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RECOMMENDED METHODOLOGICAL APPROACHES TO THE
ORGANIZATION AND IMPLEMENTATION OF AN ENERGY-SAVING
CONCEPT IN THE CONTEXT OF INCREASING THE VOLUME OF
RENEWABLE ENERGY GENERATION CAPACITY IN UKRAINE

PEKOMEHJIOBAHI METOJWYHI X0 10 OPTAHI3AIII TA
PEAJIIBALT KOHIEMII EHEPTO3BEPEKEHHS B KOHTEKCTI
3BUILIIEHHS OBCATIB TEHEPALIT BIIHOBJIIOBAJILHOIT
EHEPTETHKH B YKPATHI

Abstract. Modern challenges of energy security and the need to transition to sustainable
development require the implementation of innovative solutions in the field of renewable energy.
This article highlights key approaches to the organization and implementation of an energy-
saving concept that contributes to the effective use of renewable energy sources in Ukraine. The
current state of the energy infrastructure is analyzed, the main problems are identified, and
effective algorithms for optimizing generation management are proposed. Special attention is
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paid to intelligent forecasting systems, technologies for accumulating excess electricity, as well
as the regulatory framework necessary for the formation of a sustainable energy policy of the
country.Ref. 14.

Keywords: energy efficiency, distributed generation, sustainable energy consumption, digital
control algorithms, capacity balancing, prospects for "green" energy, innovative storage
technologies, energy system transformation.

Anomauin. CyuacHi 8UKIUKY eHepeemudnoi besneku ma HeoOXiOHicmb nepexody 00 Cmai02o
PO36UMKY  BUMAAIOMb  BNPOBAOJNCEHHS  IHHOBAYIUHUX piueHb Y cepi  BIOHOBNIOBAHOT
eHepeemuxu. Y cmammi GUCBIMIIEHO OCHOBHI NiOX00u 00 opeauizayii ma 6npoBadI’CeHHs
eHepeo3bepicarouoi Kouyenyii, wo cnpuse egexmueHoMy BUKOPUCNAHHIO BIOHOBII0BAHUX
Ooicepen enepeii 6 Ykpaini. [Ipoananizosano cyuacHuti cmau enepeemudnoi ingpacmpykmypu,
BU3HAYEHO OCHOBHI npodlieMu ma 3aNPONOHOBAHO eeKMUGHi ancopummu onmumizayii
ynpasninus  eenepayiero.  Ocobaugy yeazy Npuodileno  CUCMeMam  IHMeleKmyaibHO20
NPOCHO3VBAHHSA, MEXHON02IAM HAKONUYEHHS HAOIUWKOBOI  elleKmpoeHepeii, a makooic
HOPMAMUBHO-NPABositi 06azi, HeoOXIOHIN 051 PopMys8aHHs CmManoi eHepeemuyHoi NoITMmuKu
kpainu. biomn. 14.

Knrouogi cnosa:enepeoegpexmuenicmo, posnodinena 2cenepayisi, cmane eHepeoCnONCUSANHS,
yughposi aneopummu KepysawHs, OAIAHCYBAHHA HNOMYAUCHOCMEl, nepcnekmusu ‘‘3eneHoi”
eHepeemuKu, IHHOBAYIUHI MEeXHOI021T 30epiealHsl, MPAHCHOPMAaYis eHepeoCUcmemu.

Introduction. The world’s energy sector i1s undergoing radical
transformations caused by the rapid growth of energy consumption, changes in the
structure of production and the need to reduce environmental impact. In the context
of the global transition to environmentally friendly technologies and the
abandonment of fossil fuels, countries are facing challenges in adapting their
energy systems to new realities. Ukraine, which has significant potential in the
field of renewable energy, has a unique opportunity to integrate modern
technologies to improve energy security, reduce dependence on imported resources
and minimize climate impact.

However, despite significant prospects, the implementation of a large-scale
transition to renewable energy sources (RES) in Ukraine is accompanied by
numerous barriers that hinder the dynamic development of the industry. The main
problems remain:

- insufficient flexibility of existing energy networks, which complicates
the integration of new generating capacities;

— limitations of modern energy storage technologies, which creates
difficulties in balancing the energy system;

— slow adaptation of legislative norms and lack of incentive mechanisms
to attract investments in renewable energy;

- low level of digitalization of power system management, which limits
opportunities for optimizing energy flows.

Given these challenges, the urgent task is to develop a strategic approach to
implementing comprehensive generation management algorithms that will ensure
the sustainable development of renewables. This includes the use of advanced
digital technologies, such as artificial intelligence (Al), big data (Big Data) and the
Internet of Things (IoT), which allow for accurate forecasting of electricity
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demand, increasing the efficiency of its distribution and optimizing the operation
of electricity networks [1-5].

