Agr − Abar − Amisc − Cmet

Lp—the calculated noise (dB);
Lw—a wind turbine sound pressure (dB);
Adiv—the attenuation due to geometrical divergence;
Aatm—the attenuation due to atmospheric absorption;
Agr—the attenuation due to ground effect;
Abar—the attenuation due to a barrier;
Amisc—the attenuation due to miscellaneous other effects;
Cmet—meteorological correction.

Since this is a conservative method, the following attenuation effects have not been
taken into account: Agr, Abar, Amisc, and Cmet, so the total level of noise produced by a
single wind turbine is calculated in the following manner:

Lp = Lw − Adiv − Aatm

Lp = Lw − 10 log(2πr2) − ar

r—source–receiver distance (m);
a—the atmospheric absorption (dB/m).

The cumulative noise level of multiple wind turbines in a receiver is calculated as

Lcum = 10 log(Σ10 (Lp/10))

Having in mind the type of terrain in which the two wind farms used for modeling
and presented here are situated (porous ground), this effect is negligible. If the modeling
was done on extremely hard ground or an area covered in concrete, this effect would
definitely be included in the calculation.
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Basic parameters that need to be entered into the software for calculating the noise
level are presented at the beginning of this section. Different calculations are possible
depending on the input data (wind speed—average or maximum, different turbine types,
etc.). In this way, a clear picture of noise level changes corresponding to different scenarios
is provided, enabling proper decision-making in optimizing the project’s development. A
detailed explanation of the impact of the reflected sound in modeling by means of WindPro
is given in the software manual [63].

The data generated by such modeling can be further analyzed to determine the average
level of noise and identify all the areas in which the noise exceeds the recommended levels.
Such information can be used in developing strategies for mitigating wind farm noise
effects, such as adjusting the orientation of turbines or erecting noise barriers.

4. Results

The effects of noise are modeled on the noise receptors (R)—the existing facilities,
permanently or temporarily used, in the zone of possible wind farm impact. A total of
eight receptors are identified. The consensus is reached that, since identifying receptors
below 35 dBA for individual wind farms is becoming more common, the noise contour
of 35 dBA would also be appropriate for a cumulative assessment. Figure 2 outlines the
35 dBA impact area for individual wind farms, while Figure 3 shows the changed 35 dBA
contour in the case of a cumulative effect.
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Figure 2. Noise value outlines for individual wind farms (Čibuk Wind Farm (left), Vetrozelena Wind
Farm (right)).

Receptors R1 to R7 are positioned in the border areas so as to detect the extension
of the 35 dBA outline, while the R8 receptor is placed in the central impact zone of both
wind farms.

Although the change in the 35 dBA contour in the case of cumulative impact is only
slight, it is easy to notice that the receptors R2 and R6, which were outside the impact
zone of individual wind farms (as shown in Figure 2), are now affected. It can also be seen
that the receptors R4 and R8 are within the 40 dBA noise contour when it comes to the
cumulative impact, although still within the limits of legally prescribed values. In addition,
a slight increase in the area with the predicted levels of noise of 45 dBA is perceived without
impacting the identified receptors.
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Table 3 shows the quantitative results of noise value modeling for individual wind
farms as well as a cumulative noise value for all the receptors.

Table 3. Quantitative results of noise value modeling in decibels (dBA).

Noise Receptors Čibuk Wind Farm
Vetrozelena Wind

Farm
Cumulative

Effect % Increase

R1 32.8 33.9 36.4 11%

R2 37 37.1 39.7 7%

R3 34.1 33 36.3 6%

R4 37 40.2 41.7 13%

R5 32.5 36.1 37.7 16%

R6 29.5 34.6 35.8 21%

R7 26.8 33.8 34.6 29%

R8 41.5 39.6 43.3 4%

The modeling results shown in Table 3 and Figure 3 outline the increase in noise in the
case of cumulative effects, on the one hand, and the greater spatial propagation of the same
effect, on the other. The last column shows the percentage of noise increase in the receptors
due to the cumulative effect of farms as compared with the noise values of the existing
Čibuk wind farm. In practice, criteria for determining limit values of noise prescribed by
the national regulation are stricter than World Bank recommendations (Tables 1 and 2).
Here, however, the noise values are still within the allowable World Bank range (Table 1)
but also within the acceptable values stipulated by the national legislation (Table 2), since
the values are the same. It has a value of 45 dBA at night (Figure 4). In that context, there
is no need for additional planning solutions that would command the change in position
of certain wind turbines or envisage measures for the reduced work of wind turbines in
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certain conditions. This was the exact conclusion of the SEA process in the part that refers
to the noise impact.
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5. Discussion

