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Abstract: Land requirements of wind power (WP) are often seen as a constraint to future broad-
scale deployment. The aim of the study is to evaluate the eligibility of abandoned agricultural land
(AAL) areas, covered with woody plants, for the development of wind energy (WE) in Lithuania.
Agricultural land abandonment (ALA) has numerous negative aspects and its use for WE must
be a profitable choice for the landowner, as for the energy developers also. A newly developed
methodological approach, a multi-criteria decision-making (MCDM) method known as TOPSIS
(the Technique for Order Preference by Similarity to Ideal Solution) was applied to select suitable
areas for wind power plants (WPP). The authors have used various data sets, as follows: protected
areas (reserves, parks) combined into one common geographic information system (GIS) layer, forest
cadaster data, water (lakes, rivers) area layer; abandoned land area layer; buildings layer, taken
from the Lithuania Georeferenced Data Base. The results were generated for the entire territory of
Lithuania and separately for AAL using the algorithms of the open source QGIS program. The results
showed that the central part of Lithuania is most suitable for the development of WE. However,
ALA in this part is low, because of the high soil yield potential and suitable conditions for farming.
According to the selection criteria, about 7% of AAL are suitable for WE, and more than 18% of AAL
have an average suitability.

Keywords: wind energy; abandoned agricultural land; MCDA method; renewable energy

1. Introduction

Because of growing energy consumption and the declining reserves of fossil fuel,
alternative energy sources are currently being investigated. Renewable energy (RE) sources
are energy resources that occur naturally, such as solar, wind, hydro energy, biomass
and geothermal energy. In 2020, RE accounted for 22.1% of the energy consumed in the
European Union [1]. The development of RE sources is an effective way to alleviate carbon
emissions [2]. The use of RE sources is also growing rapidly in North and South America,
Europe and Asia. According to the installed capacity, the largest users of RE are China,
the USA and Germany. Rapid growth is observed in South Korea, Australia, France and
other countries. The wind and solar energy sectors are expanding particularly quickly [3].
WE has become an attractive choice around the globe for generating clean, cheap and
commercially viable power [4].

The RE Order of the Republic of Lithuania [5] and the National Energy Independence
Strategy of Lithuania [6] ensure that the development of renewable resources for electricity
production is one of the strategic state energy goals. In 2020, RE represented 26.8% of
the energy consumed in Lithuania [1]. WE is one of the main methods for electricity
production in Lithuania (Figure 1). According to the Lithuanian Electricity Transmission
System Operator (LITGRID) data, the total capacity of the installed WPP in Lithuania is
671 MW, accounting for almost 60% of the total capacity of RE sources [7].
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Figure 1. Electricity production (GWh) from RE sources in Lithuania (data from [8]). 

Although the demand for WE is constantly growing, it is unclear how its expansion 
could affect other key sustainability objectives [9]. To reduce the negative impacts on the 
environment and human health, one of the concerns regarding the deployment of WE is 
effective land use. Land requirements of WP are often seen as a constraint to future broad-
scale deployment. This perception is based on the conventional assumption that WP typ-
ically require larger land areas per megawatt (MW) of capacity than solar technologies 
and fossil fuel-based sources [10]. 

Most often, respective life cycle assessments have focused on the impacts of WP plant 
and photovoltaics on the environment. Nevertheless, there is an increasing amount of 
work assessing land availability for RE, in particular for WP [11]. The availability of land 
for the installation of WP turbines is restricted by numerous factors. Besides climatic con-
ditions, the deployment of WE is limited by technical, social, economic and environmental 
factors [11]. The area of a WP plant includes not only the land directly disturbed by the 
installation of the turbines but also the surrounding area that potentially may be impacted 
[12]. Land eligibility analyses are, and will remain, a crucial piece of energy-related re-
search [13,14] and therefore the questions of AAL eligibility for the development of WE 
are considered in this paper. 

