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The article analyzes the regulation of European energy markets and their
connection with the current political context of the European Union. The main
regulatory instruments, such as EU secondary legislation, including regulations,
directives and decisions, as well as bilateral and multilateral treaties that affect
energy markets, are described. In particular, emphasis is placed on the "Clean
Energy Package", the introduction of which was completed in June 2019, and the
new EU goals for reducing greenhouse gas emissions and increasing the share of
renewable energy sources. The role of national regulators and the European
Union in regulating energy markets is also noted.

This article presents the results of a comparative diagnosis of trends in the
development of the electric power system of Ukraine in comparison with Europe in
2001-2020, as well as the provisions and requirements for the regulation of energy
markets in the European Union. Special attention is paid to the separation of
energy transmission and distribution systems from production and supply, as well
as to the creation of conditions for open and non-discriminatory access to energy
networks. Provisions regarding the appointment and certification of transmission
and distribution system operators, as well as their tasks and obligations, were
studied in detail. In addition, important aspects related to market principles, the
implementation of market pricing systems and measures to promote the
development of renewable energy sources are highlighted. It is important to note
that the EU's energy policy has led to the growth of the power plant park, in
particular with the use of renewable energy sources (RES), but the growth rate has
slowed down in the last ten years. Ukraine is also characterized by low growth
rates, but the insufficient development of maneuverable capacities complicates the
situation. Therefore, it is important to increase energy efficiency in both contexts,
because it will contribute to the sustainable development of the energy industry.

The article identifies the main factors that determine the increase in energy
efficiency and suggests the next steps that need to be resolved for the consistent
coordination of physical and commercial electricity in accordance with national

interests.



V' cmammi npoananizoeano pezyniosamnus €8pONEUCLKUX eHepIemUYHUX
PpuHKi6 ma iX 38'd30K 13 CY4acHuM NOAIMUYHUM KOHmMeKcmom €8ponencvbko2o
Coro3y. Onucano OCHOGHI IHCMPYMEHMU pe2yNl08anHs, MaKi K 6MOpPUHHE
3axonooascmeo €C, sxaouarouu peeiamenmu, OUPEeKmMusU ma pilueHHs, a MaKotc
080CMOPOHHI ma 06a2amoCcmopoHHi 002080pU, AKI BNIUBAIOMb HA eHepeemuyHi
punku. 3oxpema, 3podneno axyenm na «llakem uucmoi enepeiiy, 66e0eHHs AK020
oyno sagepuiero y uepeni 2019 poxy, i nosi yini €C wo0o ckopoueHHs SUKUOI8
NAPHUKOBUX 2A3i68 Ma 30I1bUleHHs YaCMKU 8IOHOBMI08AHUX 0xcepen enepeii. Takooic
3a3HAYAEMbCA PONb HAYIOHANbHUX pezyaamopie ma €eponeiicbkoco Coio3y y
Dpe2yno8aHti eHep2emuyHUX PUHKIe.

YV oaniti cmammi npedcmaeneno pesynromamu NOPIGHANbHOI 0ia2HOCMUKU
MeHOeHYIll PO3BUMK) eleKmMpPOeHepeemUyHoi cucmemu YKpainu y NOPIGHAHHI 3
€sponoro y 2001-2020 poxax, a maxodc po32nAHYMO HNOJIONCEHHI Md BUMOSU
Wooo pecyntoeanus eumepeemuyHux pumkie y €eponeticokomy Coro3zi. Ocobnusa
y8aza 36epmacmsbCsl Ha 8I00KPEMACHHS cucmem nepeoadi ma po3nooiny enepeii 6io
BUPOOHUYMEA MA NOCMAYAHHS, A MAKON}C HA CIMEOPEHHS YMO8 OJisl BIOKPUMO20 mda
HEOUCKPUMIHAYIIHO20 OOCMYNY 00 eHepeemuyHux mepedxc. /lemanbHo 00CaioHceHO
HON0JHCEHHS W000 NPUIHAYEHHS ma cepmudbikayii onepamopie cucmemu nepeoayi
ma po3nooiny, a maxkodic ixni 3a80anHs ma 30008'a3auns. Kpim mozo, euceimieno
8ANCIUBI  ACNEKMU CMOCOBHO PUHKOBUX NPUHYUNIB, BNPOBAONCEHHS CUCTHEM
PUHKOB020 YIHOYMBOPEHHS mMa 3aX00u O CHPUSHHA DO36UMK) BIOHOBII0BAHUX
Ooicepen eHepeii. Bascnueo sasnauumu, wo enepeemuyna nonimuxa €C npuzeena
00 3pocmauHsA  NApKy — eleKmpoCmaHyin, 30Kpema 3 GUKOPUCHAHHAM
8i0HO6II08aHUX Oxcepen enepeii (BIE), npome ynosinoHenHs memnieé 3p0CmaHHus
cnocmepicaemvpCi 8 OCMAHHI 0ecsimb pokKie. Vkpaina maxodic 6i03HA1aAEmMbCs
HU3bKUMU MEMNAMU 3POCMAHHA, ale HeOOCMAmMHICMb PO36UMK) MAHEe8PEHUX
nomydsiCcHocmel  YCKIaoOHoe —cumyayito. Tomy, eadciusum € nio8UWeHHs
eHepzoepexmuenocmi 6 000X KOHMeEKCmax, aodce ye CHpusmume Cmaiomy

