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revealing an evolutionary transformation of compensation mechanisms - from the successful Kuwaiti
precedent, with 94% of claims paid, to ineffective contemporary mechanisms with no payments at all -
thus confirming the critical dependence of effectiveness on the level of international political support.
A comparative matrix of international precedents was created, which demonstrated the evolution of
international legal mechanisms from a fragmentary response to systemic compensation institutions
with the expansion of the subject composition of responsibility. Typological patterns of application
of international legal instruments of compensation were revealed, in particular, a direct correlation
between the effectiveness of compensation procedures and the level of international political support
was established. The results of the study conceptualised the development of a new paradigm of national
security based on a synergistic combination of energy and environmental legal mechanisms in the
context of sustainable development

Keywords: ecocide; compensation mechanisms; international humanitarian law; ecosystem losses;

greenhouse gases; restorative justice

Introduction

The Russian-Ukrainian War demonstrated the
critical vulnerability of national energy systems
and their direct impact on the economic stability
of states. Simultaneously, the growing environ-
mental challenges and the need for a transition
to sustainable development require the search for
new approaches to ensuring energy security that
would harmoniously combine national interests
with environmental imperatives. The legal regu-
lation of these processes is of particular impor-
tance, since an effective regulatory framework is
a key tool for coordinating the efforts of the state,
business, and the international community. When
conventional models of energy security are insuf-
ficient to respond to contemporary challenges,
the relevance of the study of legal mechanisms for
ensuring energy security in the context of envi-
ronmental requirements becomes a priority.

The study of the relationship between ener-
gy security and environmental regulation has at-
tracted the attention of a wide range of research-
ers who have considered various aspects of this
complex problem. A significant contribution to
understanding the mechanisms of the impact of
environmental regulation on energy security was

made by N. Aslam et al. (2024b), who showed that
export activity increases energy risks, while in-
dustrial imports and economic growth contribute
to their reduction. The researchers recommend
the establishment of environmental regulation
to control energy security risks, and reducing
exports and increasing industrial imports to op-
timise domestic energy consumption. Regional
features of this relationship were investigated
by X. Zhao et al. (2023), who focused on spatial
heterogeneity in China and found that environ-
mental regulation contributes to higher levels of
energy security, but its effect varies by region, and
the positive impact increases when the degree of
fiscal decentralisation and marketability crosses a
certain threshold.

Strategic aspects of energy security in the
context of sustainable development were consid-
ered by P.S. Varbanov (2022), who substantiated
an integrated approach to overcoming environ-
mental and energy challenges through a hierar-
chy of measures that begins with minimising the
energy needs of global economies. The research-
er emphasised that a strategy to achieve suffi-
cient energy security can benefit from synergies,
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further improving energy efficiency, reducing
domestic energy needs, and making reasonable
use of available local resources, especially waste.
The legal mechanisms for harmonising environ-
mental and security objectives of energy policy
were analysed in detail by D.M. Schizer (2023),
who proposed an innovative approach to the de-
velopment of energy policy that simultaneously
protects the environment and ensures national
security. The researcher proposed a heuristic of
“marginal costs of energy efficiency”, according
to which politicians should consider all the social
costs of each source - private costs, national se-
curity costs, and environmental costs - and strive
to replace high-cost sources with low-cost ones.
International legal aspects of energy secu-
rity have been comprehensively investigated by
T. Morgandi & ]. Vinuales (2021), who analysed
the concept of energy security as “continuous
availability of energy resources at an affordable
price” and the role of international law in ad-
dressing threats to energy security. The research-
ers found that the international legal framework
largely focuses on the idea of energy as a “re-
serve” that is unevenly distributed among coun-
tries and creates vulnerabilities for energy-im-
porting countries. The impact of geopolitical risks
on the energy transition in the context of environ-
mental regulation was investigated by Q. Wang et
al. (2024a), applying a multivariate linear and
nonlinear regression model for OECD countries
and found a significant positive impact of geopo-
litical risk on the energy transition, with stronger
environmental regulation and progress in green
innovation significantly reinforcing this effect.
Specific aspects of energy security in the
context of military conflict have been considered
by several researchers. A. Nosach et al. (2024)
analysed the legal regulation of ensuring nation-
al security under martial law, establishing that
the financial security of the state as a component
of national security is the basis for the economic
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development of the country, ensuring the sover-
eignty and integrity of the state. K. Hook & R. Mar-
cantonio (2022) examined the environmental risks
of the military conflict in eastern Ukraine, find-
ing that the lack of international political will for
“forgotten conflicts” increases the likelihood that
shared environmental risks will be seen as just an-
other point of the political agenda for negotiations.

Empirical studies of the impact of energy
risks on achieving climate goals were conducted
by 0. Usman et al. (2024), who found that energy
security risks hinder long-term goals of achieving
zero emissions, with their impact decreasing over
time to complete disappearance in approximately
5 years. The specific aspect of the relationship be-
tween environmental regulation and energy secu-
rity through the prism of energy taxes was inves-
tigated by N. Aslam et al. (2024a), who found that
environmental regulation significantly reduces
the gap between energy consumption and pro-
duction, and mitigates energy security risks by
facilitating the energy transition. The economic
security of Ukraine in the context of military oper-
ations was studied by V. Yesina et al. (2025), who
conducted a correlation analysis of the density of
the relationship between the economic security
of the state and the introduction of energy-sav-
ing technologies, paying special attention to the
implementation of EU directives and the concept
of sustainable development with an emphasis on
reducing Ukraine’s energy dependence. However,
the analysis of scientific literature revealed insuf-
ficient research on legal mechanisms for coordi-
nating environmental regulation and energy pol-
icy at the level of national legislation, especially
in emergency situations. The researchers ignored
the issues of institutional support for the integra-
tion of environmental standards into the energy
security system.

The purpose of the study was to identify legal
mechanisms for integrating environmental prin-
ciples into the state’s energy security strategy
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under martial law to ensure long-term sustaina-
bility of national security based on the principles
of sustainable development. The objectives of the
study were:

1) to systematise the environmental conse-
quences of the destruction of Ukraine’s energy
infrastructure as a result of Russian aggression
and carry out monetary assessment of categories
of energy and environmental damage;

2) to identify typological patterns of applica-
tion of international legal mechanisms for com-
pensation of environmental damages through
a comparative analysis of the impact of military
conflicts on energy systems in different regions of
the world;

3) to define legal mechanisms for minimis-
ing and compensating energy and environmental
damages during the war, including the develop-
ment of the concept of ecocide and the establish-
ment of specialised international compensation
institutions.

Materials and Methods

The methodological framework of the research
included system and structural, comparative, for-
mal legal, historical legal, and statistical and ana-
lytical methods. The case study method was used
for a detailed analysis of four key international
conflicts and specific incidents of destruction of
Ukraine’s energy infrastructure.

The first stage provided for the systema-
tisation of the environmental consequences of
the destruction of the energy infrastructure of
Ukraine using a statistical and analytical meth-
od to classify empirical data into five categories
of impact: greenhouse gases from military oper-
ations and reconstruction; fires caused by war;
toxic sediment after the explosion of the Kakhov-
ka Hydroelectric Power Plant; construction waste
and debris; contaminated and mined land. Mon-
etary valuation was carried out using the Social
Cost of Carbon method at a rate of USD 185 per

tonne of CO, equivalent (Rennert et al.,, 2022) and
replacement cost methods for ecosystem servic-
es (US Environmental Protection Agency, 2001).
The case-study method was used to analyse the
explosion of the Kakhovka HPP on June 6, 2023,
the flooding of mines in the Donetsk Oblast and
the shelling of the Zaporizhia NPP (International
Atomic Energy Agency, 2023) using reports on
emissions of 180 million tonnes of CO, equivalent
(Planetary Security Initiative, 2025), and data
from Ukrenergo on the loss of generating capacity
(Ukrenergo, 2023).

The second stage included a comparative
analysis of international precedents through a de-
tailed case study of four conflicts: the 1991 Gulf
War with the arson of 600 oil wells and the
creation of the UN Compensation Commission
(Farber, 2022), the 1999 bombing of Yugoslavia
with the damage to the HIP Petrohemija (Poo-
los, 2002), and the 2016 conflict with ISIS in
Iraq with the arson of oil wells near Kayar (The
Washington Post, 2018), and Russian aggression
against Ukraine (Commission on security and
cooperation in Europe, 2024). The analysis was
based on analytical materials on the effectiveness
of compensation mechanisms (Payne, 2005) and
research by NASA Earth Observatory (2017) on
the effects of oil fires.

