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A B S T R A C T   

Spatial determination planning is at an initial and very sensitive step in the development of wind farms. On one 
hand, it is important to maximize the potential of wind in a particular area, and on the other hand, it is important 
to achieve environmental protection (including the human population and natural heritage) in the same space at 
the same time. With this in mind, it is important to balance all the requirements that are relevant for reaching the 
optimal solution when determining the micro-location of wind turbines at the earliest stages of the planning and 
development of wind power projects. In this context, planning is a key stage in finding sustainable solutions for 
the implementation of such projects, and an indispensable instrument in the planning process, offering support 
and control is Strategic Environmental Assessment (SEA). This paper presents the role of SEA in the planning 
process for wind farms. The place of the SEA process is identified in relation to other environmental impact 
assessment instruments, such as Environmental Impact Assessment (EIA) and Environmental Social Impact 
Assessment (ESIA), and a comparative analysis of these instruments is made, including their advantages and 
disadvantages. The results of the paper indicate the importance of applying SEA in the earliest stage of wind farm 
planning, so as to formally apply the precautionary principle and avoid problems, which in the later stages of the 
project, when EIA is usually used, can be disadvantageous both economically and in terms of environmental 
impact.   

1. Introduction 

Despite all of the benefits of wind farms in raising the quality of the 
environment on a global level, there are certain negative impacts that 
they have on the micro-level (site-specific) environment. 

While a relatively small number of authors have published papers in 
leading international journals on the possibilities, importance and 
shortcomings of applying the SEA process in the sustainable planning of 
wind farms [1–6], much has been written in the past about the impact of 
wind farms on the environment and on socio-economic development, 
with many professional and scientific papers published on this theme. 

Namely, a number of authors who have dealt with these issues so far 
have made a significant contribution to identifying the most relevant 
potential impacts that wind farms could have on the environment and on 
socio-economic factors, as well as defining measures and strategies for 
mitigating these impacts [1,4,7,8]. ]. In this context, some authors have 
made a significant contribution to the literature on the impact of wind 

farms on the environment [9]. 
Particularly important is the attention given to the social impacts of 

wind farms [10–18] and to overcoming possible conflict between their 
development and the populations of local communities. This theme has 
enormous significance, because the social problems highlighted could, 
in the worst-case scenario, jeopardize the implementation of a wind 
farm project. 

Some studies suggest that social problems resulting from the devel-
opment of wind energy can be solved by means of economic factors and 
highlighting the possible benefits to local communities [13,19]. How-
ever, this is more a theme to be addressed by economic instruments for 
analysis and evaluation than the SEA or EIA process, but the results of 
such studies can be integrated into the impact assessment process. 

It is generally accepted that possible negative environmental and 
social impacts of wind farms exist, but that these impacts are negligible 
compared to the positive effects. However, they cannot and should not 
be ignored, as is partly indicated by EU Guidance on wind energy in 
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accordance with EU nature legislation [20]. It is especially important to 
consider the dominant impacts of wind farms: 

impact on ornithofauna and chiropterofauna, 
impact of the increased noise intensity, 
impact of shadow flickering, 
impact on the viewshed, 
impact in the case of accident. 

All of these impacts have their own spatial distribution, i.e., they 
cover specific space and can be considered using different instruments 
for impact assessment. Many different instruments are currently in use 
worldwide to assess the environmental impact of plans, programs, pol-
icies and projects. 

Certain instruments, such as traditional Life Cycle Assessment (LCA), 
cover the entire development of a product (project) from raw material 
extraction, through material processing, production, distribution, use, 
repair and maintenance, all the way to disposal and/or recycling as the 
final stage, which is conducted after the exploitation period is over. The 
idea is to consider the energy consumed in the production of a product in 
relation to the time required for that energy to “return” to the working 
process, that is, the exploitation. If LCA is applied to wind farm projects, 
it means quantifying all of the impacts in the range of energy used to 
build a wind farm (cumulative effect) and the possibility of that energy 
being reproduced in the shortest possible time. The task of LCA is to 
show that the particular technology and project produces more energy 
than it uses, otherwise there would be no beneficial contribution from 
the wind farm to the energy system. The faster the energy return period, 
the better the LCA results. In such considerations, an inevitable segment 
would also be a comparative analysis with conventional fossil fuel based 
energy production systems, from which conclusions could be drawn on 
the advantages or disadvantages of using wind energy [21]. 

In addition to the all-encompassing approach characteristic for LCA, 
there are diametrically opposed approaches based on assessing the 
impact of individual environmental elements (water, air, soil, noise, 
viewsheds, etc.). When talking about wind power projects, these so- 
called partial1 impact assessments can be carried out in the form of 
special impact assessments on specific environmental elements: noise, 
viewshed, risk of accident, ornithofauna, chiropterofauna or risk to the 
population. 

’Global wind energy development is rapidly expanding. For this 
reason, much has been written in the scientific literature about the ef-
fects of wind farms on the environment or on specific environmental 
elements [22–32]. 

