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TROUBLESHOOTING STEPS IN ENERGY SECTOR OF UKRAINE

Abstract. The features of the development of the energy sector of Ukraine in
the conditions of structural transformations and unprecedented challenges caused
by the full-scale aggression of the Russian Federation in 2022 are analyzed. It is
substantiated that the energy system of Ukraine operates in conditions of high
instability, where physical destruction of infrastructure, institutional dysfunctions,
financial constraints and cyber threats are combined. It is proven that the modern
energy sector of Ukraine is formed under the influence of the so-called "energy
trilemma”, which implies the need to simultaneously ensure energy security,
sustainability and availability of energy resources. The modern scientific discourse
is studied, which demonstrates the transition from traditional resource-oriented
approaches to integrated management models that take into account security,
environmental and institutional aspects. It is established that renewable energy
sources, hybrid energy systems and decentralized generation models play a special
role, which contribute to increasing the stability of the energy system. Considerable
attention is paid to the problems of critical infrastructure protection and the growth
of cyber threats, which actualizes the need to integrate digital solutions and
cybersecurity into the energy management system.

An analytical approach is proposed, which is characterized by paradigmaticity
and allows us to consider the energy sector as a fragmented, but system with
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interconnected elements. In view of this, the feasibility of treating troubleshooting
as a comprehensive public management mechanism aimed at ensuring the stability,
adaptability and continuity of the energy system is substantiated. In this context, the
concept of adaptive management is proposed, which integrates a risk-oriented
approach, digitalization, institutional interaction and the development of
decentralized energy systems. In addition, a strategy for ensuring the sustainable
functioning of the energy sector is specified.

Keywords: state regulation, energy, energy sector, energy resources, steps to
solve problems, investments, post-war recovery, energy sector development
strategy, critical infrastructure, public-private partnership.
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HUISIXW BUPILHEHHSA TPOBJIEM B EHEPTETUYHOMY
CEKTOPI YKPAIHHU

AnoTanist. [IpoananizoBaHo 0COOIUBOCTI PO3BUTKY CHEPIreTUYHOIO CEKTOPY
VYkpainu B yMOBax CTPYKTYpHHUX TpaHcopMalliii Ta 0e3MpereIEeHTHUX BUKIIUKIB,
CIPUYMHEHUX TOBHOMAcIITaOHOIO arpeciero pd y 2022 p. OOrpyHTOBaHO, IO
eHepreTuyHa cuctemMa YKpainu (QyHKLIOHYE B YMOBaxX BUCOKOI HECTAOUIBHOCTI, A€
MOEHYIOThCS (P13UUHI PYHHYBaHHS 1HGPACTPYKTYPH, IHCTUTYIIHHI TUCHYHKIIII,
¢diHaHCOBI 0OMEXEHHsI Ta Kibep3arpo3u. 3’siCOBaHO, 110 CYyYaCHUM €HEePreTHUHUN
ceKkTop YKpainu (popmyeTbes i BIUIMBOM TaK 3BaHOI «EHEPIe€THUYHOI TPUIIEMUY,
sKa Tepeadoavyae HeOOX1THICTh OJJHOYACHOTO 3a0e3MeUeHHS CHEPreTUYHO1 OC3IEeKH,
CTaJIOCTI Ta JIOCTYTHOCTI €HEPrOPECYPCIB.

JlocnikeHo cyyacHUM HAyKOBUM IUCKYpPC, SKUM JAEMOHCTpYE TMepexii Bif
TPaJAMLIIHUX PECYPCHO-OPIEHTOBAHUX TMIAXOIB JO IHTETPOBAHMX MojeNen
YOPABIIHHS, 0 BPaXxOBYIOTh O€3MEKOBI, €KOJOTIYHI Ta THCTUTYIIIHI aCMEKTH.
BcranoBneno, 1mo ocoOiMBY poJb BIAITPalOTh BITHOBJIIOBAaHI JpKepena €Heprii,
riOpuaHI CHEPreTUYHI CHUCTEMH Ta JCLCHTpalli30BaHI MOJEIl TeHeparlii, sKi
CIPUSIIOTH MIIBUIIEHHIO CTIMKOCTI €HEProCHUCTEeMHU. 3HAYHy YBary MPUIITICHO
nmpoOemMaM 3aXUCTy KPUTHYHOI 1HOPACTPYKTYpPH Ta 3pOCTAHHIO KiOep3arpos, 1o
aKTyani3ye HeOOXiAHICTh IHTerparii Mu(POBUX PIlIEHb 1 KIOEPOE3NEKH B CHCTEMY
E€HEPTreTUYHOTO YIIPaBJIIHHS.
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3anponoHOBaHO AHAJICKTUYHHUMA MIAXiJ, SKUW BiI3HAYAETHCS IapagurMalib-
HICTIO Ta JO3BOJIAE PO3TJISIIATH CHEPTETUYHHM CEKTOP SK (parMEeHTOBaHy, aje
CHUCTEMY 3 B3a€MOTIOB’SI3aHUMH €JIEMEHTaMHU. 3 OISy Ha 1€ OOTpyHTOBAHO
JOIIJIBHICTh TpaKkTyBaHHs troubleshooting sk KOMIIJIEKCHOTO MeXaHI3My ITy0JIid-
HOTO YMPAaBIIHHS, CIPIMOBAHOIO0 Ha 3a0€3MEYEHHsI CTIMKOCTI, aJanTUBHOCTI Ta
Oe3nepepBHOCTI (PYHKI[IOHYBaHHS €HEPreTUYHOI CUCTEMH. Y LbOMY KOHTEKCTI
3alpONOHOBAHO KOHIICTIIIO aJalTUBHOIO YIPaBIIHHS, IO IHTETPYE PHU3HK-
OpIEHTOBAHUN MiAXiJ, HU(POBI3AIi0, IHCTUTYLIWHY B3a€MOMII0 Ta PO3BUTOK
JENEHTPATI30BAaHUX CHEPIEeTUYHMX CHUCTeM. KpiM TOTro, KOHKPETH30BaHO
CTpaTerito 3a0e3MeueHHs CTINKOro ()YHKI[IOHYBAaHHSI €HEPTE€TUUHOTO CEKTOPY.