The third stage was devoted to formal legal
and historical legal analysis of contemporary
legal mechanisms for minimising and compen-
sating energy and environmental damage. The
formal legal method was used to investigate Ar-
ticles 35(3) and 55 of the Protocol I Additional to
the Geneva Conventions (1977) and Article 441
of the Criminal Code of Ukraine (2001) on eco-
cide. The historical and legal method was used to
analyse the evolution from the UN Compensation
Commission to institutions through the study
of resolution No. ES-11/5 (2022) and No. CM/
Res (2023)3 (2023) of the Committee of Minis-
ters of the Council of Europe.
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Results

Energy security during war: challenges and
environmental risks. The armed aggression of
the Russian Federation against Ukraine, launched
on February 24, 2022, has caused significant chal-
lenges to the state’s energy security and created a
complex of environmental risks that require im-
mediate legal settlement. The energy infrastruc-
ture of Ukraine has become the target of system-
atic attacks by the aggressor, which has led to a
critical disruption of the functioning of the energy
system and large-scale environmental conse-
quences that go beyond national borders. As of
the beginning of 2025, as a result of massive rock-
et attacks and occupation of certain territories,
more than 63,000 energy infrastructure facilities
in Ukraine were damaged or destroyed (Univer-
sity of Leeds, 2025). Analysis of the targeting of
such attacks shows the strategic nature of the use
of energy infrastructure as a tool for waging war.
According to the Ministry of Energy of Ukraine,
during the three years of the war, the strikes led
to the loss of approximately 10 GW of generating
capacity and disabled all major thermal and hy-
droelectric power plants in the country (Univer-
sity of Leeds, 2025). This scale of destruction has
created a critical threat to the state’s energy se-
curity, depriving millions of citizens of access to
electricity and heat.

The consequences for the population were
particularly acute in the winter period of 2022-
2023, when the intensity of attacks reached its
maximum indicators. At the height of the attacks,
Ukrainian consumers had to live in conditions
of regular rolling blackouts, while the aver-
age household experienced approximately five
weeks without electricity during the winter of
2022 (Ukrenergo, 2023). This situation required
emergency measures to maintain power supply,
including emergency synchronisation of the com-
bined power system with the European network
ENTSO-E (European Network of Transmission
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System Operators for Electricity) (2022), prompt
repair of networks and generation, and mass in-
volvement of backup power sources.

The environmental consequences of the de-
struction of energy infrastructure form a separate
category of threats, which are characterised by
long-term impact and cross-border nature. Ensur-
ing energy sustainability in times of war is accom-
panied by serious environmental risks and dam-
ages, which are a significant component of armed
conflict, but are often ignored by international law
and compensation mechanisms due to the com-
plexity of their quantification and the long-term
nature of the consequences. Unlike direct eco-
nomic losses from the destruction of energy infra-
structure, which are directly calculated, environ-
mental damages include transboundary effects of
air pollution, degradation of ecosystem services,
and long-term health impacts that require special-
ised assessment methodologies and an interdisci-
plinary approach to documentation. Building an
energy balance using renewable energy sources
is becoming critical not only for ensuring energy
security, but also for minimising long-term envi-
ronmental risks, especially in situations of armed
conflict, when conventional energy infrastructure
becomes the object of targeted attacks (Hurochki-
na & Kohut, 2023). According to estimates of the
Ministry of Environmental Protection and Natu-
ral Resources of Ukraine, as of November 2024,
after 1,000 days of full-scale war, the total direct
damage to the environment reached USD 71 bil-
lion. The total amount of greenhouse gas emis-
sions caused by the war is 180 million tonnes of
carbon dioxide, including emissions from fighting,
forest fires, and an additional 3.3 million tonnes of
CO, from the movement of more than six million
Ukrainians to various European countries (Minis-
try of Environmental Protection and Natural Re-
sources of Ukraine, 2024).

The spatial distribution of environmental
damage shows a special concentration in regions
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with a high density of industrial facilities. Approx-
imately 30% of the territory of Ukraine is contam-
inated with unexploded mines and ammunition,
and intense shelling, forest fires, deforestation,
and leaks of toxic substances negatively affected
30% of the country’s nature reserve fund (Hry-
horczuk et al., 2024). The situation is particularly
critical in the Donetsk and Luhansk oblasts, where
fighting has engulfed a region with a dense con-
centration of heavy industry and mines, which has
led to anthropogenic environmental problems.
The flooding of coal mines in the occupied
territories has created a long-term environmen-
tal threat on a regional scale. The cessation of
water pumping at abandoned mines led to their
flooding and the ingress of mine water saturated
with heavy metals and salts into ground water
and rivers. In 2019 alone, as a result of flooding
of mines in the occupied Donbas, approximately
760 million m? of contaminated water entered the
Siversky Donets River and then the Sea of Azov,
bringing almost 2.5 million tonnes of dissolved
salts and other pollutants there. As of 2023, more
than 49 flooded mines in the occupied territories
have been documented, including mines contain-
ing particularly hazardous waste, including toxic
chlorobenzene in the “Oleksandr-Zakhid” mine
or even the remains of nuclear explosions in the
“Yunkom” mine, where a nuclear charge was det-
onated in 1979 (Hryhorczuk. et al., 2024).
Nuclear safety is the most critical aspect of
environmental risks in times of war. In March
2022, Russian troops seized Europe’s largest
Zaporizhia NPP (ZNPP), turning it into a military
facility and repeatedly exposing it to the risk of
shelling (Kaminski, 2023). During the occupation,
the plant completely lost its external power supply
at least seven times due to fighting, which forced
it to rely on backup diesel generators to cool its
nuclear reactors (International Atomic Energy
Agency, 2025). The International Atomic Energy
Agency (IAEA) has repeatedly warned that attacks

on ZNPP could lead to a nuclear accident with seri-
ous consequences, calling the situation “extremely
dangerous” and one that has no precedent (Reu-
ters, 2024). Any damage to the existing reactor or
spent fuel storage facilities at ZNPP is fraught with
radiation emissions, which will affect not only
Ukraine, but also neighbouring states.

The destruction of oil and gas infrastructure
has led to significant greenhouse gas emissions
and air pollution. Targeted strikes on oil depots
and refineries caused large-scale fires and emis-
sions of combustion products. According to a
study by the Greenhouse Gas Accounting Initiative,
fuel burning as a result of attacks on oil storage fa-
cilities and refineries resulted in emissions of ap-
proximately 3.1 million tonnes of CO, equivalent
during the first three years of the war (Planetary
Security Initiative, 2025). The combustion of pe-
troleum products was accompanied by emissions
of toxic substances - sulphur oxides, nitrogen, and
fine dust - which worsened air quality in large ar-
eas. The destruction of main gas pipelines had a
cross-border environmental effect due to massive
leaks of methane, a powerful greenhouse gas. In
particular, explosions on gas pipelines, including
sabotage on the Nord Stream gas pipeline in the
Baltic Sea, led to a massive methane leak equiv-
alent to 14 million tonnes of CO, emissions. In
addition, damage to electrical substations caused
leaks of technical gases and oils; in particular, the
destruction of high-voltage equipment released
approximately 1.1 million tonnes CO, equivalent
of SF, into the atmosphere, with sulphur hexaflu-
oride having a greenhouse potential tens of thou-
sands of times higher than that of CO, (Planetary
Security Initiative, 2025). Hydraulic infrastructure
has been the target of particularly devastating
attacks with catastrophic environmental con-
sequences. The explosion of the Kakhovka HPP
in June 2023 led to catastrophic flooding on the
Dnipro River, flooding of dozens of settlements
and agricultural land, and dehydration of the
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Kakhovka Reservoir (Commission on Security
and Cooperation in Europe, 2024). Approximately
1.25 million people, including 300 thousand chil-
dren, in the southern regions lost stable access to
drinking water after this anthropogenic accident
(Hryhorczuk et al., 2024). The flood washed away
industrial and agricultural facilities along the riv-
erbed, causing oil products, fertilisers, pesticides,
and other pollutants to enter the water.