The authors of this paper, however, consider that the partial 
assessment of individual environmental elements is justified only if it is 
an integral part of a unified impact assessment within a framework that 
applies a holistic approach to assessing the environmental impact of 
wind farms. This is why we arrive at two environmental protection in-
struments which have the widest application at a global level of envi-
ronmental impact assessment, not only for wind farms, but also for other 
development plans, policies and projects. These are: 

Environmental Impact Assessment (EIA) – The history of the 
implementation of this instrument dates back to the late 1960s when 
a law was adopted in the United States relating to environmental 
protection policy. At the time, EIA was not formulated as such, but it 
was the adoption of this law that was the backbone for the devel-
opment of this and other instruments for assessing the impact of 
various activities on the environment. Since that time, interest in 
developing environmental impact assessment instruments has 

continued to grow. One of the first definitions of EIA was formulated 
in the late 1970s [33]: “the term environmental impact assessment de-
scribes a technique and a process by which information on the environ-
mental effects of a project is collected, both by the developer and other 
interested parties, and it allows decision makers to assess whether a 
project is acceptable or not”. Accordingly, this instrument helps to 
solve the environmental, social and economic problems that may 
arise from the implementation of public and private investment 
projects in a particular area. This instrument is an environmental 
management tool and is used at the level of specific projects. It 
contains a systematic, documented, periodic and objective assess-
ment of how well pollution control and environmental management 
systems can be achieved in the functioning of a particular system 
[34]. EIA was introduced into European practice in 1985 with the 
adoption of EIA Directive 85/337/EEC [35]. Today EIA is one of the 
most widely used environmental impact assessment tools. Its appli-
cation is planetary, since it is applied worldwide. More recently, it 
has also been formulated as Environmental Social Impact Assessment 
(ESIA), in accordance with the requirements of international finan-
cial institutions involved in the development of investment projects; 
and 
Strategic Environmental Assessment (SEA) – Meeting the long- 
present need for legally regulated analysis of the impact of plans, 
policies and programs on the environment began at the end of the 
1960s, when the National Environmental Policy Act (NEPA) was 
introduced in the US, laying out the basis of SEA. This law did not 
distinguish between plans, policies and programs, on the one hand, 
and projects on the other, or between the strategic and project levels 
of decision making, but rather it generally referred to actions [36, 
37]. Based on the consideration of international experiences and its 
own practice of applying SEA, the World Bank considers SEA to be a 
“participatory approach for increasing the impact of social and 
environmental issues in the process of development planning, deci-
sion making and implementation at a strategic level” [37,38]. Today, 
SEA is one of the most important instruments for assessing the ter-
ritorial impacts of a proposed policy on the environment, that is, for 
implementing a sustainable development strategy in the creation of 
spatial development policies (at the national, regional or local 
levels). The main purpose of SEA is to facilitate a timely and sys-
tematic consideration of possible environmental impacts, on the 
basis of which decisions are made on development policies at a 
strategic level and their acceptability in terms of sustainability [39]. 
The authors mentioned here are predominantly from the European 
continent, and so it is not surprising that the implementation of SEA 
in European planning practice and spatial development is given a 
great deal of attention. It has also been established through European 
legislation (European Strategic Environmental Assessment Directive 
2001/42/EC [40] and Protocol on Strategic Environmental Assess-
ment, 2003 [41], legally binding and adopted in 2003 at the Min-
isterial Conference “Environment for Europe” in Kiev, and developed 
as an adjunct to the Convention on Environmental Impact Assess-
ment in a Transboundary Context – the ESPOO Convention). By 
applying SEA in spatial development planning through various 
development documents, today it is possible to consider the conse-
quences of the proposed development concepts and spatial changes 
at the earliest stage of conceptualizing the planning propositions, 
while respecting the capacity of the space and not overloading it, and 
inevitably including the public at every stage of developing and 
adopting the SEA. In this context, SEA makes a significant contri-
bution to the decision-making process regarding the future devel-
opment of a space [42]. 

A characteristic of both instruments is the application of a holistic 
approach when considering the interaction between the existing and 
planned purposes for a particular space. The difference between the two 
instruments is in their purpose and methodological approach to impact 

1 The authors use the term “partial” for all assessments that analyze the 
impact of a particular project, e.g. wind power, focusing on only one environ-
mental element (factor). 
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assessment and, most importantly, the point at which they are applied. A 
comparative analysis of these two instruments in the development of 
wind farm projects is presented in the continuation of this paper, 
focusing on the role and significance of applying the precautionary 
principle through the SEA process for the purpose of environmental 
protection, which is achieved by applying SEA in the earliest phase of 
developing a wind energy project. 

The paper relies on particular (not all) results of the SEA process for 
the Košava wind farm project (105 MW), to the measure that it was 
sufficient to indicate and illustrate the inclusion of specific key aspects of 
the SEA process in order to determine the potential spatial impacts on 
environmental elements, without burdening the study either in terms of 
volume or the amount of information provided. 

2. Comparative analysis of SEA and EIA in the implementation 
of wind farm projects 

A significant number of authors have written about the role of EIA/ 
ESIA and SEA in the development of wind farms, emphasizing the 
importance and role of one of these two instruments, but without 
making a comparative analysis between them [1,3,43–45]. 

One of the key differences between EIA and SEA, not only in the 
development of wind farm projects but in general, is the point at which 
they are carried out. When it comes to wind power projects only, SEA 
takes place at the very beginning of a project’s development, while EIA 
is carried out after the SEA process (Fig. 1). 

