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We state that in 2015 Ukraine does not purchase Russian gas for its own needs,
which were fully met at the expense of other sources. Despite this, the current
conditions created by Russia’s military aggression against Ukraine and the large-scale
attacks associated with it on its critical infrastructure, energy facilities, and hydro-
engineering structures are increasingly violating access to all necessary energy
resources, creating systemic risks for the equitable distribution of energy resources.
Thus, the article is aimed at defining the peculiarities and directions of green energy
development as a way to energy independence of the national economy of
Ukraine. According to the results of the study, it is stated that it is important for
Ukraine to abandon the development of centralized energy hubs, in favor of "energy
cities. This is necessary to ensure that Russia’s energy resources and Ukraine’s
national critical infrastructure are no longer an instrument of political or military
influence on the state. According to the results of the study, it is stated that it is
important for Ukraine to abandon the development of centralized energy hubs, in favor
of "energy cities". This is necessary to ensure that Ukraine’s energy resources and
national critical infrastructure are no longer an instrument of political or military
influence on Ukraine’s national economy. Ukraine has been in constant strikes across
its critical infrastructure. It's proved that the new situation complicates the production
conditions and minimizes its effectiveness in terms of added value. Therefore, measures
aimed not only at its renewal but also at increasing the availability of energy resources
at local and regional levels are important. To restore energy independence to improve
the availability of energy resources at regional and local levels, each city of our country
should become an energy-independent or "energy city", which is possible based on the
active development of cities with a significant concentration of wind power plant, solar
power plant, bio- and biogas power plant. The perspectives of further research consist
in the use of the results obtained for the adjustment of the Energy Strategy of Ukraine
for the period up to 2035 "Safety, energy efficiency, competitiveness".

Cyuacni ymosu, cgopmosani siticbkogoio aepecieto Pocii npomu Ykpainu ma
nO8’A3aHUMU 3 Hel MACWMAOHUMU amaKamu no KpumuuHit iHgpacmpykmypi
(HAYIOHANILHUX eHepeeMmUYHUX 00 €Kmax ma 2Ii0OPOMEXHIYHUX CHOopyoax) NOPYuLUIU
docmyn 00 HeoOXIOHUX eHepeeMmUYHUX pPecypCié, CMEOPUIU CUCMEMHI pusuxu O ix
Cnpageonuso2o po3nodiny y cghepi 20cnodapcvkoi OiANbHOCMI 2pOMAOAH, Yy AKIl
CMBOPIOIOMBCA, PO3NOOLNAIOMBCA | CHONCUBAIOMBCA HCUMMEBL O1aza. Biomak ctaTts
CIOpsiMOBaHAa Ha BHU3HAYEHHS OCOOJIMBOCTEH Ta HaNpSMKIB PO3BUTKY 3€JIEHOT
EHEPreTUKH, SIK MUISAXYy J0 EHEPreTUYHOI HE3aJIeKHOCTI HAlllOHAJIBHOI EKOHOMIKU

Ykpainu. 3a pesyrvmamamu 00CAiOHCeHH KOHCMAMOBAHO, Wo 0l YKpaiHu eaxciuso



8IOMOGUMUCST IO PO3BUMKY UYEHMPANI308aAHUX eHepeemuUYHUX Xxadie, HA KOpucmo
«enepeemuynux micmy. Lle nompione ona moeo, wob enepeemuuni pecypcu P® ma
HayioHanbHa KpumudHa iHgpacmpykmypa Yxpainu nepecmanu Oymu iHCMPYMeHMOM
RONIMUYHO20 YU BIUCLKOBO20 GNAUBY HA Oepxcasy. [losedeHo, wo Hoge cmaHosuue
VCKIIAOHIOE YMOBU BUPOOHUYMBA MA MIHIMIZYE 1020 Pe3yTbMaAmUueHiCb 3 MOUKU 30pP)
0odanoi eapmocmi. 3a pe3yrbmamamut Q0CAiOHCeHHsI KOHCMAmMO8aHo, wo 0 Ykpainu
BANCIUBO  BIOMOBUMUCS 810 PO3BUMKY YEHMPANI308AHUX eHepeemUYHUX Xabie, Ha
KOPUCMb «EHEP2OHEe3ANeHCHUX MICmy. Badcnueumu € 3axo0u, cnpsmMosani He miibKu Ha
BIOHOGNIEHHA KPUMUYHOI IHpacmpykmypu, ane i HA pO3UUPEHHS OOCHYNHOCHI
eHepeemUuyHUx pecypcie 6 Hosux ymoeax. /[ moeo, wob 6i0HOBUMU eHepeemUyH)
He3aNeHCHICMb  HAYIOHANbHOI ~ eKOHOMIKU — OOYIIbHO — pO3UWUmMu  OOCHYNHICHb
eHep2emMUYHUX pecypcCi8 HA PeiOHANbHUX 1 JJIOKAIbHUX DIGHAX, 30KpeMAa KOMCHE MICMO
HAWOI KPaiHu MAae CmMamu eHepeOHe3ANeHCHUM, WO MOINCIUBO HA OCHOBI AKMUEHO20
PO36UMKY MiCM 31 3HAYHOW KOHYEHMPAyieio 00 '€Kmie 3elleHoi eHepeemuKku, 00 CKIAdy
AKUX  6X00AmMb.  NPOMUCIOBI  COHAYHI  eleKmpOoCmanyii;  OOMAWHI  COHAYHI
eNeKmpOCManyii; 8impoereKmpocmanyii; eiekmpocmanyii Ha 6Oiomaci;, 0i02a308i
enekmpocmanyii. Taxi emepeemuuni 00'ekmu wWUOKO OYOYIOMbCA, MAOMb  PIi3HI
dopmamu  ynxyionyeanns ma  GIOPI3HAIOMbCA — WBUOKICMIO  MpaHchopmayii.
llepcnekmusu nodanvuiux O00CHIOHCEHb NONAAIOMb ) BUKOPUCMAHHI  OMPUMAHUX
pe3yabmamie 0 Kopucysanus « Enepeemuunoi cmpamezii Yxpainu na nepioo oo 2035
poxy «be3nexa, enepeoeghpexmusHicmo, KOHKYPEHMOCHPOMONCHICHIb Y.