The overall impact of war on the environment
was characterised by significant direct green-
house gas emissions. Total direct greenhouse gas
emissions due to the war over three years are es-
timated at 230 million tonnes of CO, equivalent,

which is comparable to the annual emissions of

several medium-sized European countries (Plan-
etary Security Initiative, 2025). Moreover, the col-
lapse of the Ukrainian economy as a result of the
war led to a drop in its regular industrial emis-
sions by 23-26% in 2022 alone (Joint Research
Centre, 2025). Thus, the war temporarily reduced
anthropogenic pressure in the form of habitual in-
dustrial pollution, but instead added a new source
of large-scale environmental damage - military
energy destruction. A comprehensive monetary
assessment of environmental external costs from
military operations against energy infrastructure
requires systematisation of heterogeneous cate-
gories of environmental damage to form an evi-
dence base for compensation claims (Table 1).

Table 1. Inventory of key environmental external costs of the war in Ukraine

Impact category Indicator Value Evaluation method . Monetar)_'
interpretation
Greenhouse - .

. Total emissions, Social Cost of Carbon - .
gases (flghtl_ng + Mt CO,-eq 230 (185 USD,/tonne) ~USD 42.6 billion
reconstruction)

. Emissions, - -
Fires caused by war Mt CO,-eq SCC ~USD 9.1 billion

Toxic precipitation Weight of sediments,

Hazardous waste

after Kakhovka HPP tonnes 90,000 disposal ~USD 31.5 million
explosion (350 USD/tonne)
Construction waste Concrete volume, Unit cost N s
and debris million tonnes 1,400 100 USD/tonnes ~USD 140 billion
Contaminated/ : 0 N UNMAS - Pree
mined land Share of territory, % 30% 3,000 USD/ha ~USD 9-10 billion

Source: created by the author based on the US Environmental Protection Agency (2001), K. Rennert et al. (2022),
D. Hryhorczuk et al. (2024), M. Igini (2025), D. Gayle (2025), The Washington Post (2025), University of Leeds (2025)

The inventory of environmental external
costs structured in Table 1 reflects contemporary
methodological approaches of environmental eco-
nomics and international environmental law to a
comprehensive monetary assessment of hetero-
geneous categories of ecosystem losses through
the integration of direct costs for the elimination
of pollution, indirect losses from the degradation
of ecosystem services, and the opportunity cost
of lost natural resources in a single monetary as-
sessment system. The methodological substantia-
tion for monetarisation of environmental damage
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is based on a combination of market valuation
methods for commodity resources, methods of
declared benefits for intangible environmental
benefits, and methods of replacement value for
ecosystem services, which ensures the legal valid-
ity of compensation claims in international court
proceedings. The differentiation of time horizons
of environmental impact from short-term emis-
sions to long-term consequences of resource deg-
radation reflects the legal logic of distinguishing
immediate compensation obligations and future
recovery programmes, which correlates with the
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international legal doctrine of dividing environ-
mental responsibility into compensatory and re-
storative components. The integration of various
data sources from national authorities to interna-
tional institutions ensures verifiability of the as-
sessments presented and creates a solid evidence
base for substantiating claims for environmental
damages in future legal proceedings against the
aggressor state.

A strategy for ensuring energy security in
war conditions should consider the complex na-
ture of environmental challenges and integrate
measures to minimise collateral damage to the
environment. The need to simultaneously main-
tain the functioning of the power system through
rapid network repairs, import electricity and
distribution of backup power sources should be
combined with prompt elimination of the conse-
quences of accidents, pollution monitoring, and
prevention of the most risky scenarios. Ukraine’s
experience demonstrates an urgent need for sus-
tainable solutions, including the development of
distributed generation and renewable energy
sources that are less vulnerable to attacks, the
creation of reserves and duplicate systems, the
use of technologies for cleaning up emissions and
rapid response to environmental incidents (Hry-
horczuk et al., 2024). Integrating environmental
principles into strategic energy security planning
not only minimises long-term environmental im-
pacts, but also increases the resilience of the ener-
gy system to future threats. The establishment of
legal mechanisms for such integration is a critical
task for ensuring national security in the context
of modern hybrid conflicts.

Comparative analysis: the impact of mili-
tary conflicts on energy and the environment
in Ukraine and the world. The nature of the de-
struction caused to Ukraine’s energy infrastruc-
ture in February 2022 - January 2025 has no
precedent in Europe over the past seventy years,
but military conflicts in other regions of the world

have also been repeatedly accompanied by delib-
erate destruction of energy facilities and large-
scale environmental consequences. Comparative
analysis of such cases allows identifying spatial
patterns and differences in the impact of war on
energy security and the environment, and empha-
sising the uniqueness of the Ukrainian situation
in terms of legal regulation and international re-
sponsibility. The spatial distribution of strikes on
energy infrastructure in Ukraine is characterised
by a comprehensive nature, which distinguishes
this conflict from localised military operations in
other regions. Attacks were carried out through-
out the country, from the frontline to the western
regions, creating critical challenges for national
energy security. According to Ukrenergo, during
the autumn-winter campaign of 2022-2023, Rus-
sian forces fired more than 1,200 missiles and
drones at Ukrainian power facilities, purposefully
trying to de-energise the entire country (Ukrener-
go, 2023). Spatial analysis of these impacts shows
that the central and northern regions suffered
the most damage due to the location of powerful
thermal power plants and distribution substa-
tions there. The Trypillya Thermal Power Plant
near Kyiv was completely destroyed with the
100% loss of the generating capacity of Centren-
ergo, and major thermal power plants in Kharkiv
Oblast (University of Leeds, 2025). In the south,
hydroelectric power plants were severely dam-
aged, including the complete destruction of the
Kakhovka HPP and damage to the Dnipro HPP. As
of May 2024, it was officially confirmed that all
major thermal and hydroelectric power plants in
Ukraine were affected by the attacks, that is, not
a single significant generation facility remained
intact (University of Leeds, 2025).

The historical precedent of deliberate de-
struction of energy resources as a military
strategy was observed during the 1991 Gulf
War, when Iraqi forces used “burnt land” tactics

against Kuwait’s oil fields. During this conflict, the
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Resolution of the United Nations Security Council
No. 687 (1991) was applied, which established
the principle of environmental responsibility for
military operations and established the United
Nations Compensation Commission (UNCC), but
this mechanism was only partially effective due
to lengthy procedures and political difficulties.
Approximately 600 oil wells were set on fire,
causing up to 5 million barrels of oil to burn daily
for several months. The black smoke from these
fires formed giant plumes that settled in an oily
“black rain” over a vast territory. CO, emissions
from the Kuwaiti oil fires accounted for approxi-
mately 2% of global emissions this year, and soot
emissions reached 3,400 tonnes per day (Hobbs
& Radke, 1992). This led to a sharp deterioration
in air quality and the release of toxic substances
on the soil in the Bay region, cases of acid rain
and a decrease in air temperature under smoke
clouds. Millions of barrels of crude oil spilled into
the Persian Gulf, forming one of the largest oil
slicks in history, destroying a significant part of
marine biota. The international response to the
environmental consequences of the Kuwait war
has set an important precedent in international
law on compensation for environmental damage.
Under the auspices of the United Nations, a Spe-
cial Compensation Commission was established,
which ordered Iraq to pay record amounts for
environmental damage. According to the Com-
mission’s decisions, more than USD 5 billion in
compensation was allocated for environmental
recovery projects, which has become a precedent
in international law (Farber, 2022). Kuwait’s ex-
perience has shown that the large-scale destruc-
tion of energy resources in war is transboundary
in nature, since atmospheric and marine pollution
knows no borders, and the restoration of the envi-
ronment requires enormous efforts and resourc-
es even after the end of hostilities.

The use of energy facilities as an instrument
of environmental terrorism was observed during

Law. Human. Environment. 2026. Vol. 17, No. 2

the conflict with the so-called “Islamic State” in
Iraq. In this case, international legal instruments
were ineffective due to the lack of a state subject
of responsibility and insufficient international
coordination, which limited the use of conven-
tional compensation mechanisms. In 2016, re-
treating militants blew up oil wells near the city
of Qayyarah, causing 25 oil fountains to burn un-
controllably for 9 months, covering an entire area
with thick smoke (The Washington Post, 2018).
Up to 2 million barrels of oil were lost, which led
to contamination of soils and groundwater with
oil and its combustion products. In the region,
the incidence of respiratory and cardiovascular
diseases has sharply increased, cases of livestock
deaths and crop failures due to soot and toxins
have been recorded. Simultaneously, militants
set fire to a large sulphur storage plant, which
released approximately 35,000 tonnes of sulphur
dioxide into the atmosphere, forming acidic com-
pounds that affected people and the environment
within a radius of tens of kilometres (The Wash-
ington Post, 2018).