Kuio4oBi cjioBa: jnep:kaBHE peryJlOBaHHS, EHEPreTUKa, CHEPreTUYHHUM CeK-
TOP, CHEPTOPECYPCH, KPOKH 3 BUPIIIEHHS ITPOOJIeM, 1IHBECTHIII1, TOBOEHHE B1JIHOB-
JICHHSI, CTpATerisi PO3BUTKY €HEPreTUYHOTO CEKTOpY, KpUTHYHA 1H(pACTPyKTypa,
myOJIIYHO-TIPUBATHE MTAPTHEPCTRO.

Problem setting. The energy sector of Ukraine has undergone significnt
impact due to both structural reforms and external shocks, particularly the full-scale
war since 2022. Energy infrastructure has become a critical target, resulting in
systemic disruptions and requiring urgent troubleshooting strategies. Recent studies
highlight that the Ukrainian energy system must simultaneously address energy
security, sustainability, and affordability, forming a complex “energy trilemma” in
crisis conditions [17]. Scientific discourse increasingly focuses on adaptive
governance and resilience-building mechanisms. For instance, research by
Sabishchenko et al. emphasizes the importance of hybrid renewable systems in
ensuring energy stability , while T. Zatonatska and M. Soboliev underline the need
for transforming regulatory frameworks under wartime conditions [20].

Recent research and publications analysis. The contemporary academic
discourse on the development of the energy sector demonstrates a gradual shift from
traditional resource-based approaches toward integrated, security-oriented, and
sustainability-driven models. The analyzed body of literature reflects a
multidimensional understanding of energy systems, particularly in the context of
geopolitical instability, technological transformation, and climate challenges.

A significant cluster of studies focuses on energy security as a foundational
concept for sectoral development. In particular, B. Sovacool [14] conceptualizes
energy security as a complex and multidimensional phenomenon that encompasses
availability, affordability, and environmental sustainability. This approach is further
expanded by A. Goldthau [7], who emphasizes the role of global governance,
institutional coordination, and geopolitical factors in shaping energy systems. These
foundational works establish a theoretical basis for understanding energy sector
development as a politically and institutionally embedded process, rather than a
purely technical or economic one.
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The relationship between energy security and macroeconomic stability is
further explored by A. Stavytskyy et al. [15], who demonstrate a strong
interdependence between energy indicators and economic performance in European
countries. Their findings are particularly relevant for Ukraine, as they highlight the
need for aligning energy policy with broader economic strategies. Similarly,
D. Streimikiené et al. [16] provide a comparative assessment of sustainable energy
development, emphasizing the importance of integrating environmental and
economic objectives within national energy systems.

A distinct line of research addresses the role of renewable energy in strengthening
energy security, particularly in the Ukrainian context. G. Kharlamova, S. Nate, and
O. Chernyak [9] argue that renewable energy represents not only an environmental
solution but also a strategic instrument for reducing dependence on external energy
sources. This perspective is reinforced by O. Sabishchenko et al. [13], who analyze
hybrid renewable energy systems and demonstrate their potential to enhance system
flexibility and resilience. Furthermore, C. Winkler et al. [18] provide empirical
evidence on the significant potential of rooftop photovoltaic systems in Ukraine,
highlighting opportunities for decentralized energy production and increased energy
independence.

