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DEVELOPMENT OF OFFSHORE WIND ENERGY OF UKRAINE IN THE SEA OF AZOV:  

THE GEOGRAPHICAL ASPECT 

 
Н. В. Попович, В. А. Пересадько, Д. Р. Джим. РОЗВИТОК ОФШОРНОЇ ВІТРОЕНЕРГЕТИКИ УКРАЇНИ В АЗОВ-

СЬКОМУ МОРІ: ГЕОГРАФІЧНИЙ АСПЕКТ. Статтю присвячено аналізу географічних аспектів розвитку офшорної ві-

троенергетики України в Азовському морі. Актуальність цієї теми зумовлена тим, що досвід розвинених країн світу пере-

конливо доводить економічну та екологічну перевагу офшорних ВЕС, однак перспективи розвитку морської вітроенергети-

ки в Чорному та Азовському морях українськими науковцями розглядалися лише фрагментарно. До географічних передумов 

розвитку галузі в Азовському морі віднесено значні швидкості вітру (над деякими частинами моря сягають понад 9 м/с) та 

невеликі глибини акваторії (середня глибина Азовського моря – 7,5 м, а максимальна – не перевищує 14 м). Наведено резуль-

тати аналізу вітроенергетичного потенціалу Азовського моря, виявлено тенденцію його зростання з заходу на схід. Вста-

новлено, що акваторії північно-східного та північного узбережжя моря, де на висоті 200 м швидкість вітру досягає 9,3 м/с, 

мають максимальний потенціал для розвитку морської вітроенергетики. Приділено увагу методиці геоінформаційного мо-

делювання розташування офшорних ВЕС з урахуванням обмежуючих факторів. Вона включає наступні етапи: створення 

шарів даних для кожного лімітуючого фактора та проведення операцій просторового аналізу; об’єднання буферів в єдиний 

шар та накладання його на карти швидкостей вітру для акваторії, що досліджується; виокремлення ділянок різної міри 

придатності для будівництва морських вітроустановок. Практична реалізація методики включала побудову карт, за яки-

ми оцінено придатність ділянок Азовського моря для розташування офшорних ВЕС на різних висотах. Виявлено збільшення 

площі ділянок, придатних для будівництва морських вітроустановок, з висотою і, відповідно, доцільність встановлення 

вітротурбін з вежею понад 100 м. Таким чином, існують географічні передумови розвитку офшорної вітроенергетики у 

прибережній зоні Азовського моря, але необхідні подальші інтердисциплінарні дослідження.  

Ключові слова: географічний аспект, офшорна вітроенергетика, офшорна вітроелектростанція, вітроенергетичний 

потенціал, Азовське море, Україна.  

Н. В. Попович, В. А. Пересадько, Д. Р. Джим. РАЗВИТИЕ ОФФШОРНОЙ ВЕТРОЭНЕРГЕТИКИ УКРАИНЫ В 

АЗОВСКОМ МОРЕ: ГЕОГРАФИЧЕСКИЙ АСПЕКТ. Статья посвящена анализу географических аспектов развития оф-

фшорной ветроэнергетики Украины в Азовском море. Актуальность этой темы обусловлена тем, что опыт развитых 

стран мира убедительно доказывает экономическое и экологическое преимущество оффшорных ВЭС, однако перспективы 

развития морской ветроэнергетики в Черном и Азовском морях украинскими учеными рассматривались лишь фрагментар-

но. К географическим предпосылкам развития отрасли в Азовском море отнесены значительные скорости ветра (над не-

которыми частями моря достигают более 9 м/с) и небольшие глубины акватории (средняя глубина Азовского моря – 7,5 м, 

а максимальная – не превышает 14 м). Приведены результаты анализа ветроэнергетического потенциала Азовского моря, 

выявлена тенденция его возрастания с запада на восток. Установлено, что акватории северо-восточного и северного по-

бережья моря, где на высоте 200 м скорость ветра достигает 9,3 м/с, имеют максимальный потенциал для развития мор-

ской ветроэнергетики. Уделено внимание методике геоинформационного моделирования расположения оффшорных ВЭС с 

учетом ограничивающих факторов. Она включает следующие этапы: создание слоёв данных для каждого лимитирующего 

фактора и проведение операций пространственного анализа; объединения буферов в единый слой и наложение его на кар-

ты скоростей ветра для исследуемой акватории; выделение участков разной степени пригодности для строительства 

морских ветроустановок. Практическая реализация методики включала построение карт, по которым оценена пригод-

ность участков Азовского моря для размещения оффшорных ВЭС на разных высотах. Выявлено увеличение площади участ-

ков, пригодных для строительства морских ветроустановок, с высотой и, соответственно, целесообразность установки 

ветротурбин с башней более 100 м. Таким образом, существуют географические предпосылки развития оффшорной ветро-

энергетики в прибрежной зоне Азовского моря, но необходимы дальнейшие интердисциплинарные исследования. 