ALA can have both positive as well as negative consequences. ALA can provide op-
portunities to contribute to environmental policy goals, including biodiversity conserva-
tion, ecosystem restoration and climate change mitigation and adaptation [15,16]. How-
ever, ALA has numerous negative aspects, such as the risks of invasive species (such as 
Heracleum sosnowskyi plants) spreading in AAL [16,17]. ALA can also lead to the loss of 
farmland biodiversity and cultural landscapes, as well as increased fire frequency and 
intensity [18]. 

The aim of this work is to evaluate the eligibility of AAL areas, covered with woody 
plants and not used for their intended purpose, for the development of WE in Lithuania. 
Wind farms (WF) will inevitably affect the landscape in many natural areas and their lo-
cations have to be considered carefully [19]. 

Figure 1. Electricity production (GWh) from RE sources in Lithuania (data from [8]).

Although the demand for WE is constantly growing, it is unclear how its expansion
could affect other key sustainability objectives [9]. To reduce the negative impacts on the
environment and human health, one of the concerns regarding the deployment of WE
is effective land use. Land requirements of WP are often seen as a constraint to future
broad-scale deployment. This perception is based on the conventional assumption that WP
typically require larger land areas per megawatt (MW) of capacity than solar technologies
and fossil fuel-based sources [10].

Most often, respective life cycle assessments have focused on the impacts of WP
plant and photovoltaics on the environment. Nevertheless, there is an increasing amount
of work assessing land availability for RE, in particular for WP [11]. The availability
of land for the installation of WP turbines is restricted by numerous factors. Besides
climatic conditions, the deployment of WE is limited by technical, social, economic and
environmental factors [11]. The area of a WP plant includes not only the land directly
disturbed by the installation of the turbines but also the surrounding area that potentially
may be impacted [12]. Land eligibility analyses are, and will remain, a crucial piece
of energy-related research [13,14] and therefore the questions of AAL eligibility for the
development of WE are considered in this paper.

ALA can have both positive as well as negative consequences. ALA can provide
opportunities to contribute to environmental policy goals, including biodiversity conserva-
tion, ecosystem restoration and climate change mitigation and adaptation [15,16]. However,
ALA has numerous negative aspects, such as the risks of invasive species (such as Heracleum
sosnowskyi plants) spreading in AAL [16,17]. ALA can also lead to the loss of farmland
biodiversity and cultural landscapes, as well as increased fire frequency and intensity [18].

The aim of this work is to evaluate the eligibility of AAL areas, covered with woody
plants and not used for their intended purpose, for the development of WE in Lithuania.
Wind farms (WF) will inevitably affect the landscape in many natural areas and their
locations have to be considered carefully [19].

A MCDM approach, the Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) method was selected to choose suitable areas for evaluating the eligibility of AAL
for the development of WE in Lithuania. The MCDM method is the most widely used
method in many fields, such as energy planning, resource allocation and policy making,
and it is also the most suitable method in the rapidly developing energy field [2,20]. The
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approach TOPSIS has been successfully applied to various MCDM problems in several
disciplines [21–23]. In addition, the TOPSIS approach provides a simple yet effective
mechanism to deal with multiple criteria, in addition to being computationally efficient [4].
The paper shows the application of the proposed novel method based on combining of
TOPSIS, used for evaluation of the eligibility of AAL for the development of WE, and QGIS
(ver. 3.4.3) GIS software for the processing of data and visualization.

2. Material and Methods
2.1. Study Area, Study Object and Data

The study area was Lithuania, a country on the eastern shore of the Baltic Sea in the
Baltic region of Europe (Figure 2).
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Figure 2. Map showing the study area (source: authors).

The country covers an area of 65,300 km2, with the following land use distribution:
51.9% agricultural land, 32.9% forests and forested land, 5.8% other land, 4.1% land oc-
cupied by water, 3.7% built-up land, 1.6 roads [21]. Here, we focused on AAL. At the
beginning of 2022, the AAL areas covered 1.1% of the total area of agricultural land in
Lithuania [24].