Another important research direction concerns the classification and
conceptualization of energy sources. R. Rybar et al. [12] critically examine the
definition of renewable energy, pointing to inconsistencies in classification
frameworks. This issue is crucial for policy development, as it affects regulatory
approaches, investment decisions, and the overall structure of the energy mix.
Complementing this perspective, A. Prokil [11] explores modern approaches to
energy supply within the paradigm of sustainable development, emphasizing the
transition toward resource-efficient and environmentally friendly systems.

The growing importance of hybrid threats and energy infrastructure protection
is highlighted in studies focusing on security challenges. T. Pléta et al. [10] analyze
the protection of critical energy infrastructure in the context of hybrid warfare, using
Ukraine as a case study. Their findings underscore the vulnerability of energy
systems to both physical and non-physical threats. This is further developed by
T. Aljohani [6], who examines cyberattacks on energy infrastructure as a new form
of warfare, emphasizing the need for integrating cybersecurity into energy
governance. These studies collectively demonstrate that energy sector development
cannot be separated from national security considerations.

The concept of the energy trilemma—balancing security, sustainability, and
affordability — is addressed by R.S.J. Tol [17], who highlights the increasing
complexity of decision-making in the context of geopolitical and environmental
crises. This framework is particularly relevant for Ukraine, where energy policy
must simultaneously address wartime challenges, economic constraints, and long-
term sustainability goals.
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In parallel, the issue of energy efficiency and demand-side management is
explored by R. Zhesan [21], who identifies significant potential for energy saving
in the household sector. This perspective shifts the focus from supply-side solutions
to consumer behavior and energy consumption patterns, which are critical for
achieving overall system efficiency.

Recent national-level studies provide insights into the institutional and
regulatory dimensions of energy sector development. T. Zatonatska and O. Soboliev [20]
analyze state regulation mechanisms in Ukraine, emphasizing the need for
modernization of governance frameworks in line with European integration
processes. Their work highlights persistent challenges such as regulatory
fragmentation, limited institutional capacity, and the need for increased transparency
and accountability.

Finally, D. Yergin [19]offers a broader geopolitical perspective, linking energy
development with global power dynamics, climate policy, and international
conflicts. His analysis reinforces the idea that energy systems are deeply embedded
in global political processes, which directly influence national energy strategies,
including those of Ukraine.

Paper objective. The purpose of the article is to conceptually understand the
solution to problems that arise within the energy sector of Ukraine.

Paper main body. The energy sector of Ukraine represents one of the most
strategically significant components of national security and socio-economic
stability. In the context of globalization and European integration, the energy system
traditionally functioned as a complex, multi-level structure combining centralized
generation capacities, extensive transmission networks, and a diversified consumption
system. However, since 2022, the sector has been subjected to unprecedented stress
due to large-scale military aggression, which has fundamentally altered its
operational logic and exposed systemic vulnerabilities [2; 3; 5].

The destruction of critical infrastructure, including thermal power plants,
substations, and transmission lines, has significantly reduced generation capacity
and disrupted energy flows. These challenges have led to a paradigm shift in energy
governance — from a model focused primarily on efficiency and market
liberalization to one emphasizing resilience, adaptability, and crisis response.

In this context, troubleshooting becomes not merely a technical activity but a
strategic governance function, aimed at identifying, diagnosing, and resolving
systemic failures within the energy system. It encompasses a wide range of
processes, including rapid restoration of infrastructure, risk assessment, policy
adaptation, and technological innovation [1; 2; 3; 18; 20].

The relevance of this study is further reinforced by Ukraine’s ongoing
synchronization with the European energy system (ENTSO-E), which introduces
new regulatory requirements and operational standards. Thus, the Ukrainian energy
sector must simultaneously address internal disruptions and external integration
challenges.
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The methodological framework of this research is constructed as a multi-
layered analytical system, designed to capture the complexity, instability, and
dynamic transformation of the Ukrainian energy sector under conditions of war,
crisis, and post-war recovery. Unlike conventional linear methodologies, this
approach is based on the integration of complementary analytical tools, each of
which reveals a specific dimension of the problem while collectively forming a
coherent research architecture [5].

At its core, the study employs system analysis, which enables the examination
of the energy sector not as a set of isolated components, but as an interconnected
and interdependent system. Through this lens, infrastructure, governance, markets,
and digital systems are interpreted as mutually influencing subsystems. This allows
for identifying cascading effects, where disruptions in one segment (e.g., physical
destruction of power facilities) generate secondary and tertiary consequences across
the entire system [ibid.].

In parallel, a risk-oriented modeling approach is applied, focusing on the
identification, classification, and prioritization of threats. The study also integrates
comparative analysis, particularly benchmarking Ukraine’s energy governance
mechanisms against European Union practices. This comparison is not limited to
institutional structures but extends to regulatory frameworks, crisis response
mechanisms, and digital transformation strategies. Such an approach enables the
identification of gaps, asymmetries, and potential pathways for convergence within
the European integration context.