Ключевые слова: географический аспект, оффшорная ветроэнергетика, оффшорная ветроэлектростанция, ветро-

энергетический потенциал, Азовское море, Украина. 

 

Formulation of the problem. Currently in the 

world there is a question of natural resource deple-

tion, which is a problem of economic, environmen-

tal and political nature. Ukraine's energy sector is 

currently import-dependent, and one of the sustain-

able development goals of the country to 2030 is "to 

ensure access to affordable, reliable, sustainable and 

modern energy for all" [19]. The implementation of 

this goal involves intensification of the use of own 

alternative energy resources, in particular, wind en-

ergy. 

The wind potential of the mainland of our cou- 
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ntry has been studied quite thoroughly, so now the 

interest lies in less studied water areas, which are 

promising for the development of offshore wind en-

ergy. The emergence of offshore wind farms 

(OWFs) in Ukraine could reduce the use of fossil 

fuels, which would improve the environmental situ-

ation and contribute to the decarbonisation of do-

mestic energy. In addition, the development of re-

newable energy sources is one of the levers to in-

crease the level of energy security, as stated in the 

Energy Strategy of Ukraine until 2035 [6]. 

The results of the study by the US National Re-

newable Energy Laboratory show that Ukraine can 

build OWFs with a total capacity of 146 GW [25]. 

According to the Institute of Renewable Energy of 

the National Academy of the Sciences of Ukraine, 

the main areas for the development of the industry 

are The Dnieper River system of dams, Dzharilgat-

skaya Bay, Sivash Bay and the Sea of Azov [5]. 

The experience of developed countries con-

vincingly proves the economic and environmental 

benefits of marine wind farms. The amount of initial 

investment into offshore wind facilities may exceed 

the same amount for onshore wind farms by 20-

50%, but OWFs are more energy efficient than on-

shore [9]. Given the current energy problems, it is 

impractical to rule out the possibility of developing 

offshore wind energy in Ukraine. That is why the 

study considers the possibility of installing wind 

farms in the Sea of Azov, which is characterized by 

constant winds, and its small depth (up to 14 m) is 

profitable for the installation of windmills. The 

coastal zones of the Sea of Azov can play a key role 

in the development of offshore wind energy in 

Ukraine. 

Analysis of previous research and publica-

tions. Offshore wind energy is an industry that is 

supported by the governments of many countries. 

The most detailed studies to assess wind energy po-

tential have been conducted for European countries 

that have already been developing offshore wind 

energy (the UK, Denmark, Germany, the Nether-

lands, Norway, Sweden) in the North and Baltic 

Seas. 

However, this does not mean that other Euro-

pean countries are not studying this type of alterna-

tive energy. Currently, the wind power study is ac-

tively conducted in the coastal areas of the Atlantic 

Ocean. In particular, the energy potential of the 

coasts of Portugal and Galicia was estimated using 

the mesoscale atmospheric model WRF. Thus, the 

wind speed data (for the altitudes of 10 and 80 m, 

the period 2009–2011), confirmed by the measure-

ments of meteorological stations located in the re-

gions, were obtained, and the potential of a single 

wind turbine was calculated. Based on this, it was 

concluded that the location of wind farms in these 

coastal areas is promising [31]. 

African countries are also considering the pos-

sibility of using water areas to accommodate OWFs. 

Thus, in the work of O. Adedipe and co-authors the 

suitability of different parts of Nigeria for the loca-

tion of land and sea wind farms was assessed. Fac-

tors that inhibit the development of wind energy in 

the country were highlighted, including: inadequate 

level of research on the development of wind tech-

nologies; lack of government motivation to invest in 

the wind energy; misunderstanding of the benefits of 

this initiative by local people [21]. 

