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The article examines development trends of the energy complex of Ukraine, possibility and prospects of
creating a modern energy complex through the use of an innovative technical base for energy management in
accordance with the Smart Grid concept. The general properties of Smart Grid technology and its main
advantages are given by authors. It is shown that within the framework of the Smart Grid concept, the intelligent
electric power system is considered as a single network of information and control systems. The process of electric
power industry modernization in the direction of the creation of “smart" power supply networks in a number of
European countries, which aims to ensure stable development, economic growth, growth of living standards and
protection of the natural environment, is considered. The paper describes modernization methods of the electric
power complex of Ukraine based on foreign experience. It is shown that from the point of view of energy security
and sustainable development, Smart Grid is able to ensure the operation of the power grid even in case of damage
or destruction of one segment, which is a key advantage during post-war reconstruction. They will also make it
possible to effectively integrate renewable generation and energy storage systems into the grid, as well as provide
auxiliary services for forecasting the power system operation. The paper analyzes the problematic issues of
implementing the Smart Grid concept in Ukraine. They include the lack of technological solutions and methods
that provide an effective algorithm for determining the state of power networks cyber security; large length of
power distribution networks and insufficiently developed infrastructure. A comparative description of the existing
energy systems functional properties and energy systems based on the Smart Grid concept is presented in general.
An analysis of possible ways of electric power industry development was carried out, which showed the presence
of serious limitations of electric power industry development within the framework of the former concept, based
mainly on the improvement of certain types of equipment and technologies. It is shown that Ukraine is at the initial
familiarization and formation stage of the first organizational initiatives for Smart Grid, namely the
implementation of the government-approved Concept of the "smart grids™ introduction in Ukraine for the period
up to 2035. The purpose and expected results of this Concept implementation are considered.
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Introduction

Currently, there are certain problems in the field of electric power of Ukraine, the main of which is the
significant wear of the power network complex, as a result the power networks cannot withstand the load. The
high level of wear of main and auxiliary power system equipment and the uneven distribution of the load in the
network often lead to emergency situations and power outages.

The modern development of the electric power industry on a global and national scale must correspond not
only to the new goals and development trends of the world and national economies of countries in the 21st century,
but also to the new types of economy, ecology and social.

Russian military aggression against Ukraine significantly complicates the problems of ensuring regular
operation of energy supply systems of enterprises and the population. Thus, during the war, more than 227
enterprises, plants and factories were damaged or destroyed, about 4% of generating capacities were destroyed
during hostilities, another 35% of capacities are located in the occupied territories. About 50% of thermal
generation, 30% of solar generation, and more than 90% of wind generation were destroyed or are located in the
occupied territories, oil refineries were also partially destroyed [1].
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After disconnecting in February 2022 from the remnants of the Soviet energy system and joining the
ENTSO-E network in March 2022, the transition of Ukrainian energy workers to equipment and management
protocols according to international standards has become more relevant than ever. Ukraine's post-war recovery
efforts to modernize the economy, decarbonize industry and increase the production and supply of renewable
energy to Europe are intended to accelerate this process. One of its key elements is the development of Smart Grid,
i.e. "smart energy networks".

Purpose of work

Research and comprehensive analysis of Ukrainian electrical networks development in accordance with the
concept of Smart Grid to increase the distribution informativeness, transmission and consumption of electrical
energy during the post-war reconstruction.

Research material

Smart Grid is a concept of a fully integrated, self-regulating and self-healing electric power system, which
has a network topology and includes all generating sources, trunk and distribution networks and all types of electric
energy consumers, managed by a single network in real time. Today, the phrase "intellectual energy" is becoming
a term denoting new principles of energy work, both in Ukraine and abroad. Modern electronic, information,
telecommunication, computing technologies improve the processes of energy production and energy flows
management at the enterprises, make them reliable, safe and efficient, and provide the consumer with new
opportunities [2].

Significant changes have taken place in the world regarding the energy development strategy. A set of tasks
was defined for different countries to build energy strategies of the 21st century. The main focus is on providing
three components: energy supply (uninterrupted supply of electrical energy of appropriate quality), energy
availability (energy saving and an affordable price for electricity) and energy acceptability (minimum impact on
the environment). These components are considered as the basis for achieving the global goal of ensuring stable
development, which guarantees the sustainable growth of the economy, the living standards and environment
protection [3].