Another important methodological component is content analysis of scientific
literature, which provides a structured evaluation of existing academic discourse.
Finally, the research incorporates scenario modeling, which serves as a forward-
looking tool for forecasting the development of the energy sector under different
conditions. This method allows for testing the robustness of proposed solutions and
identifying adaptive strategies under uncertainty.

A key innovation of this methodological framework lies in its analectic nature.
The concept of an analectic approach implies that the system is composed of
fragmented yet interconnected elements. Instead of forcing artificial coherence, the
methodology acknowledges fragmentation as an inherent characteristic of the
Ukrainian energy sector and seeks to integrate these fragments through governance,
risk management, and technological coordination.

Thus, the proposed methodology represents a shift from static, descriptive
research toward dynamic, operational, and adaptive analysis, combining risk,
governance, and technological dimensions into a unified analytical model.

The results of the study demonstrate that troubleshooting in the Ukrainian
energy sector should not be interpreted as a purely technical or reactive activity.
Instead, it emerges as a systemic governance mechanism, aimed at ensuring
resilience, adaptability, and continuity of energy supply under conditions of
persistent disruption (table 1).




4(24)

2026

ISSN 3041-1572 Online

Table 1 — Systemic Problems of the Ukrainian Energy Sector and Expanded
Troubleshooting Approaches

Ne Problem Systemic Nature Troubleshooting Approach
1 | Infrastructure | This problem reflects not only the The solution lies in decentralization and
destruction physical damage or loss of energy the development of modular energy
infrastructure (power plants, systems, including distributed generation,
transmission lines, substations), but microgrids, and localized renewable
also its strategic implications for energy sources. These systems reduce
national security and system dependence on centralized infrastructure,
resilience. Destruction disrupts supply | enhance flexibility, and ensure continuity
chains, creates regional energy of supply even in conditions of partial
deficits, and increases vulnerability to | system collapse or targeted attacks.
further external shocks. It transforms
energy infrastructure into a critical
target within hybrid warfare.
2 | Institutional Institutional fragmentation represents | The implementation of integrated
fragmentation | & governance failure characterized by | coordination platforms is essential. These
weak coordination between state platforms ensure interoperability between
authorities, regulatory bodies, private institutions, enable real-time data
sector actors, and international exchange, and support synchronized
stakeholders. It leads to duplication of | decision-making processes. Strengthening
functions, slow decision-making, lack | governance networks improves policy
of accountability, and reduced crisis- coherence and enhances the system’s
response capacity. ability to respond to complex and rapidly
evolving challenges.
3 Energy Energy imbalance arises from the The adoption of smart grids and demand
imbalance interaction of market inefficiencies response mechanisms provides a
and technical constraints within the technologically advanced solution. Smart
energy system. It includes fluctuations | grids enable real-time monitoring and
in supply and demand, outdated optimization of energy flows, while
infrastructure, and insufficient demand response systems allow consumers
integration of renewable energy to adjust consumption patterns. Together,
sources. This imbalance leads to these tools increase system flexibility,
instability, inefficiency, and increased | improve efficiency, and support the
operational risks. integration of renewable energy sources.
4 | Cyberthreats | Cyber threats represent a growing The development and implementation of
digital vulnerability due to the comprehensive cybersecurity systems is
increasing reliance on information and | crucial. This includes advanced threat
communication technologies in the detection, protection of critical
energy sector. Critical infrastructure infrastructure, regular system audits, and
becomes exposed to cyberattacks that | the creation of institutional capacities for
can disrupt operations, compromise cyber resilience. Cybersecurity must be
sensitive data, and destabilize the integrated into overall energy governance
entire system. as a strategic priority.
S Financial Financial instability reflects limited The use of international funding mechanisms
instability domestic funding capacity, high and PPP provides a sustainable solution.

reconstruction costs, and dependence
on external financial resources. It
constrains modernization efforts,
delays infrastructure recovery, and
reduces the sector’s investment
attractiveness.

These approaches enable access to financial
resources, facilitate risk-sharing, and promote
the transfer of technologies and expertise.
They also support long-term investment
strategies aligned with European integration
goals.

Source: compiled based on [8; 9; 12; 13; 18; 20]
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The presented framework can be interpreted as a systemic analytical model of
key challenges in the Ukrainian energy sector and the corresponding
troubleshooting approaches, reflecting the multidimensional nature of current
disruptions and the necessity of integrated, adaptive responses. Each identified
problem is not isolated but embedded within a broader system of interdependencies,
which requires moving beyond purely technical solutions toward comprehensive
governance mechanisms.

First, infrastructure destruction should be understood not merely as physical
damage to energy facilities, but as a strategic disruption affecting national security,
economic stability, and societal resilience. In the context of large-scale military
aggression, the loss of centralized energy assets exposes the vulnerability of
traditional energy systems. Therefore, the proposed troubleshooting approach—
decentralization and the development of modular energy systems—represents a
paradigm shift toward distributed generation. Such systems, including microgrids
and localized energy units, enhance flexibility, reduce dependency on large-scale
infrastructure, and ensure continuity of supply even under conditions of targeted
attacks or system failures [18].

