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Abstract: The article shows the structure of power generating 
capacities of Ukraine in the context of military operations and 
provides the information on the energy structure of the EU, 
France and Germany. The current state of Ukrainian energy 
system is analysed. The process of system restoration with the 
assistance of international partners in the context of 
synchronizing the operation of the energy system of Ukraine with 
the European energy grid ENTSO-E is highlighted. Moreover, it 
is analysed the existing global trends in energy development and 
the impact of Russia's war with Ukraine on them. 

 

1 Introduction  

An energy sector of country is the foundation of its economy and the well-being of its 
population. To ensure its energy, economic and political independence, our country 
uses all available sources of electricity generation.  Table 1 shows the structure of 
Ukrainian generating capacities in the dynamics for the period 2019-2022 in the 
context of active hostilities. For comparison, this table also includes relevant 
information on the generating capacities of the EU, France, and Germany [1-4]. 
The examination of Table 1 reveals that in 2022, nuclear power plants saw an increase 
in electricity generation, while other types of power plants experienced a decline in 
their output. 
 

 

Table 1: Structure of generating capacities in Ukraine, the EU, France and Germany 

 
Despite hydropower generation had relatively small share in energy system of Ukraine 
it plays a significant role in ensuring the stability of it by providing highly maneuverable 
capacities and level up the daily load. 
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2 The current state of Ukrainian energy system in the context of 
hostilities 

The structure of Ukraine's generating capacities has undergone significant changes as 
a result of the hostilities. Russian invaders seized Zaporizhzhya NPP with a capacity 
of 6,000 MW (6 x 1,000 MW), blew up Kakhovka HPP with a capacity of 334.8 MW (6 
x 55.8 MW), damaged a number of thermal power plants and hydroelectric power 
plants, as well as a large number of electrical substations, transformers, and power 
distribution networks. About half of Ukraine's power generation capacities were 
damaged, with 90 % of wind and one-third of solar generation lost.  
As a result of serious damage to energy system of Ukraine by Russian aggressors, a 
temporary blackout occurred on 23 November 2022, disconnecting most of the country 
from electricity supply. In the face of a frequency reduction, emergency protection was 
activated in the power system and all units of Rivne, South Ukrainian and Khmelnytskyi 
NPPs were shut down, while Zaporizhzhya NPP switched to full blackout mode with all 
diesel generators running.  Ukrainian power engineers honorably overcame such a 
threatening situation and brought the country out of blackout in 20 hours. This case 
demonstrates the high resilience of the Ukrainian power system. 
In 2023-2024 Russia made new terrorist attempts to destroy our country's energy 
system (we emphasize that such actions are classified as terrorist acts, as Russia has 
not declared a state of war with Ukraine). As a result of such actions, Dnipro HPP-1, 
Dnipro HPP-2, Middle Dnipro HPP, Kaniv HPP and other hydroelectric power plants 
were heavily damaged and decommissioned. Zmiivska, Trypilska, Ladyzhynska 
thermal power plants were damaged and put out of operation. Other energy elements, 
such as transformer substations, distribution systems, power lines, etc., also have 
suffered significant damage. However, the invaders did not succeed in completely 
disabling Ukraine's energy sector. 

 

