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Abstract. The invasion of Ukraine on February 24, 2022, caused significant military damage
to the hydropower sector, critical for energy security and economic development. The article
provided an overview of the Ukrainian hydropower sector and the war’s socioeconomic
impact on it in 2022-2024. Based on open source data, the research focused on large and small
hydropower facilities, examining their roles in electricity generation, stability of the unified
energy system of Ukraine, and water supply. The authors’ findings offer insights into the extent
of damage for policymakers, scientists, and sector experts.
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Introduction

The hydropower sector plays a significant role in ensuring energy security and economic
development of Ukraine. However, following the large-scale invasion of Ukraine on
February 24, 2022, the hydropower sector suffered significant losses. Hydropower
facilities became targets of massive attacks, resulting in infrastructure damage and
disruptions in operations. These impacts led to far-reaching consequences for the
country’s economy, energy security, social and environmental well-being.

Among the researchers studying the impact of the war on Ukraine’s hydropower
are D. Stefanyshyn, D. Benatov, P. Gleick, V. Kolodezhna, O. Vasyliuk, A. Shchepaniak,
E. Sumskyy and others (Kolodezhna and Vasyliuk, 2022; Stefanyshyn and Benatov, 2023;
Sumskyy, 2023; Gleick, Vyshnevskyi and Shevchuk, 2023; Shchepaniak and Bazaka,
2024). They focus on particular cases of military attacks on hydropower infrastructure,
particularly the small or large hydropower sector. There is a significant gap in the
literature regarding a comprehensive overview of war’s impact on both small and large
hydropower. The study provides an analysis of the effects of the war on the hydropower
sector in Ukraine. This research aims to provide a comprehensive overview of the

Svitlana Matus ORCID: 0000-0003-3678-0283; Mirostaw Wasilewski ORCID: 0000-0001-6791-5713;
Serhiy Zabolotnyy ORCID: 0000-0003-4701-0495; Tomasz Wtodarczyk ORCID: 0000-0002-4835-4137

— svitlana_matus@sggw.edu.pl

Strona | 97



S. Matus et al.

hydropower sector of Ukraine, as well as the socioeconomic impact of the war on it
between February 2022-May 2024. Its findings yield valuable insights for developing
strategies to support the sustainable recovery and development of the Ukrainian
hydropower sector.

Methods and data

The investigation utilized data from open data sources publicly available during the rese-
arch period, including scientific studies, information from official government websites,
articles in government journals, and reports from international and financial organiza-
tions. Access to comprehensive data on military attacks on Ukraine’s hydropower sector
was limited due to wartime security concerns.

Research results

The hydropower sector in Ukraine: a pre-war overview

The hydropower sector plays a crucial role in electricity generation and in fulfilling
a variety of additional vital functions, such as ensuring the stability of the unified energy
system and water supply of Ukraine.

Before the large-scale invasion on February 24, 2022, Ukraine had a well-developed
hydropower infrastructure. The hydropower sector covered a variety of facilities, inclu-
ding (Stefanyshyn, 2019):

» large hydropower plants (HPP) with a capacity exceeding 10 MW,
*  pumped storage power plants (PSPPs),
* small hydropower plants (SHPPs) with a capacity of less than 10 MW.

Ukraine’s hydropower sector was formed by ten large hydropower plants (HPPs)
with massive dams. In addition, the country had three pumped storage power plants
(PSPPs), (Ukrhydroenergo, 2024).

The map of Large Hydropower Plants (HPPs) and Pumped Storage Power Plants
(PSPPs) across the country is presented in Figure 1. It highlights the concentration of
large HPPs along major rivers, particularly the Dnieper, the Dniester, the Southern Buh,
and the Terebla Rivers.

The map is dominated by the Dnieper Cascade — a series of six reservoirs formed by
dams on the Dnieper River. These dams are associated with the following large hydro-
power plants (HPPs): Dnipro HPP, Kakhovka HPP, Kaniv HPP, Kremenchuk HPP, Kyiv HPP,
and Serednodniprovska HPP (Details regarding these HPPs and their reservoirs are pro-
vided in Table 1). This cascade extended for about 900 kilometres with a total reservoir
water volume of 43,83 cubic kilometers. Together, these facilities accounted for 90.8%
of the water volume of all large reservoirs in Ukraine (Zaporizhzhia State Administra-
tion, 2024).