PO3BUMK) eHepeemuKu.



YV cmammi 6usnaueno OCHOBHI YUHHUKU, SAKI 3YMOGIIOOMb NiOBUUEHHS
eHepeoehexmueHocmi ma 3anponoHOBAHO HACMYNHI KPOKU, SKI HeoOXiOHO
supiwiumu 011  NOCHIO08HOI  KOOpOuHayii  @i3uuHoi ma  KOMepyitHoi

enekmpoenepeii i0n08iOHO 00 HAYIOHATLHUX [HMEPECIs.

Keywords: energy system, energy efficiency, energy market, electric power
industry, renewable energy.
Knwuoei  cnoea:  enepeemuuna  cucmema, eHepeoedeKmueHicmb,

eHepeemuqHuﬁ PUHOK, €JIeKnpoeHepeeniuKka, 8IOHOBIOBAHA €eHepzcemuKa.

Problem statement. The energy policies of the EU and Ukraine face
challenges related to energy efficiency, the development of renewable energy
sources (RES), and flexible power capacity. In the EU, there is a slowdown in
growth rates, particularly due to insufficient flexible power capacity, while in
Ukraine, the low level of development of flexible power capacity complicates the
integration of RES and increases the risks of inadequate energy efficiency.

Analysis of publications. The theoretical and methodological foundations
and practical aspects of the development and principles of the functioning of the
energy market have been studied by many scientists, in particular M. Osinska, M.
Kyzym, V Khaustova, O. llyash and T. Salashenko [1], M. Bichler [2], G. Pollitt
[3] and other researchers. However, the new challenges that appear before the
countries of the European Union and Ukraine necessitate new research and in-
depth analysis of energy efficiency and the implementation of new legislative acts
in the field of energy.

Formulation of the goals of the article (task statement). Based on the
assessment of the challenges faced by the energy policies of the EU and Ukraine in
terms of energy efficiency, the development of renewable energy sources (RES)
and flexible energy capacity.

Presentation of the main material of the study with a full justification of

the obtained scientific results. European energy markets are primarily regulated



by a large array of secondary legislation of the European Union. In addition to
secondary legislation, which consists of regulations (which have direct effect in
member states), directives (which are subject to transposition into domestic
legislation), decisions (which have direct effect and are binding),
recommendations, conclusions and atypical acts (ie communications, guidelines,
white and green papers), the regulation of European energy markets should be seen
in the wider context of a number of bilateral and multilateral treaties.

These include the treaties of the European Union, namely the Treaty on
European Union, the Treaty on the Functioning of the European Union, the Treaty
establishing the European Atomic Energy Community and the Charter of
Fundamental Rights of the European Union. Other treaties include the Energy
Charter Treaty, the Energy Community Treaty, the United Nations Framework
Convention on Climate Change and the Paris Agreement, as well as bilateral
investment treaties and bilateral agreements on specific projects, such as pipeline
or interconnector projects.

