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The latest researches on the current development and prospects for the further
spread of large-scale energy storage systems were analyzed. Trends and forecasts
of energy storage technology cost reducing due to an increase in production were
traced. The world experience of implementing industrial energy storage systems,
which are a key technology for the development of new energy system, an important
direction for the advancement of high-tech sectors of the economy, as well as an
important starting point for promoting «green» and low-carbon transformation of
energy production and consumption was given. The current state of development
of energy storage systems in Ukraine and their critical role in maintaining the
stable and safe operation of the energy system was considered. Positive changes
that have taken place in the field of regulation of energy storage facility operators
due to the entry into force of the Law of Ukraine «On Amendments to Certain
Laws of Ukraine on the Development of Energy Storages» were emphasized.
A declarative nature of the Draft Plan for the Recovery of Ukraine proposed by the
National Council for the Recovery of Ukraine from the Consequences of the War
in the issue of the development of large energy storage systems and an absence of
specific measures aimed at the introduction of such systems in Ukraine was noted.
The vision of reasons preventing implementation of plans for the construction
of large energy storage systems in Ukraine was drawn. A calculation of the
investment payback period, when using the large energy storage facility on the
balancing market of NEC «Ukrenergo» was carried out. Based on the obtained
calculations the conclusion about the absence of development prospects for energy
storage systems without the possibility of obtaining long-term credit resources
at low interest rates was made. In this context the need to create conditions for
attracting investments from private and public financial institutions of Europe and
the USA was noted. The determining role of the government of Ukraine in the
development and implementation of the strategy for the advancement of energy
storage systems, as well as the importance of efforts to encourage the development
of new and the promotion of existing projects was emphasized. Urgent actions
to accelerate the introduction of energy storage systems allowing the Integrated
Power System of Ukraine to cope with the challenges that will arise as a result
of the recovery of industry and the return of refugees to Ukraine after the victory
have been called
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BEJIUKI CUCTEMM 3BEPITAHHHS EHEPIII -
BIATEPMIHYBAHHS 3ATPOXY€ 3BUTKAMUAU

KyuepsiBmii P.M.
3anopizvkuii HayionanrbHull yHigepcumem

Yxpaina, 69600, m. 3anopisicorcs, eyn. XKykoscvrozo, 66

Kurouosi cioBa:

cucTeMu 30epiraHHs eHeprii,
BiTHOBJTFOBAJIBHI JKEpeIia
EHEPTii, «3eJICHI» TEXHOJIOTII,
THYYKICTh €HEPrOCUCTEMH, PUHKU
€JIEKTPOEHEePTii, BITHOBICHHS
VYkpainu.

