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The attacks on Ukraine’s energy sector during the war raised the issue of diversifying energy production sources. It is assumed
that a large number of small, dispersed sources are much more difficult to attack and destroy than a system of a small number of
traditional industrial power plants. This increases the role of alternative energy sources. The most attractive area for wind power
projects in Ukraine is the steppe zone. On the one hand the installation of wind farms takes away fertile land that it would be better
to use for agriculture, on the other hand the lands of the five regions of the steppe zone are low-productive and, as a result, low-value.
Ukraine has begun to take over the wind power experience of Germany, Denmark and other European countries. This prospect seems
attractive, but it is necessary to take into account that in the north of Europe and the ocean coast, wind speeds are noticeably stronger
than on land and the sea shelf of Ukraine, up to twice as much. In addition to attracting international and state money to the sector,
the development of citizen investment is widely considered. We have analyzed hybrid (wind turbine + solar panels) installations from
local suppliers. According to preliminary estimates, this solves not as much economic problems, such as making a profit, but rather
the problem of diversifying electricity supplies. However, indirectly, the use of wind turbines can strengthen security in industry and
housing and communal services of Ukraine and contribute to more sustainable development of the country’s economy. Most of the
regions of South-Eastern Ukraine are currently in the frontline zone, so they will be considered attractive for investment only after the
war. In addition, it is necessary to take into account the recurrence of hostilities in the future and build the most diversified network of
wind turbines and other energy sources, which it will be difficult to disable by attacking individual elements. Key words: wind energy,
the South of Ukraine, hybrid energy systems.

IIpo6;eMu nic/1IBOEHHOT0 BUKOPUCTAHHS BiTpoenepreTuky B ymoBax IliBqnsa Ykpainu. Boxkenko A.JL

CrarTs MPUCBSIUCHA aHATI3y MEPCIEKTUB PO3BUTKY BITPOCHEPTeTUKU HA MiBIHI YKpaiHH MicIs BiHH. ATaky Ha €HEpreTHYHHN
CeKTop YKpaiHH mifJ Yac BifHU MOPYIIMIM MUTaHHS quBepcudikaii ;xepen BUpoOHUITBA eHeprii. BBaxaeThcs, 10 BENUKY KiJIbKICTh
MaJIMX, PO30CEPeIKEHHX JDKepeN HabaraTo Ba)kue aTaKyBaTH Ta 3HHIUMTH, HDK CHCTEMY 3 HEBEIHKOI KiJBKOCTI TpaJuLidHUX Mpo-
MHCJIOBHX eJIeKTpocTaHLii. Lle miaBuIye ponb albTepHaTUBHUX JDKepen eHeprii. Haloinpm nprBabIMBAM perioHOM JUTs MTPOEKTIB
BITPOCHEPreTHKU B YKpaiHi € CTenoBa 30HA. 3a3BHYail CTaBUTHCS MHUTAHHS, 110 BCTAHOBJICHHS BITPOBHX EJIEKTPOCTAHIIN 3abupae
pomrodi 3emui, SKi Kpalle BHKOPHCTOBYBATH ISl CLIIBCHKOTO TOCTIONAPCTBA, ajle 3eMJIi II'ATH PETIOHIB CTEMOBOI 30HU € HU3BKOTIPOIYK-
TUBHHMH Ta, K HACJIJIOK, HU3bKOLIHHUMH. YKpaiHa noyajia IHPOKO BUKOPUCTOBYBAaTH NOCBi BiTpoeHepretiku Himeuunnu, danii
Ta IHIIUX €BPOINEHCHKUX KpaiH. L[ mepcrekTiBa BUAAEThCs MPUBAOINBOIO, alle HeOOXiHO BpaxoByBaTH, L0 Ha MiBHOYI €Bpomy Ta
OKEaHCHKOMY y30epexKi MIBUAKICTH BITPY IIOMITHO CHIJIBHIIIA, HIXK HA CyIIi Ta MOPChKOMY Ienbdi YikpaiHu. OKpiM 3aTydeHHs MiK-
HapOJHHX Ta JACP>KaBHUX KOIITIB y CEKTOP, MIMPOKO PO3MIAAAE€THCS PO3BUTOK TPOMAICHKHX 1HBECTUIIIH. MU IpoaHami3yBaiu TiOpuaHi
(BiTpOBi TypOiHH + COHSYHI aHe1) yCTAHOBKY BiJl MICLIEBHX ITOCTaYa bHHUKIB. 3a OMEPEAHIMHU OL[IHKaMH, 11€ B [IEPILLy Yepry BUpIiLIye
He eKOHOMIuHI po0iIeMH, Taki K OTpUMaHHs MPUOYTKY, a mpobiemMy nuBepcudikanii mocraBok exekrpoeHeprii. OqHak onocepenxo-
BaHO BUKOPHCTAaHHS BITPOBUX TypOiH MOXKE MOCIIIUTH Ge3IIeKy B IPOMHUCIOBOCTI Ta KUTIOBO-KOMYHAIEHOMY TOCIIONAPCTBI YKpaiHu
Ta COpUATH OLTBII CTaJIOMY PO3BUTKY €KOHOMIKH Kpainu. binbmricts perionis [liBnennoro Cxomy Ykpainu 3apa3 3HaXOAATECS y IpHp-
POHTOBI 30Hi, TOMy BOHU OyIyTh BBa)KAaTUCS MPUBAOIMBUMH [UTsl iIHBECTHUIIH JHIIIe micst BiHU. JI0 TOTO K CJIiJ1 BpaXxoByBaTH MOX-
JIMBHUIT TIOBTOP Y MaOyTHEOMY BOEHHUX il i po30yIOBYBaTH MaKCHMAaJIbHO JUBEpCH(IKOBaHY MEpPEKy BITPOr€HEepaTopiB Ta iHIINX
SHEPTeTHIHUX JKEpeI, SIKY BayKKO Oy/ie Ha/IOBr0 BUBECTH 3 Iy 3a JOIIOMOTOI0 aTaKy Ha OKpeMi i eneMeHTH. Kitouosi cioea: BITpoBa
eHepreTuka, [liBgeHp Ykpainu, riOpuaHi eneKTpoCTaHIIii.