The development of alternative energy, reduc-

ing the country's economy dependence on the oil 

production are the strategic goals for Saudi Arabia. 

In particular, M. Mahdi and others analyzed the 

wind energy potential of the East Coast of the Red 

Sea. The authors substantiated and mapped 10 loca-

tions for the promising wind farms with a turbine 

capacity of 3.6 and 5 MW [26]. 

One of the obstacles to Puerto Rico's economic 

development is the high cost of electricity, so scien-

tists face the challenge of studying possibilities of 

using wind energy in the eastern region of the is-

land. The country needs to install over 400 MW of 

capacity from wind farms, and in 2015 the cost of 

electricity was calculated for different types of off-

shore turbines with a capacity of 2300, 3000 and 

3600 kW [30]. 

N.A. Solidor in her work substantiated the pro-

ject of creating a marine wind farm "Azov" with a 

capacity of 400 MW, which was proposed to be built 

on the shelf of the Sea of Azov and would be able to 

produce more than 2000 MWh of capacity per year. 

This wind farm could be used to provide the nearest 

settlements and individual enterprises in the region 

with electricity [18]. 

Cartographic and geoinformation aspects of 

wind energy research were considered in the works 

of domestic [1,2,4,10] and foreign [15] scientists. In 

particular, O.O. Volkovaia, O.S. Tretyakov and 

I.G. Chervaniov proposed the method for indicating 

areas for wind turbines using geographic infor-

mation systems (GIS) [4]. The system of carto-

graphic works for the needs of alternative energy, in 

particular maps of conditions and factors influenc-

ing the development of wind energy, was considered 

by O.L. Agapova [1]. S.A. Velychko assessed, 

mapped and analyzed the possibility of building cer-

tain types of wind farms in the plains of Ukraine [2]. 

The method of compiling maps of favorable areas 

for the construction of solar and wind energy facili-

ties was presented by Yu.Yu. Rafikova [15]. The 

study of A.N. Nekos and Ya.Ye. Molodan was de-

voted to using GIS for the needs of spatial planning 

of wind energy [10]. 
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Prospects for the development of offshore wind 

energy in the Black Sea and the Sea of Azov were 

considered by Ukrainian scientists unsystematically. 

Thus, economic aspects of wind energy develop-

ment in offshore zones of Ukraine, potential benefits 

and threats of OWFs were covered by V.V. Matveev 

and O.S. Shevtsova [8]. 

Unfortunately, the issue of offshore wind ener-

gy development in Ukraine currently remains virtu-

ally out of sight of geographers, although its re-

sources are geographical, because they are mainly 

elements of the physical-geographical process [16]. 

The purpose of the research is to geographically 

analyze the wind energy potential of the Sea of 

Azov with subsequent assessment of the suitability 

of areas for the location of OWFs. In accordance 

with the purpose, the following tasks have been set: 

1. to consider the geographical preconditions 

for the development of offshore wind energy in the 

Sea of Azov; 

2. to analyze the energy potential of the Sea of 

Azov for the development of offshore wind energy 

in Ukraine; 

3. to carry out geoinformation modeling of lim-

iting factors of Ukrainian OWFs location in the Sea 

of Azov; 

4. to substantiate the promising areas for OWFs 

within the territorial waters of Ukraine in the Sea of 

Azov. 

Methods and presentation of the study ma-

terial. Renewable energy sources (RES) can be the 

key to solving global environmental problems and 

preventing the energy crisis. Concerns of the world 

community about climate change caused by green-

house gas emissions are rapidly strengthening the 

position of alternative energy [20]. 

Today, amazing progress is demonstrated by a 

specific technology of renewable energy such as 

wind turbines. Due to improvement of their effi-

ciency and reduction of investment costs, the use of 

wind energy in many cases is economically viable. 

This is why wind energy is currently outpacing 

other renewable energy sectors, showing significant 

growth rates every year. A separate sector is offshore 

wind energy, which uses wind energy at power 

plants located at a distance of about 10 km to the 

shore, on shallow shelf and coastal areas. 