Although the AAL areas are decreasing every year, they still remain in Lithuania and
now AAL areas cover about 373.6 km2 of the Lithuanian territory. Often AAL is generally
located in areas with a low yield potential, an inconvenient shape, far from settlements and
not easily used for other purposes.

Reasons for the selection of AAL for the development of WE are as follows:

1. small population density in the territories with the largest areas of AAL sites. For
the social acceptance of WF, the greatest hindrance is visual impact, and studies have
shown that opposition to WF most commonly stems from the fact that wind turbines
degrade people’s visual experience of nature [19]. Small population density is a big
advantage in development of WPP;

2. AAL often has a marginal agricultural value and an inconvenient shape. These factors
are not suitable for agriculture, but are not negative for VE;

3. AAL adopted for WE provides economic benefits to landowners. Land taxes for AL
are applied in Lithuania and their use for WE would help to avoid land taxes and to
obtain the benefits from WE;

4. the abandonment of land causes various issues, such as the spread of particularly
aggressive invasive plants. After its adaptation for WE, the spread of invasive plants
would be prevented.

Various land cover data were used, obtained from the Lithuanian Spatial Information
portal (LSI) [25]; wind data were accessed from the Global Wind Atlas (GWA) [26]. The LSI
is the main technological platform that is used for the implementation of the provisions
of the Spatial Information in the European Community (INSPIRE) Directive. It provides
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national access to spatial data and services and serves as a free-of-charge platform for
the provision of spatial data and services to the INSPIRE geoportal. The GWA is a free,
web-based application developed to help policymakers, planners and investors identify
high-wind areas for WP generation virtually anywhere in the world and then perform
preliminary calculations [26].

2.2. Data Collection and Processing

The following vector features (the shape file format) data from the LSI portal [25]
were used:

• Protected areas (reserves, parks) combined into one common layer;
• Forest cadastre (private, state) data combined into one layer;
• Water (lakes, rivers) area layer;
• Abandoned land areas;
• Buildings layer from the Georeferenced Data Base 1:10,000 scale (GDB10LT).
• The data view from the LSI presented in Figure 3.

1 

 

 

Figure 3. Data view from the LSI portal.

Data from GWA [26]: Mean Wind speed raster data at an altitude of 100 m presented
in Figure 4.

The wind characteristics will determine the energy amount that can be effectively ex-
tracted from WP [16]. An important factor to estimate WE potential is mean wind speed. The
highest mean wind speed potential is in the western part of country, in the coastal area, and
in some places it is up to 8 m/s in 100. The lowest potential is in the southeastern part of
Lithuania where in some parts wind speed potential does not reach 6 m/s in 100 m (Figure 4).
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Evaluating that wind speed potential in Lithuania is not high enough to obtain the
desired economic effect was oriented to WPP of 100 m and higher in this work. For this
purpose, the used mean wind speed raster image from GWA in Figure 4 is at an altitude of
100 m.

For the multi-criteria analysis, all vector data (points, lines and polygons) layers were
transformed into a raster image, where pixels acquired values of 1 (for objects) and values
of 0 (no objects). One pixel value was 10 × 10 m. An important consideration is that
all rasters must be of the same extent, especially the coordinate system. For processing,
the authors used the open-source software QGIS Toolbox vector conversion/rasterization
(vector-to-raster) algorithm (Algorithm: gdal_rasterize).

2.3. Multi-Criteria Decision Analysis Method

The requirements for WPP largely depend on several factors. The main one is the
power of turbines. The power of WPP was not determined in this experiment, therefore
criteria of being most significant, most common and having the largest protection zones
were selected for suitability for WF.