As seen in Fig. 1, after an investor begins an initiative to implement a 
wind farm project in a particular place, preparation of the relevant 
planning document is started. The planning document, which is the 
initial stage in the development of the project, formally and essentially 
considers the planned conditionality and correlation between the 
planned and existing activities in a specific space. An indispensable part 
of the planning documentation is the SEA report. Its role is in directing 
the planning process (including different alternative solutions) towards 
the goals of sustainable development (ecological and socio-economic), 
thus creating a prerequisite for sustainable planning solutions through 
the concept of the precautionary principle [46]. It serves as an instru-
ment for making decisions about the future development in an area, that 
is, whether to accept (or not accept) a planning document [3]. The 
procedure is transparent to all stakeholders and institutions. 

Following the decision to accept a planning document, the next stage 
in the development of a wind farm project is the design, which usually 
takes place in two phases: 1. preparation of the Preliminary Feasibility 
Study; and 2. Development of an EIA Feasibility Study (Fig. 1). In this 
phase, many solutions have already been concretized by the planning 
documentation, especially with respect to the spatial determination of 
the micro-locations for the wind turbine poles, which can by implication 
mean negative effects in the space and in the living and natural envi-
ronment. It is characteristic for EIA to take place in the project devel-
opment phase when precise and detailed data are available on the 
location and project (also including the type of wind turbine and the 
manufacturer). It is this level of detail and precision that sets EIA apart 
from other environmental impact assessment instruments. On the one 
hand, its holistic approach, and on the other hand, quantifying the re-
sults based on exact data (input) are the reasons why EIA has positioned 
itself globally as an indispensable instrument, and not only in the case of 
wind farm projects. Since its introduction, however, the EIA process has 
been the subject of criticism and adaptation with the purpose of solving 
issues arising in its widespread application. In this regard, one of the 
most active debates is focused on the need for a more serious analysis of 
the social impacts of implementing projects, which is why the 

application of Social Impact Assessment (SIA) began in due course, but it 
has long been viewed as only one component, which is subordinate to 
the EIA process. As a continuation to this debate, Environmental and 
Social Impact Assessment (ESIA) has been used much more recently, for 
the purpose of addressing the environmental and social impact of 
development. Since its beginning, ESIA has been increasingly applied in 
cases where projects are funded by international institutions and private 
credit investors, given that within its framework it can integrally 
consider all the consequences of a project, and thus assess the degree of 
risk with its implementation [33]. In any case, since the beginning of this 
century trends have been moving towards the transformation of EIA into 
ESIA, that is, towards the integrated assessment of impact on the envi-
ronment and on social development, in order to properly understand the 
interconnection of nature and society in the implementation of invest-
ment projects [43]. 

2.1. The methodology of SEA and EIA 

In methodological terms, the approach to impact assessment in the 
SEA process is quite flexible in relation to the various precision 

Fig. 1. A simplified scheme showing the place of the SEA and EIA processes in 
the development of wind farm projects (example from Serbia). 
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mathematical and software tools used in environmental engineering and 
other fields, based on scientific postulates. A number of authors claim 
that there is no general SEA methodology that applies to all types of 
plans. Moreover, SEA techniques and methodologies should be treated 
as a set of different methods and tools, any of which can be selected by a 
user depending on the specific circumstances [47–49]. Marsden [50] 
pointed out that in terms of methodologies, SEA dominantly relies on a 
qualitative expert method of impact assessment as opposed to tradi-
tional Environmental Impact Assessment (EIA), and therefore expert 
assessment, which always entails a certain level of subjectivity, plays a 
decisive role [2]. The issue of selecting the appropriate assessment 
techniques and methodologies used in any specific case must be dealt 
with by referring to adequate implementation experiences accumulated 
through the comparative studies of past schemes and applications. A 
particularly important contribution of the SEA process is its consider-
ation of the alternative solutions in the earliest phase of the planning 
process. In this way, the public and decision makers are introduced to 
the possible implications of the development options on the environ-
ment and on social factors. It is this segment of SEA that makes it stand 
out as an instrument which when applied is suitable for implementing 
the precautionary principle, as well as preventing potential conflicts 
(environmental and social) in space [46]. 

The methodological approach in EIA is technically oriented. It in-
volves impact assessment at the stage of preparing the project docu-
mentation (feasibility studies at different stages). Given that most of the 
technical details of the project are already known at this stage, it is 
possible to apply different methodological approaches and methods due 
to the availability of the necessary inputs (MCA - Multi-criteria Analysis; 
MCDM - Multi-criteria Decision-Making; LM – Leopold Matrix, etc.); this 
has been and continues to be a study interest for a large number of au-
thors [51–55]. The majority of methods are based on the application of 
sophisticated mathematical simulation methods, which make it possible 
to quantitatively and objectively express the expected effects (positive 
and negative) of a project on the environment. This principle makes it 
possible to know the relevant data: the types and quantities of materials, 
as well as energy and products and their movement in the construction 
and operation of a project, which are used as input in the given methods 
for environmental impact assessment within EIA. 

On the other hand, SEA generally involves a very different method-
ology for impact assessment for the following reasons: plans are more 
complex than projects, they focus on strategic questions and contain less 
detailed information about the environment; plans are based on the 
concept of sustainable development, and apart from the environmental 
aspect, they mainly focus on the spatial distribution of impacts and so-
cial and economic aspects; because of the complexity of structures and 
processes and their cumulative effects, planning does not allow sophis-
ticated mathematical simulation methods; decision-making processes 
have a greater spatial scope, including greater stakeholder influence, 
especially from the public, and therefore the methods and results of the 
assessment applied must be understood by the participants in the SEA 
process. 