Second, institutional fragmentation reflects a deeper governance failure,
characterized by a lack of coordination among state institutions, overlapping
responsibilities, and insufficient communication between stakeholders [20]. This
fragmentation reduces the overall responsiveness and effectiveness of the energy
sector, particularly in crisis situations. The implementation of integrated
coordination platforms is therefore essential, as it enables interoperability between
governmental bodies, regulatory agencies, private actors, and international partners.
Such platforms facilitate real-time information exchange, coordinated decision-
making, and the alignment of strategic objectives across different levels of
governance.

Third, the issue of energy imbalance represents a hybrid challenge combining
both market inefficiencies and technical constraints. Addressing this problem
requires the adoption of smart grids and demand response mechanisms, which
introduce digital intelligence into energy management. Smart grids allow for real-
time monitoring and optimization of energy flows, while demand response
programs enable consumers to adjust their energy usage based on system conditions.
Together, these tools contribute to a more flexible, efficient, and resilient energy
system.

Fourth, cyber threats have emerged as a critical dimension of vulnerability due
to the increasing digitalization of the energy sector. Energy infrastructure is now
deeply interconnected with information systems, making it susceptible to
cyberattacks that can disrupt operations, compromise data, and even cause large-
scale blackouts. Consequently, the deployment of advanced cybersecurity systems
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Is not only a technical necessity but also a strategic priority [6; 8; 14; 21]. This
includes the protection of critical infrastructure, implementation of threat detection
systems, and development of institutional capacities for cyber resilience.

Finally, financial instability highlights the economic constraints that limit the
capacity of the energy sector to recover and modernize. The scale of destruction and
the need for technological transformation require substantial financial resources that
exceed domestic capabilities. In this context, the use of international funding
mechanisms and public-private partnerships (PPP) becomes essential. These
instruments not only provide access to capital but also facilitate the transfer of
expertise, innovation, and best practices from global partners. Moreover, PPP
models enable risk-sharing between the public and private sectors, increasing the
efficiency and sustainability of investment projects. In summary, this model
demonstrates that each problem within the energy sector possesses a complex,
multi-layered nature, requiring troubleshooting approaches that integrate
technological innovation, institutional reform, and economic support mechanisms.

In view of the above, it is necessary to dwell in more detail on the strategy for
solving problems arising within the energy sector in Ukraine (Table 2). The strategic
troubleshooting model proposed in this study should be understood as a continuous
and iterative cycle, rather than a linear sequence of actions. Each component is
interconnected, forming a feedback-driven system that evolves over time.

Table 2 — Strategic Troubleshooting Model

Ne | Component Content Function

1 | Risk identification Mapping threats Early warning

2 | Monitoring Data systems Real-time control

3 | Response Rapid intervention Damage limitation

4 | Adaptation Policy & tech change System evolution

5 | Learning Feedback loops Long-term resilience

Source: compiled based on [7; 10; 11; 15; 16; 21]

The process begins with risk identification, which involves comprehensive
mapping of threats across all levels of the energy system. This stage establishes the
foundation for proactive governance by enabling early detection of vulnerabilities.

The monitoring phase relies on digital data systems, which provide real-time
information about system performance. This allows decision-makers to maintain
situational awareness and respond promptly to emerging disruptions.

The response component focuses on rapid intervention measures aimed at
minimizing damage and ensuring continuity of energy supply. This includes both
technical actions (e.g., rerouting energy flows) and organizational decisions (e.g.,
emergency coordination).

Adaptation represents a higher level of system functionality, where policies
and technologies are adjusted based on observed outcomes and changing conditions.
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This ensures that the system remains relevant and effective in a dynamic
environment.

Finally, the learning component introduces feedback loops, which transform
past experiences into knowledge. This knowledge is then used to improve future
responses, thereby enhancing long-term resilience.

The findings of this research provide a basis for developing an original
conceptual framework that redefines troubleshooting as a core element of energy
governance rather than a supplementary technical function [1-5]:

1. Troubleshooting as an Analectic System. The Ukrainian energy sector is
best understood as an analectic system, characterized by fragmentation, instability,
and constant transformation. Unlike classical system models that assume
equilibrium and predictability, the analectic approach recognizes that disorder and
disruption are not anomalies but structural features. In this context, troubleshooting
becomes a mechanism for integrating fragmented elements through governance,
digitalization, and risk management. It ensures that despite systemic disruptions, the
energy sector continues to function as a coherent whole.

2. Critique of Existing Approaches. A critical analysis of existing academic
literature reveals several limitations. Most studies tend to conceptualize energy
security as a static condition, focusing on resource availability and infrastructure
capacity. However, such approaches fail to capture the dynamic nature of
disruptions, particularly in wartime conditions. Moreover, many frameworks lack
operational governance tools, which are necessary for real-time decision-making.
As a result, they provide limited practical value for policymakers dealing with high
uncertainty and rapid system transformation.