Thew MCDA method was applied to select suitable areas for WPP, using different
data sets with different quantitative criteria. Each criterion may have different units of
measurement, quality characteristics and relative weights [27]. The second most popular
method among the MCDM approaches is TOPSIS, which was selected for this research. The
scientists have reviewed 105 papers which developed, extended, proposed and presented
the TOPSIS approach for solving Decision-Making problems [27]. It is used to solve simple
and complex tasks and based on the idea that, when an alternative has the shortest distance
to the ideal solution, it can be considered as the best [27–29]. The TOPSIS method allows
trade-offs between criteria, where a poor result in one criterion can be negated by a good
result in another criterion. The procedure of the classical TOPSIS method consist of several
steps [27,28]:

Step 1. Calculate the normalized decision matrix. Construct the decision matrix and
determine the weight of criteria [27,28]. The decision matrix (Xij) is:

Xij =

 x11 x12 x1n
x21 x22 x2n
xm1 xm2 xmn

 (1)

where i = 1, 2, . . . , m, j = 1, 2, . . . , n; m—alternatives; n—attributes with the intersection of
each alternative and attribute given as Xij, were we have matrix

(
Xij
)

m×n.
Step 2. Calculate the normalized decision matrix. This step transforms various

attribute dimensions into non-dimensional attributes which allows comparisons across
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criteria. The normalization of values can be carried out by one of the several known
standardized formulas [28]:

nij =
xXij√

∑m
i=1 xX2

ij

(2)

nij =
Xij

max
i

Xij
(3)

nij =


Xij−min

i
Xij

max
i

Xij−min
i

Xij

max
i

Xij−Xij

max
i

Xij−min
i

Xij

(4)

where i = 1, 2, . . . , m, j = 1, 2, . . . , n.
Step 3. Calculate the weighted normalized decision matrix.

V =
(
vij
)

m×n =
(
wjrij

)
m×n, i = 1, 2, . . . , m, (5)

where

wj =
Wj

∑n
j=1 Wj

, j = 1, 2, . . . , n (6)

here, ∑n
j=1 Wj = 1, and Wj is the original weight given to the attribute vj, j = 1, 2, . . . , n.

In the next step 4, we determined the unacceptable solution A− and the ideal accept-
able solution A+:

A− =
{

max
(
tij I i = 1, 2, . . . m

)
I j ∈ J− >,< min

(
tij I i = 1, 2, . . . m

)
I j ∈ J+ >

}
≡
{

twj I j = 1, 2, . . . n
}

, (7)

A+ =
{

min
(
tij I i = 1, 2, . . . m

)
I j ∈ J− >,< max

(
tij I i = 1, 2, . . . m

)
I j ∈ J+ >

}
≡
{

tbj I j = 1, 2, . . . n
}

,
(8)

where J+ = {j = 1, 2, . . . , n} j is associated with the attribute having a positive acceptable
impact, and J− = {j = 1, 2, . . . , n} is associated with the attribute having a negative
unacceptable impact.

Step 5. Calculate the separation measures from the positive ideal solution and the
negative ideal solution.

d+i =

(
n

∑
j=1

(
vij − v+j

)p
)1/p

(9)

The separation of each alternative from the negative ideal solution is given as

d−i =

(
n

∑
j=1

(
vij − v+j

)p
) 1

p

(10)

where p ≥ 1. For p = 2 we have the most used traditional n-dimensional Euclidean metric;
i = 1, 2, . . . , m.

Step 6. Calculate the relative closeness to the positive ideal solution.

Ri =
d−i

d−i + d+i
(11)

where 0 ≤ Ri ≤ 1, i = 1, 2, . . . , m.
The requirements for WE vary in different countries, and regulations are often changing.

In Lithuania, the requirements for WE largely depend on the power of turbines. Therefore,
only the following criteria for suitable places for WE were used in this experiment:
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1. distance from forests;
2. distance from buildings;
3. distance from water reservoirs (lakes, rivers);
4. land does not belong to a protected area.

The Euclidean, Minkowski or other algorithms could be used for calculating the
distances between points.

The calculation process in shown in Figure 5.

Sustainability 2022, 14, x FOR PEER REVIEW 7 of 15 
 

𝑑𝑑𝑖𝑖
− = ���𝑣𝑣𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑖𝑖

+�
𝑛𝑛

𝑖𝑖=1

𝑝𝑝

�

1
𝑝𝑝

 (10) 

where p ≥ 1. For p = 2 we have the most used traditional n-dimensional Euclidean metric; 
i = 1, 2, …, m. 