[IpoananizoBaHO HOBITHI JOCHTIJDKEHHS, MPHUCBAYCHI IIOTOYHOMY CTaHy |1
MEepCIEeKTHBaM IOAAJBLION0 PO3MOBCIOMKEHHSI BEJIMKUX CHUCTEM 30epiraHHs
eHeprii y cBiTi. Po3risiHyTO TeHeHIiT Ta IPOrHO3M 3HIKEHHS! BapTOCTI CHCTEM
30epiraHHs eHeprii 3aBISKH BJOCKOHAJIECHHIO TEXHOJOTIH Ta HapOLlyBaHHIO
o0csriB ix BUpoOHUITBAa. HaBeneHo CBITOBHIA JOCBI I BIIPOBAIKCHHS IPOMHUCIOBUX
cucteM 30epiraHHs eHeprii, sSKi € KIIOYOBOI0 TEXHOJOTIEI0 Al po30yI0BH HOBOI
€HEePreTUYHOI CUCTEMH, BAXIIMBUM HAIPSIMKOM PO3BUTKY BHCOKOTEXHOJOTIYHUX
rajy3eil eKOHOMIKH, a TaKOX BRXKJIMBOIO BIJIPABHOI TOYKOK VIS IIPOCYBAHHS
«3€JIeHO» 1 HU3BKOBYIIENEBOi TpaHcdopmalii BUPOOHUITBA Ta CIIOKHBAHHS
eHeprii. Po3risiHyTO cyyacHMii cTaH po3BUTKY CHCTEM 30epiraHHs eHeprii B YkpaiHi
Ta IX KPUTUYHY POJIb Y MiITPUMII CTAOUTHFHOI Ta O€31IeYHOT POOOTH EHEPreTHIHOL
cucrteMu. HaromnomreHo Ha MO3UTHBHUX 3MiHAX, IO BiIOYIHCE B C(hepi peryTIOBaHHS
IISTBHOCTI  OMNEpaTopiB  YCTAaHOBOK 30epiraHHs eHeprii 3aBAsKH HaOyTTIO
yrHHOCTI 3akoHOM Ykpainu «[Ipo BHEceHHs 3MiH [0 JesSKHX 3aKOHIB YKpaiHu
IIOI0 PO3BUTKY YCTAHOBOK 30CpiraHHs €HEPrii». 3ayBaKeHO JCKJIAPATHBHICTH
[Imany BimHOBieHHs VYKpaiHM 3amporioHoBaHoro HarioHaNbHOIO pajgolo 3
BITHOBJICHHsI YKpaiHU BiJl HACTI/IKIB BiifHH, Y MIUTaHHI PO3BUTKY BEIHKHUX CHCTEM
30epiranHs eHeprii, Ta BiACYTHICTh Y HOMY KOHKPETHHX 3aXOiB HaIPaBICHUX
Ha BIPOBAPKEHHS TaKUX CHUCTEM B YKpaiHi. BukiameHo OaueHHS MPUYMH, IO
CTPUMYIOTh peali3aiilo IUIaHIB 3 OyTIBHHIITBA BEIHKUX CHCTEM 30epiraHHs
eneprii B YkpaiHi. [IpoBeneHo po3paxyHOK CTPOKIB TIOBEPHEHHS 1HBECTHIIH
y TIPOMHCIIOBY YCTaHOBKY 30epiraHHs eHeprii, 3a yMOBH ii BUKOPHUCTaHHS Ha
bamancyrouomy punky HEK «Ykpenepro». Ha migcTaBi oTpuMaHHX pO3paxyHKiB
3po0JIeHO BUCHOBOK TPO BiJICYTHICTH MEPCIEKTHB PO3BUTKY CHCTEM 30epiraHHs
eHeprii 6e3 MOXJIMBOCTI OTPHUMAaHHS JOBIOCTPOKOBUX KPEAWTHHX PECYpPCiB i
HU3bKI BIZICOTKH. Y 3B’S3KY 3 [IUM, BiA3HAYCHO HEOOX1IHICTh CTBOPEHHS YMOB IS
3aJy4eHHs 1HBECTHLil 3 OOKy NMPHBAaTHUX Ta JCPKaBHHUX (hIHAHCOBHX yCTaHOB
€porn 1 CHIA. IlimkpecineHO BH3HAYaJIbHY pOJIb Ypsiay YKpaiHH y po3poOii
Ta IMIDIEMEHTAIIi cTparerii po3BUTKY CHCTeM 30epiraHHs eHeprii B Jepikasi,
a TaKo)X BaXXJIMBICTH 3YCHIJIb IO CHPHUSHHIO PO3pOOIIl HOBHX Ta IMPOCYBAHHIO
HassBHUX MHPOEKTIB. 3aKIMKaHO A0 BXWUTTS HEBIAKIAJHUX 3aXOIIB CHPSIMOBAHUX
Ha IIPUCKOPEHHS BIPOBaKEHHSI cHCcTeM 30epiranHs eHeprii, 0e3 skux O0’eqHaHa
eHeprocucreMa YKpaiHM MO)XKE€ HE BIOPAaTHCh 13 BHKIIMKaMH, SKi ITOCTaHYTbh
BHACIIIJIOK ITIOBEPHEHHsSI ODKCHIIIB Ta BiHOBICHHS INPOMUCIOBOCTI, IO Oyme
BinOyBAaTHCS TiCIs 3100y TTS IePEMOTH

Statement of the problem

Implementation of the energy storage system is a stra-

increase in the share of electricity produced by renewable
energy sources and the development of distributed gener-
ation requires not only measures to stimulate these seg-

tegically important task for our country. This is a way to
increase the flexibility of the Integrated Power System
of Ukraine, which in the future will make it possible to
increase the amount of generation of clean electricity from
renewable energy sources.

Ukraine is consistently moving towards the European
Union and integrating its own network with ENTSO-E. The
Fourth Energy Package, also called the Clean Energy for
all Europeans package is one of Ukraine’s benchmarks in
restoring and ensuring reconstruction based on the princi-
ples of energy efficiency and decarbonization. The Fourth
Energy Package is aimed among other things at developing
renewable energy sources.