Certain authors [15,16] point out that the levels of infrasound pressure produced by
wind turbines are well below the generally accepted hearing threshold of a human ear,
concluding that they cannot produce negative effects on human health. However, many
authors [15–18] still maintain that just as there is no conclusive proof of the potentially
detrimental effects of long-term exposure to the wind turbine-generated infrasound, espe-
cially in the low frequency range, there is no proof of the opposite either. Therefore, it is
not possible to draw strict conclusions on the nature of the impact. One thing is certain,
though: the impact of wind power plant noise must meet the legally prescribed values.
In this process, special attention should be given to the impact of noise on the well-being
of people inhabiting the future wind farm area by using good practice examples, on the
one hand, and noise impact monitoring, on the other.

The paper shows the way in which aspects of noise produced by two wind farms
(cumulative impact) can be assessed as part of the partial assessment in the SEA process.
Namely, the foundation for using SEA in planning the development of wind farms is
choosing the proper options for minimizing or completely eliminating possible conflicts in
space between a wind farm and the elements of the environment [27,64–67], in this case
in regards to noise generation. In that way, the optimum solution can be reached at the
start of developing the project so as to exclude the financial risks in later phases of project
development, which is of special importance for investors. When preventive environmental
protection is fully applied, SEA becomes the best instrument for assessing the effects of
wind farms before designing and developing a particular investment. Partial noise impact
assessment for the purpose of SEA is done by integrating the modeling results into the
multicriteria evaluation, which is the core of the SEA process. The integration is done
according to SEA criteria (Magnitude of impact, Spatial dispersion of impact, Probability of
impact, and Frequency of impact), which are elaborated by Josimović et al. [24,67,68]. In
this way, the decision-makers are presented with the expected effects of developing the
planned projects—in this specific case, the noise effects. Based on that information, they
can either accept the planned solutions or opt to introduce certain changes to the plan.

In the specific case described in this paper, the noise limit values are not exceeded,
although there are changes in the noise contour as compared with the contours of individual
wind farms. Also, in the case of cumulative impact, certain receptors move to the higher
noise level contour. If the modeling shows some receptors to be exposed to higher levels of
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noise, then wind turbines should be relocated to the optimum position, which is the main
point of preventive planning and protection as the most desirable principle. That was the
case with some other projects in the territory of the Republic of Serbia, where the modeling
results pointed to noise values that exceeded the prescribed day and night limits. In such
cases, different approaches to the issue are possible. Wind parks Crni Vrh and Lovćenac are
interesting examples of problem solving in the case of noise increase. After the modeling
results pointed to the expected rise in levels of noise above the legally prescribed limits,
the Investor of the Crni Vrh Wind Farm expropriated facilities in the zone of increased
noise levels and eliminated possible issues in later stages of project development. In the
case of the Lovćenac Wind Farm, the Investor cancelled seven wind turbines and relocated
twenty-nine turbines so as to eliminate the impact on the receptors in the impact zone.
The noise impact is not the only reason behind turbine relocations, but it is the major one,
having in mind the confirmed effects of noise on human well-being. Other significant
impacts to be considered in preventive planning and environment protection are the impact
on biodiversity (ornithofauna, chiropterofauna, and habitats) and the flicker shadow effect.

In cases where the limit values of noise are exceeded, the other option for reducing
or eliminating the effects is the application of mitigation and/or compensation measures,
whose efficiency varies from case to case. Compared with the principle of preventive
protection, this other option is not always optimal for all the users of the said space
(population and/or investors) since it implies certain economic or organizational activities;
therefore, priority should be given to preventive protection.

The modeling of cumulative noise impact presented in this paper is of special impor-
tance in planning a new wind power plant since the levels of noise differ (or are reduced) if
the predictions of the future impact are limited to an individual wind farm without taking
into account the noise generated by an adjacent wind farm. In that case, determining the
microlocations of wind turbines that make up the new wind farm could be in conflict with
the regulations in the area of noise and thus create conflict in space.