Kntouoei cnosa: xpumuuna ingpacmpykmypa; eHepeemuyHi xabu, 6imposa
2eHepayis, COHAYHA 2eHepayis, elekmpocmanyii Ha biomaci; 610ra30Ba EHEPreTHUKA.

Key words: critical infrastructure; energy hubble; wind generation; solar
generation, bioenergy, biogas energy.

Problem setting (description of the problem being analyzed in general and its
connection with important academic or practical tasks). We note that after the
Russian invasion, Ukraine has begun to operate an economic model, the negative
features of which have become a full balance of interests of all participants of the
market exchange concerning access to all necessary energy resources in the amount
required for the economic system. In fact, since 2015 our country does not buy Russian
gas and energy for its own needs but completely satisfies them at the expense of other

sources. Despite the current conditions created by Russia’s military aggression against



Ukraine and the large-scale attacks associated with it on its critical infrastructure,
energy facilities and hydro-engineering structures are increasingly violating access to all
necessary energy resources, creating systemic risks for the equitable distribution of
energy resources in society as a current one. Russia will probably continue to strike
critical infrastructure, energy facilities, and hydro-technical facilities of Ukraine in the
autumn-winter period, further violating access to the necessary energy resources.

The analysis of the last research and publications in which the solution to
this problem is begun. The group of domestic and foreign scientists who considered
the issues of concrete ways to energy independence in their works belong: Goncharuk 1.
[4], Stuchynska N. [7], Barannik V. [1], Peshko A., Nazarenko A. [6]. This issue was
touched also foreign researchers, among which Shafiy C. and Salima R. At the same
time, most scientific works either deal with the evolution of theoretical principles of
positioning energy independence of Ukraine as a social and economic phenomenon, or
present a forecast of development of production of alternative energy sources in all
spheres of the economic life of Ukraine. At the same time, the new realities have
changed the focus of this issue slightly, taking into account new challenges for
Ukraine’s energy independence. Thus, as of November 18, 2022, another rocket attack
by the Russian troops ended with the fact that without electricity there were more than
10 million citizens of Ukraine. Currently, planned, stabilizing and emergency light-off
became a common phenomenon throughout the country. To correct the situation and
restore energy independence Ukraine will be able to further develop the regional green
energy systems, calculating the equal placement of its facilities within the country.

The wording of the purposes of the article (problem). The purpose of the
article is to define the peculiarities and directions of green energy development as a way
to energy independence of the national economy of Ukraine

The paper's main body with full reasoning of academic results. The authors
emphasize the importance for Ukraine to abandon the development of centralized
energy hubs, in favor of "energy cities". This is necessary to ensure that the energy
resources of the Russian Federation and related national critical infrastructure of

Ukraine are no longer an instrument of political or military influence on the national



economy of Ukraine. It should be noted that even though Ukraine does not purchase
Russian gas, it has kept a certain energy dependence on Russia. In addition, Ukraine has
been in constant strikes across its critical infrastructure. Of course, we speak about
industrial power, in particular power plants, power systems, and their networks or parts,
the disruption or destruction of which will have the most serious consequences for the
national economy. The new situation complicates production conditions and minimizes
its effectiveness from the perspective of added value. Therefore, measures aimed not
only at its renewal but also at increasing the availability of energy resources at regional
levels by changing the format of the national energy infrastructure are important [1; 4;
6; 7].