Step 6. Calculate the relative closeness to the positive ideal solution. 

𝑅𝑅𝑖𝑖 =
𝑑𝑑𝑖𝑖

−

𝑑𝑑𝑖𝑖
− + 𝑑𝑑𝑖𝑖

+ (11) 

where 0 ≤ 𝑅𝑅𝑖𝑖 ≤ 1, i = 1, 2, …, m. 
The requirements for WE vary in different countries, and regulations are often chang-

ing. In Lithuania, the requirements for WE largely depend on the power of turbines. 
Therefore, only the following criteria for suitable places for WE were used in this experi-
ment: 
1. distance from forests; 
2. distance from buildings; 
3. distance from water reservoirs (lakes, rivers); 
4. land does not belong to a protected area. 

The Euclidean, Minkowski or other algorithms could be used for calculating the dis-
tances between points. 

The calculation process in shown in Figure 5. 

 
Figure 5. Calculation process. 

The first and second steps are procedures of data preparation, and the third and 
fourth steps are calculations by the MCDA. The expression of the quantitative criteria and 
the calculation results are provided in the Results section. 

3. Research Results 
Special proximity rasters were prepared according to the following criteria by the 

raster analysis/proximity (raster distance) algorithm. The pixels of the raster data break 
into classes according to their suitability. All layers only had three different values, 10, 50 
and 100, indicating the relative suitability of the pixels with regards to the distance from 
the object. The criteria and expression for raster image calculation are shown in Table 1. 
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The first and second steps are procedures of data preparation, and the third and fourth
steps are calculations by the MCDA. The expression of the quantitative criteria and the
calculation results are provided in the Results section.

3. Research Results

Special proximity rasters were prepared according to the following criteria by the
raster analysis/proximity (raster distance) algorithm. The pixels of the raster data break
into classes according to their suitability. All layers only had three different values, 10, 50
and 100, indicating the relative suitability of the pixels with regards to the distance from
the object. The criteria and expression for raster image calculation are shown in Table 1.

Table 1. Image reclassification criteria and expressions.

Objects Distances (m) Criteria Expression

Forests
0–30 not suitable—10 10 ∗ (“Proximityforest@1” ≤ 30) + 50 ∗ (“Proximity forest@1”

> 30) ∗ (“Proximity forest@1” ≤ 500) + 100 ∗ (“Proximity
forest@1” > 500)

30–500 average suitability—50
>500 fully suitable—100

Buildings
0–100 not suitable—10 10 ∗ (“Proximitybuildings@1” ≤ 100) + 50 ∗ (“Proximity

buildings@1” > 100) ∗ (“Proximity buildings@1” ≤ 500) + 100
∗ (“Proximity buildings@1” > 500)

100–500 average suitability—50
>500 fully suitable—100

Water bodies
0–20 not suitable—10 10 ∗ (“water_proximity@1” ≤ 20) + 50 ∗ (water_proximity@1”

> 20) ∗ (“water_proximity@1” ≤ 110) + 100 ∗
(“water_proximity@1” > 110)

20–110 average suitability—50
>110 fully suitable—100

Distances from forests, buildings and water reservoirs can partially or completely
limit WE development. Longer distances from these objects causes less problems both for
residents living near WPP and for institutions executing construction and maintenance of
WPP. Distances from the objects (forests, buildings and water reservoirs) are the criteria (10,
50 and 100) allowing the division of AAL into categories: fully suitable, average suitability
and unsuitable. The distances from these objects for determination of the criteria have
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been identified by information from legal acts, or based on the information from completed
WF projects.

According to the existing legal regulations in Lithuania, the Special Land Use Con-
ditions [30], the size of the sanitary protection zone for WPP ranges from 200 to 440 m,
depending on the installed power of the WPP. However, an amendment proposes to change
the sanitary protection zone for WPP. Taking into account the changing situation, selecting
criteria and evaluating the distances from buildings to wind turbines, a distance of 100 m
was selected as the average suitable distance and a distance of 500 m as fully suitable.