In assessing the cumulative effect of several wind farms affecting the same space, it is
recommended to start from the most conservative model (or to take the worst-case scenario,
which includes the calculation with the noisiest type of wind turbine considered by the
investor as well as the option for the wind to blow continuously 365 days a year), so that
the results produce a clear picture for planning the optimum position of the future wind
farm, which is exactly what was done in this case study.

6. Conclusions

The results of noise impact modeling, as part of the holistic approach to SEA applied
in wind farm planning, after initially positioning turbines according to the potential of
the wind, allow for the harmonization of the final position of wind turbines with the
results of partially assessed wind farm impact. In the case of the elaborate case study, there
was no need for that since the predictions of the worst noise impact were considerably
below the recommended and legally prescribed levels. However, after such verification,
the possible detrimental position of a turbine can be determined and corrected with the
view to eliminating detrimental effects. In that way, SEA helps eliminate possible negative
impacts, enabling further implementation of the project that is relaxed both for investors
and creditors, but also for experts that take part in their development [24,67], and also for
individuals and the local community who express their attitudes towards the development
of wind farms in the transparent and participatory SEA process and wind farm planning.

With subjectivity taken into account in decision-making processes that rely on SEA
results used in wind farm planning, experts in the area have no part in it. Decisions are
made based on political, financial, and other factors that tend to disregard SEA propositions.
However, quantitative results produced in software modeling minimize the subjectivity in
the SEA process when it comes to the aspect of wind farm noise impact, thus considerably
reducing the subjectivity in decision-making as well. Objectivity is achieved by including
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quantitative results of the noise impact software modeling in the expert assessment in SEA,
in line with the SEA criteria and indicators in the multicriteria assessment process [24,67].

By applying the principle of preventive protection, reflected in the choice of the optimal
turbine number and types as regards the present biodiversity (ornithofauna, chiroptero-
fauna, and habitats) and population (noise impact and shadow flicker effect), the logical
and natural continuation of the assessment is done in the process of EIA preparation. EIA
tests the SEA findings and deals with issues that were not part of the SEA process. It focuses
on the technical aspects of the impact assessment in all phases of a project’s development
(construction, operation, and closure). Such a continuous approach to the wind farm impact
assessment reduces or completely eliminates risks in the wind farm development during
the EIA preparation, so that the EIA process can be carried out smoothly.

Author Contributions: Writing—original draft preparation, review and editing L.B. and B.J.; valida-
tion and formal analysis, B.M.; visualization, D.S. and N.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Ministry of Education, Science and Technological Develop-
ment of the Republic of Serbia, grant number 451-03-68/2023-14/200006.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in the SEA for the Urban
plan of the “Vetrozelena” Wind Farm. Data are unavailable due to privacy restriction.

Acknowledgments: This paper is a result of research funded by the Ministry of science, technological
development and innovation of the Republic of Serbia, contract ref. no. 451-03-68/2023-14/200006.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pedersen, E.; Waye, K.P. Wind turbine noise, annoyance and self-reported health and well-being in different living environments.

Occup. Environ. Med. 2007, 64, 480–486. [CrossRef] [PubMed]
2. Schomer, D.P.; Erdreich, J.; Pamidighantam, K.P.; Boyle, J.H. A theory to explain some physiological effects of the infrasonic

emissions at some wind farm sites. J. Acoust. Soc. Am. 2015, 137, 1356–1365. [CrossRef]
3. Maizi, M.; Mohamed, M.H.; Dizene, R.; Mihoubi, M.C. Noise reduction of a horizontal wind turbine using different blade shapes.

