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Abstract. Lack of definition of spatial capacity for wind farm development in 
Poland and associated lack of clearly defined wind farm siting criteria resulted in 
the impairment of spatial order at the country scale and contributed to numerous 
social conflicts. In the study an attempt was made to assess the potential for wind 
energy development in Poland against the background of regional differences in 
land availability for wind farm siting. The assessment was made using selected 
criteria derived from analyses of environmental receptors sensitive to wind 
turbine impacts. The key criteria included environmental considerations such as: 
municipal areas, countryside settlement pattern, areas of protected nature and 
ecological corridors, woodlands and areas of highest landscape values. Analyses 
were made with the use of GIS tools to delimitate areas which should be 
excluded from wind farm development. Two minimal distances from the settled 
(build up) area were adopted as safe for siting a power generating facility, i.e. 
one and two km. The value of index showing the proportion of land available for 
wind energy development versus total country area is low and attains 2.63% 
when one-kilometer wide buffer zone is kept between the farm and the settled 
area. Whereas for a two-kilometer wide buffer zone, the above value decreases 
to merely 0.1%, assuming that the remaining criteria for wind farm siting, such as 
those concerning nature and landscape, remain the same. The country’s space 
availability for wind farm development will be substantially limited if precise 
environmental criteria for wind farm siting, based on the evaluation of settlement 
patterns, location of natural resources and landscape values, are introduced into 
the spatial planning policy in Poland. While at the same time, this would help to 
secure appropriate quality of human life, human health as well as the highest 
natural and landscape values of the country. 
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1. Introduction 

Concerns over existing and potential threats posed by the development of wind farms to 
human living conditions, natural environment and landscapes, have long been raised by both 
experts and  environmentalists [1, 2 and 3]. Within the above context the need was voiced to 
provide a uniform legal guidance for wind farm siting with the aim to secure appropriate quality of 
human life, human health as well as the highest natural and landscape values of the country [2, 3]. 
The guidance, disregarding the choice of instruments underpinning policies on the subject in 
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question, needs to be based on the criteria developed within the system of environmental impact 
assessments. 

Criteria in the environmental impact assessment have been derived from the evaluation of how 
sensitive are individual environmental receptors to potential impacts [4] of wind farms. These 
criteria permit to define areas varying in the risk of occurrence of environmental threats due to the 
location of wind power facilities.  

Environmental receptors were analysed at two levels: regional and local one what conforms to 
the rules of hierarchical spatial management planning in Poland. Sensitive receptor areas or 
receptor hot spots shall be considered at national and regional scales as this enables zoning of 
territories varying in the potential for wind farm development. Whereas, when considering the local 
potential for wind farm development numerous specific local conditions shall be addressed what 
requires that individual analyses be made for concrete objects and sites. 

A goal of this study was to define criteria for assessing the potential for wind farm development 
in Poland as well as to provide guidance on the differentiation of regional capacity for wind power 
siting with special consideration of circumstances arising from the settlement system planning, 
natural resources and landscape values. The study was made in two stages. In the first stage, the 
criteria used in regional studies on wind power development were identified. In the second stage, 
an attempt was undertaken to define regional criteria and to apply these criteria in statistical and 
spatial (cartographic) analyses. Three main groups of criteria were analyzed relating to: settlement 
patterns, natural assets and landscape values.  

In the literature the environmental criteria in the development of wind power energy have 
mainly been discussed within the context of wind farm impacts on concrete environmental 
components or presented in individual case studies. On the other hand, methods for the 
assessment of environmental circumstances for wind farm location have been much less 
frequently examined in the studies focusing on the problem in an integrated way, viewing it from 
the above-local perspective. 

The wind farm siting criteria which appear in case studies concern those wind farms which 
have had administrative procedures carried out in the scope of environmental impact assessment 
[2, 3 and 5]. The latter publications provide methods and criteria which were considered in studies 
on natural values in concrete cases. As a rule, elements of the criteria applied in various analyses 
are the same, as they are all derived from the integrated methods of environmental impact 
assessments. The analyses are based on the criteria of legislative character, addressing 
environmental, social and technical aspects.  

Synowiec and Luc proposed multi-criterial analyses and GIS instruments as tools to delimitate 
areas having potential capacity for wind farm siting [2]. The analyses resulted in classifying 97.2 % 
of the Rymanów commune area as unavailable for wind farm siting (minimum distances wind 
turbines may be located were adopted as follows: 500 m from Natura 2000 sites, 500 m from built 
up area, but as much as 1200 m from recreation and spa facilities). The above results conform to 
the thesis outlined in this work, namely that consideration of basic environmental criteria results in 
significant limitation of areas accessible for wind farm location.  