The European experience of military influ-
ence on industrial and energy facilities is repre-
sented by the case of the bombing of Yugoslavia
in 1999, when NATO forces hit a petrochemical
plant and an oil refinery in the city of Pancevo.
Despite the creation of special mechanisms for
assessing damage under the auspices of UNEP, the
compensation process was ineffective due to po-
litical differences between the parties to the con-
flict and the lack of mandatory mechanisms for
implementing decisions. Explosions at these sites
formed a huge black cloud of smoke and caused
tens of thousands of tonnes of toxic chemicals to
be released into the environment (Poolos, 2002).
Tens of thousands of tonnes of oil burned out and
flowed into the Danube River during these strikes.
Concentrations of vinyl chloride, dioxins, mercu-
ry, and other hazardous substances that threaten
public health and transboundary pollution of the
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Danube basin have sharply increased in the air
and water around Pancevo. Over the following
years, independent experts recorded an increase
in the level of diseases of the respiratory and en-
docrine systems in the population of this region,
and groundwater remained polluted for tens of
kilometres around. The UN assessment identified
Pancevo as the “hottest point” of environmental
damage among several industrial accident sites in
Yugoslavia, but the problem of complete cleaning
up of these areas has not been solved even three
years after the conflict (Poolos, 2002).

The global impact of the war in Ukraine on
the energy processes and environmental policies
of other states creates additional challenges for
the international community. A full-scale war has
triggered a global energy crisis, forcing European
countries to urgently abandon Russian oil and gas,
seek alternative supplies, and even temporarily
return to coal for electricity generation (Kamin-
ski, 2023). Germany and some other European
Union states, such as Austria and the Netherlands,
temporarily restarted coal-fired power plants in
2022 to compensate for gas shortages, which led
to a short-term increase in CO, emissions. The
European Union has accelerated investment in
renewable energy and energy efficiency to reduce
dependence on fossil fuels and improve the sus-
tainability of energy supply.

The transformation of the Ukrainian energy
strategy under the influence of military opera-
tions demonstrates the acceleration of energy re-
form processes. Despite the military destruction,
the government of Ukraine in 2023 adopted an
updated energy strategy of Ukraine until 2050,
which provides for deep decarbonisation and in-
tegration into the European energy space (United
Nations Committee on the Elimination of Racial
Discrimination, 2024). The war actually acceler-
ated energy reform processes by synchronising
the grid with the continental European grid in
record time, increasing incentives for renewable

energy development, and designing a more de-
centralised energy system. Spatially, this means
moving from a concentration of generation in sev-
eral large nodes to dispersed capacities across the
country, closer to the consumer, which simultane-
ously increases energy sustainability and reduces
environmental risks. The transboundary nature
of the environmental consequences of the war in
Ukraine is manifested through air, water, and soil
pollution, which is not limited to national borders.
Fires at oil depots and industrial facilities re-
leased toxic substances that were transported by
atmospheric flows to neighbouring countries, in
particular, an increase in the level of fine dust and
sulphur was recorded in the border areas of Po-
land and Moldova during intense shelling of fuel
depots in Ukraine at the end of 2022. Pollution of
the Black Sea as a result of fighting due to oil leaks
and flooding of military equipment has affected
marine ecosystems from the coast of Romania to
Turkey, causing a mass death of dolphins, which
scientists recorded in 2022.

Comparative analysis shows that the Ukraini-
an experience of the energy crisis during the war,
although unique in scale and nature, confirms the
general pattern of using energy infrastructure as
a strategic goal in military conflicts. Spatial anal-
ysis of the consequences shows that regions with
a high concentration of energy facilities suffer the
most intense environmental impact, while nature
recovers more slowly than infrastructure. If the en-
ergy system can be rebuiltin a few years, then land
and water purification from pollution requires
much more time and resources, which makes it
necessary to develop effective legal mechanisms
for liability and compensation for environmental
damage. Systematisation of the experience of var-
ious military conflicts in the field of destruction
of energy infrastructure and their environmental
consequences allows identifying typological pat-
terns in the application of international legal in-
struments of compensation (Table 2).
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Table 2. Comparative matrix of international precedents

Conflict El_u?r_gy Quantitative | Responsible International Compensation Payment
No. facilities/ . legal . amount/
(year) damage entity mechanism
target response status
USD 5.26
. UN SECURITY billion
1 G(‘il;;"ﬁr Nig(t’ g:}m‘z”s >1 Gt CO5-eq Iraq COUNCIL 687 UNCC awarded,
(1991) 4.97 billion
paid
Lelks)i:;n- ]i3y(;e }tlhr{)iiaig 170 km of coast, UN GA Eastern Med. Unslglﬁ)sf
2 - 15-30 thousand Israel 60/222; UNEP | Oil Spill Trust
conflict | tonnes of fuel . declared, no
. tonnes of oil PCA Fund
(2006) oil payments
ISIS
retreat 19-40 %2 million UNEP post-
3 (Iraq/ ignited wells | barrels; smoke ISIS conflict — —
Syria, (Qayyarah) for 9 months reports
2016)
Russi 63,000
ussian damaged
aggression ower 230 Mt CO,-EQ; Russian UN GENERAL Register of | Collection of
4 against far::ilities 49 Mt CO,-eq of Federation ASSEMBLY ES- | Damage for | applications
Ukraine ik ! fires 11/5(2022) | Ukraine (2024) | continues
(2022-24) strikes on
TPPs/HPPs

Source: created by the author based on E. Cusato (n.d.), E. Pianin (2003), C. Payne (2005), J. Arbid (2015), UN
Environment Programme (2016), NASA Earth Observatory (2017), S. van den Berg (2024), World Bank Group (2025),

M. Igini (2025), D. Gayle (2025)

The presented comparative matrix in Table 2
demonstrates the evolution of international legal
approaches to resolving the environmental con-
sequences of military operations against energy
infrastructure, revealing a fundamental transfor-
mation from a fragmentary response to systemic
compensatory mechanisms with an expansion of
the subject composition of liability and the subject
coverage of losses. The analysis of the chronolog-
ical sequence of conflicts shows the development
of case law in the field of environmental compen-
sation, where the Kuwaiti experience has created
a basic model for assessing and compensating
environmental damage through specialised inter-
national institutions, the Yugoslav precedent has
expanded the understanding of the transbound-
ary nature of environmental damage from mili-
tary operations, the Iraqi case has demonstrated
the complexity of documenting environmental
consequences in a prolonged conflict, while the
Ukrainian situation actualises the need to create
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new legal instruments to resolve the consequenc-
es of systematic targeted destruction of critical
energy infrastructure as a method of warfare. A
comparative analysis of the mechanisms of inter-
national legal response confirms the tendency to
strengthen institutional support for environmen-
tal responsibility, while the effectiveness of com-
pensation procedures correlates with the level of
international political support and the availability
of mechanisms for enforcement of decisions.
Legal mechanisms for minimising and
compensating energy and environmental
losses during the war. Large-scale destruction
of the environment as a result of military opera-
tions against energy facilities requires a compre-
hensive legal response, covering both measures
to prevent and reduce damage, and mechanisms
for bringing those responsible to justice and com-
pensating for the damage caused. In the context
of the war in Ukraine, this issue has become crit-
ical due to environmental damage and the need
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to develop effective legal tools to protect the en-
vironment from military impacts of an energy
nature. International humanitarian law forms
the basic regulatory framework for limiting the
devastating impact of war on the environment
through a system of prohibitions and restrictions
on the methods of warfare. Protocol I Additional
to the Geneva Conventions (1977), Article 35(3),
explicitly prohibits the use of methods of war that
result in large-scale, long-term and serious dam-
age to the natural environment. Article 55 of this
protocol obliges belligerents to protect the natu-
ral environment from mass destruction during a
conflict, requiring that the environmental factor
be considered when choosing the means of attack.
However, the practical effectiveness of these pro-
visions is limited by the high criteria for proving
the “scale, duration and severity” of environmen-
tal damage, which creates significant obstacles to
their application in specific judicial procedures.
The development of international legal ap-
proaches to environmental protection during
armed conflicts has received a new impetus as a
result of the Ukrainian crisis. In December 2022,
the UN General Assembly approved the special
Protection of the Environment in Relation to
Armed Conflicts (PERAC) prepared by the In-
ternational Law Commission (Kaminski, 2023).
These 27 principles create a comprehensive sys-
tem of measures at all stages of the conflict: from
the obligation of states to conduct a preliminary
assessment of the environmental consequenc-
es of hostilities to recommendations for the
restoration of the environment after the end of
hostilities. Although the PERAC principles have
the status of “soft law” and do not create direct
legal obligations, their unanimous adoption at
the UN represents the largest update of legal
approaches in this area in the last fifty years
(Kaminski, 2023). Experts see these guidelines
as a tool to increase the priority of environmen-
tal protection during war and encourage states

to integrate environmental considerations into
military planning.