3 Restoration of the Ukrainian energy system in the context of 
hostilities 

The extensive destruction and damage to Ukraine's energy infrastructure caused by 
Russia's large-scale missile attacks and systematic shelling requires a rapid response 
and appropriate measures to restore power supply. These emergency measures 
include the following. 
1. Repair and restoration of damaged power plants and energy infrastructure elements 
– transformers, switchgear, power lines, switches, disconnectors and other equipment. 
2. Use of existing and creation of new additional (bypass) power supply networks. 
3. Transmission of electricity to emergency areas from neighbouring regions, including 
from foreign sources. 
4. Use of industrial and domestic petrol and diesel power generators and heat pumps 
in emergency situations. So far, more than half a million power generators have been 
imported to Ukraine. 
The complexity of the problem lies in the fact that a significant amount of this work has 
to be carried out under enemy fire and in the presence of mines, moreover, the military 
situation does not exclude the possibility of further enemy missile attacks and shelling. 
Ukraine's energy system is being rebuilt with the help of international partners who 
have provided additional funding and energy equipment, including powerful 
transformers and power generators. At the same time, the energy system is being 
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rebuilt on a new basis in accordance with modern European standards, taking into 
account the existing military risks. 
It should be emphasized that the restoration of powerful power plants requires not only 
repairs, but in some cases complete replacement of the destroyed equipment. 
Manufacturing of new unique transformers, generators, turbines and other energy 
equipment is time-consuming and requires appropriate financial support. 
The severance of the energy connection between Ukraine and Russia and Belarus, as 
well as the planned synchronization of the national system with the European energy 
grid ENTSO-E, were crucial steps to improve the state of Ukraine's energy system and 
ensure its energy independence. The energy bridge between Ukraine and the 
European Union, which was opened in March 2022, enabled our country to carry out 
the necessary expert import operations with energy.
 

4 The impact of hydropower on the operation of the Ukrainian 
energy system 

Hydropower engineering plays an important role in solving the energy problems that 
arise in Ukraine in the context of hostilities. HPP and PSPP units not only generate 
electricity, but also regulate the irregularities of the energy system over time. At the 
same time, hydraulic power plants generate sharp peak energy, which is 6-8 times 
more expensive than the base energy. 
Hydropower engineering in Ukraine has developed since early the beginning of the 
20th century. Therefore, there are different types of hydropower plants (HPPs) with 
various heads, capacities, and constructions in Ukraine. Ukraine has seven 
hydropower and three pumped storage power plants (PSPPs) with a total capacity of 
about 6000 MW. PJSC "Ukrhydroenergo" is the largest hydroelectric generating 
company in Ukraine. It owns and runs the HPPs and PSPPs on the Dnipro River and 
the Dniester River. Moreover, the united energy system of Ukraine also includes the 
Tashlyk PSPP. Other HPPs operating as part of the UES of Ukraine have a total 
installed capacity of 193 MW [5, 6], including small hydropower plants (SHPPs) with a 
total capacity of 120.74 MW [7].  
A positive feature of PSPPs is their ability to operate in pumping mode during periods 
of low power system load. In doing so, they use cheap base energy generated by NPPs 
and TPPs. In recent decades, there has been a tendency to significantly expand the 
functions of PSPPs in the power system. In addition to their traditional activities, i.e. 
the production of acutely scarce peak electricity, it has become possible to meet the 
growing needs of the energy market. Such additional functions of PSPPs include 
regulation of the main parameters of the power system (power, frequency, etc.), 
improvement of power quality, creation of a reserve for frequency support and 
restoration [8, 9]. Recently, another important function of pumped storage power plants 
has been discovered, related to the possibility of using it to accumulate ‘excess’ energy 
generated by wind and solar power plants. There are currently three PSPs in Ukraine 
– Kyiv, Dniester and Tashlyk – that demonstrate reliable operation. 
In the context of hostilities, the role of HPPs and PSPPs is significantly increasing, as 
they can be quickly brought online in critical situations, ensuring high resilience of the 
energy system. 
In addition, the role of small hydropower plants should be also emphasized. Despite 
they have the same features as the HPP with large capacities, small hydropower plants 
are an important element of distributed generation by influencing the operation of 
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power grids.  SHPPs can be operated as part of the energy system of Ukraine as an 
additional source of coverage in the power system of peak electricity deficit as well as 
can be operated in off grid mode – for individual consumers [9]. Small hydropower 
plants demonstrated effective performance in providing electricity to local consumers. 
In response to ongoing attacks and significant damage to Ukraine's Energy System, 
isolated operation of several SHHPs in the Vinnytsia, Sumy, and Chernihiv regions 
was tested. These SHHPs functioned independently from the main energy system, 
supplying electricity to a limited number of nearby settlements. The successful results 
of these tests showed that SHHPs can maximize electricity provision to nearby 
consumers during emergency power outages [10]. 
 