An integrated approach to criteria of wind farm siting was presented by Kistowski [6]. The 
author’s attempt was to assess the role of environmental circumstances in wind farm siting at the 
country scale. He proposed to divide the criteria into three groups: nature-related, anthropogenic 
and landscape-related. The latter group of criteria merges the former two and concerns the visual-
aesthetic aspects of landscape [6]. The author quotes a wide catalogue of criteria (48) along with 
an analysis of their rank and restrictive potential for wind farm siting. However, the approach taking 
no account of differences between scales at which the criteria are being applied i.e. local or 
regional scale (referred to by Kistowski), is questionable. As a result – as the author puts it– 
“information gaps were identified which make the assessment difficult”. Seemingly, some of the 
gaps result from the fact that criterial elements do not match the scale of analysis as e.g. the 
visual-aesthetic values of landscape or routes of migration corridors of selected avian species.  
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The criteria relating to settlement patterns (settlement-related criteria) in the regional scale 
need to be defined basing on the settlement network. Municipal areas and countryside settlement 
areas – along with the buffer zone demarcated in conformity with the adopted required minimum 
distance wind turbines may be located from settlement areas – are the main receptors sensitive to 
wind farm impact, recognizable in regional scale and pertaining to human being (as a biological 
unit) human health and living conditions. The settlement pattern-related criterion is of high 
significance for wind farm siting as it is linked with the protection of human beings against negative 
impacts of wind turbines [7].  

The nature-related criteria are based on areas designated under the law on nature 
conservation, being parts of the National Network of Protected Areas (NNPA) and on the Natura 
2000 sites. The above criteria are powerful enough to exclude the possibility of wind farm siting in 
the vicinity of national parks and nature reserves. The development of wind farms in case of 
landscape parks, areas of protected landscape and Natura 2000 sites, is legally possible when 
certain conditions are met. Nevertheless, in the above mentioned work, all the designated areas 
were addressed as not available for wind farm development. The same assumptions were adopted 
in all regional studies made so far in the scope of wind farm siting. In these studies, the designated 
areas were considered as totally excluded from wind farm development, or at least as the areas 
(those of lower protection regimes) involving the highest risk in case of such a development [8, 9 
and 10]. 

Forest areas and ecological corridors constitute subsequent elements which were used to 
define nature-related criteria [11]. In case of the above criteria we are dealing with mutual overlap 
of a significant part of areas of protected nature, forests and ecological corridors.  

The landscape-related criteria at the level of regional analyses shall refer to landscape typology 
and valuation [1] and, in a very limited scope, they may include some elements of landscape 
exposition, such as e.g. forefronts of scenic panoramas. In this work, the landscape-related criteria 
were defined on the basis of the authors’ own landscape valuation. Three tiered landscape 
classification and zoning system was developed wherein geomorphological properties and larger 
(apprehensible in regional scale) concentrations of elements of high cultural value outside the 
settled area were assumed as the basic criterion. The zones of highest (class I) and high (class II) 
landscape values were recognized as not recommendable for wind farm development while a 
major part of these zones overlaps with the areas of protected nature.  

2. Methods 

Spatial consequences of application of the above criteria were determined based on the 
analyses with the use of GIS technology - the most suitable and presently indispensable tool for 
solving spatial problems.  

Spatial data used in the analyses were obtained from the General Directorate of Environmental 
Protection and from the State Forests. 

 
The analyses carried out lead to exempting definite areas as not recommendable for wind farm 

siting (area criteria). In line with the above described division of criteria, the following areas were 
taken into account: 

 The settlement-related criteria group – municipal areas and those with rural settlement,  

 The nature-related criteria group  protected areas within the National System of Protected 
Areas, Nature 2000 sites, forest areas and ecological corridors,  

 The landscape-related criteria  areas with the highest and high landscape values 
(consistent with the authors’ own categorization).  

 
Overlapping of area delimitations made using the above criteria allowed to separate the 

potential space where further restrictions for wind farm siting were determined through the analysis 
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of settlement pattern. Data on building development fitted a detail level of 1: 50 000 map. There 
were presumed two minimal distances for wind power facilities from built up areas (linear criterion): 
1000 m and 2000 m. According to these subjectively assumed distances, there were determined 
buffer zones around all land development units (regardless of their size). The analyses included 
terrains with an area above 10 ha, based on spatial requirements for wind farm siting (1.5 ha for 
one 2 MW wind turbine of [9]). Inclusion of all the above described conditions allowed for indicating 
the areas available for possible wind farm siting, yet in view of further limitation of the space 
resultant from local circumstances (determined based on local criteria).  