The Layer Forest raster criteria are based on the same principle. Distances more than
500 m from the power plants were selected as fully suitable. An average suitable distance
from 30 to 500 m was selected by analyzing the environmental impact assessment report of
the implemented WE park in the Pagėgiai municipality [31].

There are many areas in Lithuania where the development of WE is prohibited or
allowed only with considerable reservations. This is the case for protected areas and for
cultural, ornithological, natural and complex reserves. Restrictions are also applied in
priority conservation zones in state parks (reserves) and for objects of natural and cultural
heritage. The environmental impact report is prepared, along with a conclusion regarding
the significance of the impact on the Natura 2000 territory of the European ecological
network. All these mentioned territories were assessed in this work as unsuitable for
WE development.

Water raster criteria were selected in accordance with the Order of the Minister of
Environment of the republic of Lithuania, the approval of the order description regarding
the establishment of protection zones and coastal protection bands for surface water bod-
ies [32]. However, in Lithuania, different protection zones apply to different water bodies,
ranging from 10 to 500 m. Therefore, the distance which apples for most water bodies in
Lithuania was selected as the most suitable one.

The building, forest and water raster reclassification results are presented in Figure 6.
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The research criteria for determining suitable areas for the establishment of WPF were
as follows: distance from buildings, forests, water and areas that are not protected. The
brightest color in each raster in Figure 6 shows the territories, which have criteria 10 and
are not suitable. Medium light color—territories, which have criteria 50 and which are of
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verage suitability. Darkest color—territories, which have criteria 100 and which are fully
suitable for WE.

The overlay analysis was performed with the QGIS Raster analysis—Raster calcula-
tor function:

(“forest_reclass@1” + “buildings_reclass@1” + “water_reclass@1”) ∗ (“pro
tected_areas@1” ! = 1) ∗ “Boundary_Lithuania@1”

The results of overlays of forests, buildings, waters and protected areas are presented
in Figure 7.

Sustainability 2022, 14, x FOR PEER REVIEW 10 of 15 
 

 
Figure 7. Overlay results for forests, buildings, waters and protected areas. 

The obtained results (Figure 7) show that the central part of Lithuania is most suitable 
(blue color) for the development of WPP, with pixel values from 210–300. The mean wind 
speed potential at 100 m height in this part of Lithuania is around 7 m/s (Figure 4). How-
ever, the amount of AAL in this part is low and varies from 0.1% to 0.4% of the total area. 
The reasons for this is mainly because the soil yield in this part is the highest in the coun-
try. 

The southeastern part of Lithuania is most unsuitable (Figure 7, red color) for the 
development of WPP. The mean wind speed potential in 100 m height in this part is lowest 
in the country and in some places does not reach 6 m/s (Figure 4). The amount of AAL in 
this part is one of the largest in the country. 

The unique values of the “Overlay_result” layer are shown in Table 2 and Figure 7. 

Table 2. Suitability of territories of Lithuania for the establishment of WE parks. 

Pixel 
Value 

Pixel 
Count Area, km2 Area, km2 

Area, 
% 

Area, 
% Criteria Suitability 

No data 385,256,897 23,666 23,666 36.2 36.2  No data 
0 154,027,459 9462 

12,785 

14.5 

19.6 10 

Protected 
areas and 
unsuitable 

areas 

30 800,490 49 0.1 
70 10,500,414 645 1.0 

110 34,058,705 2092 3.2 
120 8,740,525 537 0.8 
150 13,865,817 852 

14,103 
1.3 

21.6 50 
Areas with 

average 
suitability 

160 101,745,549 6250 9.6 
200 113,962,275 7001 10.7 
210 106,229,421 6526 

14,746 
10.0 

22.6 100 
Fully 

suitable 
areas 

250 105,037,723 6452 9.9 
300  28,774,950 1768 2.7 

Total 1,063,000,225 65,300 65,300 100 100   
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The obtained results (Figure 7) show that the central part of Lithuania is most suitable
(blue color) for the development of WPP, with pixel values from 210–300. The mean
wind speed potential at 100 m height in this part of Lithuania is around 7 m/s (Figure 4).
However, the amount of AAL in this part is low and varies from 0.1% to 0.4% of the total
area. The reasons for this is mainly because the soil yield in this part is the highest in
the country.