Formulation of the problem. Potentially, Ukraine is
of some interest in terms of investments in wind energy.
This is in line with global trends towards a carbon-free
economy and European efforts to reduce the continent’s
dependence on carbon-fuel-producing countries. To
address this issue, it is necessary to research risk factors
that affect the payback of such investments and justify
their feasibility.

The relevance of research. In the long term, the
introduction of alternative energy sources will help
make the energy system of Ukraine more independent
and resilient to economic and military attacks. It is obvi-
ous that wind energy itself will occupy only a narrow
niche, but nevertheless, it is useful to study this type of
energy as comprehensively as possible in order to maxi-
mize the future profit that can be extracted from it.
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Connection of the article with important scien-
tific and practical tasks. This work is connected with
two important scientific and practical tasks of our time:
the environmental task of introducing low-carbohydrate
alternative energy sources into the local energy system
and the task of increasing the energy security of Ukraine.

Analysis of recent research and publications.

According to Global Wind Energy Council global
wind market growth in 2023-2024 was flat, annual wind
installations (onshore and offshore combined) increased
in the Asia Pacific and Africa & Middle East regions,
while Europe, as well as North America and LATAM
experienced a decline. However, the situation over
the course of a decade is influenced by the factor that
Europe has been accelerating renewables development
to achieve energy security in the aftermath of Russia’s
invasion of Ukraine. It is expected that in the near future
growth in Europe and China will remain the backbone of
global onshore wind development. Altogether they are
expected to make up 73% of the total capacity to be built
during 2025-2030 [1].

The most attractive for the implementation of wind
power projects in Ukraine is the steppe zone. Strong
winds in the cold season, in the warm season reduce
their strength, but compensate for this decrease with
additional local winds — breezes. The presence of pow-
erful seaports and highway networks in the steppe zone
simplifies the solution of logistics problems.