According to the Global Atlas for Renewable 

Energy [23], the amount of electricity generated by 

OWFs has increased over the past 10 years. If in 

2010 3,056 GW of capacity was installed, in 2019 it 

became 28,155 GW, which is 9.2 times more than in 

2010. 2019 turned out to be a record year for the 

industry, as 8 countries (China, the UK, Germany, 

Denmark, Belgium, Taiwan, Portugal and Japan) 

announced new marine installations [29]. According 

to Bloomberg New Energy Finance [24], by 2030 

the installed capacity of the world's offshore wind 

energy will have increased to almost 115 GW and 

China will become a world leader in the industry. 

Offshore wind power most actively develops in 

countries where there is technological background, 

investment framework and the need to change wind 

turbines location due to a lack of area. Currently, the 

absolute leaders in the development of the industry 

are European countries. The European Wind Energy 

Association predicts an increase in the installed ca-

pacity of offshore wind energy in Europe to 70 GW 

by 2030 [33]. 

Wind energy is and will be the most attractive 

sector of European energy for investors [7]. In 2020, 

European countries invested more than 26 billion 

euros in their own offshore projects, which allowed 

the construction of new wind turbines with a total 

capacity of almost 3 GW [33]. Thus, Denmark is the 

leader in installed offshore wind power per capita 

and tries to use all suitable for the installation of 

OWFs areas of the coastal zone [17]. Poland plans 

to build wind farms with a total capacity of 10 GW 

in the Baltic Sea. This will help to meet the coun-

try's international obligations on the share of RES in 

gross energy consumption, which by 2030 should 

have become 21% [28]. In the UK, a tender for the 

lease of sea areas for OWFs with a total capacity of 

8 GW was completed in February 2021 [27]. 

Today, Ukraine is taking the first steps to off-

shore wind energy: domestic offshore projects are 

only under development. That is why it is extremely 

important to study the preconditions and limiting 

factors of industry development. 

One of the main criteria for selecting OWFs lo-

cation is the average annual wind speed. The 

amount of electricity that can be obtained depends 

on the strength and stability of the wind flow. Mod-

ern wind turbines generate electricity at wind speeds 

from 3 m/s (minimum) to 25 m/s (maximum). Wind 

turbines are profitable provided that the average an-

nual wind speed for a certain area is not less than 6 

m/s, otherwise the location of wind farms is irra-

tional and unprofitable [13]. Wind speeds tend to 

increase with an altitude, so most wind turbines 

have tall towers. 

Coastal regions of Ukraine throughout the year 

are characterized by wind speeds over 5 m/s, and 

over some areas of the Sea of Azov the wind speed 

reaches 9 m/s, which makes these areas the most 

promising for the use of wind energy [11]. If we 

consider only the wind speed, almost the entire wa-

ter area of the Sea of Azov can be used for building 

OWFs on platforms. 

The depth of the water area and the distance to 

shore are also important factors for the selection of 

construction sites for offshore wind turbines. Taking 

into account economic criteria (cost of energy com-
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munications, foundations and installation of under-

water wind turbines), wind farms installed at a depth 

of not more than 35 m and at a distance not exceed-

ing 45 km to shore are considered profitable. For 

wind turbines located in the coastal waters of Eu-

rope, the average depth is 27 m, and the average dis-

tance to shore is about 43 km [18]. 

The average depth of the Sea of Azov is 7.5 m, 

and the maximum depth does not exceed 14 m. In 

general, the most promising are shallow territorial 

sea waters off the coast of mainland Ukraine, but for 

more thorough conclusions the wind energy poten-

tial of the water area has been estimated according 

to the following algorithm: 

1. collection of data on the average long-term 

wind speed; 

2. creation of wind speed surfaces; 

3. linear interpolation; 

4. calculation of the potential capacity of a sin-

gle wind turbine. 

1. Data on the average annual wind speed in the 

Sea of Azov were collected from the Global Atlas 

for Renewable Energy [23]. It provides information 

about the wind regime at an altitude of 50, 100, 200 

m.  

The attribute table included data on wind speed 

at 344 points within the Sea of Azov and coastal ar-

eas (Table 1). As a result, a data grid, which makes 

it possible to generalize the interpolation model of 

wind speed, was formed.  