The southeastern part of Lithuania is most unsuitable (Figure 7, red color) for the
development of WPP. The mean wind speed potential in 100 m height in this part is lowest
in the country and in some places does not reach 6 m/s (Figure 4). The amount of AAL in
this part is one of the largest in the country.

The unique values of the “Overlay_result” layer are shown in Table 2 and Figure 7.
Pixel width: 28,475 (units per pixel 10), pixel height: 37,331 (units per pixel 10), total

pixel count: 1,063,000,225.
The analysis of the suitability of territories of Lithuania for the establishment of WE

parks shows that according to our criteria, defined in Table 1, 19.6% of the area was not
suitable, 21.6% had an average suitability, and 22.6% was fully suitable for the establishment
of WPP.
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Table 2. Suitability of territories of Lithuania for the establishment of WE parks.

Pixel
Value

Pixel
Count Area, km2 Area, km2 Area, % Area, % Criteria Suitability

No data 385,256,897 23,666 23,666 36.2 36.2 No data

0 154,027,459 9462

12,785

14.5

19.6 10
Protected areas and

unsuitable
areas

30 800,490 49 0.1

70 10,500,414 645 1.0

110 34,058,705 2092 3.2

120 8,740,525 537 0.8

150 13,865,817 852

14,103

1.3

21.6 50
Areas with average

suitability160 101,745,549 6250 9.6

200 113,962,275 7001 10.7

210 106,229,421 6526

14,746

10.0

22.6 100
Fully

suitable
areas

250 105,037,723 6452 9.9

300 28,774,950 1768 2.7

Total 1,063,000,225 65,300 65,300 100 100

In the following stage, we present the evaluation of the sustainability of ‘overlay
abandoned’ layers, with the following formula:

(“forest_reclass@1” + “buildings_reclass@1” + “water_reclass@1”) ∗ (“pro
tected_areas@1” ! = 1) ∗ “abandond_raster@1”.

The results are presented in Figure 8 and Table 3. The systematized results regarding
the suitability of abandoned land areas for WE are presented in Table 4.
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Figure 8a demonstrates different overlay results for AAL: unsuitable, average suitabil-
ity and fully suitable are distinguished in different colors. This research was performed
for the whole country, but AAL areas are hardly visible on a whole country map. For a
clearer view, the magnified image (Figure 8b) of the selected territory was made. For the
magnified image the area was selected in which all possible AAL suitability categories in
different colors are visible: unsuitable, average suitability and fully suitable.

ALA in Lithuania cover about 373.6 km2 of the Lithuanian territory. This is only 0.57%
of the total area of Lithuania or 1.1% of the total area of AL. Our results show that part of
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the AAL falls into the category of protected areas and cannot be used for WE, and part
of the land was assigned to the category “no data”. However, the obtained results show
that 26.2 km2 or 7% of the AAL are suitable for WE, 69.5 km2 or 18.6% of the AAL have an
average suitability for WE, and 16.1 km2 or 4.3% of AAL are not suitable for WE.

We identified suitable AAL for further analysis. For this reason, the pixel cells of
0-values in the raster were removed, and raster data were converted to vector data, with
the following formula:

(“over210@1”)/(“over210@1” ! = 0).

Table 3. Suitability of AAL areas of Lithuania for the establishment of WE parks.