The national legislation of Ukraine contains
a developed system of norms of criminal liability
for environmental destruction in war conditions,
which allows for effective prosecution of environ-
mental crimes. Section 8 of the Criminal Code of
Ukraine “Crimes against the environment” estab-
lishes a comprehensive system of punishments for
environmental offences, including articles 236-254,
which cover violations of environmental safety
rules, pollution of atmospheric air, water, land,
destruction of plant life objects, and other envi-
ronmental crimes. Article 438 of the Criminal
Code of Ukraine “War crimes” provides legal
grounds for bringing to justice for the destruction
of the environment during military operations,
if it is the result of illegal methods of warfare, in
particular, attacks on civilian infrastructure with
a known environmental effect (Criminal Code
of Ukraine, 2001). Code Article 441 on ecocide,
which criminalises intentional actions aimed at
mass destruction of plant or animal life, poison-
ing of the atmosphere or water resources, and
other actions that can lead to an environmental
catastrophe. The Office of the Prosecutor Gener-
al of Ukraine (2024) created a specialised unit
for documenting war crimes against the envi-
ronment, which as of 2023 registered more than
6,500 facts of crimes against nature committed
during Russian aggression. Among these acts, a
special place was occupied by explosions of oil de-
pots, shelling of chemical enterprises, destruction
of forests, flooding of mines, and the explosion
of the Kakhovka HPP, which are being investigat-
ed as possible deliberate ecocidal activities. The
qualification of the destruction of the Kakhovka
Dam as an ecocide is an important precedent in
national judicial practice. In June 2023, Ukraini-
an law enforcement agencies officially qualified
this act as an ecocide, considering the large-scale
long-term consequences for the ecosystems of the
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Lower Dnipro and the Black Sea (Commission on
Security and Cooperation in Europe, 2024). This
qualification creates a legal basis for bringing to
justice specific military commanders and officials
of the Russian Federation, and forms the evidence
base for future international judicial procedures.
The

demonstrates the evolution of approaches to in-

regulatory framework of Ukraine

tegrating environmental principles into strategic
planning of energy security, which is becoming
critical for ensuring the long-term sustainabil-
ity of the state in the conditions of martial law
and post-war reconstruction. Approval by the
Cabinet of Ministers of Ukraine of the National
Action Plan on renewable energy for the period
up to 2030 (Order of the Cabinet of Ministers of
Ukraine No. 761-r, 2024) lays down a compre-
hensive system of legal mechanisms for the trans-
formation of the energy sector by setting an am-
bitious target for the share of renewable energy
sources in gross final energy consumption at 27%
by 2030, with the simultaneous development of
distributed generation with a capacity of more
than 2,000 MW and the creation of energy stor-
age facilities with a capacity of 1,000 MW. The
conceptual foundations of this transformation
are reflected in the previous energy strategy of
Ukraine for the period up to 2035 (Order of the
Cabinet of Ministers of Ukraine No. 605-1, 2017),
which, despite losing force in April 2023, laid the
foundation for understanding the need to diver-
sify energy sources and reduce dependence on
imported energy carriers. Simultaneously, the en-
vironmental component of energy policy received
institutional support through the National Waste
Management Strategy in Ukraine until 2030 (Res-
olution of the Cabinet of Ministers of Ukraine No.
392, 2020), which established the principles of a
circular economy for the development of bioener-
gy with the potential to produce up to 2 billion cu-
bic metres of biogas annually and replace 15% of
natural gas consumption in the municipal sector.
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An integrated approach to environmental con-
straints for traditional energy is embodied in the
national plan to reduce emissions from large com-
bustion plants (Order of the Cabinet of Ministers
of Ukraine No. 1363-r, 2021), which provides for
the gradual decommissioning or modernisation
of 40% of the capacity of thermal power plants
until 2033, while simultaneously stimulating the
development of clean electricity production tech-
nologies, which creates a legal mechanism for the
fundamental transformation of the structure of
the energy balance of Ukraine in favour of envi-
ronmentally friendly technologies.

The strategic vector of development based
on the principles of sustainable development
is conceptualised in the current energy strate-
gy of Ukraine for the period up to 2050 (Order
of the Cabinet of Ministers of Ukraine No. 373-r,
2023), which defines the achievement of climate
neutrality in the energy sector by 2050 with in-
terim goals of reducing greenhouse gas emis-
sions by 65% by 2030 compared to the level of
1990, which requires a radical restructuring of
the energy system through the integration of
environmental principles into all aspects of en-
ergy policy. National environmental strategy of
Ukraine for the period up to 2030 (Order of the
Cabinet of Ministers of Ukraine No. 761-r, 2021)
complements this approach by establishing spe-
cific mechanisms for coordinating environmental
regulation and energy policy, including the de-
velopment of integrated systems for monitoring
environmental risks from energy infrastructure
and implementing preventive measures to min-
imise potential damage during emergencies. The
synergistic effect of combining these regulations
creates a comprehensive system of legal instru-
ments for ensuring energy security based on
environmental sustainability, which meets con-
temporary challenges of hybrid conflicts and the
need to form energy systems that are resistant to
external threats.
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Administrative and legal mechanisms for as-
sessing environmental damage in Ukraine have
undergone significant reform through the intro-
duction of specialised institutional and method-
ological tools to ensure effective documentation
of environmental damage as a result of Russian
aggression. The Ministry of Environmental Pro-
tection and Natural Resources of Ukraine has
developed and approved a number of special-
ised methods for calculating losses, in particu-
lar “Methodology for determining the amount of
damage caused to land, soils as a result of emer-
gencies and/or armed aggression and military
operations during martial law” (Order of the Min-
istry of Environmental Protection and Natural
Resources of Ukraine No. 167, 2022) and “Meth-
odology for calculating unorganised emissions of
pollutants or mixtures of such substances into the
atmospheric air as a result of emergencies and/or
during martial law and determining the amount
of damage caused” (Order of the Ministry of En-
vironmental Protection and Natural Resources of
Ukraine No. 175, 2022), which allow estimating
the losses from air, water, land pollution and for-
est destruction as a result of military operations in
monetary terms. To systematise the collected data,
the digital platform “Ecozagroza” was created,
which in December 2022 officially became part of
the unified national online platform “EcoSystem”
and functions as a centralised database on the en-
vironmental consequences of Russian aggression,
through which Ukrainians reported to the minis-
try approximately more than 2.2 thousand facts of
the impact of military operations on the environ-
ment (Ministry of Environmental Protection and
Natural Resources of Ukraine, 2022). These meth-
odological tools facilitate a unified approach to
documenting damages and provide the necessary
evidence base for future claims for compensation
at the national and international levels, which is
critical for the implementation of the “polluter
pays” principle in international litigation and the

establishment of comprehensive compensation
mechanisms within the framework of post-war re-
construction based on sustainable development.