 

Table 1  

Wind speed at different altitudes (the fragment) 

Point 

No. 
Coordinates of points Wind speed at different altitudes (m/s) 

Latitude (N) Longitude (E) 50 m 100 m 200 m 

113 45°00ʹ 36°24ʹ 7.4 7.4 7.5 

114 45°12ʹ 36°24ʹ 6.9 7.3 8 

115 45°24ʹ 36°24ʹ  5.9 6.6 8 

116 45°36ʹ 36°24ʹ 7.8 7.8 8 

117 45°48ʹ 36°24ʹ 7.8 7.8 7.8 

118 46°00ʹ 36°24ʹ 7.7 7.9 8 

119 46°12ʹ 36°24ʹ 7.9 7.9 8 

120 46°24ʹ 36°24ʹ 7.9 7.9 8 

121 46°36ʹ 36°24ʹ  8 8 8.3 

122 46°48ʹ 36°24ʹ 6.1 6.9 8.4 

123 47°00ʹ 36°24ʹ 6 6.7 8.2 

124 47°12ʹ 36°24ʹ 6.2 7 8.5 

  

2. Modeling of wind speed surfaces was carried 

out in ArcGIS using the Spline tool. It minimizes the 

overall curvature of the surface, resulting in a 

smoothed surface that passes through the specified 

points. In our opinion, such a model correctly re-

flects the trend of wind speed distribution over the 

water area [22]. 

3. On the basis of a point layer with data, iso-

lines were generated to determine the contours of 

the areas of the Sea of Azov with the highest wind 

speeds. For the final formation of wind speed sur-

faces, it was necessary to create linear 2D objects 

based on previously saved attribute data. For this 

purpose 2 tools were used: 

– Raster to TIN – to convert a raster model into 

a TIN model; 

– Surface Contour – to obtain the contours of 

areas with certain wind speeds. 

4. The next stage was to calculate the potential 

capacity of a single wind turbine (P), which can be 

installed at a certain point in the water area. The cal-

culations were performed according to the formula 

[14]: 

P = ξ · π · R2 · 0.5 · V3  ·  ρ · η red ·  η gen ,  

where: 

ξ – wind energy utilization factor (for high-

speed windmills reaches 0.4–0.5); 

R – rotor radius;  

V – air flow rate;  

ρ – air density;  

η red – efficiency of the reducer;  

η gen – efficiency of the generator. 

The advantages of the method of estimating 

wind energy potential, which is based on this formu-

la, are simplicity of calculations, the availability of a 

set of initial data, as well as a fairly high accuracy of 

the results. 

For our calculations, we used the parameters of 

the largest turbine installed in the offshore zone 

which is Vestas 164-9.5 MW (Denmark): rotor radi-

us – 80 m, power – 9.5 MW, hub height – 105/140 m. 

Thus, for point 113 with a wind speed of 7.4 
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m/s at an altitude of 50 m (Table 1), the equation is 

as follows: 

Р = (0.45 · 3.14 · 802 · 0.5 · 7.43 · 1.25 · 0.9 · 

0.85) = 1.752 MW 

To calculate the potential amount of generated 

electricity, it was necessary to multiply the calculat-

ed capacity by the number of hours per year: 

1.752 · 24 · 365 / 1000 = 15,35 GWh/year 

Similarly, the potential electricity generation at 

each point was calculated (Table 2). The obtained 

data demonstrate the distribution of energy that can 

potentially be generated in the Sea of Azov, but in 

accordance with the purpose of our study, it is the 

territorial waters of Ukraine that are of interest. 

 

Table 2 

Potential electricity generation at different altitudes (the fragment) 

Point 

No. 
Coordinates of points 

Potential electricity generation  

at different altitudes (GWh/year) 

Latitude (N) Longitude (E) 50 m 100 m 200 m 

113 45°00ʹ 36°24ʹ 15.35 15.35 15.98 

114 45°12ʹ 36°24ʹ 12.44 14.73 19.39 

115 45°24ʹ 36°24ʹ  7.78 10.89 19.39 

116 45°36ʹ 36°24ʹ 17.97 17.97 19.39 

117 45°48ʹ 36°24ʹ 17.97 17.97 17.97 

118 46°00ʹ 36°24ʹ 17.29 18.67 19.39 

119 46°12ʹ 36°24ʹ 18.67 18.67 19.39 

120 46°24ʹ 36°24ʹ 18.67 18.67 19.39 

121 46°36ʹ 36°24ʹ  19.39 19.39 21.66 

122 46°48ʹ 36°24ʹ 8.60 12.44 22.45 

123 47°00ʹ 36°24ʹ 8.18 11.39 20.88 

124 47°12ʹ 36°24ʹ 9.03 12.99 23.26 

  

After considering the average annual wind 

speed at altitudes of 50, 100, 200 m, the analysis of 

wind energy potential of the coastal zone of the Sea 

of Azov was carried out. As a result, there were 

identified and mapped: areas with wind speeds from 

3 to 6 m/s – classified as unfavorable for develop-

ment of offshore wind energy, from 6 to 8 m/s – as 

partially favorable, and areas with wind speeds more 

than 8 m/s – as the most favorable. 