For these reasons, in SEA practice the expert methods are: checklists 
and questionnaires, matrices, multi-criteria analyses, spatial analyses, 
SWOT analyses, the Delphi method, assessment of the environmental 
capacity, cause and effect analysis, vulnerability assessment, risk anal-
ysis, etc. It is therefore possible to apply different methodological ap-
proaches and methods for assessing the environmental impact of wind 
farms within the framework of SEA [46]. The question of choosing the 
appropriate assessment techniques and methodologies to be used in any 
particular case must relate to the relevant implementation accumulated 
through comparative studies of previously applied methodologies that 
have shown good results in practice [39,56]. 

Given that a basic characteristic of qualitative expert methods is 
subjectivity, techniques and tools that achieve the highest possible ob-
jectivity in impact assessment in the SEA process need to be applied. It is 
certain that in SEA for planning wind farms, it is possible and also 

desirable to apply different qualitative expert methods in combination 
with the quantitative methods and modeling applied to partial impact 
assessments (such as modeling noise and flickering shadows, Figs. 2 and 
3). In other words, because of the specificity of planning wind farm 
projects, it is also possible to have a desirable combination of a technical 
and planning approach in SEA, that is, the application of a semi- 
quantitative method of multi-criteria evaluation2 [2]. 

The specificity of planning wind farms is seen in the availability of 
the technical data necessary for various types of modeling at the very 
beginning of the planning process. Therefore, it is possible to check the 
suitability of the spatial determination of wind turbine columns at the 
earliest stage of planning wind farms. After defining the initial positions 
of the wind turbines, they are aligned with the results of one-year 
monitoring of the biodiversity (with special reference to the moni-
toring of the ornithofauna and chiropterofauna that the windfarm could 
impact the most, Fig. 2) and with the results of partial assessments of the 
impact of the wind farm with regard to noise and shadow flickering 
(seen here in the example of Košava wind farm, illustrated in Figs. 3 and 
4). Although the SEA also considers a whole series of possible impacts of 
the wind farm on the environment and social factors, only examples of 
impacts that are particularly significant from the aspect of space/terri-
tory are given here. Everything certainly highlights the impact of the 
planned wind farm on biodiversity, which is why the analysis of this 
aspect is conducted over several years. An additional elaboration on the 
consideration of biodiversity is given for Košava wind farm in the dis-
cussion and conclusion. In addition, the partial assessments serve as 
control instruments which determine the suitability of wind turbine 
locations in terms of their potential impact on the population (consid-
eration of alternative planning solutions). After these checks, it is 
possible to reliably conclude which wind turbines do not have an 
optimal position, and then to correct their position in order to eliminate 
the negative impacts. In this way, potential negative spatial/territorial 
impacts are eliminated in the planning process and in SEA and 
confirmed in the relevant planning document. The precautionary prin-
ciple thus achieves its full capacity, and the design and production of the 
EIA is then relaxed, especially for investors, with a focus on determining 
technical (not planned) protective measures and environmental 
monitoring. 

Parallel with assessing the impact of wind farms on the basic ele-
ments of the environment, the possible social impacts on the local 
populations in which projects are implemented should not be neglected. 
Authors emphasize the importance of integrating social factors in the 
development of wind farms by highlighting the following: the integra-
tion of the social aspect in the SEA process [6,11,46]; analysis of the 
social acceptability of wind farm projects [10]; economic analyses and 
instruments for overcoming social problems [13,17,18]; the interde-
pendence of social and institutional factors and their place in the 
operational process of planning wind farms [14]; and the development 

2 The Multi-criteria Evaluation (MCE) method was developed in the early 
1970s and today is considered a well-developed scientific field supported by a 
large number of scientific references [57,58]. When first developed, the MCE 
method was characterized by the methodological principle of decision making 
on the basis of multiple criteria with or without modest public participation 
[59]. The primary goal was to obtain clear information on which to base de-
cisions, and then to solve a well-structured problem using mathematical algo-
rithms. Progressively, ideas of procedural rationality [60] and a constructive or 
creative approach [61] have led to the development of MCE methods to the 
level that the whole concept of application is directed to the process of making 
optimal decisions, which inevitably includes public involvement in the MCE 
process [62,63]. In this context, proper consideration is a prerequisite for 
ensuring a quality outcome for the process. Today the MCE method is often 
recommended as a suitable support in the decision-making process, because of 
its capacity to point out in many ways multiple development alternatives based 
on the assessment of criteria connected with the environment and socioeco-
nomic aspects of sustainable development [39]. 
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of public awareness and education [16]. Bearing in mind the role of the 
SEA process in overcoming conflicts in space through the precautionary 
principle (which is also achieved through the alternative solutions), the 
significance of this aspect makes it indispensable in the SEA process 
when planning wind farms [46]. This by no means excludes social as-
pects from the ESIA process, which is a continuation of the SEA process, 
but it certainly eliminates most of the possible problems and conflicts in 
the later stages of project implementation. 