Usually the question is raised that the installation of
wind farms alienates fertile lands from use, which are
more expedient to use in agriculture, but the lands of five
regions of the steppe zone are low-productive and, as a
result, low-value. These are the Crimea and the regions
of Mykolaiv, Kherson, Zaporizhia and Luhansk. The total
area of these lands, low-productive for agriculture, but
quite suitable and economically profitable for wind farms,
is 10,000 thousand hectares = 100 thousand km? [2, 3].

Minimum installed capacity utilization factor (CUF):

—0.31 for onshore wind farms;

— 0.45 for offshore wind farms.

The largest potential for installed capacity and wind
power generation are in Dnipropetrovsk, Kherson,
Odesa and Zaporizhia regions. Mykolaiv region belongs
to the second group of regions in the South and East in
this ranking with a wind power capacity potential of
30,043 MW [2, 3].

According to the materials of the newspaper
“Vikpainceka eHepretuka” (“Ukrainian Energy”)
[4], in 2024, up to 44.6 MW of wind power plants
were installed in Ukraine, while in 2023 the installed
capacity of new wind power plants was 238 MW.
According to Konechenkov, the development of wind
power in Ukraine is hampered by debt in the elec-
tricity market, periodic violations of the government’s
obligations to renewable energy producers, and the
ineffectiveness of the market premium mechanism.
Nevertheless, next year Ukraine intends to signifi-
cantly increase wind generation. These are plans to

build specific wind generation facilities with a capac-
ity of more than 800 MW [4].

In order to fully restore the energy sector of Ukraine
after the war and integrate it into the energy system of the
European Union, it is necessary to exchange experience
between universities of different countries. Gottfried
Wilhelm Leibniz Universitit Hannover, in particular,
plans to provide active methodological support to the
Mykolaiv region. In order to ensure the use of renewable
energy sources, a network of scientists was formed there,
uniting the Leibniz Research Center “Energy 20507
(LiFE 2050). For this purpose, interdisciplinary research
areas were developed in the field of wind energy, solar
energy, electric power, thermal and electrochemical
energy, as well as sustainable drive systems [5]. Volker
Schober and Elke Katharina Wittich, within the frame-
work of this line of research, suggest that Ukraine, like
other European countries, move away from a centralized
energy system, where if one element fails, the entire sys-
tem is damaged, and perhaps even abandon the idea of
restoring the energy system in this form after the war.
Instead, they consider it advisable to build a diversified
energy system composed of different types of energy
installations, including, in particular, solar and wind [5].

Germany has been an EU leader in wind utilisation,
PV, solar thermal installations and biofuel production
for decades [6]. A stable and predictable policy frame-
work has created conditions favourable to renewable
energy sources (RES) growth. One of the most impor-
tant economic benefits of wind power is that it reduces
the exposure of economies to fuel price volatility. This
benefit is so sizable that it could easily justify a larger
share of wind energy in most European countries, even
if wind were more expensive per kWh than other forms
of power generation.

In 2025, according to Federal Network Agency, a
large number of wind turbines are still being installed
across Germany. The Federal Ministry for Economic
Affairs reports that many new wind turbines have
already been approved across the country and are now
entering the construction phase. There’s good news from
the solar energy sector as well: Germany has already
reached the halfway mark in its goal to expand solar
capacity to 215 gigawatts by 2030 [7].

In addition to attracting international and govern-
ment funds to the sector, the development of citizen
investment is under consideration [8]. Citizen invest-
ment into wind energy is conducive to public accept-
ance and can contribute to closing the renewable energy
investment gap, while promoting corporate social
responsibility. The findings of [8] show that the risk of
loss and the expected annual return on investment are
the main attributes determining investment decisions,
but secondary criteria, such as the project location and
ownership characteristics, also affect willingness to
invest. Respondents living within 10 km of a wind farm
or expressing support for wind energy are significantly
more likely to consider investing.
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In order to actively attract residents to use solar and
wind installations, it is usually necessary to use financial
incentives from the state, such as tax cuts, green tariffs,
etc. Such stimulation methods have their drawbacks.
Thus, previously in Ukraine there were foreign solar bat-
tery parks that were fully owned by an external investor,
could be removed and dismantled by him at any time,
but the bulk of their income was the green tariff. In fact,
their income came from the budget of Ukraine. However,
further experiments with such forms of stimulation are
possible to find the most optimal ones.