International liability and compensation
mechanisms play a crucial role in ensuring com-
pensation for environmental damage, since the
scale of damage caused by the war in Ukraine
significantly exceeds the capabilities of national
jurisdiction. Ukraine has initiated appeals to sev-
eral international courts to protect its rights and
interests. The case application of the Internation-
al Convention on the Elimination of all Forms of
Racial Discrimination (Ukraine v. Russian Feder-
ation) (International Court of Justice, 2024), in
which Ukraine proves that the chronic water cri-
sis, the destruction of protected areas, and other
environmental consequences of the occupation of
Crimea disproportionately harm Crimean Tatars
and ethnic Ukrainians, forming a manifestation of
“environmental racism”. This statement is based
on Article 5 e (IV) of the CERD, as the United
Nations Committee on the Elimination of Racial
Discrimination (2023; 2024) interprets it as a
guarantee of the right to a healthy environment
and recognises the impact of “environmental rac-
ism” on vulnerable groups. The Court’s ability to
award reparations for environmental damage
has already been confirmed by decisions in Costa
Rica V. Nicaragua (2018) and Argentina v. Uru-
guay (2006). In addition, the advisory opinion
of the ICJ] of 23 July 2025 on the climate obliga-
tions of states confirmed that serious pollution
or degradation of the environment can constitute
an internationally wrongful act (Shah, 2025; In-
ternational Court of Justice, 2025). The combi-
nation of these precedents creates a procedural
bridge to the national qualification of ecocide
provided for in Article 441 of the Criminal Code
of Ukraine (2001), and demonstrates that inter-
national law allows effectively holding offending
states accountable for large-scale degradation of
ecosystems during war.
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The creation of a special international com-
pensation mechanism is considered by the in-
ternational community, including the Council
of Europe, the European Union, and more than
40 partner states, as the most promising area
for ensuring compensation for environmen-
tal damage. UN General Assembly Resolution
No. ES-11/5 (2022), which recognised Russia’s
responsibility for aggression and recommended
the creation of a damage register to document
evidence of damage, losses, and damage caused
by the war. The resolution laid the political and
legal basis for further institutional steps towards
the establishment of a compensation mecha-
nism. Practical implementation of the compen-
sation mechanism began in May 2023 with the
creation under the auspices of the Council of
Europe of the International Register of Damage
caused by aggression against Ukraine, which was
joined by more than forty countries and the Eu-
ropean Union (Council of Europe, 2023; Council
of Europe & RF4U, 2024; Justice Info, 2024). The
mandate of the International Register of Damage
covers the collection and storage of informa-
tion on all cases of damage, including property,
environmental and human damages, which can
then be used to review compensation claims.
According to the official data of the Register
(Register of Damage, 2024). The total amount of
compensation sought by the applicants for the
applications received reaches EUR 1,012 billion,
while for the recorded applications this amount
is EUR 184 million. The categories of applica-
tions explicitly include category B3 “Damage to
the environment and natural resources”, which
includes B3.1 “Environmental damage” and
B3.2 “Looting and/or appropriation of natural
resources”, which provides a comprehensive ap-
proach to documenting the environmental con-
sequences of war.

Procedure for submitting applications to the
Register of Damage established by the Resolution
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of the Committee of Ministers of the Council of
Europe No. CM/Res(2023)3 (2023), defined by
the document “Rules Governing the Submission,
Processing, and Recording of Claims”. Applicants
can be individuals and legal entities, and the State
of Ukraine, and the submission is made exclusive-
ly in electronic form through the Diia portal. For
category B3 “Damage to environment and natural
resources”, in particular subcategory B3.1 “Envi-
ronmental damage”, only the State of Ukraine, in-
cluding its regional and local authorities, has the
right to submit claims. The form for submitting
such claims requires a detailed description of the
nature of the damage, its causal relationship with
military operations, the method of calculating the
damage, and a digitised evidence package that
provides thorough documentation of the environ-
mental consequences of aggression.

The financing of the compensation mecha-
nism remains a key issue of international legal set-
tlement. Ukraine and a number of partner states
insist on using frozen Russian assets, including
approximately USD 300 billion of the Russian
Federation’s gold and foreign exchange reserves
seized abroad. Currently, the search for legal ways
to legally allocate these funds for the restoration
and environmental reclamation of Ukraine con-
tinues. An alternative approach is to create an
international fund with contributions from part-
ner states or collect reparations from the Russian
Federation under a future peace treaty. The “pol-
luter pays” principle, where the aggressor state
acts as the subject of responsibility, is at the heart
of all these approaches (Farber, 2022).

Kuwait's precedent demonstrates the possi-
bility of a broad interpretation of compensatory
obligations in the field of environmental damage.
The UN Compensation Commission recognised
not only direct environmental damage, but also
“loss of ecosystem services”, including the cost of
reforestation, water treatment, and restoration of
wetlands instead of those destroyed by oil spills
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(Farber, 2022). Ukraine plans to apply a similar
approach, calculating compensation both to cover
direct costs for mine clearance, clearing of terri-
tories and restoration of nature reserves, and to
compensate for long-term environmental losses
from disruption of natural processes.

The development of the concept of ecocide
as an international crime has become critical
under the influence of the environmental con-
sequences of the war in Ukraine. In 2021, an
independent expert panel of lawyers chaired
by Philippe Sands proposed a draft definition of
ecocide for inclusion in the Rome Statute of the
International Criminal Court; however, this draft
remains under discussion by states parties, with
no consensus yet reached: “widespread or long-
term and severe damage to any element of the
environment, committed knowingly and without
lawful justification” (Sands & Fall Sow, 2021).
The adoption of such a ruling would give the In-
ternational Criminal Court jurisdiction to pros-
ecute those responsible for such acts. Within its
existing jurisdiction, the International Criminal
Court may consider environmental aspects as ag-
gravating circumstances of war crimes. The de-
liberate destruction of civilian facilities resulting
in a spill of dangerous substances can qualify as a
war crime due to an attack on civilian infrastruc-
ture combined with illegal methods of warfare.
Ukraine has submitted to the International Crim-
inal Court an official report on the destruction of
the Kakhovka Hydroelectric Power Plant as part
of the investigation into the situation in Ukraine
(ICC, 2023), as this act is considered as a possible
war crime that caused civilian deaths and mass
destruction of the environment.

Legal management of environmental damage
recovery includes the development of specialised
programmes and funds to help affected countries
in post-conflict environmental recovery. The Unit-
ed Nations Environment Programme has assessed
and coordinated the cleaning of contaminated

areas in the Balkans and Kuwait, and is current-
ly engaged in similar work in Ukraine. A special
fund platform “Green Restoration of Ukraine” was
created together with the European Union to fi-
nance projects on forest restoration, water purifi-
cation, renewable energy development, and other
environmental initiatives during and after the
war (Hryhorczuk et al., 2024). The application of
the principle of “restorative justice” provides for
forcing the guilty party to carry out environmen-
tal rehabilitation with their own funds instead of
simple monetary compensation. In a potential
peaceful settlement with the Russian Federation,
Ukraine will insist on including an environmen-
tal component due to the aggressor’s obligations
to provide technical and financial assistance for
the elimination of oil spills, the management of
hazardous war waste, and the restoration of the
nature reserve fund, which was affected by 30%
(Hryhorczuk et al., 2024). This approach is con-
sistent with Ukraine’s European aspirations, as
the implementation of the environmental sec-
tions of acquis communautaire will require the
restoration of water, air, and soil quality stand-
ards, which is directly related to the elimination
of the consequences of the war.

Legal mechanisms for ensuring energy secu-
rity in war conditions should be considered in an
indissoluble connection with environmental safe-
ty due to the need to balance military necessity
and preserve the environment. Ukraine puts this
philosophy in its strategic documents, proclaim-
ing the principles of sustainability and greening
as one of the priorities of the post-war recon-
struction plan. International law is in the process
of transformation under the influence of Ukraini-
an events due to the resumption of discussions on
strengthening responsibility for ecocide and the
creation of more effective compensation institu-
tions. An objective legal approach to solving envi-
ronmental problems of war includes profession-
al damage assessment, proper documentation,
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bringing the perpetrators and the aggressor state
to justice, and mobilising international support
for environmental restoration as necessary con-
ditions for ensuring full-fledged energy security
with a restored and protected energy system and
a restored natural environment (Hryhorczuk et
al., 2024; Commission on Security and Coopera-
tion in Europe, 2024). The synergistic effect of the
combination of energy and environmental legal
mechanisms creates the basis for the establish-
ment of a new paradigm of national security fo-
cused on sustainable development. The success-
ful implementation of Ukraine’s energy strategy
until 2050 requires the integration of sustainable
development principles into all aspects of energy
policy, including legal support for the transition to
a climate-neutral energy sector, while simultane-
ously achieving the goals of reducing greenhouse
gas emissions by 65% by 2030 compared to the
level of 1990 (Hurochkina & Kohut, 2023). This
conceptual integration opens up prospects for the
development of comprehensive legal instruments
that can ensure the long-term resilience of the
state to energy and environmental threats in fu-
ture conflicts.