In June 2019, the Clean Energy Package was fully implemented, establishing
a new regulatory regime for the electricity industry, building on the Third Energy
Package of 2009. It consists of the following legislative acts:

- Directive on energy performance of buildings (EU) 2018/844;

- the updated Directive on renewable energy sources (EU) 2018/2001;

- amended Energy Efficiency Directive (EU) 2018/2002;

- new Regulation on the management of the Energy Union (EU)
2018/1999;

- new edition of the Electricity Directive (EU) 2019/944;

- new Regulation on access to electricity (EU) 2019/943,;

- updated ACER Regulation (EU) 2019/942;

- new Regulation on risk-preparedness in the electricity sector (EU)
2019/941 [4, 5, 6, 7].

The system of regulation of European energy markets is actually divided

into two levels: the national level and the level of the European Union. At the
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national level, the Electricity Directive and the Gas Directive require member
states to appoint national regulatory authorities (NRAs) - independent bodies
primarily responsible for setting national transmission or distribution tariffs,
cooperating with other NRAs on cross-border issues, monitoring investment plans
of national transmission system operators (TSOs) and ensuring transparency of
consumption data for consumers.

At the level of the European Union, the ACER Regulation provides for the
establishment and legal status of the Agency for the Cooperation of Energy
Regulators (ACER), a European forum for the cooperation of NRAs. It defines its
tasks, in particular, regarding NROs, conditions for access to cross-border
infrastructure and operational security, obligations for consultation and
transparency, monitoring and reporting in the electricity and natural gas sectors,
organizational structure and budget. The updated ACER Regulation includes
provisions on new tasks and restructuring, reflecting the strengthening of ACER's
role in the Energy Union, and allowing ACER to establish local representations in
Member States.

However, the current political agenda is driven by bringing the EU's energy
targets in line with the climate targets of the new "Fit For 55" package proposed in
July 2021, including:

- reduction of greenhouse gas emissions by at least 55% compared to
the level of 1990 by 2030;

- reduction of greenhouse gas emissions to net zero by 2050.

- the comprehensive integrated climate and energy policy, adopted by
the European Council on October 24, 2014 and revised in December 2018,
provides for the achievement of these goals by 2030:

- increase the share of renewable energy sources in energy consumption
up to 32%;

- increase in energy efficiency by 32.5%;

- unification of at least 15% of EU electricity systems.



New EU energy targets are currently under discussion. In particular, the
following goals will be proposed for 2030:

- increasing the share of renewable energy sources in energy
consumption up to 42-45%;

- reduction of primary energy consumption in the EU by 40-42% and
final energy consumption by 36-40% [8].

It should also be mentioned that the Electricity Directive focuses on the
creation of the European internal electricity market. In particular, it establishes
obligations regarding the provision of public services for electric power enterprises
and obligations regarding the protection of consumer rights, monitoring of supply
security by member states, technical regulations and promotion of regional
cooperation between member states and NROs.

In addition, transmission systems and TSOs must be separated from
generation and supply through the natural monopoly that results from ownership of
transmission and distribution; however, member states may instead appoint an
independent system operator. The unbundling provisions include the designation
and certification of TSOs by the NRA, their tasks, ownership unbundling,
dispatching, and balancing, confidentiality, and the determination of the TSO's
authority to make decisions on the connection of new power plants.

Distribution system operators (DSOs) must also be separated. The Directive
provides for their appointment by Member States, their tasks and confidentiality
obligations, as well as provisions on optional closed distribution systems. For both
TSOs and DSOs, the unbundling process includes the transparency of their
accounts to Member States or any designated authority.

The Directive also regulates access to transmission and distribution systems,
in particular freedom of third-party access, market opening and reciprocity, as well
as direct lines to all relevant customers.

The Directive establishes NRAs, including their objectives, responsibilities,

and organizational structure, and contains provisions on retail markets, safeguards



in response to a sudden crisis in the energy market and the non-discriminatory
nature of the implementation of the Directive.

The updated Electricity Directive contains provisions on the further
development of market pricing with the possibility of state intervention for
vulnerable consumers, the expansion of consumer rights, the expansion of the tasks
of NROs regarding regional cooperation on cross-border issues, clarification of the
role of TSOs regarding energy storage and regional coordination centers, as well as
clarification of the role of DSOs regarding energy storage and recharging points
for electric vehicles.