Renew. Energy 2018, 117, 242–256. [CrossRef]
4. Karasmanaki, E. Is It Safe to Live near Wind Turbines? Reviewing the Impacts of Wind Turbine Noise. Energy Sustain. Dev. 2022,

69, 87–102. [CrossRef]
5. Nissenbaum, A.M.; Aramini, J.J.; Hanning, D.C. Effects of industrial wind turbine noise on sleep and health. Noise Health 2012,

14, 237. [CrossRef] [PubMed]
6. Colten, H.R.; Altevogt, B.M. Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem; National Academies Press:

Washington, DC, USA, 2006. [CrossRef]
7. Jalali, L.; Bigelow, P.; Nezhad-Ahmadi, M.R.; Gohari, M.; Williams, D.; McColl, S. Before–after field study of effects of wind

turbine noise on polysomnographic sleep parameters. Noise Health 2016, 18, 194. [CrossRef] [PubMed]
8. Liebich, T.; Lack, L.; Hansen, K.; Zajamšek, B.; Lovato, N.; Catcheside, P.; Micic, G. A systematic review andmeta-analysis ofwind

turbine noise effects on sleep using validated objective and subjective sleep assessments. J. Sleep Res. 2021, 30, e13228. [CrossRef]
9. Poulsen, A.H.; Raaschou-Nielsen, O.; Peña, A.; Hahmann, A.N.; Nordsborg, R.B.; Ketzel, M.; Brandt, J.; Sørensen, M. Impact of

long-term exposure to wind turbine noise on redemption of sleep medication and antidepressants: A nationwide cohor study.
Environ. Health Perspect. 2019, 127, 037005. [CrossRef]

10. Smith, M.G.; Ögren, M.; Thorsson, P.; Hussain-Alkhateeb, L.; Pedersen, E.; Forssén, J.; Ageborg Morsing, J.; Persson Waye, K.
A laboratory study on the effects of wind turbine noise on sleep: Results of the polysomnographic WiTNES study. Sleep 2020,
43, zsaa046. [CrossRef]

11. Zajamsek, B.; Hansen, L.K.; Nguyen, D.P.; Lechat, B.; Micic, G.; Catcheside, P. Acceptability of amplitude modulated tonal wind
farm noise for sleep: A laboratory study. Appl. Acoust. 2023, 205, 109234. [CrossRef]

12. Micic, G.; Zajamsek, B.; Lack, L.; Hansen, K.; Doolan, C.; Hansen, C.; Vakulin, A.; Lovato, N.; Bruck, D.; Chai-Coetzer, C.L.; et al.
A review of the potential impacts of wind farm noise on sleep. Acoust. Aust. 2018, 46, 87–97. [CrossRef]

13. Feder, K.; Michaud, D.S.; Keith, S.E.; Voicescu, S.A.; Marro, L.; Than, J.; Guay, M.; Denning, A.; Bower, T.J.; Lavigne, E.; et al.
An assessment of quality of life using the WHOQOL-BREF among participants living in the vicinity of wind turbines. Environ.
Res. 2015, 142, 227–238. [CrossRef] [PubMed]

https://doi.org/10.1136/oem.2006.031039
https://www.ncbi.nlm.nih.gov/pubmed/17332136
https://doi.org/10.1121/1.4913775
https://doi.org/10.1016/j.renene.2017.10.058
https://doi.org/10.1016/j.esd.2022.05.012
https://doi.org/10.4103/1463-1741.102961
https://www.ncbi.nlm.nih.gov/pubmed/23117539
https://doi.org/10.17226/11617
https://doi.org/10.4103/1463-1741.189242
https://www.ncbi.nlm.nih.gov/pubmed/27569407
https://doi.org/10.1111/jsr.13228
https://doi.org/10.1289/EHP3909
https://doi.org/10.1093/sleep/zsaa046
https://doi.org/10.1016/j.apacoust.2023.109234
https://doi.org/10.1007/s40857-017-0120-9
https://doi.org/10.1016/j.envres.2015.06.043
https://www.ncbi.nlm.nih.gov/pubmed/26176420


Appl. Sci. 2023, 13, 8792 12 of 13

14. Cooper, S.; Chan, C. Determination of Acoustic Compliance of Wind Farms. Acoustics 2020, 2, 416–450. [CrossRef]
15. Moller, H.; Pedersen, C.S. Hearing at low and infrasonic frequencies. Noise Health 2004, 6, 37–57.
16. Tonin, R.A. Review of wind turbine-generated infrasound: Source, measurement and effect on health. Acoust. Aust. 2018, 46,

69–86. [CrossRef]
17. Hansen, C.; Zajamšek, B.; Hansen, K. Infrasound and Low-Frequency Noise from Wind Turbines. In Fluid-StructureSound