Highlighting previously unsolved parts of the gen-
eral problem to which this article is devoted. The arti-
cle is devoted to insufficiently studied aspects of wind
energy development in the south of Ukraine, such as a
comparative analysis of the experience and prospects for
the development of wind energy in the countries of the
European Union and Ukraine, taking into account local
circumstances.

The novelty of the study. The authors have ana-
lyzed the economic risks and prospects for the mass use
of wind turbines of different capacities in the south of
Ukraine.

Methodological and general scientific significance.
The methodological or general scientific significance of
the work lies in the definition, clarification and theoreti-
cal substantiation of a set of issues related to improving
the accounting and analysis of data on wind characteris-
tics when making decisions about installing wind gener-
ators in a selected area.

Description of the study. Currently, the energy
system of Ukraine is being reformed. After the war,
investments from a number of European countries are
planned. This creates the need to continue studying this
industry in relation to the South of Ukraine. In order
to predict the possible results of post-war investments,
we analyzed data from sources [9, 10]. Total offshore
wind capacity installed, under construction, consented,
planned, on 30 June 2011 [9] we compared with the
number of offshore wind farms operating worldwide as
of June 2024, by country [10]. The results are presented
in Table 1 and Fig. 1.

By comparing and ranking these data, we found a
strong correlation between the number of projects in
2011 and the number of completed projects with the
number of actual wind farms with turbines larger than
10 MW in 2024. This number is approximately two to
three orders of magnitude less than the number of initial
projects. It seems unlikely that thousands of wind energy
projects will emerge for Ukraine, although it may be an
exception to this trend.

It is worth mentioning that the wind capacity of the
territory and water area of Ukraine is around two times
less than in the best areas of northwestern Europe. For
example, Fig. 2 shows that according to calculations by
the Globalwindatlas system [11], the Mean Power Density
indicator at an altitude of 100 m in the Elbe delta is
880 W/m?, and at the confluence of the Bug estuary with
the Dnieper estuary — 443 W/m?. This is just one example,
we have analyzed the map of the EU and Ukraine as a

Table 1

Total offshore wind capacity (installed, under construction, consented, planned), on 30 June 2011
compared to the number of offshore wind farms operating worldwide as of June 2024, by country

Country Number of projects in 2011 Actual number 0{0(;[;?;15111:/% ‘;’Vv;nd farms in 2024
United Kingdom 48,596 39
Germany 31,247 30
Norway 11,394 5
Sweden 8,279 4
Spain 6,804 1
France 6,000 4
Netherlands 5,992 11
Greece 4,889 0
Finland 4,249 1
Ireland 3,780 1
Italy 2,700 1
Denmark 2,471 16
Belgium 1,857 11
Estonia 1,000 0
Poland 0,900 0
Portugal 0,478 1
Latvia 0,200 0
Malta 0,095 0
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Analysis of the implemented wind energy plans in European
countries
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Fig. 1. Total offshore wind capacity (installed, under construction, consented, planned), on 30 June 2011
compared to the number of offshore wind farms operating worldwide as of June 2024, by country

whole, and there are many other examples of differences
in the potential of possible locations for wind farms. Thus,
we must admit that Ukraine as a whole has a significantly
lower wind potential than European countries bordering
on oceans, larger seas or clusters of seas.

It is also worth considering that turbines with a
capacity of over 10 MW are very large and expensive,
which means that damage to even one of them with a
drone or other weapon will have a significant effect. At
the moment, targeted attacks by Russian FPV drones on
wind turbines in the Mykolaiv region have already been
recorded, hitting the nacelle — the main element of the
turbine, which contains the electric generator, braking
system and transmission [12]. In this regard, we believe
it is more rational to install smaller and less powerful
machines in Ukraine and place them in such a way that
damage to one machine does not immediately disable
the entire wind farm.