To further explore the characteristics of Ukraine’s large hydropower plants, table 1
provides specific information regarding each station and reservoir (Table 1).
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Figure 1. Large Hydropower Plants and Pumped Storage Power Plants by Capacity, Ukraine

Source: WWF (2021).

Table 1. Characteristics of 10 large HPPs in Ukraine (as of February 24, 2022)

Name of Hydropower

- Reservoir name
Facility

Installed power (MW)

Reservoir volume
(cubic kilometers)

Dniester HPP 702
Dniester Reservoir 2.0
Dnister HPP-2 40.8
Oleksandrivska HPP Oleksandrivske Reservoir 25 ~0.1
Tereble-Riska HPP Vil'shans’ke Reservoir 27 0.24
HPPs included in the Dnieper Cascade
Dnipro HPP Dnieper Reservoir 1578.6 3.32
Kakhovka HPP Kakhovka Reservoir 334.8 18.20
Kaniv HPP Kaniv Reservoir 500 2.63
Kremenchuk HPP Kremenchuk Reservoir 700.4 13.50
Kyiv HPP Kyiv Reservoir 440 3.73
Serednodniprovska HPP Kamianka Reservoir 388 2.45
Total 4736.6 46.17

Source: compiled based on data from Ukrhydroenergo, Energoatom, Zakarpattia Administration.
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In Ukraine, small hydropower plants (SHPPs) include hydropower facilities with
a capacity of up to 10 MW (State Agency for Energy Efficiency and Energy Saving of
Ukraine, 2024). According to the State Agency for Energy Efficiency and Energy Saving
of Ukraine, these small hydropower facilities are further categorized based on their
power output:

* Small Hydropower Plants: 1-10 MW capacity,
* Mini-Hydropower Plants: 200 kW to 1 MW capacity,
* Micro-Hydropower Plants: Up to 200 kW capacity.

Since 2009, Ukraine has implemented a preferential “green” tariff to promote hydro-
power development. This initiative has led to a substantial increase in the number of
small hydropower facilities. According to WWF data, as of the end of 2020, Ukraine had
169 SHPPs operating under the green tariff (WWF, 2021). The majority of these SHPPs
were located in the Khmelnytskyi region — 30 SHPPs, Vinnytsia region — 28 SHPPs and
Ternopil region — 19 SHPPs, while only a few SHPPs were observed in the east. More
detailed information is presented on the map: “Distribution of SHPPs eligible for the
green tariff by regions, Ukraine” (Figure 2).

At the beginning of 2022, Ukraine had 177 SHPP with a total installed capacity of 120
MW (International Energy Charter, 2023).

Figure 2. Distribution of SHPPs eligible for the green tariff by regions, Ukraine
Source: WWF (2021).

Strona | 100



Socioeconomic impact of the war on the hydropower sector of Ukraine

The role of hydropower in Ukraine
The hydropower sector plays a crucial role in electricity generation and ensuring the
stability of the unified energy system and water supply of Ukraine.

Ukraine’s hydropower sector had a significant installed capacity. The total instal-
led capacity of HPPs and PSPPs in the United Energy System of Ukraine was 7350
MW (Ukrhydroenergo, 2024). According to the International Energy Agency (IEA), the
amount of electrical energy generated from hydropower in Ukraine was 6,5% of total
electricity production in 2021 (IEA, 2024; Figure 3).

Coal Natural gas Nuclear Hydro Solar PV
23.1% 9.1% 54.6% 6.5% 4.2%

Figure 3. Electricity generation sources, Ukraine 2021

Source: |EA (2024).

Among the most powerful of Ukraine’s HPPs was the Dnipro Hydropower Plant
(Dnipro HPP). Dnipro HPP boasted an installed capacity of 1578,6 MW as of Febru-
ary 2022.

Despite the potential of small hydropower plants (SHPPs) to contribute to Ukraine’s
energy balance, their current role remains limited. SHPPs accounted for only 0.1% of
the country’s total electricity production in 2021 (International Energy Charter, 2023).
This figure reflects the installed capacity of these power plants, which was approxima-
tely 120 MW.