Pixel
Value

Pixel
Count Area, km2 Area, km2 Area, % Area, % Criteria Suitability

No data 15,285,865 939.0 939.0 1.44 1.44 No data

0 1045,893,983 64,249.2 64,249.2 98.39 98.39
Areas without

abandoned land,
protected areas

30 1537 0.1

16.1

0.00

0.02 10
Unsuitable

abandoned land
70 40,139 2.5 0.00

110 176,402 10.8 0.02

120 43,268 2.7 0.00

150 121,945 7.5

69.5

0.01

0.10 50
Abandoned land

with average
suitability

160 558,561 34.3 0.05

200 451,342 27.7 0.04

210 200,158 12.3

26.2

0.02

0.05 100
Fully suitable

abandoned land250 160,137 9.8 0.02

300 66,888 4.1 0.01

Total 1,063,000,225 65,300 65,300 100 100

Table 4. Final results of the suitability of AAL areas for WE.

Pixelt Value AAL Area, km2 AAL Area % of the Total
Area of Lithuania

AAL Area % of the Total
Area of AL Suitability of AALfor WE

30–120 16.1 0.02 4.3 Not suitable

150–200 69.5 0.10 18.6 Average suitability

210–300 26.2 0.05 7.0 Fully suitable

Figure 9 shows the results of the vector data of AAL suitable for the establishment of
WE parks.

In the street view map fragment (Figure 9) the same territory of AAL areas as in the
(Figure 8b) magnified image are presented. Unsuitable AAL areas marked in red; suitable
and average suitability AAL areas in yellow.
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4. Discussion and Conclusions

The availability of land for the installation of WP turbines in Lithuania is restricted by
numerous factors such as climatic conditions and the protection status of an area, as well as
social, technical, economic and environmental factors. Because of this, land eligibility for
WE analyses is an important issue, along with the proper selection criteria. It is important
to maintain a balance between both sides—the side interested in the development of wind
parks and the broader society, which is sometimes opposed to the establishment of WPP.

Lithuania, as well as other EU countries, has nature protection obligations, but the
current political situation makes it possible to revise the different quantitative criteria
and facilitate the issuance of permits for the construction of WF. The Parliament of the
Republic of Lithuania has prepared changes to legal acts which would allow easier and
faster development of wind and solar projects.

Based on our results:

1. 19% of Lithuanian territory falls into the category of protected areas. In such territories,
not only is construction of WPP not allowed, but there are many restrictions to other
activities as well. According to the provided criteria, 19.6% of the area of Lithuania
was not suitable, 21.6% had an average suitability, and 22.6% was fully suitable for
the establishment of WPP.

According to the selection criteria, the central part of Lithuania is most suitable for the
development of WE, with a mean wind speed potential at 100 m height of 7 m/s. However,
AAL is sparse in this region, accounting for 0.1% to 0.4% of the total area, mainly because
of the high soil yield potential.

2. AAL areas in Lithuania cover about 373.6 km2 or 0.57% of the total area. Our results
show that part of the AAL falls into the category of protected areas and cannot be
used for WE, 26.2 km2 or 7% of the AAL are suitable for WE, and 69.5 km2 or 8.6% of
the AAL have an average suitability for WE.

3. A MCDM method TOPSIS was used to select suitable areas for WPP, using different
data sets with different quantitative criteria, and GIS software, used for the processing
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of data and visualization, is appropriate for evaluation of eligibility of all areas and
AAL for the development of WE.

4. Although this study was conducted using the example of Lithuania, the method used
to determine the eligibility of AAL for the development of WE can be applied to other
countries. The selection criteria can be changed or supplemented with new ones,
depending on the needs and requirements. It is also important that the method can
be applied to assess the suitability of the various categories of land for WE, and this
method can also be applied for the development of sun energy or bioenergy.
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Abbreviations

AAL Abandoned agricultural land
ALA Agricultural land abandonment
GIS Geographic information system
GDB10LT Georeferenced Data Base 1:10,000 scale
GWA Global Wind Atlas
INSPIRE Spatial Information in the European Community
LITGRID Lithuanian Electricity Transmission System Operator
LSI Lithuanian Spatial Information portal
MCDM Multi-criteria decision-making
RE Renewable energy
TOPSIS Technique for Order Preference by Similarity to Ideal Solution
WE Wind energy
WF Wind farms
WP Wind power
WPP Wind power plants
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