At the same time, it is worth mentioning the market
of not only medium-power but also low-power wind tur-
bines. For example, we analyzed hybrid (wind turbine
+ solar panels) systems from Alteco, using information
from their website [13] (Table 2, Figure 3) as of 2025.
For convenience, it is indicated here how many LED
lamps can operate thanks to these installations.

We have determined that there is a close relationship
between the increase in price and the capacity of the

installation. Nevertheless, for domestic use, these instal-
lations can be considered quite expensive, and their
advantage is primarily not in the ability to save money,
but in the diversification of sources of personal energy
consumption.

Conclusion

1. The attacks on Ukraine’s energy sector during the
war raised the issue of diversifying energy production
sources. It is assumed that a large number of small, dis-
persed sources are much more difficult to attack and
destroy than a system of a small number of traditional
industrial power plants. This strengthens the role of
alternative energy sources, including wind turbines, the
advantages of which were usually considered in terms of
ecology and a carbon-free economy. Now it is becoming
clear that they also make the energy system less depend-
ent on blackmail from states that supply oil and gas. The
small productivity of such installations has one positive
feature — the destruction of such a single installation
deprives the system of a correspondingly small amount
of necessary capacity.

2. Ukraine has begun to learn from the wind power
experience of Germany, Denmark and other European
countries. This prospect seems attractive, but it is neces-
sary to take into account that in the north of Europe and
the ocean coast, wind speeds are noticeably stronger than
on land and the sea shelf of Ukraine, on average about
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The Elbe delta
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Fig. 2. Comparative analysis of the wind potential of the Elbe delta and the confluence of the Bug estuary
with the Dnieper estuary using data from Globalwindatlas
Table 2
Analysis of hybrid (wind turbine + solar panels) systems from Alteco
LED Number Approximate | Electricity
lamp of lamps operating | consumption
1 % 3 ]
Ne Type of hybrid power plant Cost*, § Power, qperatlng time in winter,| kWh per
W simultane- h d h
ously ours per day mont|
1 | Autonomous solar station 3 kW 2858 9 5 7 9,8
2 | Autonomous solar station 5 kW 5500 9 5 7 9,8
3 Wind turbine generator for home use 0.8 kW — 5937,00 9 5 5 7
Offer 1
4 Wind turbine generator for home use 1.6 kW — 8 882,68 10 ] 8 198
Offer 2
5 Wind turbine generator for home use 4 kW — 21 056,06 10 15 ] 372
Offer 3
6 | Wind-solar station 0.8 / 2 kW — Offer 1 10042,08 10 8 14,9
7 | Wind-solar station 1.6 / 2 kW — Offer 2 14097,68 10 8 8 19,8
8 | Wind-solar station 4/3 kW — Offer 3 26291,68 10 30 8 74,4

twice as much. Ukraine still has wind potential worthy
of use, especially if we adopt Germany’s experience in
using the most diverse types of electrical installations.
3. According to preliminary estimates, the imple-
mentation of wind turbines of different capacities into
the energy system of different regions of Ukraine solves

not as much economic problems, such as making a
profit, but the problem of diversifying electricity sup-
plies. However, indirectly, the use of wind turbines can
strengthen security in industry, housing, and communal
services of Ukraine and contribute to more sustainable
development of the country’s economy.
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Fig. 3. Analysis of hybrid (wind turbine + solar panels) systems from Alteco

Prospects for the use of research results. In the regions of the South-East of Ukraine are now in the

future, the development of wind energy in Ukraine will frontline zone, so they will be considered attractive for

be

determined primarily by the conditions of the end of investment only after the outcome of the war, which will

the war. The arrival of investments and the choice of make them much safer. The materials of the article can
location of new wind farms will depend on this. Most be used when making decisions on these issues.

10.

11.
12.
13.
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