The Electricity Directive is combined with the Access to Electricity
Regulation, which creates the European Network of Transmission System
Operators for Electricity (ENTSO-E), a European forum for the cooperation of
GTS operators whose task is to monitor national GTS operators and their EU-wide
network development plans. The Regulation defines tasks for ENTSO-E and
monitoring obligations for ACER.

The Regulation also establishes network codes, regulates network access
charges, provision of information to TSOs, general principles of congestion
management and special provisions for new interstate connections.

The updated Regulation on access to energy contains provisions on basic
market principles, in particular:

- that electricity prices are formed on the basis of demand and supply,
as well as a ban on setting maximum or minimum wholesale prices;

- introduction of rules regarding balancing markets;

- non-discriminatory and market principles of electricity production and
dispatching in accordance with supply and demand;

- introducing the definition of trade zone boundaries;

- introduction of a European cooperation platform for operators of
distribution networks.

Also, the European Commission published the Regulation on risk-

preparedness in the electricity sector, which defines measures for risk assessment



and preparedness for them, as well as management of any crisis situations in the
electricity sector in the Union. In particular, the Regulation establishes a
methodology for assessing the security of electricity supply and identifying crisis
situations both at the level of member states and at the level of their regions.

The updated Renewable Energy Directive (RED I11) is a key directive that
sets out the European Union's commitment to the production and consumption of
energy from renewable sources, setting a specific target of meeting at least 32% of
total energy needs from renewable sources by 2030, and includes measures for
various sectors aimed at achieving this goal. These include provisions for creating
conditions for self-consumption of renewable energy, increasing the share of
renewable fuels in transport up to 14% by 2030, and strengthening criteria to
ensure the sustainability of bioenergy.

RED Il requires member states to set binding national targets and measures
for the use of energy from renewable sources, as well as to adopt national
renewable energy action plans. To achieve these objectives, the Directive provides
for the transfer of statistical data, joint projects between member states or third
countries and joint support schemes between member states.

Member states are required to provide consumers, builders, architects and
equipment suppliers with information and training on support measures, as well as
providing detailed information on the benefits, costs, and energy efficiency of
energy from renewable sources. The Directive also regulates access to energy
transmission and distribution networks, sustainability criteria for biofuels and
bioliquids, and verification of their compliance. In addition, the Commission is
required to monitor and report on the origin and impact of biofuels.

Another key aspect of RED Il concerns guarantees of origin (GO) for
electricity, heat and cold produced from renewable energy sources. The GO system
was created under the first Renewable Energy Directive (RED) to ensure the
guarantee of origin of electricity produced from renewable energy sources; it then
evolved under the Renewable Energy Directive | (RED 1), which redefined the

scope of the GO system to provide end-users with evidence of the share or amount



of energy from renewable sources in the energy supplier's energy balance. RED II
expanded RED's goal from RED | to include disclosure of the supplier's fuel
balance structure and clear evidence of consumers' renewable energy consumption.

Under RED Il, RED was expanded beyond renewable electricity to
renewable gas and hydrogen. RED Il further opened up national support schemes
(including those involving mandatory renewable energy certificates) to include
generation in other EU member states, allowing member states to support
renewable electricity producers in other EU member states. In addition, there are
new requirements for the accounting of raw material stocks issued to producers
who receive support, as well as the right of consumers who produce their own
electricity (so-called "self-consumers™) to sell any surplus, while retaining their
rights as a consumer.

The original Energy Efficiency Directive aimed to promote energy
efficiency across the European Union in order to meet the European Union's 2020
target of 20% energy efficiency, thereby removing barriers limiting the efficiency
of energy supply and use. Adopted as part of the Clean Energy Package, the
amended Energy Efficiency Directive updates the policy framework by 2030 and
beyond. It entered into force in December 2018, and member states had time until
25 October 2020 to make changes in line with the current Energy Efficiency
Directive.

A key element of the updated Directive is the energy efficiency target for
2030 at the level of at least 32.5%. The target, to be achieved collectively across
the EU, is set against the 2007 model projections for 2030. The amended Directive
further updates the obligations of member states regarding energy saving and
expands the rights of consumers, in particular, regarding billing and information on
energy consumption using smart metering systems.