3. Proposed Concept: Adaptive Troubleshooting Governance. In response to
these limitations, this study proposes the concept of adaptive troubleshooting
governance, which integrates four main results: risk-oriented governance, digital
integration, decentralized energy systems, institutional interoperability. This model
transforms troubleshooting from a reactive process into a proactive and strategic
function, enabling anticipation of risks, rapid response, and continuous adaptation.

4. Strategic Implications. The proposed conceptual framework has several
important implications. First, troubleshooting should be institutionalized as a central
function of state energy policy, rather than treated as an auxiliary activity. Second,
energy systems should evolve into adaptive networks, capable of functioning under
conditions of disruption. Third, governance models must shift toward real-time,
data-driven decision-making, supported by digital technologies and integrated
platforms.

Conclusions of the research. The conducted research demonstrates that the
Ukrainian energy sector operates within a high-risk, volatile, and dynamically
changing environment, where traditional governance models are no longer
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sufficient. The complexity of challenges — ranging from physical destruction and
cyber threats to institutional fragmentation and financial instability — requires a
fundamentally new approach to managing the sector. Troubleshooting, in this
context, should be reconceptualized as a systemic, continuous, and adaptive process,
embedded within the broader framework of energy governance. It integrates
technological, institutional, and policy dimensions, ensuring not only the resolution
of current problems but also the prevention of future disruptions. The proposed
analectic and risk-oriented model provides a novel theoretical and practical
foundation for transforming the energy sector. Its implementation is particularly
relevant for Ukraine’s post-war recovery and its strategic course toward European
integration, as it enables the creation of a resilient, flexible, and future-oriented
energy system.

References:

1. Pomaza-Ponomarenko, A.L. (2024). A conceptual approach to ensuring international
energy security in the context of supporting global security. Bulletin of the National University of
Civil Defense of Ukraine — Visnyk Natsional'noho universytetu tsyvil'noho zakhystu Ukrayiny, 2
(21), 90-101 [in English].

2. Pomaza-Ponomarenko, A.L. & Akhmedova, O.0. (2025). Forsayt-doslidzhennya
shchodo zabezpechennya rozvytku enerhetychnoho sektoru Ukrayiny v umovakh nadzvycha-
ynykh sytuatsiy, zumovlenykh povnomasshtabnoyu ahresiyeyu rf [Foresight study on ensuring
the development of the energy sector of Ukraine in emergency situations caused by full-scale
aggression of the rf]. Derzhavne upravlinnya: udoskonalennya ta rozvytok — State administration:
improvement and development. 2. Retrieved from https://www.nayka.com.ua/index.php/dy/
article/view/5680 [in Ukrainian].

3. Pomaza-Ponomarenko, A.L. & Taraduda, D.V. (2024). Svitovyy dosvid protystoyannya
vplyvu hibrydnoyi viyny na natsional'nu y enerhetychnu bezpeku ta yiyi obyekty [World
experience in confronting the impact of hybrid war on national and energy security and its
objects]. Publichne upravlinnya: kontseptsiyi, paradyhma, rozvytok, udoskonalennya — Public
administration: concepts, paradigm, development, improvement. 9, 142-150 [in Ukrainian].

4. Pomaza-Ponomarenko, A.L. & Taraduda, D.V. (2024). Rozvytok enerhetychnoyi sfery yak
imperatyvu enerhetychnoyi bezpeky ta natsionalnoyi ekonomiky [Development of the energy
sector as an imperative of energy security and national economy]. Derzhavne upravlinnya:
udoskonalennya ta rozvytok — State administration: improvement and development. 9. Retrieved
from https://www.nayka.com.ua/index.php/dy/article/view/4601 [in Ukrainian].

5. Pomaza-Ponomarenko, A. & Akhmedova, O., Batyr, Yu., Lopatchenko, I. (2024). Public
administrative mechanisms for ensuring sustainable functioning of the security system of Ukraine.
Public administration and state security aspects. 2, 187-198 [in English].

6. Aljohani, T. (2022). Cyberattacks on Energy Infrastructures: Modern War Weapons. arXiv.
2022. Retrieved from https://www.researchgate.net/publication/363128927 Cyberattacks_on_
Energy_Infrastructures_Modern_War_Weapons [in English].

7. Goldthau, A. (2013). Global Energy Policy. New Jersey: Wiley-Blackwell [in English].

8. Johansson, B. (2013). Security aspects of future renewable energy systems — A short
overview. Energy, 61, 598-605 [in English].



http://passa.nuczu.edu.ua/

4(24)

2026

ISSN'3041-1572 Online

9. Kharlamova, G., Nate, S. & Chernyak, O. (2016). Renewable energy and security for
Ukraine: Challenge or smart way?. International Studies, 9, 88-115 [in English].