A comparison between the application of SEA and EIA/ESIA in the 
Košava wind farm project in Serbia (Table 1) confirms the findings 
presented in this section. The key decisions that achieve the precau-
tionary principle and prevent conflicts in space are made in the SEA 
process, thus reducing the risks in the project’s development. What can 
be further concluded is that, if there is continuity in the development of 
these two documents, then EIA/ESIA is actually a verification instru-
ment for the SEA process, supplemented with detailed technical data on 
the impact of the project that is methodologically adapted to interna-
tional financial requirements. In addition, some of the results from the 
SEA process (such as observations of flying fauna, or the results of 
modeling noise and flickering shadows, for example) can also be used for 
EIA/ESIA and thus facilitate and speed up, i.e. shorten, the whole pro-
cess of assessing the impact of the project on the environment and social 
factors. It has also been shown that making appropriate decisions on key 
issues related to environmental protection and acceptance of a wind 
farm project by the local community is facilitated when there is a 
continuous and transparent process that begins at the earliest stage of a 
project’s development, namely, with the beginning of the SEA process. 

3. SEA as an instrument for applying the precautionary principle 
in environmental protection in wind farm planning 

Impact assessment in planning wind farms has its own specificities, 
which consequently result in specificities in the assessment of their 

environmental impact in the planning process. These specificities can be 
seen in the following facts:  

➢ the planning document generally only covers one project (one wind 
farm);  

➢ most technical details of the project are known in advance;  
➢ although only one wind farm is usually planned, the space necessary 

for carrying out the project is significant, requiring extensive and 
complex spatial analyses. 

These facts indicate that when planning wind farms there are ele-
ments that lead to the suggestion that it is sufficient to implement only 
EIA, and not SEA (one project – one location – known technical details of 
the project). This is of course always a tempting option for wind farm 
investors, who always want to save time. Going straight to EIA without 
implementing the SEA process seems like an excellent possibility [46]. 

However, there are two key arguments for carrying out SEA when 
planning wind farms:  

1. application of the precautionary principle is only possible if, at the 
level of planning of wind farms through the SEA process, it affects the 
spatial determination of micro-locations for wind farm facilities, 
which is achieved through the analysis of different alternative so-
lutions for spatial development; and  

2. credit institutions providing funds to investors for carrying out wind 
farm projects pay particular attention to the environmental and so-
cial impact of the project (financial risk assessment), so it appears 
that application of the precautionary principle within the SEA pro-
cedure is the only correct way. Applying SEA in planning wind farms 
can make the possible environmental and social impacts of the pro-
jects acceptable to creditors (an economic argument is often crucial 
to choosing the right approach to carrying out projects). 

Fig. 2. Illustrative presentation of ornithofauna observations for the Košava wind farm for the target species Haliaeetus albicilla (from vantage points - VP).  
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If, on the basis of the above facts, we accept that SEA is an indis-
pensable instrument in planning wind farms and applying the precau-
tionary principle with regard to environmental protection, an approach 
which the authors adhere to, then it is possible to analyze the possibil-
ities in planning wind farms and the application of SEA in that process. 

The first and most favourable circumstance is planning the devel-
opment of the wind energy sector at the national or regional level. In this 
case, SEA can achieve its full capacity at the strategic planning level in 
such a way that it can consider the spatial capabilities of large or a large 
number of wind farms at the national or regional level, with all their 
possible implications for space and the environment. Using this 
approach, it is also possible to consider the cumulative and synergistic 
impacts of wind farms and their interaction, as well as their interaction 
with existing activities in the research area, which is traditionally a 
significant contribution of SEA. The results of SEA carried out in this way 
would be an outstanding contribution to determining the optimal 
number and distribution of wind farms at a national or regional level. 
Though it is not unusual in the world for a wind energy development 
strategy to be conceptualized at the national level, it is usually part of 
the national energy development strategy, or only individual spatial 
aspects are considered (e.g. Spatial Planning for Onshore Wind Turbines – 

natural heritage Considerations, 2015) [64], without any spatial analysis 
for locating wind farms. However, there are also cases in which the 
concept of spatial planning has been applied to the wind energy sector, 
but which are based on analysis of the relationship between the planned 
wind farms (which are not micro-location determined) and certain 
environmental elements (protected natural area, viewshed, etc.) 
without the use of SEA as a control instrument in the planning process 
[65,66]. This is not unusual, bearing in mind that the construction of 
wind farms depends on individual initiatives that are not known in 
advance to the creators of spatial developments at the national or 
regional level. Namely, it is difficult to know in advance the number of 
initiatives for constructing wind farms, and it is especially difficult to 
know the capacity of these wind farms, so this situation seems like only a 
good idea [46]. 

Another circumstance is planning wind farms at the local level, for 
the needs of a specific project (as in the case of the Košava wind farm), 
which is almost always the situation in practice. In this case, all of the 
circumstances for the application of SEA in planning are known (micro- 
location, capacity, number of wind turbines). Thus, the primary role of 
SEA in the planning process here is to determine the micro-location of 
individual wind turbines in relation to the spatial relationships, 

Fig. 3. Model of spatial noise distribution for the Košava wind farm in Serbia. a) At wind speeds of 8 m/s and b) at wind speeds of 20 m/s.  
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phenomena and processes at a particular location. Although it seems as 
if this second situation is limiting with regard to the application of SEA 
and its full contribution, the reality is actually different. Namely, by 
applying SEA in the planning of individual wind farms it is possible to 
cover all areas of the SEA, also including analysis of the possible solu-
tions which in this case can relate e.g. to the number of wind turbines 
(larger number of smaller or smaller number of larger wind turbines) or 
the construction phase (which leaves space for the flora and fauna at the 
location to adapt to the new circumstances, so-called adaptability). 