Hydropower plays a significant role not only in terms of electricity production in
Ukraine. Potashnyk S. emphasizes that hydropower in Ukraine also plays a crucial role
in ensuring the stability of the national Unified Energy System. It provides the system
with highly maneuverable capabilities to regulate daily load profiles, covering peak
demands and filling night slumps. Additionally, hydropower serves as an emergency
reserve of electricity (Potashnyk, 2014).

According to Ukrhydroenergo, pumped storage hydropower plants (PSHPs) are
pivotal in covering peak loads during morning and evening consumption peaks in Ukra-
ine. They pump water at night and utilize it during the day for electricity generation,
as shown in Figure 4.

Itisimportant to highlight another significant role of hydropower in Ukraine —addres-
sing the tasks of providing water supply to the population and industry, water transpor-
tation, irrigation, fisheries, and recreation. For instance, during an interview with the
governmental newspaper “Uryadovy Kuryer”, Landau Y. emphasized that thanks to the
water resources of the Dnieper River with a cascade of hydropower reservoirs, water

Strona | 101



S. Matus et al.

10,000

5,000

o
00:00 02:00 04:00 06:00 08:00 1C:00 12:00 14:00 1€:00 18:00 20:00 22:00 24

hour

foonee o cwp  Res I tep 0 wepapsHe Ml Consumption M PSHP pumping

NPP — Nuclear power plant CHP — Combined Heat and Power
RES — Renewable energy source TPP — Thermal power plant
HPP — Hydroelectric power plant PSHP — Pumped storage power plant

Figure 4. Daily Electricity Production / Consumption Schedule for 08.02.2021
Source: Ukrhydroenergo (2024).

supply is ensured for the population, industry, agriculture, and irrigation in areas where
nearly 70% of Ukraine’s population resides (Uryadovy Kuryer, 2023).

As mentioned earlier, hydropower reservoirs are essential in water resource manage-
ment. These reservoirs serve as vital sources for various water-dependent activities. The
Kakhovka HPP had the largest reservoir volume in Ukraine. At the start of the war in Febru-
ary 2022, the Kakhovka Reservoir contained an impressive 18,18 cubic kilometers of water.
This capacity illustrates the significant water storage capabilities of Ukrainian reservoirs.

Impacts of the war on the large-scale hydropower sector in Ukraine

As a result of military operations, colossal damage was caused to the large hydropower
sector of Ukraine. The harm to large hydropower plants (HPP) during the war was not
fully disclosed due to security concerns. However, open-source intelligence, including
expert reports and images, demonstrates extensive demolition of dams, power plants,
and other infrastructure (Gleick et al., 2023).

Since the start of the full-scale invasion, attacks have targeted most of Ukraine’s
large hydropower plants, with some plants controlled by the Russian occupiers, such as
the Kakhovka HPP (Vasilyuk and Simonov, 2022). In chronological order, the most signi-
ficant military attacks on the main facilities of Ukraine’s HPP, information about which
is publicly available, are listed:

Strona | 102



Socioeconomic impact of the war on the hydropower sector of Ukraine

» 2023, June 6. The enemy attacked the Kakhovka HPP (Stefanyzyn and Benatov, 2023),
e 2024, March 21. It was an attack on the Dnipro HPP. As the general director of Ukrhy-
droenergo lhor Syrota noted, 20% of Ukrhydroenergo’s regulating capacity was lost

due to damage to Dnipro HPP. Damage assessments are ongoing. (Tunyk-Friz, 2024),

e 2024, March 29. The enemy attacked the Dniester HPP and the Kaniv HPP (Taraso-
vsky, 2024).

The most disastrous impact on the hydropower sector of Ukraine was experienced
on June 6, 2023, when the dam of the Kakhovka HPP was destroyed due to military
operations. The destruction of the dam had significant long-term socioeconomic con-
sequences, particularly:

» significant economic losses: the Ukraine Rapid Damage and Needs Assessment
report states that “approximately USS 2.79 billion in direct damage to infrastructure
and assets as a result of the event and losses exceeding USS 11 billion” (World Bank
et al., 2024),

* social and environmental threats: among the main threats were the flooding of
the surrounding territories, fossil and industrial facilities, environmental pollu-
tion (Greenpeace, 2023), significant loss of water resources, energy generation,
and balancing (Stefanyzyn and Benatov, 2023). The flooding affected 100 000
residents (World Bank et al., 2024). The flooding and pollution caused the death
of many plant and animal species, harming the region’s biodiversity. Approxima-
tely 10 000 hectares of agricultural land were lost, irrigation was destroyed, and
water supply was partially stopped in several affected areas (Shchepaniak and
Bazaka, 2024).