10. Pléta, T., Karasov, S. & Jakstas, T. (2018). The means to secure critical energy
infrastructure in the context of hybrid warfare: The case of Ukraine. Journal of Security and
Sustainability Issues, 7, 567-578. http://doi.org/10.9770/jssi.2018.7.3(16) [in Englishl].

11. Prokil, A. (2012). Modern approaches to the energy supply of mankind in the context of
the formation of a society of sustainable development. Economic of Ukraine, 5, 85-91 [in
English].

12. Rybaér, R., Kudelas, D. & Beer, M. (2015). Selected problems of classification of energy
sources — What are renewable energy sources?. Acta Montan. Slovaca, 20, 172-180 [in English].

13. Sabishchenko, O., Rebilas, R., Sczygiol, N. & Urbanski, M. (2020). Ukraine Energy
Sector Management Using Hybrid Renewable Energy Systems. Energies (MDPI), 13 (7), 1776.
https://doi.org/10.3390/en13071776 [in English].

14. Sovacool, B. (2011). The Routledge Handbook of Energy Security. London and New
York: Routledge [in English].

15. Stavytskyy, A., Kharlamova, G., Giedraitis & V., Sumskis, V. (2018). Estimating the
interrelation between energy security and macroeconomic factors in European countries.
International Studies, 11, 217-238 [in English].

16. Streimikiené, D., Mikalauskiené, A. & Mikalauskas, . (2016). Comparative Assessment
of Sustainable Energy Development in the Czech Republic, Lithuania and Slovakia. Compet, 8,
31-41 [in English].

17. Tol, R.S.J. (2023). Navigating the energy trilemma during geopolitical and
environmental crises. arXiv. Retrieved from https://arxiv.org/abs/2301.07671 [in English].

18. Winkler, C., Dabrock, C., Kapustyan, S., Hart, C., Heinrichs, H. et al. (2024). Rooftop
PV Potential in Ukraine. arXiv. Retrieved from https://arxiv.org/abs/2412.06937 [in English].

19. Yergin, D. (2022). The New Map: energy, climate and the clash of nations // Journal of
Environmental Studies and Sciences. Retrieved from https://www.researchgate.net/publication/
36087 5649 Daniel_Yergin_The_new_map_energy_climate_and_the_clash_of nations_New _
York_NY_Penguin_Press 2021 [in English].

20. Zatonatska, T. & Soboliev, O. (2025). State regulation of energy sector. Finance of
Ukraine, 1. Retrieved from https://finukr.com.ua/index.php/journal/article/view/97 [in English].

21. Zhesan, R. (2016). Ways of energy saving in the household sector of Ukraine in light of
rising tariffs and wider introduction of renewable energy sources. Collection of Science Papers of
Kirovograd National Technical University. 29, 185-192 [in English].

Jimepamypa:

1. ITomaza-ITonomapenko A.JI. A conceptual approach to ensuring international energy
security in the context of supporting global security // Bicauk HarionanbHOTo yHiBepCHTETY
IUBLIBHOTO 3axucTy YKpainm. 2024. Ne 2 (21). C. 90-101.

2. Ilomaza-ITonomapenko A.JI., AxmenoBa O.0. DopcailT-gocmiKeHHs 1010 3a0e3re-
YEeHHSI PO3BHTKY CHEPTEeTHYHOTO CEKTOPY YKpaiHW B YyMOBax HaJ3BHYAHHUX CHUTYaIlild, 3yMOB-
JIEHUX MOBHOMAacIITaOHOO arpecieto pd // [lepkaBHe ynpaBiliHHS: YAOCKOHAJICHHS Ta PO3BUTOK.
2025. Ne 2. URL.: https://www.nayka.com.ua/index.php/dy/article/view/5680.

3. ITomaza-ITonomapenko A.JIL., Tapanyna J[.B. CBiToBuil AOCBiA NMPOTUCTOSHHS BIUIUBY
riOpuHOi BIHU HA HAIIOHAIBHY i eHepreTuuHy Oe3neky Ta ii 00’ ekt // Ily6niune ynpaBiiiHHS:
KOHIIETIIi1, TapaJurMa, po3BUTOK, yaockoHaneHHs. 2024. Ne 9. C. 142-150.



http://doi.org/10.9770/jssi.2018.7.3(16)
https://doi.org/10.3390/en13071776
https://arxiv.org/search/physics?searchtype=author&query=Dabrock,+K
https://arxiv.org/search/physics?searchtype=author&query=Kapustyan,+S
https://arxiv.org/search/physics?searchtype=author&query=Hart,+C
https://arxiv.org/search/physics?searchtype=author&query=Heinrichs,+H
https://finukr.com.ua/index.php/journal/article/view/97

4(24)

2026

ISSN 3041-1572 Online

4. TTomaza-Ilonomapenko A.JI., Tapanyna /I.B. Po3BuTok eHepreruyunoi chepu sk immepa-
TUBY CHEPreTHYHOI O€3MeKH Ta HaI[lOHaJIhbHOI eKOHOMIKH // JlepaBHE YIpaBIIiHHS: YIOCKOHA-
JeHHs Ta po3BUTOK. 2024. Ne 9. URL.: https://www.nayka.com.ua/index.php/dy/article/view/4601.