Discussion

The results of the study demonstrate a funda-
mental transformation of approaches to ensuring
energy security in the context of modern military
conflicts, confirming the need to integrate envi-
ronmental principles into strategic planning of
national security. The identified patterns are con-
sistent with the theoretical study by M. Radules-
cu et al. (2024), who investigated the impact of
environmental regulation, energy efficiency, and
green technologies on CO, emissions in Chinese
provinces, and emphasised the importance of
investigating the relationship between environ-
mental regulation and energy security to ensure
sustainable development. The identified region-
al differences and spatial dependence in energy
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security correlate with the conclusions of Chinese
researchers about the variability of the impact of
environmental regulation depending on the de-
gree of fiscal decentralisation and marketability,
but the Ukrainian experience demonstrates a fun-
damentally different context for applying these
principles due to military necessity.

The identified patterns complement the
study by W. Leal Filho et al. (2024), which includ-
ed a systematic analysis of the environmental
consequences of the Russian invasion of Ukraine,
emphasising the uniqueness of the Ukrainian sit-
uation due to the combination of high density of
energy infrastructure with systematic attacks.
The researchers noted that the war in Ukraine
illustrates the dangers that arise from conflict
in an urbanised landscape that is significantly
modified by human activity and requires active
environmental risk management. The established
correlation between the nature of military opera-
tions and environmental consequences confirms
the thesis that modern conflicts in industrialised
regions create fundamentally new challenges for
international law and environmental policy. The
theoretical foundations of sustainable develop-
ment were empirically confirmed in the analysis
of Ukraine’s energy transformation conducted by
C. Winkler et al. (2024), who formulated criteria
for restoring energy systems after large-scale
destruction: rapid reconstruction of infrastruc-
ture, increasing resistance to external threats,
minimising import dependence, and reducing
the environmental burden. The introduction of
these principles into the practice of compensation
mechanisms creates opportunities for achieving
the double effect of restoring destroyed infra-
structure and modernising the energy system in
accordance with the principles of sustainability.
The documented transition to the use of renew-
able energy sources under martial law confirms
the possibility of transforming crisis challenges
into catalysts for structural change, and the use
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of high-quality solar technologies demonstrates
the practical implementation of the concept of en-
ergy security through source diversification and
reduction of dependence on centralised systems.
The established direct correlation between
the effectiveness of compensation procedures
and the level of international political support
was confirmed by B. Steffen et al. (2020), who
analysed the navigation of the energy transition
in the context of global crises. The researchers
stressed the need for a coordinated approach to
achieving energy security and environmental
protection goals through adaptive policies that
can withstand economic shocks. The researchers
noted that energy policies should simultaneously
consider short-term crisis response challenges
and long-term decarbonisation goals. In particu-
lar, the results found that in military conditions,
such coordination becomes critically necessary to
prevent a long-term environmental catastrophe
with transboundary consequences. The identified
mechanisms for integrating environmental and
energy principles into strategic planning confirm
the concept of shock-resistant policies, according
to which energy solutions should be adaptive to
crisis circumstances and ensure structural chang-
es in the energy system. The transformation of
legal mechanisms from a fragmented response
to systemic compensation institutions is consist-
ent with research by A. Boute (2022) on the role
of international law in ensuring energy security
in the new geopolitical reality. The researcher
analysed how the tools of energy trade liberali-
sation and investment protection contributed to
the creation of dangerous dependencies that are
now at the centre of threats to energy security.
A. Boute (2022) stressed that international ener-
gy, trade, and investment law should be reformed
to allow states to respond adequately to the use of
energy as a weapon without neutralising the con-
tribution of liberalising instruments to efficient
energy supply. The results of the study extend

this concept, showing that contemporary hybrid
conflicts require fundamentally new legal instru-
ments that would cover not only conventional
aspects of energy security, but also comprehen-
sive environmental responsibility. The observed
evolution of legal regulation in the context of
renewable energy creates new opportunities to
simultaneously reduce geopolitical risks and en-
vironmental threats.

Documented 230 million tonnes of CO,-equiv-
alent of direct greenhouse gas emissions due
to war-correlate with the results of Q. Wang et
al. (2024) on the impact of geopolitical risks on the
energy transition. Chinese researchers have found
that geopolitical risks have a significant positive
impact on the energy transition, especially in the
face of increased environmental regulation and
green innovation development. The results of the
study revealed a paradoxical situation where war
simultaneously creates large-scale environmental
damage and accelerates energy transformation
due to the need for rapid synchronisation with
European networks and the development of dis-
tributed generation. The established non-linear
relationship between geopolitical risks and ener-
gy transition at different levels of environmental
regulation confirms the thesis that stronger green
innovation enhances the role of geopolitical risks
in promoting energy transformation. The analysis
of international precedents shows that effective
provision of national security in crisis conditions
requires a systematic approach to economic and
legal instruments. The study by Y. Kuchmak et
al. (2024) argued that economic security is a
critical component of national security, directly
affecting the stability of state development. The
researchers identified nine key structural compo-
nents of Ukraine’s economic security: industrial,
demographic, energy, foreign economic, invest-
ment and innovation, macroeconomic, food, social
and financial security. Special attention should
be paid to the researchers’ conclusion that it is

Law. Human. Environment. 2026. Vol. 17, No. 2




Energy security strategy under martial law...

necessary to strengthen the legal framework and
ensure transparency of the financial environment
as a basis for overcoming systemic problems. The
findings on environmental compensation mech-
anisms extend this conceptual framework, inte-
grating the environmental component into the
overall national security system and reaffirming
the importance of international cooperation to ef-
fectively address cross-border challenges.

The development of the concept of ecocide
as an international crime is consistent with the
study by D. Liu (2021) on the creation of environ-
mental damage assessment systems and com-
pensation mechanisms. D. Liu (2021) established
a system for estimating the cost of compensation
for environmental damage caused by air pollu-
tion with an accuracy of 92.3% and a confidence
level of 95%. The established high consistency
between the developed assessment models and
the actual situation confirms the feasibility of
applying integrated approaches to quantification
of environmental damage. The transboundary
nature of the environmental impacts of war com-
plements the research by M. Nevitt (2024) on the
relationship between energy security, climate,
and military conflicts. The researcher analysed
how Russian aggression against Ukraine has
created an “environmental war” with far-reach-
ing consequences for long-term progress in the
field of environment, energy, and climate securi-
ty. M. Nevitt (2024) emphasised that the war has
had a significant impact on global energy mar-
kets, as Europe has finally severed its energy ties
with Russia and accelerated the transition to re-
newable energy. Documented cases of Black Sea
pollution and atmospheric transfer of toxic sub-
stances to neighbouring countries confirm the
thesis that the environmental consequences of
military conflicts are not limited to national bor-
ders and require a coordinated international re-
sponse. The identified positive effects of renewa-
ble energy consumption and investment in green
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technologies correlate with the author’s conclu-
sions that the Russian-Ukrainian crisis creates a
unique opportunity to accelerate international
decarbonisation and climate efforts.

The established need to integrate environ-
mental principles into strategic planning of en-
ergy security finds theoretical substantiation in
interdisciplinary research on risk management.
The results develop the concept, demonstrating
that in the context of contemporary hybrid con-
flicts, the environmental component becomes not
an additional factor, but the basis for ensuring the
long-term sustainability of energy systems. The
identified effectiveness of the creation of special-
ised compensation mechanisms confirms the im-
portance of institutional support for environmen-
tal responsibility and demonstrates the evolution
from ad hoc mechanisms to systematic approach-
es with expanded mandates. The documented
transformation of the Ukrainian energy strategy
demonstrates the practical implementation of
theoretical concepts of energy and environmental
policy integration through accelerated synchroni-
sation with the European network and focus on
the development of renewable energy sources.