A systematic approach to the integration of renewable energy sources
requires not only technological changes, but also reform of the legislative
framework and the creation of favorable conditions for attracting international
investors. Important areas of development are the implementation of smart grids,
decentralized energy solutions, activation of the energy storage system market, as
well as the expansion of financing mechanisms for innovative projects in the field
of renewable energy.

Thus, strategic planning for the development of Ukraine’s energy system
should be based on a comprehensive approach combining technical, organizational,
economic and legal aspects. The integration of modern digital solutions and the
implementation of effective investment support mechanisms will allow Ukraine to
strengthen its positions in the international “green” energy market, contribute to
the decarbonization of the economy and ensure long-term energy security.

The purpose and objectives of the research.The main goal of the research
is to develop a comprehensive system of algorithms and technological solutions to
increase energy efficiency and expand the use of renewable energy sources in
Ukraine.

To achieve this goal, the following tasks were set:

— to assess the current state of renewable energy use in Ukraine and its
potential for further development;

- identify the main challenges and constraints that hinder the
widespread implementation of RES;

- analyze modern capacity balancing technologies and their
effectiveness in stabilizing the power system;

- to study the impact of digital control algorithms on optimizing
electricity generation;

- to investigate modern methods of electricity storage and their
economic feasibility;

— develop recommendations for improving the regulatory framework to
stimulate the development of “green” energy.

Research material and results. Renewable energy in Ukraine is one of the
key areas of transformation of the national economy aimed at increasing energy
independence, reducing negative impact on the environment and integration into
the European energy market. Today, the share of renewable energy sources (RES)
in the overall energy balance of the country is growing, which is a positive signal
for the further development of the industry. However, the process of its
implementation is accompanied by numerous challenges, including technical,
financial, organizational and regulatory aspects.

Solar energy is showing the fastest growth rates due to the falling cost of
photovoltaic panels, growing interest among households and businesses, and
support from the state and international partners. Wind energy, while having
significant potential, faces challenges, including the need for complex logistics to
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install turbines and the difficulty of predicting electricity production, which is
dependent on weather variability. At the same time, bioenergy and small
hydropower have the potential to improve energy security, but their share in the
overall balance remains insignificant [6-9].

The main problems hindering the expansion of renewable energy in Ukraine:

- outdated power grid infrastructure, which does not allow for the
effective integration of new capacities;

- lack of modern technologies for storing electricity, which makes it
difficult to balance supply and demand;

- insufficient number of financial mechanisms that would stimulate
investments in renewable energy sources;

- the need for changes to the regulatory framework to facilitate a rapid
transition to sustainable energy.

Innovative technologies in renewable energy

One of the most promising areas of development is the introduction of
digital technologies that can optimize energy production, storage and consumption.
The use of artificial intelligence (Al) and machine learning opens up new
opportunities to increase the accuracy of forecasting energy flows, which allows
for more efficient management of power grid [6—10].

The main advantages of using Al in renewable energy sector are:

- improved forecasting of renewable energy production, reducing risks
for grid operators;

- automated load distribution, which allows reducing energy losses;

- effective management of microgrids and decentralized electricity
generators;

- application of deep learning algorithms for early detection of possible
technical malfunctions in power systems.

Power system balancing

For the stable operation of Ukraine’s energy network, it is important to
develop intelligent energy flow management systems that ensure optimal energy
distribution between consumers and producers.

Key balancing methods:

— development of smart grids that respond adaptively to changes in
loads;

- creation of microgrids with the possibility of autonomous operation in
emergency situations;

— using Internet of Things (IoT) technologies to monitor and manage
distributed energy sources;

— integration of virtual power plants that unite small producers into a
single system capable of flexibly responding to market needs.
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Energy storage technologies

Efficient electricity storage is a critical element of a modern energy system,
as it allows for the storage of excess energy produced during peak production
periods and its use during times of high demand.

The most promising perspective growing technologies:

new generation battery systems based on grapheme structures and solid-state
batteries;

- hydrogen technologies that allow converting electricity into hydrogen
for further use;

- Power-to-X technologies that convert electricity into fuel (e.g.
synthetic methane or liquid fuels);

- the use of pumped storage plants as an effective method of long-term
energy storage.

Regulatory and legal regulation and prospects

Ukraine needs to update its energy legislation to provide more favorable
conditions for the development of renewable energy. This includes creating
transparent mechanisms to support investors, optimizing tariff policies, and
promoting integration into the European energy system [10-16].

Main areas of regulatory policy:

- expansion of financial support mechanisms for investors in renewable
energy;

- creating incentives for the development of decentralized electricity
generation;

- active integration into ENTSO-E, which will allow increasing
electricity exports and improving the stability of the power system;

- development of auction mechanisms for new renewable energy
capacities, which will help attract international investors.

Thus, the development of renewable energy in Ukraine requires a
comprehensive approach that covers not only technical and economic aspects, but
also institutional changes, digital transformation and the creation of a favorable
investment climate. Thanks to a strategic approach and effective state support,
Ukraine can become a leader in the field of “green” energy in Eastern Europe.