According to the maps, for installations with a 

tower height of 50 m, the water zone with maximum 

wind speeds (8.1–9 m/s) stretches along the northern 

coast of the Sea of Azov and has an area of 3353 

km2. As the wind indicators become more stable 

with an altitude, the sector with the most favorable 

wind speeds at an altitude of 100 m has a larger area 

which is 3562 km2. At an altitude of 200 m, the 

promising zone increases almost 2 times – up to 

6544 km2 and is located almost along the entire 

coastline, occupying the territorial waters of Ukraine 

(Fig. 1). 

The calculated indicators of the potential of the 

generated electricity at an altitude of 50 m vary from 

1.8 to 26.7 GWh/year. At an altitude of 100 m, the 

minimum value increases to 5.0 GWh/year, but the 

maximum decreases to 24.9 GWh/year. Finally, at 

an altitude of 200 m, there is a general trend of 

growth of the studied indicators, which directly de-

pend on the wind speed, which at this altitude varies 

from 6.5 to 9.3 m/s. Indicators of potential electrici-

ty generated at this altitude range from 9.4 to 

30.3 GWh/year (Fig. 2). 

These data can be used by designers of wind 

energy facilities as a basis for determining the opti-

mal power of wind turbines and the type of energy 

(mechanical or electrical) for a particular area of the 

sea. However, our analysis would seem incomplete 

without modeling of the limiting factors of 

Ukraine's OWFs in the Sea of Azov. 

Compared to traditional power plants, offshore 

wind farms are quite environmentally friendly, but 

there are some negative impacts of their operation, 

including: noise pollution, which interferes with the 

proper functioning of electrical appliances on air-

craft and ships, decrease of the recreational area, 

deterioration of the marine environment. The visual 

impact of wind turbines should also be considered. 

The development of wind energy projects, in-

cluding offshore ones, involves the analysis of the 

impact of a potential wind turbine on the environ-

ment, the assessment of limiting factors. Such re-

strictions can be defined both at the legislative level 

(for example, the Water Code of Ukraine restricts 

building near water bodies [3]) and at the recom-

mendation level (there are no specific legal re-

strictions on building wind farms near forests, but it  
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Fig. 1. The average annual wind speed at an altitude of  

200 m above sea level [12] (scale changed) 

 

is better to place windmills at a certain distance 

from them). The experience of developed countries 

shows that the installation of wind turbines can be 

prohibited due to a number of facilities, such as set-

tlements and airports, water and engineering objects, 

forests and protected areas, military facilities. 

Substantiation of expediency of offshore wind 

energy development requires a whole complex of 

scientific research taking into account economic, 

social and ecological factors. Cartographic and 

geoinformation modeling methods are effective for 

spatial optimization of wind energy facilities [10]. 

Fig. 3 demonstrates the GIS-based algorithm for 

selecting optimum location of OWFs, taking into 

account a set of limiting factors. 

Geoinformation modeling has been performed 

in ArcGIS in three stages. The first stage was the 

analysis of the source information, "buffering" of 

limiting factors and the construction of buffer zones. 

As wind turbines can only be installed in the coun-

try's territorial waters, which are limited to 12 nauti-

cal miles (approximately 20 km) to the shore, most 

of the Sea of Azov was already removed from fur-

ther analysis. To correctly remove the water areas 

that, according to the law, do not belong to the terri-

torial waters of Ukraine, parallel to the shoreline of 

the Sea of Azov a buffer zone of 20 km wide was 

identified. It was done with the help of the Buffer 

tool. The algorithm of this tool is well known: from 

each vertex of the object (in our case it is the turning 

points of the shoreline) the buffer offset is calculat-

ed, and the polygon of 20-kilometer zone is drawn 

from the extreme points to the shore. In this way, the 

first limited sea area was identified. The next limit- 
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Fig. 2. Potential electricity generated by a single wind turbine at an altitude of  

200 m above sea level [12] (scale changed) 

 

ing factors for the installation of wind farms were 

protected areas, settlements in the coastal zone and 

existing airports. Spatial analysis operations were 

also performed for each of these elements. 