To restore energy independence in new conditions, each city of our country
should become energy-independent or be transformed into "energy-independent local
cities", which is possible based on the active development of cities with a significant
concentration of wind power plant, solar power plant, bio- and biogas power plant. In
particular, such objects do have not only the capacity development, enough to live
independently both industrial objects and their households. Energy cities should become
energy-efficient, which have a surplus that can be used to accumulate electricity to
cover the temporary energy consumption (in winter periods, in periods temporarily
unfavorable for generation).

Therefore, it is obvious that the development of green energy in Ukraine, which
consists of:

- industrial solar power plant;

- domestic solar power plant (home solar farms);

- wind power plant;

- bio power plant;

- biogas power plant;

- mini hydro power plants (or hydropower plants with a capacity from 100 to
1000 kW).

Such energy objects are quickly built, with different formats and speeds of

conversion.



It should be noted that by the beginning of Russia’s military aggression against

Ukraine and its military invasion, the rate of development of green energy has

increased. In particular, only in the first half of 2018 more "green" capacities were put

into operation than in the whole of 2017. In 2018, the installed capacity of the
renewable energy sector was 2280,7 MW, whereas in 2019 it was 6826,1 MW (or 1.99

times more than in the previous period), and in 2020 it was 8486,7 MW (2,72 times

more than in 2018). At the beginning of 2022, the total capacity of green energy
facilities in Ukraine reached 9 656,95 MW. (or 3.23 times more than in 2018). The

general dynamics of the growth of installed capacity of objects of green energy, for

2018-2021 is given in fig.1.
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According to the general dynamics of the growth of the installed capacity of the
green energy facilities, the structural capacity of the sector and the resulting generation

of electricity by types (as of the end of 2021) was concentrated in several basic

segments: solar generation and wind generation (Fig. 2).
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Fig. 2. The structure of electricity generation and the installed capacity of the
green energy sector, 2021,%.

Source: Ukrenergo NEC, State Energy efficiency Agency, 2021

Thus, according to the structure of power of green energy sectors in the structure
of electricity generation formed by it in 2021, the largest share - 59,81% (or 7670
million kWh) was on solar generation and 30,3% (or 3866 million kWh) on wind
generation. In addition, 7,74% (or 992 million kWh) was formed at the expense of
generation at the expense of biomass and biogas and only 2,15% (276 million kWh) at
the expense of a generation of mini hydropower stations. It is obvious that the share of
power of small hydropower is critical, and in 2021, it grew only 1,24% or 14,6 MW,

due to the high risk of environmental disaster for Ukrainian rivers and the entire natural




system surrounding them. In addition, according to official data of PJSC
"Ukrhydroenergo", hydro potential in Ukraine was used by 80% [5].

Specific to this process was that during the period considered, the most active rate
of development of capacities was observed in the segment of solar power, which formed
home solar power plants and industrial solar power. Thus, the capacity of the domestic
solar power plant in 2021 increased by 426,1 MW, which is 36,4% of the new green
power plants put into operation last year. It is worth noting that the total installed
capacity of all domestic solar power plant at the end of 2021 reached 1205,1 MW (that
is, in 2021, increased by 426,1 MW, which is 36,4% of new green energy capacities). In
2021, the power of industrial solar generation increased by only 305,5 MW (26,1% of
the new green power plants introduced in 2021), which 1s 818,1 MW or 3,6 times less
than the 2020 figure of 1 123,6 MW. Before the war in Ukraine approximately 10
thousand private and more than 2 thousand industrial solar power stations were

functioning (fig. 3).
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At the same time, the largest solar power plants in Ukraine are concentrated in the
following areas: Dnipropetrovsk with a capacity of 290 MW; Odesa with a total
capacity of 240 MW, Vinnytsia with a total capacity of 228 MW, Kherson with a total
capacity of about 100 MW.

Also, compared to 2015-2017, the wind power segment, which was the second,
after solar power, grew quite actively from 2018 to 2021. In particular, in the green
power sector, it reached 1672,9 MW in 2015 at a total installed capacity of 409,5 MW.
in 2021 (fig. 4).
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It is worth noting that this sector has added the largest number of new facilities to
the Green Energy sector in 2021. The share of wind power plants that were put into
operation in 2021 was 30,6% or 358,8 MW (this is 2,5 times more than the volume of

new wind power plants introduced in 2020). By the beginning of the large-scale war, 34



wind power plants in Ukraine were already operating on the territory of which 699 wind

turbines with an average single capacity of 3,5 MW were built. (fig. 5).