3. Results 

The results of the spatial analyses based on the above criteria are summarized in the chart 
presented below (Fig. 1). The graph illustrates the share of areas potentially available for wind 
power development when evaluated based on all the described exclusion criteria, counting the 
linear criteria 1 km and 2 km from the land development. The determined share of available land 
surface for wind farm siting indicates potential predispositions of individual regions in terms of wind 
energy prospects.  

 

 
 
Figure 1: Regional differentiation of spatial capabilities for wind power development  

The highest percentage share of available land surface for wind farm siting in the total area of 
the region (province) assessed at the linear criterion of 1000 m was observed in Opole Province  
(almost 6.43%, when compared to average 2.63% for the total country area). This resulted from 
both the advantageous planning of settlement patterns (relatively low settlement density and land 
development distribution) as well as application of nature-related criteria values (undersized forest 
cover and low share of protected areas) typical of the Opole Province. Besides, relatively beneficial 
conditions for wind power prospects were also observed in the following provinces: Greater Poland, 
West-Pomeranian, Kuyavian-Pomeranian, Masovian and Lower Silesian (percentage share of 
available land was higher than the country’s average). The largest limitations for wind power 
development discussed in the present paper were revealed in the provinces situated in south-
eastern Poland, as arranged in the following order: Lesser Poland, Świętokrzyskie and 
Subcarpathian Provinces. 
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Using a double linear criterion (2000 m) of the distance between a wind farm and settlement 
areas resulted in the radical reduction of available land; at the scale of the whole country, there 
was observed more than 26-fold reduction of such land availability. In certain provinces, such as 
Lesser Poland and Świętokrzyskie Provinces there were no available lands found whatsoever.  

4. Conclusions 

The areas identified as available for wind energy prospects (at a regional level) do not in reality 
constitute the terrains available for possible wind farm siting. The spatial potential determined at 
national and regional levels does not reflect a factual availability of the areas, which can be 
determined only by means of the analysis of local environmental and functional circumstances. In 
this context, several important issues are described below.  

The first issue concerns the catalogue of the criteria analyzed. The catalogue does not 
comprise criteria which can be applied for regional analyses, and which concern existing land use 
planning or safety measures (elements of technical infrastructure, airfields, etc.) or nature 
resources (identified districts important for bats and birds including migration routes - apart from 
forest and protected areas).  

There also was excluded the anemometry-related criterion, which becomes less and less 
significant in view of the progress of construction and technological solutions for wind turbines, 
which allow for utilization of wind power also in the regions with weak breeziness. In this study, we 
did not analyze options for wind farm siting in consideration of functional circumstances, such as 
inter alia possibilities of connecting a wind farm with already existing power generating systems. 
The criteria listed are very strong, and for the most part they are defined based on law regulations 
or else they constitute essential economic factors. Inclusion of these would probably dramatically 
decrease the availability of areas for wind farm siting.  

The second issue is the scale of analyses. Recognition of the factual scope of allowable siting 
decisions is achievable through the analyses at a local scale, carried out with indispensable 
detection of all receptors existing in a given environment which are susceptible to negative effects 
of wind farms. In particular, there belong here all “small” elements of natural structure including 
those with linear characteristics, objects of cultural environment as well as areas managed for 
extraction of environmental resources (raw materials) and those threatened by natural hazards (e.g. 
landslides). In case of the criterion related to the distance from built up areas it is important to 
include the functions of the latter (which are not considered – for understandable reasons - in the 
analyses at a regional level). The function of land development is linked to certain levels of 
sensitivity to wind farm effects (different sensitivity for health resorts, residential development and 
especially - for not affected whatsoever farm buildings). When taking into account the differentiated 
functions, there can be assumed (subjectively) a range of “safe” distances.   

Qualification of prospects for wind energy development and wind farm siting, based on 
settlement pattern distribution as well as that of nature resources and landscape values, should be 
included in the instruments of national spatial policy at all levels of policymaking. Application of the 
above criteria in spatial analyses shows that potentially available space for wind energy prospects 
in Poland is considerably limited due to environmental circumstances. When including wind farm 
siting criteria that comprise nature and landscape values, the percentage share index of available 
space for wind energy development is low at the country level: 2.63% for 1 km buffer distance from 
settlement areas and 0.1% - for 2 km buffer. These values reflect quite large areas, being across 
the whole country: 800 thousand and 30 thousand ha, respectively. However, this is not the area of 
factual land available for wind farm siting decisions. There have to be taken into account also 
additional criteria (economic, functional and environmental together with those recognized only in 
the analyses carried out at a local level) - and this will result in a radical decrease of the area 
available for wind farm siting.  Then again, the assumption of socially acceptable larger distances 
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between wind farm siting and land built up (e.g. 3 km) can result in a complete lack of land 
availability in certain regions, and maybe even across the whole country.  
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