In a number of European countries, the process of electric power industry modernization in the direction of
creating "smart" power supply networks has been going on systematically and consistently for a long time.
"Intelligent" management of the power grid provides automation, transmission control in both directions of energy
at all stages — from the power plant to the consumer. Today, the largest programs are carried out in the USA,
Canada and all the countries of the European Union, especially in Latvia, Italy, France, and Germany [4]. Similar
projects will be implemented in large developing countries: India, Brazil, Mexico. It is planned equip all consumers
with smart meters in the USA, China, Brazil, and Japan. Smart Metering is a useful element of the "smart energy
network" for consumers. They are installed at home or office and can provide near-real-time data on energy
consumption, helping to make informed decisions about how much energy to use and at what time. Such meters
are able to monitor the energy consumption of each device and maintain certain rules of behavior during peak load
hours. Not only consumers can get benefits from this, but also energy companies that are interested in increasing
the efficiency of their processes (thanks to remote control of meters) [5].

In Ukraine, work by the implementation of the latest technologies in the national energy system began
relatively recently. For example, since 2014, the Belgian company Tractebel has been engaged in the development
and implementation of the pilot technologies and Smart Grid projects at the level of the system operator - NEC
"Ukrenergo". Distribution system operators are also gradually trying to implement elements of smart electric grids.
The Smart Grid project is being implemented within the framework of the Electricity Transmission Project,
financed by the IBRD with the assistance of the Clean Technologies Fund. The goal of this project is to reduce
CO; emissions by ensuring the technical possibility of increasing the generation share from renewable energy
sources (RES) in the country's overall energy balance [6, 7]. The result of Smart Grid implementation should be
the creation of an energy information network.

As part of the Smart Grid concept, the intelligent electric power system is considered as a single network
of information and control systems that provides (Fig. 1):

« integration of all types of generation (including small generation) and any types of consumers (from
households to large industry) for situational management of demand for their services and ensuring their active
participation in the energy system operation;

- real-time change of network parameters and topology according to current operating conditions, excluding
the occurrence and development of accidents;

» expansion of market opportunities of the infrastructure through mutual provision of a wide range of
services by market entities and infrastructure;

» minimization of losses, expansion of self-diagnosis and self-recovery upon compliance the conditions of
electricity reliability and quality;

« integration of power grid and information infrastructure to create an all-mode control system with full-
scale information support.
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The following advantages of the Smart Grid infrastructure can be highlighted:

« network infrastructure stability, which continues to work even in case of damage or destruction of one
segment;

+ development of RES, distributed generation, storage systems and green energy transition;

» Digital Twin technology, which allows modeling and forecasting of modernized network operation;

« a flexible system that helps consumers become suppliers through electricity generated on home solar
panels or through used car batteries.

Therefore, from the point of view of energy security and sustainable development, Smart Grid is able to
ensure power grid operation even in case of damage or destruction of one segment, which is a key advantage for
Ukraine in wartime and post-war reconstruction. They also enable the efficient integration of renewable generation
and energy storage systems into the grid, as well as providing support services for forecasting of the power system
operation.
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Figure 1. Intelligent electric power system scheme based on Smart Grid concept

Problematic issues include the lack of technological solutions and methods in Ukraine that provide for an
effective algorithm for determining the state of power networks cyber security, it is also necessary to take into
account the large length of power distribution networks in our country and insufficiently developed infrastructure.
For the successful implementation of "smart networks", it is necessary to use successful world and European
experience, as well as developed and tested standards and recommendations, in particular, of the International
Electrotechnical Commission (IEC), the International Organization for Standardization (ISO), the International
Telecommunication Union (ITU) and the European Committee for Electrotechnical Standardization (CENELEC).

Currently, significant and rapid changes are taking place in the electricity sector of Ukraine, some of which
pose certain threats to energy system reliability and safety. The electric power industry of Ukraine operates within
the framework of a market model, where power plants (generating units) are dispatched in accordance with market
requirements, and the power grid control center performs a general control role — balancing active power and
providing auxiliary services to maintain the reliability and quality of electric power. Table 1 summarizes the
comparative characteristics of functional properties of existing energy systems and energy systems based on the
Smart Grid concept.

The conducted analysis of electric power industry development showed the presence of serious limitations
within the framework of the former concept, based mainly on the improvement of certain types of equipment and
technologies. One of the directions of energy sector development is the intelligent systems implementation. It is
expected that the development and implementation of the functional properties discussed above will significantly
increase the electric power industry efficiency and ensure the expected benefits for all interested parties.