Conclusions

The study conducted a systematic analysis of the
environmental consequences of the destruction
of Ukraine’s energy infrastructure due to Russian
aggression, based on official statistical data cover-
ing over 63,000 damaged energy facilities, losses
of approximately 10 GW of generating capacity,
and an assessment of total environmental damag-
es exceeding USD 56.4 billion. Key cases of envi-
ronmental harm were examined in detail, includ-
ing the destruction of the Kakhovka Hydroelectric
Power Plant, the flooding of mines in occupied
territories, and attacks on the Zaporizhzhia Nu-
clear Power Plant. A thorough comparative anal-
ysis of international precedents of military influ-
ence on energy systems was carried out, covering
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the conflicts in the Persian Gulf with the arson of
600 oil wells, the bombing of Yugoslavia with the
destruction of industrial facilities, and the conflict
with ISIS in Iraq, which allowed identifying typo-
logical patterns and the evolution of the use of
international legal instruments to compensate for
environmental damage. The paper examined the
transformation of legal mechanisms for minimis-
ing and compensating energy and environmental
losses from a fragmented response through ad
hoc tribunals to the establishment of systemic
compensation institutions with expanded man-
dates. The paper analysed the development of the
concept of ecocide as an international crime and
the creation of specialised compensation mech-
anisms, in particular, the International Register
of Damage under the auspices of the Council of
Europe with the participation of more than forty
countries. There is a critical need to integrate en-
vironmental principles into strategic energy secu-
rity planning through the development of distrib-
uted generation, renewable energy sources and
technologies for rapid response to environmental
incidents to ensure the sustainability of energy
systems to future threats.

The results of the study revealed systemic
patterns of environmental consequences of mil-
itary operations against energy infrastructure
through the creation of a five-category classifica-
tion of losses with a monetary estimate of more
than USD 200 billion, including greenhouse gases
from military operations (USD 42.6 billion), fires
(USD 9.1 billion), toxic sediments (USD 31.5 mil-
lion), construction waste (USD 140 billion) and
contaminated land (USD 9-10 billion). A compar-
ative analysis of the four international conflicts
established an evolutionary transformation of
compensation mechanisms from the successful
Kuwaiti precedent with 94% of the funds compen-
sated (USD 4.97 billion out of USD 5.26 billion) to
the ineffective Lebanese-Israeli mechanism with-

out any payment, which confirmed the critical

dependence of effectiveness on the level of inter-
national political support. The study of the nation-
al legal response of Ukraine revealed the creation
of specialised institutional mechanisms, including
the registration of more than 6,500 environmen-
tal crimes through the GPU division and the qual-
ification of the explosion of the Kakhovka HPP as
an ecocide, which is an important precedent in in-
ternational judicial practice. The establishment of
innovative legal instruments at the international
level through the adoption of 27 UN PERAC prin-
ciples and the creation of an International Regis-
ter of Damage under the auspices of the Council
of Europe, with an anticipated 6-8 million claims,
demonstrated an institutional transformation
from fragmented responses to systemic compen-
sation mechanisms with expanded mandates for
energy-environmental damages.

The study has some limitations related to the
incompleteness of official statistical information
on the long-term environmental consequences of
war and limited access to documents of the occu-
pied territories, which could provide a more ac-
curate assessment of environmental damage from
flooded mines and industrial facilities. Promising
areas of further research are the development of
specialised methodologies for assessing ecosys-
tem losses from military operations, analysis of
the effectiveness of innovative financial mecha-
nisms for compensating environmental losses,
and research of legal aspects of using frozen as-
sets of the aggressor state for environmental res-
toration of affected territories.
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AHomayisa

MeTo0 po6oTH 6y/s0 O6IPyHTYBaHHS NPaBOBUX MeXaHi3MiB 3abe3MedyeHHs] eHepreTUYHol 6e3neKku
B yMOBaX BOEHHOTIO CTaHy 3 ypaxyBaHHSM eKOJIOTiYHUX PU3UKIB AJig GOpMyBaHHS KOMIJIEKCHOI
cTparerii, opieHTOBaHOI Ha CTaJudl PO3BUTOK. JlOCHi[KEHHS 3[iHCHIOBAJIOCH i3 3aCTOCYBaHHAM
CHUCTEMHO-CTPYKTYPHOIr0, KOMIApaTHUBHOrO, (OPMaJbHO-IOPUJUYHOTO Ta iCTOPHUKO-IIPABOBOTO
MeTOZAIB. Y X0l JOC/Ii[)KeHHsI CUCTeMaTU30BaHO €KOJIOTIUHI HacJiKh pyHHYBaHHS eHepreTU4YHOI
iHdpacTpykTypu YKpailHM BHacJHiJoOK pocilicbkoi arpecii 4Yepe3 po3po6Ky KOMIJIEKCHOI
MeTO/0JI0Ti] OLiHKA eHepreTUYHO-eKOJIOriYHUX 306MTKIB B yMOBax BOEHHOTO cTaHy. CTBOpeHO
kJacudikario ekosoriYyHUX BUTpAT BiHM 3a M'ITbMa KaTeropissMd 3 MOHETAPHOI OL[iHKOIO
3arajibHO0 BapricTio noHaz 200 minbapaiB posapiB Cnosydenux lltaTtiB AMepuKH: NapHUKOBI
rasy BiJy 60MOBUX Ail Ta PEKOHCTPYKIil CTAHOBJIATH 42,6 MiJbspAa JosapiB, MOXeXi CpuYrHeHi
BiliHOIO - 9,1 MinbsApAa fosapiB, TOKCUYHI ocaau micasa nigpuBy KaxoBcbkol rifpoesekTpocTaHLjii —
31,5 minbiiona gosapis, OyfiBesibHi Bigxonu Ta ynamku - 140 MinbsapaiB gosiapis, 3a0pyAHeHi Ta
3aMiHoBaHi 3emisi - 9-10 MinbspaiB gosapis. [IpoBeseHO MOPIBHSJIBHUM aHasli3 BIJIMBY BOEHHUX
KOHOQJIIKTIB Ha €HepreTH4YHi CUCTEMH y YOTHUPbOX perioHax CBiTy, SIKHM BUSBUB €BOJIIOLIHHY
TpaHcpopMmalilo KOMIeHCAllilHUX MeXaHi3MiB Bif ycmillHOro KyBeHTCHKOrO IpelefeHTy 3
94 % BUMJIAaYeHUMHU KOLITAaMH 10 HeepeKTUBHHUX Cy4yaCHHX MeXaHi3MiB 6e3 >KOAHOI BUILJIATH, IO
MiATBEPAM/IO KPUTHUYHY 3a/IeKHICTb pe3yJbTAaTUBHOCTI BiJ pIBHA MIDKHApOAHOI MOJITUYHOI
nigTpuMku. CTBOpeHO NOPIiBHAJBbHY MaTPHUII0 MiXXHApOJHHUX NpelleleHTiB, 1Ka NPoAeMOHCTpyBaJja
€BOJIIOLiI0 MDKHApOAHO-NPaBOBUX MexXaHi3MiB BiJ, ¢parMeHTApHOro pearyBaHHsl A0 CHUCTEMHHUX
KOMIIEHCALiMHUX IHCTUTYTIB 3 PO3LIMPEHHSM CYyO'€KTHOrO CKJIaAy BiAmnoBizanbHocTi. BusBiaeHo
THUIIOJIOTIYHI 3aKOHOMIPHOCTI 3aCTOCYBaHHs MIiXHApOAHO-NIPAaBOBUX IHCTPYMEHTIB KOMIIeHcauil,
30KpeMa BCTAHOBJIEHO MPSAMY KOpesslLilo Mk eGeKTUBHICTIO KOMIEHCAL[iIHHUX [TPOLeAyp Ta piBHEM
MiXHapoAHOI MOIITUYHOI MATPUMKY. Pe3ysnbTaTu JOCHi/PKeHHST KOHILeNTyali3yBasn GOpMyBaHHS
HOBOi MapaZiurMM HalioHaJbHOI 6e3neKH, WO 06a3yeTbCsd HA CHUHEPreTHYHOMY IO€JHAHHI
eHepreTUYHUX Ta €KOJIOTIYHUX NPAaBOBUX MeXaHi3MiB y KOHTEKCTI CTa/loro pO3BUTKY

Kawuosi ca0ea: exonnj; KoMIeHcalliiiHi MexaHi3MHU; Mi>)KHapo/iHe ryMaHiTapHe MpaBo; eKOCHCTEMHI

BTPAaTH; IAPHUKOBI ra3y; BiZJHOBJIIOBA/IbHE NIPABOCYAAA
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