The application of SEA in planning wind farms, regardless of the 
given circumstances, is based on guidelines for selecting the best options 
for minimizing or completely preventing potential conflicts in space that 
may arise in the correlation between wind farms and environmental 
elements and the population of local communities (social aspects). The 
best options are sought in the analysis of the spatial relationships be-
tween wind farms and: ornithofauna and chiropterofauna; facilities, 
settlements, the local population (impact of noise, impact on the 
viewshed with the effect of shadow flickering, impact in case of an ac-
cident); and infrastructure (impact in case of an accident) (Table 2). 

Table 2 shows the processing of key elements and activities in the 
SEA process for seven wind farms in Serbia in the period from 2007 

(starting with the Bavanǐste project) until 2017 (when the SEA for 
Košava wind farm was carried out, the results of which are partially used 
in this paper). In terms of processing the elements and activities in the 
SEA process, it is evident that in the initial experience of applying SEA in 
the planning of wind farms in Serbia, not all aspects were processed 
through which the precautionary principle can be achieved. Certain 
aspects, such as the impact on ornithofauna and chiropterofauna, were 
processed only to respect the form, without proper observations being 
made. Therefore, the results cannot be completely representative, which 
reflects on the quality of the SEA process, and on the quality of the 
project itself. The focus was placed on assessing the impact of wind 
farms on basic environmental factors, and the use of software models for 
partial impact assessments did not exist at the time, but rather assess-
ment was based on the literature and empirical data (without including 
the specifics of the location, topography, physical barriers, etc.). There 
was no analysis of social and economic aspects, nor were the potential 
benefits of implementing the project presented to the local community. 
All of this limited SEA from achieving its full contribution in the pre-
cautionary principle and preventing spatial conflict. Over time, after 
educating employees in local institutions, experts and the population, 
and then involving international financial institutions in the financing of 

Fig. 3. (continued). 
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projects, the SEA process and its role in planning wind farms in Serbia 
began to achieve its full potential from 2013, in an expert, methodo-
logical, content and procedural sense. In this context, SEA, with its 
precautionary principle, stood out as an ideal instrument for assessing 
the spatial/territorial impacts of wind farms on the environment, that is, 
as an instrument for making optimal decisions on the sustainable 
development of wind energy in a specific space. Software models for 
determining territorial impacts on the environment were also applied to 
social factors, through the selection of optimal alternative solutions for 
the spatial disposition of wind turbines. The decision-making procedure 
became transparent at all stages of the SEA process, and for what 
initially posed a major challenge, namely, making the final decision on 

implementing the propositions from the planning and the SEA process, it 
was proved that in the case of private investment (which is the case for 
all wind farm projects in Serbia), decision makers unconditionally 
accept the word of experts. This is often not the situation when it comes 
to state/national development projects, when politics usually comes 
before the opinion of experts and it is possible for decisions to be made 
that are not optimal from the standpoint of environmental impact or 
social development. 

4. Discussion and conclusions 

Today there are a large number of different environmental impact 

Fig. 4. Modeling the flickering shadows for the Košava wind farm in Serbia.  
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assessment tools in use worldwide that can be applied to wind farm 
projects. Compared to other methods and instruments for environmental 
impact assessment that are mainly project oriented (EIA, ESIA, LCA, and 
others) and imply that the project development is near completion 
(there is no uncertainty with regard to determining the micro-location of 
the project), SEA represents a contribution towards integrating the im-
pacts into the strategic level of planning. This enables the use of SEA to 
achieve the precautionary principle in the true sense of the word. 
Applying the precautionary principle is only possible in the phase pre-
ceding the design and implementation (construction) of specific in-
vestment projects, i.e., during the phase in which the spatial 
determination of the planned activities takes place, which is precisely 
the spatial planning phase and process of the development. 

If the planning process takes place without SEA, then in that case 
EIA/ESIA is the first and last opportunity for implementing environ-
mental protection policies in wind farm projects. It is then very difficult 
without risk to the project, or without financial consequences for the 
investors or the environment and local communities, to devise sustain-
able solutions if this is not done in the stage of producing the planning 
documentation. The reason is that in the design phase the project 
development has already gone a long way. On the other hand, EIA is a 
very functional instrument for controlling the technical (not planning) 
part of the project because at the level of project development all of the 
various inputs are available that are used for different modeling to 
determine the environmental impacts of wind farms (e.g. noise 
modeling or shadow flicker modeling) [56,65]. All of the above points to 
the need for continuous impact assessment at all stages of wind farm 

projects by implementing a preventive approach to protection using SEA 
at the earliest stage of project planning, and also after that, EIA for 
determining the technical measures of environmental protection during 
the development of project documentation. 

The application of SEA in planning wind farms is based on guidelines 
for the best options for minimizing or completely preventing potential 
conflicts in space that may arise in the correlation of wind farms with 
environmental and social elements. The best options are sought in the 
analysis of the spatial relationships between wind farms and: ornitho-
fauna and chiropterofauna; facilities, settlements, habitats, and the local 
population (impact of noise, impact on the viewshed with the shadow 
flickering effect, impact in the case of accident); and infrastructure 
(impact in the case of accident). In this context, SEA stands out as an 
ideal instrument for assessing the spatial/territorial impacts of wind 
farms on the environment and minimizing the risks involved in project 
financing for wind farms, which is of particular importance to the in-
vestors themselves. 