In Ukraine, we can still note the initial stage of familiarization and formation of the first organizational
initiatives on Smart Grid, as well as testing of individual technical solutions. However, we already have the first
initiatives in this field [8]. Thus, on October 14, 2022, the government approved the Concept of the implementation
of "smart networks" in Ukraine for the period until 2035. The document, developed with the support of the World
Bank, provides the development of the energy system on modern principles [9, 10]. The purpose of this Concept
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is to define directions and tasks, as well as to ensure the coordination of actions for the implementation of "smart
networks" taking into account the existing and planned state and regional programs for the development and
modernization of the energy sector.

Table 1. Comparative characteristics of functional properties of existing energy systems and energy systems
based on the Smart Grid concept

Energy system today Energy system based on the Smart Grid concept

One-way communication between elements or its
absence

Centralized generation — distributed generation with
low integration

The topology, mainly radial Mostly network

Reaction to accident consequences Reaction to accident prevention

Monitoring and self-diagnostics, which extend the
equipment operation

Two-way communications

Distributed generation

Equipment operation until failure

Manual recovery Automatic recovery — "self-healing networks"
System crash proneness Prevention of the system accidents development
Manual and fixed network selection Adaptive selection

Inspection of equipment on site Remote equipment monitoring

Limited control of power flows Management of power flows

Unavailable or very late information about the price

Price in real time
for the consumer

The expected results of the Concept implementation are [9]:

« improvement of the electricity supply reliability and quality, operational characteristics and overall
productivity of the entire energy sector;

« increasing of operational efficiency, effective integration of distributed generation, providing remote
monitoring and diagnostics, optimization of the use of assets and resources, improvement of the power grids
configuration;

« increasing the energy efficiency level, which will reduce networks losses of transmission system operator
and distribution system operators, improve the efficiency of load management (active and reactive), reduce the
level of carbon emissions (the expected reduction in the level of electricity technological costs by 2030 is at least
30%);

« reduction of frequency and duration of consumer outages;

« providing consumers the opportunity to manage electricity consumption, reduce energy costs (expected
reduction of the average duration index of electricity supply long interruptions and the Electricity not Supplied
(ENS) index by 2030 in three times).

Therefore, the implementation of Smart Grid technology will significantly increase the reliability and
economy of the energy system of Ukraine, and improve the consumers service quality. Today, a large number of
green energy projects have already been launched and operating in Ukraine, "intelligent” management systems of
energy generation, transmission and consumption are being introduced. Despite the risks connected with the
implementation of energy-saving projects, the current legal framework provides investors sufficient incentives and
mechanisms to ensure the successful implementation and development of green energy and Smart Grid projects in
Ukraine.

Conclusions

The application of "smart grid" technologies will cover the work of the entire energy sector and will have
long-term benefits for energy companies and end consumers. Energy companies that will apply "smart grid"
technologies will be able to receive significant benefits due to the reduction of capital and operating costs,
improvement of the electric energy quality, increase in the level of consumer needs satisfaction and positive impact
on the environment.

In addition, the results of the "smart grid" technology implementation are the power grid operation
transparency — obtaining data about the entire power system state with the transmission of data from equipment
and meters, as well as control commands in real time; ensuring of the power grid operational management; power
system automation — quick adaptation to changing conditions with minimal intervention of dispatcher (operator);
increasing of the invoicing accuracy, prevention of electric energy theft and fraud, detection of violation cases of
legislative requirements; reduction of losses in electric energy transmission and distribution systems due to
improvement of system planning and asset management.
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!Cxignoykpainchbkuii HanionanbHuii yniBepcurer imeni Bosogumupa Jans