Conclusions. Analyzing current trends in the development of renewable
energy sources (RES) in Ukraine, we can come to an important conclusion — for
the effective implementation of a comprehensive strategy, significant technical,
organizational and regulatory changes are necessary. The challenges associated
with the integration of “green” energy into the national energy system require not
only financial investments, but also a strategic rethinking of approaches to
planning, regulation and administration of the energy sector.

One of the key factors for the successful implementation of this strategy is
the introduction of modern digital control algorithms that will optimize the
generation, distribution and consumption of electricity. In particular, the
development of smart grids, the introduction of automated monitoring and
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forecasting systems for energy production from renewable sources will contribute
to increasing the stability and efficiency of the power system. The use of artificial
intelligence and big data will help to better predict the load on the network,
minimize losses and improve the balancing of supply and demand.

Particular attention should be paid to expanding the electricity storage
infrastructure. Modern storage technologies, including lithium-ion batteries,
pumped storage power plants and innovative hydrogen systems, should become an
integral part of the country’s energy strategy. The development of such capacities
will allow smoothing peak loads, ensuring the stability of energy supply and
increasing the level of energy security of the state.

Modernization of the legal framework also plays an important role in
stimulating the development of renewable energy. Improving legislation, creating
favorable conditions for investors, introducing effective feed-in tariff mechanisms,
and expanding state support programs will help accelerate the transition to
sustainable energy. Introducing auction pricing mechanisms for electricity from
renewables will make the market more competitive, reduce the financial burden on
the state budget, and at the same time attract new participants to the sector.

Ultimately, a long-term strategy for the development of renewable energy
sources should be based on innovation and environmental responsibility. Given
Ukraine’s huge potential in solar, wind and bioenergy, our country has every
chance of becoming a key player in the "green" energy market in Europe.
Implementing ambitious climate goals, focusing on international standards of
sustainable development, developing international cooperation and exporting
“green” energy — all this will contribute to strengthening the country’s energy
independence and its competitiveness at the global level.

Thus, only a comprehensive approach that encompasses technological
innovations, energy market reform, expanding electricity storage capabilities, and
improving legislation will allow Ukraine to make a qualitative breakthrough in the
field of renewable energy.
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OI'JIAJ MIIXOAIB 1O BUSHAYEHHSA TOMOJIOT'TT
AKNUBUJIBHUX TA POSHOAIJIBYUX EJIEKTPUYHUX MEPEK

OVERVIEW OF APPROACHES FOR DEFINING THE TOPOLOGY
OF POWER SUPPLY AND DISTRIBUTION ELECTRICAL NETWORKS

Anomauia. CyuacHi enekmpoeHnepeemuyHi CUCmeMu po36UBAIOMbCL 6 YMOBAX 3POCMAHHSI
HONUMY Ma NPOBAONCEHHs. HOBUX MeXHONo02Il cenepayii. Tpaouyilini memoou npoeKmy8anHs He
epaxosyromes  Hecmabinouicmos BJE ma  HeoOXiOwicmv — asmomamusayii  YNPAeiHHAL
Hocnioocenns cucmemamuzye memoou ¢opmysants mononozii enekmpomepexnc 0Jis Nio8UUeHHs
ixHvoi epexmusnocmi ma emyukocmi. Posenanymo ¢axmopu enaugy, munu mononozit
(padianvhi, Kinbyesi, mepedxcesi, mikpomepexci, Smart Grid) ma arcopummu onmumizayii (MST,
PFA, GA, PSO, ACO). Buxopucmauns yugposux ositinuxie i Il cnpuse niosuwennio
Haoiunocmi ma epexmusnocmi. Komnnexcuuii nioxio, wo noe€oOHye KIACUYHI Memoou ma
IHMeNeKmyanbHi MmexHoN02ii, 3abe3neuye cmabilbHiCMyb | MACUMADOBAHICMb eJIeKMPOMEPEHC.
bi61. 6.

Knrwuosi cnosa: TOTONOTISA, €IEKTPOMEpPEKA, BIOHOGII0BAHI Odicepena eHepeii, aneopummu
onmumizayii, wmyyHuil inmenexm, smart grid, yugpoasuil 08ilHUK.

Abstract. Modern power systems are evolving under increasing demand and the implementation
of new generation technologies. Traditional design methods do not account for the instability of
renewable energy sources (RES) and the need for automated control. This study systematizes
methods for power grid topology formation to enhance efficiency and flexibility. The study
examines influencing factors, topology types (radial, ring, mesh, microgrids, Smart Grid), and
optimization algorithms (MST, PFA, GA, PSO, ACO). The use of digital twins and artificial
intelligence (Al) improves reliability and efficiency. A comprehensive approach combining
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