In the case of the SEA for the Košava wind farm project, which stands 
out from Table 2 as a representative sample and an example of good 
practice, the results of which are partly used in this paper, special 
attention was given to considering the previously mentioned spatial 
impacts. Since some of the greatest potential impacts of wind farms are 
on flora and fauna, particular attention was paid to them during the 
development of Košava wind farm. Observations took place over the 
period of one year before the final definition of the spatial layout, which 
were then continued in the construction and operational phases of the 
wind farm. Based on the observations made for the SEA, it was 

Table 1 
Comparison of the elements and impact assessment methods in SEA and EIA/ESIA for the case study of Košava wind farm in Serbia.  

PROJECT 
NAME 

DOCUMENT 
NAME 

KEY METHODOLOGICAL STEPS 

Conducting one-year 
observations of flora 
and fauna with impact 
assessment 

Analysis of the 
alternative solutions 
(precautionary 
principle) 

Method used to 
present the 
assessment results 

Analysis of 
cumulative and 
synergistic impacts 

Analysis of the social 
impacts and the active 
role in preventing 
conflict 

Transparency in the 
decision-making 
phase 

KOŠAVA 
WF 

SEA One-year observations 
were carried out with 
impact assessment and 
the recommendation 
for new positions and 
the removal of other 
positions 

The alternative 
solutions for the 
spatial disposition of 
the wind turbines 
were analyzed in line 
with the results of the 
observations of flora 
and fauna, which 
were harmonized 
with the results of 
modeling the spatial 
dispersion of noise 
and the effects of 
shadow flickering. 

A semi- 
quantitative 
approach to the 
evaluation and 
presentation of the 
assessment results 
was used. The 
results based on 
software modeling 
have quantitative 
results, while other 
results are based 
on qualitative 
expert assessments 
of the probability, 
duration and 
frequency of the 
impact. 

The cumulative or 
synergistic impacts 
were considered, 
which can occur as a 
consequence 
(negative impact) or 
a result (positive 
impact) of the 
interaction between 
planned and 
existing activities in 
the wider area. 

A series of activities 
were carried out to 
prevent social impacts 
and possible conflicts 
during the SEA 
process. In addition to 
surveying the local 
population, SEA was 
one type of medium 
for proposing and 
finding the best 
options (primarily 
spatial-organizational 
and economic) for the 
implementation of the 
project. 

Transparency was 
secured in all key 
phases of the SEA 
process (selecting the 
best alternative 
solution for the 
spatial organization 
of the wind farm, 
resolution of spatial 
conflicts, directing 
the planning process 
towards 
environmental 
protection goals and 
prevention of 
negative social 
implications, 
deciding on the 
acceptability of the 
planning document 
from the aspect of 
sustainability). 

EIA/ESIA The data on the one- 
year observation was 
taken from the SEA, 
given that because of 
the continuity on the 
processing, there was 
no time vacuum that 
would call into 
question the accuracy 
of the existing data. 

Verification was 
carried out for the 
alternative solution 
adopted for the 
spatial organization 
of the wind farm 
during the SEA 
process and planning 
of the wind farm 
(verification 
instrument) 

A quantitative 
approach to the 
evaluation and 
presentation of 
results was used 
based on the 
results of modeling 
and exact technical 
data on the project. 

The focus was on 
the project itself, 
without considering 
the interactions 
with the wider 
environment, i.e. 
without additional 
consideration of 
cumulative and 
synergistic impacts. 

All potential social 
conflicts were 
prevented during the 
implementation of the 
SEA procedure, which 
is why they were not 
processed further, but 
rather the results of 
the SEA process for 
eliminating conflict 
were interpreted. 

Complete 
transparency was 
secured in all phases 
of the EIA/ESIA 
process (decision- 
making phases on: 
the need for the 
process, the scope 
and content of the 
EIA/ESIA study, 
giving consent for the 
EIA/ESIA study and 
obtaining a 
construction permit).  
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concluded that the biodiversity in the location for the Košava wind farm 
was already significantly depleted. This was due to the space being 
completely anthropogenically changed through decades of active agri-
cultural production, resulting in the flora, with the exception of agri-
cultural crops, being very scarce. The situation with regard to flying 
fauna was different to an extent, which was confirmed by detailed and 
continuous monitoring of the ornithofauna (using the census method at 
observation points and, to a lesser extent, the limited transect method) 
and chiropterofauna (ultrasonic manual audio detection using the 
transect method and research of potential habitats used by bats). During 
120 field days over a year, which were aligned with the dynamic of the 
SEA in their final phase, representatives of 106 bird species were iden-
tified, as well as two other genera that could not be identified up to 
species level. Representatives of many of the recorded species were 
present in extremely small numbers. Out of the stated number, 30 spe-
cies are classified as targeted with regard to their national and inter-
national importance, as well as on the basis of their susceptibility to risk 
because of their specific bionomy, behavior, and manner and height of 
flight, and the possible destruction of their habitat due to the con-
struction of the wind farm. Many of the species recorded did not belong 
to the research location sensu stricto, but rather their presence was a 
result of wetlands and aquatic habitats on the margins and around the 
location. In addition, it was determined that at least 16 species of bats 
were represented at the location. 