5 Global energy trends and the impact of Russia's war against 
Ukraine 

An analysis of the structure of energy generating capacities in the world over the past 
decades shows the dynamics of changes in this structure. After the Chernobyl 
(Ukraine, 1986) and Fukushima (Japan, 2011) accidents, a number of countries 
decided to reduce electricity generation at nuclear power plants and even shut them 
down completely.  
In Germany, 175 nuclear reactors were in operation at the beginning of 2011, only 9 
reactors remained in operation at the end of 2011, and in January 2022, only 3 NPPs 
with a capacity of 4 GW (Isar 2, Emeland and Neckarwestheim 2) were in operation. 
They were shutdowned in April 2023 [3]. 
In 2024, France decided to reduce the share of nuclear power plants in electricity 
generation by 50% by 2025, and at that time this share was about 70%. However, the 
implementation of these plans was later postponed until 2035 [4]. 
An important trend in the global energy sector is the decarbonization of the industry, 
i.e. the gradual abandonment of fossil fuels (coal, oil, gas, etc.) and the transition to a 
more complete use of renewable sources (water, solar, wind, biofuels, household 
waste, etc.). This trend is driven by the desire to reduce the negative impact of human 
activity on climate change by reducing carbon dioxide emissions from fuel combustion. 
Under these circumstances, the UK closed its coal mines. Moreover, France 
announced in 2018 that it would close its coal-fired power plants by 2022, although the 
implementation of this decision was postponed until 2035.  
The Russian-Ukrainian war, the imposition of sanctions against Russia, the closure of 
the Nord Stream 2 oil pipeline, a significant decrease in Russian oil and gas imports to 
Europe, and the spike in global prices for these energy carriers have significantly 
affected the decisions made earlier in the energy sector. In addition, scientists and the 
public in many countries have come to the conclusion that nuclear power plants have 
a higher level of reliability than previously thought, and the negative impact of these 
plants on the environment is much less than that of other types of power plants. 
Taking into account these circumstances, the German government, even in the face of 
significant progress in the use of renewable energy sources, decided to extend the 
operation of its three existing nuclear power plants for a certain period. At the same 
time, Germany actively uses its coal-fired power plants. It is noteworthy that Germany 
is currently one of the countries that imports the most coal [3]. In February 2022, 
France announced plans to build six new nuclear reactors and consider the 
construction of eight more reactors in the future [4]. 
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The country's energy development program is outlined in the Energy Strategy of 
Ukraine until 2035, which was approved in peacetime back in 2017. In the context of 
hostilities, this strategy requires appropriate adjustments, which can be summarized 
as follows: dispersal of energy sources, expansion of the network of existing power 
lines, active use of renewable energy sources through the construction of new 
hydroelectric power plants and pumped storage facilities, wind, solar and biofuel power 
plants, continuation of cooperation between Ukraine and the European Union in the 
context of synchronization of the Ukrainian energy system with the European energy 
network ENTSO-E, etc. 
 

6 Conclusions 

1. Exiting the blackout in 2022 demonstrated the high resilience and reliability of 
Ukraine's energy system 
2. HPPs and PSPPs play an important role in ensuring the resilience of Ukraine's 
energy system in the context of hostilities. 
3. In order to meet military, industrial, municipal, domestic and other energy needs, 
Ukraine needs to take the following measures in the context of hostilities 
- restore the operation of destroyed and damaged energy facilities by carrying out 
appropriate repairs and replacing destroyed equipment; 
- strengthen air and missile defence of energy facilities; 
- optimize the operation of all types of energy generating stations and devices, 
including power generators and heat pumps of the facilities; 
- to consistently pursue a policy of dispersing power generating stations and facilities 
on the territory of Ukraine. 
4. To continue cooperation between Ukraine and the European Union in the context of 
synchronization of the Ukrainian energy system with the European Energy Network 
ENTSO-E, using the possibilities of export and import of electricity. 
5. Implementation of the Energy Strategy of Ukraine until 2035, taking into account the 
planned adjustments, will provide electricity to industry, agriculture, utilities and the 
population. 
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