Despite the enemy’s regular attacks on the hydropower facilities of Ukraine and
the damage caused, as of April 2024, the large hydropower facilities remain capable of
covering peak loads (DiXi Group, 2024).

Impact of the war on small-scale hydropower sector in Ukraine
The full-scale invasion of Ukraine, which began in February 2022, has had a strong nega-
tive impact on the national small hydropower (SHPP) sector (Figure 5).

As of June 2023, 4% of all SHPPs in Ukraine had been destroyed or damaged as
a result of military operations. An additional 1% of SHPPs were located on the territory
that was no longer under the control of Ukraine (Kyiv School of Economics Institute,
2023).

The war also had a significant impact on the development of new SHPPs in the coun-
try. There has been a sharp decline in the construction of new SHPPs. In the two years,
from 2022 to 2023, four new SHHPs received a green tariff. Despite the Carpathian
region’s high potential for SHPP development (Uryadovy Kuryer, 2023), most of the new
SHPPs have not been constructed in this region.

The ongoing war in Ukraine has affected the small hydropower sector of Ukraine,
especially in territories that have been and continue to be under temporary occupa-
tion or active hostilities, including Kyiv, Kharkiv, Luhansk, Donetsk, and Kherson regions
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Figure 5. Number of damaged and occupied renewable energy sources as of June 2023

Source: International Energy Charter (2023).

(Sumskyy, 2023). Considering the security limitations imposed by the war, the full

extent of the socioeconomic consequences of the destruction of Ukraine’s SHPPs rema-

ins uncertain. However, the destruction of the dam of Oskil SHPP can be considered to
illustrate the potential consequences.

Oskil SHPP is located in the Kharkiv Oblast on the Oskil River, a left tributary of the
Siverskyi Donets River. Its capacity is approximately 4 MW. It stands on the Oskilsky
Reservoir, constructed to ensure the water regime of the Siverskyi Donets — Donbas
channel (Lystopad, 2024). As a result of military operations in 2022, the dams of several
reservoirs along the Siverskyi Donets River, including the Oskilsky Reservoir dam, were
damaged. It caused an artificial flood downstream (Gleick et al., 2023). A rapid release
of approximately 0,36 cubic kilometers of water from the reservoir also impacted the
Oskil SHPP’s operation (Kolodezhna and Vasyliuk, 2022).

The destruction of the dam of Oskilsky Reservoir has far-reaching socioeconomic
consequences, particularly:

+ significant economic losses: preliminary estimates indicate that the losses caused
by the destruction of the Oskilske Reservoir and related infrastructure amount to
approximately 3.7 billion hryvnias (Lystopad, 2024);

» social and environmental threats: flooding of adjacent territories, loss of biodi-
versity, and disruption of energy and water supply systems have all contributed to
increased disease risks, posing a significant threat to public health, particularly in
vulnerable communities (Kolodezhna and Vasyliuk, 2022).

Conclusion

The war since February 2022 has significantly impacted the Ukrainian hydropower
sector, resulting in far-reaching socioeconomic consequences. The destruction of
both large and small hydropower facilities has posed substantial economic losses,
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social disruptions, and environmental threats, including flooding of the surrounding
territories, loss of water resources, disruption in energy generation and balancing,
loss of biodiversity and environmental pollution, and a threat to public health.
The loss of hydropower facilities will have long-term risks for the country’s energy
security and ability to meet future needs. Given the war’s significant impact on
Ukraine’s hydropower sector, urgent and targeted measures must be taken to restore
or replace damaged hydropower facilities. At the national level, a strategy needs to
be developed to ensure the future sustainability of the hydropower sector, including
strengthening infrastructure protection and introducing new technologies to balance
the country’s energy needs.
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