KOMILIEKCHUMI AHAJII3 CTAHY TA HEPCHHEKTUBU PO3BUTKY EHEPTETUKHA
YKPAIHM BIZITOBITHO KOHIEIIIII SMART GRID

Y emammi pozensoaromscs menoenyii po3eumxy eHepeemuyHo20 KOMIIEKCYy YKpaiuu i modcaugicms ma
NnepcneKmusl CMEOPeHHs CYYACHO20 eHep2emUyHO20 KOMNIEKCY 3a PAXYHOK GUKOPUCMAHHA [HHOBAYIUHOI
mexuiunoi 6asu yYnpaeninus euepeicio 8ionogiono konyenyii Smart Grid. Aemopamu nagedeno 3acanvii
enacmusocmi mexnonozii Smart Grid ma cgpopmynvosani ocrosni it nepesaeu. Ilokasano, wo y pamxax konyenyii
Smart Grid inmenekmyanoha enekmpoeHepeemuyHa CUCeMa po32isiodeEmoves K €OUHA Mepedca IHPOopMayitiHo-
Kepytouux cucmem. Posensanymo npoyec mooepnizayii enekmpoenepeemuKu 8 HanpsamKy CIMeOPEHHs «PO3YMHUX»
Mepedic eleKMmponoCmadanus y paoi €8PONelCbKUX KpaiH, AKUll Mae Ha memi 3abe3neueHHs cmadilbHO20
DPO3BUMKY, 3DOCMAHHA EKOHOMIKU, DPIBHS JICUMMs HACENeHHA Mda 3aXUC HABKOTUWHBLO2O HNPUPOOHO20
cepedosuuja. B pobomi onucani cnocobu mooepHizayii eneKmpoenepeemuyHo20 KOMnieKcy YKpainu cnuparoyucs
Ha 3akopooHHul doceiod. Tlokazano, wo 3 noansady enepeobesneku ma cmanoco pozsumxy Smart Grid 30amui
3abe3neuumu pooomy eHepeomepedrci Hagimv y paszi NOWKOONCeHHs ab0 PYUHYBAHHA 00HO20 CE2MEHMY, WO €
KJI0408010 NEpesazolo nid 4ac NnoBOEHHO20 GiOHO6NeHHs. Bonu maxoac 0o3eonsme epexmusHno inmezpysamu
BIOHOBI08ANY 2eHepayilo ma cucmemu HaKONUYeHHs enepzii 8 Mepedxcy, a MmaKoic Haoaeamu OONOMINCHI NOCTY2U
3 NPOHO3Y8aHHA pobomu enepeocucmemu. B pobomi npoananizogano npooOiemui nUmanHs 6RPOBAONCEHHS
xonyenyii Smart Grid ¢ Yxpaiuni. /Jo nux nanescumv 8i0CYmMHICMb MEXHOIO2IYHUX PilleHb Ma Memooux, wo
nepeddauaroms iUl ANCOPUIM BUSHAYEHHS CMAHY KiDepOe3sneKu enekmpomepedtc;, 8eiuKda NpomsNCHICIb
eeKMPOPO3NOOILIbHUX Mepedc | HeOOCMAmMHbO PO3BUHEHA IHGpacmpykmypd. Y3aeanvHeHo npeoCcmagieHo
NOPIGHANIbHY XAPAKMEPUCMUKY QYHKYIOHANbHUX 81ACMUBOCIEl OIOUUX eHEPLeMUUHUX CUCIEM | eHep2emUYHUX
cucmem na 6asi konyenyii Smart Grid. IIpogedenuti ananiz MONCIUBUX ULISAXIE PO3BUMKY eleKMPOeHep2emuKlL,
SAKUU NOKA3A8 HAAGHICMb CEPUOZHUX 0OMEINCEHb MONCIUBOCMEU PO3GUMK) €/IeKMPOCHEP2eMUYHOT 2aLy3L 8 PAMKAX
KONUWHbOI KOHYenyii, 3aCHOBAHOT NepesaniCcHO HA NOKPAWEHHI OKpeMUuX 6udié 001aOHAHHs I MeXHOLOIl.
Ilokazano, wo VYKpaina 3mHaxoO0umvcsi HA NOYAMKOBOMY emani O3HAUOMIEHHA [ (POpMYBAHHA NePUiUx
opeanizayitinux iniyiamus no Smart Grid, a came peanizayii cxeanenoi ypsoom Komnyenyii enpoeaddicenms
«PO3YMHUX Mepedicy 6 YKpaini na nepiod 0o 2035 poxy. Pozensanymo memy ma ouiky8aui pe3yibmamu peanizayii
yiei Konyenuyii.

Kuawouosi cioBa: Smart Grid, erekmponocmauanns, enepeoeghekmugHicms, eHepeemudti cucmemu,
BIOHOBIIOBANILHI Ddicepend enepeii, IHMeNeKmyanbui TYUTbHUKU.
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