To correctly determine the buffer zones of na-

ture reserves of local or national importance within 

the territorial waters of Ukraine there were used 

maps of the Sea of Azov and OpenStreetMap. After 

digitization of each object of the Natural Reserve 

Fund in vector layers, they were given the attribu-

tive characteristics of the width of the protective 

strip: 500 m – for objects of local importance, and 1 

km – for those of national importance. The result 

was the layers with polygonal objects of the Natural 

Reserve Fund. 

The next step of buffering was the establish-

ment of buffer zones of settlements located along 

the coastline of the Sea of Azov. Distances from set-

tlements to wind farms were calculated based on 

generally accepted in Europe parameters: offshore 

wind turbines should be located at a minimum dis-

tance of 4 km to cities with a population of more 

than 250,000 people, and 750 m – to settlements 

with a smaller population. 

The last limiting factor considered in our study 

for the coastal zone of the Sea of Azov was the air-

ports in Mariupol and Berdyansk. It is believed that 

the width of the buffer zone of the airport should be 

at least 20 km, as wind farms can create obstacles 

(sometimes catastrophic) for aircraft of different 

classes. Thus, a layer of protection zone of 20 km 

was created for each airport. 

The second stage was to combine the obtained 

buffers into one layer and to combine this layer with 
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Fig. 3. Modeling of limiting factors of the location of OWFs with the selection of promising areas 

 

maps of average annual wind speeds at different al-

titudes for our water area. The output surface con-

tains the attributes of the previous layers. The trans-

formation of the buffer into a single polygonal ob-

ject was carried out using the Merge tool, and then, 

with the Erase tool, a part of the buffer zone extend-

ing beyond the waters of the Sea of Azov to the land 

was removed. The result was a solid polygon with 

buffer zones for settlements, airports and objects of 

the Natural Reserve Fund. In this way, a picture of 

water areas suitable or unsuitable for offshore wind 

turbines was obtained. 

The third stage was the classification and crea-

tion of the resulting maps. At this stage, the assess-

ment of the suitability of certain areas for the loca-

tion of OWFs on the basis of wind speed criteria and 

limiting factors was performed. 

Within the Sea of Azov the water area can be 

divided into three types: 

− wind speeds over 8 m/s, without limiting 

factors (high degree of suitability for instal-

lation of offshore wind turbines), 

− wind speeds from 6.1 to 8 m/s, without lim-

iting factors (medium degree of suitability 

for installation of offshore wind turbines), 

− with limiting factors (not suitable for instal-

lation of offshore wind turbines, even at suf-

ficient wind speeds). 

Based on this classification and wind speeds at 

altitudes of 50, 100 and 200 meters, maps of the as-

sessment of the suitability of the Sea of Azov for the 

location of OWFs have been created. 

The lowest wind speeds are recorded at an alti-

tude of 50 m, because, as is known, the force of air 

friction increases as we approach the surface. At this 

level, a sector with wind speeds over 8 m/s stretches 

along the northern coast of the sea, its area is 

3353 km2. Taking into account all the restrictions, 

the resulting area with the highest suitability for the 

installation of OWFs is 3098 km2, that is, decreases 

by almost 8% or 255 km2. 

For an altitude of 100 m, the most promising 

zone for the implementation of offshore wind pro-

jects has an area of 3156 km2 (although areas with 

wind speeds over 8 m/s are 3562 km2). Thus, at this 

altitude, due to existing restrictions, the area that 

falls into our field of interest has decreased by al-

most 11.5% or 406 km2. 

The most effective area for the installation of 

OWFs at an altitude of 200 m is 5122 km2. That is, 

zones with a total area of 1422 km2 or almost 22% 

of the initial value are not suitable for offshore wind 

turbines due to limiting factors (Fig. 4). 