Interactions and Control, Proceedings of the 3rd Symposium on Fluid-Structure-Sound Interactions and Control; Perth, Australia,
6–9 July 2015; Zhou, Y., Lucey, A.D., Liu, Y., Huang, L., Eds.; Springer: Berlin/Heidelberg, Germany, 2016; pp. 3–16. [CrossRef]

18. Gortsas, T.V.; Triantafyllidis, T.; Chrisopoulos, S.; Polyzos, D. Numerical modelling of micro-seismic and infrasound noise
radiated by a wind turbine. Soil. Dyn. Earthq. Eng. 2017, 99, 108–123. [CrossRef]

19. Zagubien, A.; Wolniewicz, K. The impact of supporting tower on wind turbine noise emission. Appl. Acoust. 2019, 155, 260–270.
[CrossRef]

20. Adewumi, G.; Nyamayoka, L.T.E.; Inambao, F. Reducing infrasound and low frequency noise from wind turbine blades and
rotors using ANC. Renew. Bioresour. 2015, 3, 3. [CrossRef]

21. Søndergaard, B. Low frequency noise from wind turbines: Do the Danish regulations have any impact? An analysis of noise
measurements. Int. J. Aeroacoustics 2015, 14, 909–915. [CrossRef]

22. Freiberg, A.; Schefter, C.; Girbig, M.; Murta, V.C.; Seidler, A. Health effects of wind turbines on humans in residential settings:
Results of a scoping review. Environ. Res. 2019, 169, 446–463. [CrossRef]

23. Boczar, T.; Zmarzły, D.; Kozioł, M.; Wotzka, D. The application of time-frequency ridge transformation for the analysis of
infrasound signals generated by wind turbines. Appl. Acoust. 2021, 177, 107961. [CrossRef]
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68. Josimović, B.; Todorović, D.; Jovović, A.; Manić, B. Air pollution modeling to support strategic environmental assessment: Case

study—National Emission Reduction Plan for coal-fired thermal power plants in Serbia. Environ. Dev. Sustain. 2023. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.apacoust.2016.07.025
https://doi.org/10.1016/j.apacoust.2015.11.009
https://doi.org/10.2298/SPAT1942016K
https://doi.org/10.2298/SPAT1126014C
https://doi.org/10.1007/s10806-021-09846-3
https://doi.org/10.1016/j.eiar.2019.106305
http://thoriumaplus.com/wp-content/uploads/2021/01/Zakon-o-zastiti-od-buke-u-zivotnoj-sredini-br-36-2009-88-2010-procisceni-tekst.pdf
http://thoriumaplus.com/wp-content/uploads/2021/01/Zakon-o-zastiti-od-buke-u-zivotnoj-sredini-br-36-2009-88-2010-procisceni-tekst.pdf
http://www.ekoregistar.sepa.gov.rs/en/uredba-o-indikatorima-buke-granicnim-vrednostima-metodama-za-ocenjivanje-indikatora-buke-uznemiravanja-i-stetnih-efekata-buke-u-zivotnoj-sredini-sl-glasnik-rs-br-7510
http://www.ekoregistar.sepa.gov.rs/en/uredba-o-indikatorima-buke-granicnim-vrednostima-metodama-za-ocenjivanje-indikatora-buke-uznemiravanja-i-stetnih-efekata-buke-u-zivotnoj-sredini-sl-glasnik-rs-br-7510
https://help.emd.dk/knowledgebase/content/windPRO3.5/c6-UK_WindPRO3.5-Environment.pdf
https://doi.org/10.3389/fpubh.2015.00031
https://www.ncbi.nlm.nih.gov/pubmed/25759808
https://doi.org/10.3397/1.3549200
https://doi.org/10.1515/aoa-2017-0052
https://doi.org/10.1186/1476-069X-10-78
https://help.emd.dk/knowledgebase/content/windPRO3.4/Appendix_A_DECIBEL.pdf
https://doi.org/10.1177/0270467611412555
https://doi.org/10.2298/SPAT1738018D
https://doi.org/10.5937/a-u0-16268
https://doi.org/10.30638/eemj.2009.062
https://doi.org/10.1007/s10668-023-03186-0

	Introduction 
	Initial Position 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