Wind farm: (1) Bonus, Kyiv region.; (2) Staryi Sambir 1, Lvov region; (3) Staryi Sambir 2, Lvov
region; (4). Zborivska, Ternopol region; (5) bioenergoproduct, Ternopol region; (6) Shevchenko-1
(first turn), Ivano-Frankivsk region; (7) OOT Vind, Odesa Oblast; (8). Dniester, Odesa region; (9).
Yuzhnoye Energia, Odesa region; (10) Ochakivsky Vytnyi Park, Mykolaiv region; (11) Blagatny
Vytnyi Park, Mykolaiv region; (12) Vytnyi Park, Prychornomorsky Park, Mykolaiv region; (13)
Vytnyi Park, Mykolaiv region; (14 17) Vytnyi Park, Mykolaiv region; (15) 16; (18) Bets, Kherson
region; (19) Beregova, Kherson region; (20) Novotroitskaya, Kherson region; (21) Overyanivska,
Kherson region; (22) Mirnenskaya, Kherson region; (23) Sivanskaya, Kherson region; (24) Sivska,
Kherson region; (25) Botievska WT, Zaporozhe region; (26) Primorska 1, Zaporozhye region; (27)
Primorska 2, Zaporozhe region; (28) Orlovska, Zaporozhe region; (29) Zaporizhzhya, Zaporozhe
region; (30) Kramatorsk, Donetsk region; (31) Vitroenergoprom, Donetsk region; (32) Vitriyanyy park
Novoazovsky, Donetsk region; (33) Vitriyanyy park Krasnodonskiy, Lugansk region; (34) Vitriy park
Lutuginsky, Lugansk region

Fig. 5. Map of the location of the wind stations of Ukraine, as of the end of 2021

Source: [4]

At the same time, it is problematic that about 60% of solar and wind power
facilities were in the zone of the most active fighting activities and suffered the greatest
losses from Russian invaders. The reason for this is a large area of object placement [2].
Thus, according to various estimates (specified by the location of generating facilities in
the area of active combat operations), 30-40% of power stations in the regions affected
by the Russian invasion (this is 1120-1500 MW of installed capacity) suffered. In

particular, it is known about the destruction of 100% of generating capacities of solar



power stations in the Kharkiv region [2], 80% of the industrial solar power plants that
are located in the Mykolaiv energy unit can be quickly compared because up to 80% of
the construction is assembled. Thus, these facilities can be the basis for balancing access
to the industrial and household facilities located there with the necessary energy
resources.

Currently, stored green energy facilities do not operate at full capacity, because,
almost daily for the whole daylight day, they receive dispatch commands to limit
generation to ensure the reliability of the power system and to switch on to
generation. However, the outlined objects can be quickly included in the energy system
of cities. This is extremely important because, in the conditions of impacts on the entire
critical infrastructure, it becomes extremely important to develop in a harmonious and
even way all sectors of green energy in every region of Ukraine.

Apart from solar and wind power, there are significant prospects for
strengthening the energy independence of the national economy in the bioenergy sector.
It 1s important against the background of the gas market turbulence and the critically
high prices for natural gas. Bioenergy and biogas energy produces renewable heat,
electricity, biogas, and biomethane, liquid biofuel. Thus, this sector has considerable
potential for further development by burning biomass and biogas. It can close part of the
natural gas deficit in the issue of heat and electric energy production at the level of a
separate city. In total, in 2021, 21 MW (or 1,79%) of bio power plant were put into
operation (this i1s 50% more than in 2020, and 43,1 MW (or 3,68%) of biogas power
plant (which is twice the growth of 2020 bio-energy capacities).

Summary research summary and prospects for further tasks in this area.
According to the results of the study, it is stated that it is important for Ukraine to
abandon the development of centralized energy hubs, in favor of "energy cities". This is
necessary to ensure that Russia’s energy resources and Ukraine’s national critical
infrastructure are no longer an instrument of political or military influence on Ukraine’s
national economy. The following conclusions were made:

1. Ukraine has been in constant strikes across its entire critical infrastructure

(primarily industrial power, in particular, power plants, power systems, and its networks



or parts, the disruption or destruction of which will have the most serious consequences
for the national economy). The new situation complicates production conditions and
minimizes its effectiveness in terms of added value. Therefore, measures aimed not only
at its renewal but also at increasing the availability of energy resources at local and
regional levels are important.

2. To restore energy independence to improve the availability of energy
resources at regional and local levels, each city of our country should become an
energy-independent or "energy city", which is possible through the active development
of cities with significant concentrations of wind generation, solar generation, bio-, and
biogas generation.

3. The development of green energy in Ukraine, which consists of: industrial
solar power plant; domestic solar power plant; wind power plant; bio power plant;
biogas power plant should play a significant role in restoring Ukraine’s energy
independence. Such energy objects are quickly built, with different formats and speeds
of conversion.

The perspectives of further research consist in the use of the results obtained
for the adjustment of the Energy Strategy of Ukraine for the period up to 2035 "Safety,
energy efficiency, competitiveness" taking into account the need for transformation of

critical infrastructure of Ukraine.
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