Thus, 82.6% of the area of territorial waters of 

Ukraine in the Sea of Azov is generally suitable for 

the installation of OWFs. Since the limiting factors 

considered in the study do not have a height refer-

ence, the area of the most promising sites for off-

shore wind turbines increases with an altitude, 

where wind characteristics are better (3098 km2 – 

for 50 m, 3156 km2 – for 100 m, 5122 km2 – for 200 

m). Hence the logical conclusion that in the Sea of 
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Fig. 4. Assessment of the suitability of areas of the Sea of Azov for the location of OWFs at an altitude of 

200 m above sea level (scale changed) 

 

Azov, from an economic point of view, it is more 

practical and efficient to install wind turbines with a 

tower height of more than 100 m. 

Conclusions and research perspectives. Our 

research has shown that the installation of OWFs is 

appropriate in the waters of the Sea of Azov, be-

cause many areas are characterized by average an-

nual wind speeds over 6 m/s. The most promising 

areas are the northern and northeastern coasts, 

where wind speeds at different altitudes range from 

8 to 9.3 m/s, in particular in Taganrog Bay. 

The development of offshore wind energy in 

Ukraine has an international aspect, as the delimita-

tion of the Sea of Azov between Ukraine and the 

Russian Federation is not completed, which, given 

the unpredictability of our eastern neighbour, may 

hinder the development of this sector of alternative 

energy. 

At altitudes of 50, 100 and 200 m, under the ac-

tion of limiting factors, the most promising for off-

shore wind energy areas are reduced by 8–22%. As 

considered in the study limiting factors (territorial 

waters, protected areas, settlements and airports) 

have identical influence regardless of an altitude, it 

is more effective to install wind turbines with a tow-

er height of more than 100 m in the waters of the 

Sea of Azov. 
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The final conclusion on the effectiveness of 

wind turbines in the Sea of Azov requires interdisci-

plinary research involving ecologists, economists, 

biologists, sociologists and other experts and land-

scape-technological assessment of the area at the 

local level.  
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DEVELOPMENT OF OFFSHORE WIND ENERGY OF UKRAINE IN THE SEA OF AZOV:  

THE GEOGRAPHICAL ASPECT 

 

Formulation of the problem. Ukraine's energy sector is import-dependent, and one of the country’s 

sustainable development goals until 2030 is to ensure access to affordable, reliable, sustainable and modern 

energy sources. The wind potential of the mainland of our country has been thoroughly studied, so the focus 

of our interest is water areas, which are promising for the development of offshore wind energy. Offshore 

wind farms in Ukraine could improve the environmental situation and considerably contribute to the decar-

bonization of domestic energy. That is why the study considers the opportunity of offshore wind farms instal-

lation in the Sea of Azov.  

Methods. The analysis of literary and cartographic sources has been carried out. Mathematical methods 

have been used to calculate energy indicators. Using geoinformation modeling, taking into account limiting 

factors, suitable for the installation of offshore wind farms areas have been identified in the Sea of Azov. 

The purpose of the article is to geographically analyze the wind energy potential of the Sea of Azov 

with further assessment of the suitability of areas for the offshore wind farms location. 
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Results. Our research has shown that the installation of offshore wind farms is appropriate in the Sea of 

Azov, because many areas are characterized by average annual wind speed above 6 meters per second. The 

most promising areas are the northern and northeastern coasts, where wind speed at different altitudes ranges 

from 8 to 9.3 meters per second. 

At altitudes of 50, 100 and 200 m, under the action of limiting factors, the most promising for offshore 

wind turbines areas are reduced by 8–22%. As considered limiting factors (territorial waters, nature protec-

tion objects, settlements and airports) have identical influence regardless of height, it is more effective to in-

stall wind turbines with a tower height of more than 100 m in the waters of the Sea of Azov. Interdisciplinary 

research is needed for the final answer on the effectiveness of offshore wind turbines in the Sea of Azov. 

Scientific novelty and practical significance. The results of the analysis of the wind energy potential 

of the Sea of Azov have been given, the tendency of its growth from the west to the east has been revealed. 

Attention has been paid to the method of geoinformation modeling of the location of offshore wind farms 

taking into account limiting factors. Maps of wind speed, potential of electricity generated by a single wind 

turbine and suitability of areas of the Sea of Azov for the location of offshore wind farms at an altitude of 

200 m above sea level have been presented. These data can be used by designers of wind energy facilities as 

a basis for determining the optimal power of wind turbines and the type of energy for a particular area of the 

Sea of Azov. 

Keywords: geographical aspect, offshore wind energy, offshore wind power plant, wind energy poten-

tial, the Sea of Azov, Ukraine. 
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