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€JIEKTPOEHEePrii eHepreTnuyHux cucteM. — KpasigikaliliHa HaykoBa Ipals Ha IpaBax pyKonucy. Jjucepralis Ha
3000yTTS HAyKOBOI'O CTyIEHs NOKTopa (Pinocodii kKanauaaTa TEXHIYHUX HAYK) 32 CIeliaJbHICTIO 141
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[HcTuTyT BigHOBIMIOBaHOI eHepreTuku HAH Ykpainy, Kuis, 2026. 3aie>xXHiCTb Bifl BUKOITHOTO NAJIMBA SIK
TPAAULiHOTIO IKepeJsia €Heprii CIPUYMHUIIA HA3KY CUCTEMHUX €KOJIOTIYHUX, EKOHOMIYHUX, TEXHOJIOTIYHUX Ta
reonoJIiTUYHNX Npo6sieM B YKpaiHi Ta cBiTi. [Jo TaKux NpUYMH MO>KHA BiIHECTU HACTYIIHI: O I7106aIbHA KJIiMaTUYHA
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CIIPUYMHUIIO NiJIBUILIEHHS CEPEHbOI TEMIIEPATYPU HA IIJIAHETI, MOYACTilIaHHS €KCTPEMAaJIbHUX [TOTOJIHUX SIBULL,
Ilerpafalilo eKOCUCTEM i 3DOCTaHHS KIIIMAaTUYHUX PU3UKIB /IJIs1 EKOHOMIKM Ta 6e31eKu HaceJIeHHsI. YCBimOMIeHHS

TOrO, 1110

2. Thesis submitted for the degree of Doctor of Philosophy (PhD) in Speciality 141 "Electric Power Engineering,
Electrical Engineering and Electromechanics”, Field of Knowledge 14 "Electrical Engineering". - Institute of
Renewable Energy of the National Academy of Sciences of Ukraine, Kyiv, 2026. Dependence on fossil fuels as a
traditional source of energy has led to a number of systemic environmental, economic, technological, and
geopolitical problems both in Ukraine and worldwide. The main reasons include the following: Global climate crisis
- the large-scale combustion of coal, oil, and natural gas has resulted in an increased concentration of greenhouse
gases in the atmosphere, leading to a rise in the average global temperature, more frequent extreme weather
events, ecosystem degradation, and growing climate-related risks for economies and public safety. The realization
that maintaining the existing energy model may cause irreversible consequences has become a strong driving
force for the search for alternative energy sources; o limited availability and uneven distribution of fossil energy
resources. The dependence of many countries on imported energy carriers has made them vulnerable to
fluctuations in global energy prices, political pressure, and energy crises. This has become particularly evident
under conditions of geopolitical instability, when energy resources are increasingly used as instruments of
influence. In this regard, the energy transition is considered a pathway toward improving national energy
independence and security; long-term economic inefficiency of traditional energy systems. Increasing costs
associated with resource extraction, maintenance of outdated infrastructure, and mitigation of environmental
impacts place a growing burden on the budgets of governments and companies. At the same time, the
development of renewable energy sources is accompanied by a reduction in technology costs, making them
increasingly competitive and economically viable. Thus, the energy transition has emerged as an objective
response to a combination of global challenges threatening sustainable development, security, and quality of life. It
is a necessary condition for the formation of a new energy system capable of ensuring a balance between
economic development, environmental responsibility, and social stability. The development of power systems and
electrical networks within the framework of the energy transition requires the implementation of technically and
economically justified design solutions that take into account the latest scientific and technological achievements
in the energy sector and ensure, in the long-term and medium-term perspective, the supply of electrical energy
and power generated from renewable energy sources (RES) to consumers with standardized quality and at
affordable tariffs. The increase in the installed capacity of RES, particularly solar power plants (SPPs), wind power
plants (WPPs), and small hydroelectric power plants (SHPPs), directly affects the balancing processes of electric
power system (EPS) operating modes, which also influences electricity losses. The dependence of SPPs, WPPs, and
SHPPs on meteorological conditions requires significant reserve capacities, which until now have mainly been
ensured through the operation of thermal power plants (TPPs) and hydroelectric power plants (HPPs). Therefore,
the issue of improving the energy efficiency of renewable electricity sources in the electricity balance becomes
highly relevant through the development of methods and algorithms for determining power losses in electrical
networks arising from the operation of new and the expansion of existing RES facilities, as well as determining the
attribution of power consumed from such electricity sources. Accordingly, the following main tasks were
addressed in this work: analysis of regulatory acts governing the operation of RES within the power networks of
the Integrated Power System of Ukraine; investigation of the operational features of RES in Ukraine and worldwide
under conditions of decentralization, decarbonization, and digitalization; identification of factors contributing to
the improvement of RES utilization efficiency in electric power systems and supporting their sustainable
development; investigation of the possibility of decentralized generation in the form of local electric power
systems (microgrids) based on RES, including the determination of their optimal structure considering generation,
consumption, and parallel /islanded operation with the electric power system; development of a method and
algorithm for determining individual components of electricity flows in network branches caused by generation
and consumption at network nodes, enabling the assessment of the share of e
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