The amended Directive requires member states to set national energy
efficiency targets and strategies for mobilizing investments to improve the energy
efficiency of buildings, with public authorities to play a role model. The Directive

regulates public procurement in the field of energy efficiency, requires member
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states to create energy efficiency obligation schemes and establishes a number of
consumer obligations.

Member states should encourage the use of energy audits and energy
management systems for end-users, provide end-users with meters, free access to
metering and billing information and energy information, as well as implement a
consumer empowerment program.

Member States are additionally required to conduct a comprehensive
assessment of the potential for the use of highly efficient cogeneration and efficient
centralized heating and cooling, as well as to ensure that the NROs consider energy
efficiency measures in the performance of their duties.

The amended Directive provides for a system of qualification, accreditation
and certification of energy service providers, energy auditors, energy managers and
installers of building elements related to energy consumption, if the member state
considers that it does not have the necessary technical competence.

In addition, Member States are obliged to promote the development of
energy service markets for small and medium-sized enterprises and have the right
to create national energy efficiency funds and provide other financial and technical
support to improve energy efficiency in various sectors.

Also, after the global financial crisis of 2008-2009, the European Union
adopted a number of legislative instruments to stabilize financial markets, limit the
volatility of commodity prices and provide markets with sufficient capital. The
purpose of this study is not to discuss financial regulation; however, even though it
IS not specific to energy, it should be kept in mind that the energy market is
affected by European legislation on financial markets.

Together with the Third Energy Package, the Clean Energy Package and
REMIT, this legislation introduced additional obligations for energy markets,
including reporting obligations, transparency requirements, the treatment of certain
types of energy or emission allowances as financial instruments or derivatives,

organizational market requirements, introduction of new trading venues,

11



mandatory use of regulated markets for certain products and clearing obligations
for certain trades.

Therefore, at least two main external factors are likely to determine the
energy policy of the European Union in the future: the Paris Agreement (including
its implementation at the next conferences of the parties to the UN Framework
Convention on Climate Change) and the need for diversification and security of
energy supply, which has become a key priority for the EU in light of the Russian
invasion in Ukraine.

The European Green Deal, presented in December 2019, builds on the
Energy Union presented by the previous Juncker Commission, and aims to make
the European Union the first climate-neutral continent.

The European Union has already set mandatory targets for increasing the
share of renewable energy sources in the European energy balance, which
correspond to the goal of the Paris Agreement. After the ratification of the Paris
Agreement, the Third Energy Package, and the Clean Energy Package,
underpinned by the European Green Deal, the European Union and its member
states undertook additional commitments to decarbonize the economy

If we consider the Ukrainian legislation, the key regulatory act in the
development of the energy market is the Law of Ukraine "On the Electric Energy
Market", adopted on November 9, 2017. From the economic content point of view,
based on Article 3 of the specified Law, according to the principles of functioning
of the electric energy market, we observe a similarity with European principles,
which is manifested, first of all, in the equality of rights to sell and buy electricity,
non-discriminatory pricing and fair competition [9].

However, if we consider the Ukrainian electricity system, it developed in
contrast to the European one, which can be confirmed by numerous trends in

electricity consumption, production and trade (Table 1).
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Table 1. Trends in the development of the electric power system of Ukraine in

comparison with Europe in 2001-2020

Indicator Ukraine EU-27

2001|2011 | 2016|2020 | 2001 | 2011 | 2016 | 2020

Final electricity consumption, TWh 122 | 152 | 130 | 119 | 2356 | 2571 | 2565 | 2462

Electricity consumption per capita, 55133031129 55|58 58] 55

MWh/person

CAGR of final electricity consumption, % _

CAGR of final electricity consumption 2.2 1 041701 0.9 1061 02

?/:are of households in electricity consumption, 18 | 25 | 28 | 31 97 97 28 29

The share_ofthe budget sector in electricity 14116 16| 18| 24 o8 | 29 | o8

consumption, %

Share of industry in electricity consumption, %.| 46 | 41 | 38 | 38 | 41 37 | 36 | 36