The abundance of data resulting from the above observations was 
used in the SEA study for the Košava wind farm to assist in developing 
solutions for the spatial micro-locations of the wind turbines. The SEA 
process made a significant contribution to the application of the pre-
cautionary principle in the protection of flying fauna by eliminating 
three initially planned wind turbines (from a total of 35), and moving 
five turbines from their initially defined position to a location more 
suitable in terms of their impact on flying fauna. The results of modeling 
were also taken into account, i.e., the partial assessment of the impact of 
noise and shadow flickering, thus avoiding the elimination of one po-
tential impact causing an increase in another impact. In this way, a 
holistic approach was achieved, which ensured the optimal spatial dis-
tribution of the wind farm facilities on the area of the planned Košava 
wind farm, with the minimum negative effects on the environment and 
on social factors. 

In the context of considering social impacts within the SEA process 
for the Košava wind farm, various approaches and instruments were 
applied to overcome potential problems with the local community. The 
approaches used were those proposed in studies by authors who have 
focused on this aspect of the impact of wind farms [6,10,11,13,14, 
16–18,46], and SEA was used as the medium for finding the best options 
for all stakeholders. Surveys and the transparency of the SEA process 
played a significant role in this context, as well as being a support in 
finding the best economic options that would make social impacts 
acceptable to all stakeholders. The special value of the SEA process is its 
consideration of social impacts and the possibility of overcoming 
problems in the initial planning phase. 

Methodologically, some of these instruments are comprehensive, 
such as: LCA, EIA/ESIA and SEA, and some are based on the partial 
impact assessment of individual environmental elements. When talking 
about wind farm projects, this so-called partial impact assessment can be 
done in the form of a special impact assessment on: noise, thw viewshed, 
accident risk, ornithofauna, chiropterofauna, etc. Partial impact 
assessment for individual environmental elements is justified, however, 
only if it is an integral part of a unified environmental impact assessment 
that applies a holistic approach. It is the SEA instrument that implements 
a holistic approach to the consideration of both considering the inter-
action between the existing and planned purposes in a particular space, 
and where it is possible and necessary to use partial impact assessments 
as parts of the overall impact assessment within the SEA process.This is 
also necessary in order to minimize subjectivity in the process of expert 
evaluation, which is characteristic of SEA. These facts additionally affect 

the quality of the SEA process in the planning and spatial determination 
of wind farms, and are thus significant when carrying out such projects. 
This experience was also confirmed in the practice of applying SEA in 
the planning of wind farms in Serbia. 

Given that SEA is used at the strategic planning level, where it is 
possible to apply the precautionary principle through the selection of 
optimal alternative solutions, it seems that SEA is an ideal and indis-
pensable instrument for effective environmental protection and pre-
venting social conflicts with the local community in the planning and 
implementation of wind power projects. In addition its application also 
indicates the positive impacts of wind farms on the environment and 
social factors that have a broader context and go beyond the scope of a 
planning document, which is of particular importance for understanding 
the need to continue development trends in the field of wind energy. 

A fact that can be put in a negative context with regard to SEA relates 
to the assessment of those environmental elements that cannot be car-
ried out by partial assessment or by applying different models that are 
part of the universal semi-quantitative method of multi-criteria evalu-
ation in SEA. There are two possible biases in this: 1. in impact assess-
ment based on the subjectivity of expert opinions; and 2. in decision 
making based on the results of the SEA process. In this context, and given 
that the basic characteristic of qualitative expert methods is subjectivity, 
it is necessary within the framework of SEA to apply optimal techniques 
and tools by means of which the greatest possible objectivity will be 
achieved in assessing the environmental impact of wind farms (simu-
lation models, GIS technologies, etc.). When it comes to subjectivity in 
decision making based on the results of the SEA process, it is beyond the 
reach of experts in this field and depends on political, financial and other 
aspects, which can certainly be a threat to the implementation of SEA 
proposals, but based on the experience from Serbia, it can be concluded 
that these threats are not expressed in the context of private investors 
(which is the case in wind energy in Serbia), unlike when decisions are 
made in relation to state/national projects. 
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B. Josimović et al.                                                                                                                                                                                                                              

https://doi.org/10.1016/j.eiar.2014.09.013
https://doi.org/10.1016/j.renene.2009.12.005
https://doi.org/10.1016/j.jclepro.2019.01.154
https://doi.org/10.1016/j.jclepro.2019.01.154
https://doi.org/10.1016/j.erss.2017.11.027


Renewable and Sustainable Energy Reviews 136 (2021) 110459

12

[5] Thygesen J, Agarwal A. Key criteria for sustainable wind energy planning—lessons 
froman institutional perspective on the impact assessment literature. Renew 
Sustain Energy Rev 2014;39:1012–23. https://doi.org/10.1016/j. 
rser.2014.07.173. 

[6] Vagiona D, Karapanagiotidou X. Strategic environmental impact assessment for 
onshore wind farm siting in Greece. Environments 2019;6:94. https://doi.org/ 
10.3390/environments6080094. 

[7] Dai K, Bergot A, Liang C, Xiang WN, Huang Z. Environmental issues associated 
with wind energy – a review. Renew Energy 2015;75:911–21. https://doi.org/ 
10.1016/j.renene.2014.10.074. 

[8] Brannstrom C, Gorayeb A, Mendes JS, Loureiro C, Jeovah A, Meireles A, Silva VE, 
Ribeiro de Freitas AL, Oliveira FR. Is Brazilian wind power development 
sustainable? Insights from a review of conflicts in Ceará state. Renew Sustain 
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