5. Pomaza-Ponomarenko A., Akhmedova O., Batyr Yu., Lopatchenko I. Public administrative
mechanisms for ensuring sustainable functioning of the security system of Ukraine // Public
administration and state security aspects. 2024. Vol. 2. Pp. 187-198.

6. Aljohani T. Cyberattacks on Energy Infrastructures: Modern War Weapons // arXiv. 2022.
URL:https://www.researchgate.net/publication/363128927_Cyberattacks_on_Energy_Infrastructures_
Modern_War_Weapons.

7. Goldthau A. Global Energy Policy. New Jersey: Wiley-Blackwell, 2013. 576 p.

8. Johansson B. Security aspects of future renewable energy systems — A short overview //
Energy. 2013, Ne 61, pp. 598-605.

9. Kharlamova G., Nate S., Chernyak O. Renewable energy and security for Ukraine:
Challenge or smart way? // International Studies. 2016, Ne 9, pp. 88—115.

10. Pléta T., Karasov S., JakStas T. The means to secure critical energy infrastructure in the
context of hybrid warfare: The case of Ukraine // Journal of Security and Sustainability Issues.
2018, vol. 7, pp. 567-578. http://doi.org/10.9770/jssi.2018.7.3(16).

11. Prokil A. Modern approaches to the energy supply of mankind in the context of the
formation of a society of sustainable development // Economic of Ukraine. 2012, vol. 5, pp. 85-91.

12. Rybér R., Kudelas D., Beer M. Selected problems of classification of energy sources —
What are renewable energy sources? // Acta Montan. Slovaca. 2015, Ne 20, pp. 172-180.

13. Sabishchenko O., Rebilas R., Sczygiol N., Urbanski M. Ukraine Energy Sector
Management Using Hybrid Renewable Energy Systems // Energies (MDPI), 2020, Vol. 13 (7),
p. 1776. https://doi.org/10.3390/en13071776.

14. Sovacool B. The Routledge Handbook of Energy Security. London and New York:
Routledge, 2011. 436 p.

15. Stavytskyy A., Kharlamova G., Giedraitis V., Sumskis V. Estimating the interrelation
between energy security and macroeconomic factors in European countries // International
Studies. 2018, Ne 11, pp. 217-238.

16. Streimikiené D., Mikalauskiené A., Mikalauskas 1. Comparative Assessment of
Sustainable Energy Development in the Czech Republic, Lithuania and Slovakia //
Compet. 2016, vol. 8, pp. 31-41.

17. Tol R.S.J. Navigating the energy trilemma during geopolitical and environmental
crises // arXiv. 2023. URL.: https://arxiv.org/abs/2301.07671.

18. Winkler C., Dabrock C., Kapustyan S., Hart C., Heinrichs H. et al. Rooftop PV
Potential in Ukraine // arXiv. 2024. URL: https://arxiv.org/abs/2412.06937.

19. Yergin D. The New Map: energy, climate and the clash of nations // Journal of
Environmental Studies and Sciences. 2022. URL.: https://www.researchgate.net/publication/3608
75649 Daniel_Yergin_The_new_map_energy_climate_and_the clash_of nations_New_York
NY_Penguin_Press_2021.

20. Zatonatska T., Soboliev O. State regulation of energy sector // Finance of Ukraine. 2025.
Vol. 1. URL.: https://finukr.com.ua/index.php/journal/article/view/97.

21. Zhesan R. Ways of energy saving in the household sector of Ukraine in light of rising
tariffs and wider introduction of renewable energy sources // Collection of Science Papers of
Kirovograd National Technical University. 2016, vol. 29, pp. 185-192.

Jama nepuioco naoxooocenns cmammi 0o eudanns: 23.03.2026
Hama nputinamms cmammi 0o Opyky nicisa peyen3ysanns’. 06.04.2026



https://www.nayka.com.ua/index.php/dy/article/view/4601
http://passa.nuczu.edu.ua/
http://passa.nuczu.edu.ua/
https://doi.org/10.3390/en13071776
https://arxiv.org/search/physics?searchtype=author&query=Dabrock,+K
https://arxiv.org/search/physics?searchtype=author&query=Kapustyan,+S
https://arxiv.org/search/physics?searchtype=author&query=Hart,+C
https://arxiv.org/search/physics?searchtype=author&query=Heinrichs,+H
https://finukr.com.ua/index.php/journal/article/view/97