Network losses, TWh 34.1|21.3|16.6 | 16.4 |{186.3|182.1| 180 |174.4

f}:\are of network losses in released electricity, 210l11811091117! 66 | 59 | 57 | 57

Net electricity generation, TWh 160 | 180 | 152 | 137 | 2588 | 2789 | 2784 | 2664

" -

CAGR of net electricity generation, % CAGR 12 | —03]-03 08 | 05 | 02

of net electricity generation

Index of electricity production by HHI 3148 | 3232 | 3466 | 3302 | 1851 | 1618 | 1556 | 1518

resources

The share of RES in electricity production, %. | 7.0 | 5.7 | 6.6 |11.7| 17.6 | 23.5 | 31.5 | 39.8

Share of CHP in electricity production, %. 11.3| 9.7 | 96 111|185 | 229 (221|219

Efficiency of production of electric power, %

Efficiency of combined production of heat and | 40.6 | 38.3 | 38.8 | 40.6 | 40.4 | 42.8 | 45.5 | 49.6

electric power

Efflleencyofcombmedproductlonofheatand 721 1664 16281616 614 | 60.9 | 617 | 62.9

electric power, %.

Generating capacity, GW 50.7 | 51.5|53.4 | 52.8 | 587 | 732 | 799 | 946

CAGR _of generating capacity, % CAGR of 02 | 01 | o1 20 | 15 | 1.2

generating capacity

Share of unstable RES in total capacities, %. 02|04 |15 |116| 29 | 193|288 33.3
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Continuation of table 1.

Indicator Ukraine EU-27

2001 |2011|2016|2020| 2001 | 2011 | 2016 | 2020
The share of maneuverable capacities in | o, | 197116 |11.7| 269 | 223 | 209 | 185
the total volume of capacities, %.
Capacity utilization factor, %. 456 |43.21349|320| 415 36.2 | 31.8 | 25.1
Import of electricity, TWh 2.1 0 | 01|27 252 321 | 363 | 381
Import dependence on electricity, %. 1.7 0 0 | 23 10.7 125 | 141 | 155
Export of electricity, TWh 52 | 63|38 |51 256 320 | 363 | 367
Export dependence on electricity, %. 33 | 35| 25| 37 9.9 11.5 13 13.8
Greenhouse gas emissions from
electricity production, min tons of CO2- | 128 | 131 | 101 | 80 1154 | 1079 | 944 | 656
eq.
CAGR of greenhouse gas emissions
from electricity production, % CAGR of
greenhouse gas emissions from 02 |-1.6|-24 -0.7 | -1.3 | 2.9
electricity production, min tons of CO2-
eq.
Intensity of CO2 emissions during
electricity production, kg/MWh 802 | 729 | 665 | 561 446 387 | 389 | 246

Source: formed by the authors using [10]

Trends in electricity consumption in Ukraine differ from trends in the EU.

Firstly, electricity consumption per capita was one of the lowest in Europe:
2.9 MWh/person versus 5.5 MWh/person in the EU average.

Secondly, the average annual growth rate (CAGR) of electricity
consumption in Ukraine was more extreme. In 2001, the lowest level of electricity
consumption since 1991 and until 2020 was recorded. From 2002 to 2011,
electricity consumption grew due to the recovery of social and economic activity.
In 2011, it reached the highest level since the beginning of the XXI century.
However, the occupation of part of the territories of Ukraine in 2014 and the loss
of economic potential led to an overestimation of the electricity market volumes
and, as a result, to a tendency to decrease electricity consumption. From 2017 to
2019, the Ukrainian electricity market reached roughly the same level of 120 TWh,
and during the first year of the Covid-19 pandemic, electricity consumption

decreased by less than 1 TWh compared to 2019.
14



Secondly, the average annual growth rate (CAGR) of electricity
consumption in Ukraine was more extreme. In 2001, the lowest level of electricity
consumption since 1991 and until 2020 was recorded. From 2002 till 2011,
electricity consumption grew due to the recovery of social and economic activity.
In 2011, it reached the highest level since the beginning of the XXI century.
However, the occupation of part of the territories of Ukraine in 2014 and the loss
of economic potential led to an overestimation of the electricity market volumes
and, as a result, to a tendency to decrease electricity consumption. From 2017 till
2019, the Ukrainian electricity market reached roughly the same level of 120 TWh,
and during the first year of the Covid-19 pandemic, electricity consumption
decreased by less than 1 TWh compared to 2019.

Thirdly, the restructuring of the Ukrainian economy led to changes in the
structure of electricity consumption: in 2011, the total share of households and the
public sector in electricity consumption exceeded the share of the industrial sector.
All these reasons changed the demand on the Ukrainian electricity market.

Ukraine and the EU also differ in the structure of electricity production. No
two electricity sectors are the same in the EU, which leads to a low concentration
of Union resources according to the HHI index, and the deployment of renewable
energy sources (RES) leads to a downward trend. Although different types of
generation are represented in the Ukrainian electricity industry, nuclear and coal
generation are dominant, which leads to a high concentration of resources, as
measured by the Herfindahl-Hirschman index (HHI index). The deployment of
unstable generation from RES, especially solar, in Ukraine manifests itself in the
form of a "green-coal” paradox, which leads to an increase in the HHI index.
Hydropower and coal-fired thermal power plants are used to balance the power
system. A common practice is to limit the use of nuclear power capacities, but not
to use them as maneuverable units. All this leads to supply disproportions in the
Ukrainian electricity market.

The EU's energy policy has led to a rapid growth of the power plant park

over the past 20 years. However, over the past ten years, there has been a
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slowdown in average annual growth rates. A high share of flexible capacities
initially ensured the deployment of RES-based generation in the EU, and the
subsequent integration of the electricity markets of the EU member states made it
possible to restrain their growth rates. Since 2016, the share of generating capacity
from RES operating intermittently exceeds the share of flexible capacity.

On the other hand, Ukraine has a low growth rate of generating capacities,
which are formed due to the successful development of unstable RES capacities
and the decommissioning of outdated TPP and CHP units. At the same time, the
development of RES capacities was not supported by the development of
maneuverable capacities. Hydropower remains the only highly maneuverable
power plant in Ukraine. In 2020, the share of unstable RES capacities
approximately equaled the share of maneuverable ones. At the same time, there is a
significant decrease in capacity utilization in the EU and Ukraine, what causes
risks of payback of power units in conditions of unstable market.

It is also a priority that the current state of the electric power industry is
determined by the energy efficiency of converting resources into useful energy. In
the EU electricity sector, there is a gradual increase in energy efficiency due to:

- constant growth of the share of RES, which are an inexhaustible
source of energy, and therefore their energy efficiency is considered as equal to
100%;

- implementation of combined generation cycles, such as combined
production of heat and electricity, as well as combined gas-steam turbine
generation;

- improvement of physical characteristics of resources, energy carriers
and materials of power units.

Conclusions from this study and prospects for further exploration in
this direction. Thus, the state of the electricity system in Ukraine is the main
challenge for the introduction of a competitive model of the electricity market

based on the European approach. It is necessary to ensure consistent coordination
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of physical and commercial electricity in accordance with national interests by
solving the following issues:

1) the growing unevenness of the consumption load and the inability of
market participants to manage the demand for electricity of household and utility
consumers.

2) protection of domestic consumers from market manipulation and
admission of external participants to trade on the Ukrainian electricity market.

3) dividing the cost of electricity by time and periods of supply.

4) integration of electricity generation from renewable energy sources in a
market-responsible manner and efficient distribution of it between suppliers.

5) ensuring a constant balance between commercial and physical electricity
flows in real time.

It was possible to reverse the general trend of falling energy efficiency only
by increasing the share of unstable generation from renewable energy sources and
partly by transferring thermal power units to the category of supercritical
technologies. Instead, reverse trends are occurring in Ukraine. The physical
obsolescence of traditional power units leads to a constant decrease in energy
efficiency. At the same time, the share of cogeneration in the electricity generation
of Ukraine is constantly decreasing, both due to the physical obsolescence of
thermal power plants, and due to the change in the proportion of generation
between electric and thermal energy due to the drop in demand for centralized heat
supply. All these energy efficiency trends have a negative impact on electricity

buyers in Ukraine, who are forced to pay a higher price.
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