Intensification of efforts aimed at decarbonization
of the Ukrainian energy sector, in particular due to the
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ments, but also measures to increase the flexibility of the
energy system. The ultimate goal is to put into operation
highly maneuverable capacities and storage systems that
will provide balancing of unstable power output of solar
and wind power plants, and will be a tool for guaranteeing
uninterrupted and reliable electricity supply for all catego-
ries of consumers.

On June 8, 2023, the first decision to issue a license for
energy storage activities was made at National Commission
for State Regulation of Energy and Public Utilities meeting.
On the one hand, this is a significant event, because energy
storage is very important and useful for the energy system,
but on the other hand, it is a rather dubious achievement,
because at a time when the energy storage systems is being
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intensively increased all over the world, the implementation
of such installations in Ukraine is at an initial stage.

The purpose of the article is to highlight the role of
large energy storage systems in the energy system and the
reason for their today’s low development level in Ukraine.

Analysis of latest research and publications

The benefits of large energy storage systems and the
flexibility they bring to power grids are easy to understand,
but often quite difficult to measure. However, the need for
their accelerated deployment is obvious. It was confirmed
by a study conducted by Frontier Economics [1].

In December 2023, the German government launched a
strategy for the development of energy storage systems. In
this context, the mentioned study offers important evidence
for the future role of energy storage for the German energy
system.

According to the study, the volume of industrial stor-
age systems in Germany could increase to 60 GW / 271
GWh by 2050, which proves their great importance for the
energy system in the future. The capacity of large storage
systems in Germany is forecast to increase to 15 GW /
57 GWh by 2030 caused by battery storage sharply fall-
ing costs and an ever-growing demand for energy system
flexibility. This corresponds to a forty-fold increase in the
storage capacity compared to today’s 1.4 GWh [1].

Due to the decrease in cost and speed of diffusion, stor-
age systems are expected to make significant progress simi-
lar to photovoltaic systems in recent years. But the difference
is that large-scale storage facilities are built without support
from the government and they are purely market-based.

Storage systems can create significant economic value
by shifting the time of electricity production from periods
of excess to periods of shortage. According to estimates by
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Frontier Economics, by 2050 the added value from savings
in the wholesale market alone is estimated at approximately
12 billion euros. This includes in particular fuel savings
and lower costs due to lower CO? emissions. This figure
also includes the use of storage facilities to provide system
services necessary for the stable operation of the electricity
system and participation in intraday electricity markets [1].

The study presents a graph showing the impact of
energy storage on reducing price volatility in wholesale
markets. Reducing the cost of electricity during periods of
high prices leads to an overall reduction in electricity costs
for end-users, even though energy storage slightly increases
the cost of electricity during periods of low prices.

The construction of new gas-fired power plants in Ger-
many has been faltering for several years and depends on
public funding as part of the federal government’s power
plant strategy. The modeling by Frontier Economics shows
that if large storage systems are not built, in addition to
the 26 GW of already planned new gas-fired power plants,
a further 9 GW will need to be built by 2030. Although
large energy storage systems will not be able to make the
construction of gas-fired power plants unnecessary, but
they can make a significant contribution to reducing the
investment pressure on their financing. However, gas-fired
power plants are still needed to ensure supply in the 2030s
and should be considered as part of an efficient fleet of
time-limited power plants [1].

Until recently, for German politicians the issue of
energy storage has been mostly irrelevant. The strategy
for the development of energy storage systems released
by the German government in December 2023 was the
first important step that underlines the serious attitude of
the state to the role of storage systems in the context of
the energy transition. The strategy aims to support greater
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Fig. 1 — Predicted fluctuations in the price of electricity during the day with and without stationary storage systems

Source: Frontier Economics
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deployment of energy storage systems. However, its cur-
rent version has no clear legislative timetable. Straight-
forward policy decisions must be made to encourage
long-term investment while reducing costs, enhancing
energy security and promoting the energy transition in
Germany.

An illustrative example of how powerful could be the
development of energy storage systems under the condi-
tion of attention from the state is China, where energy stor-
age systems are increasingly becoming a key technology
for the development of the country’s new energy system,
an important direction for the advancement of high-tech
sectors of the economy, as well as an important starting
point for promoting “green” and low-carbon transforma-
tion of energy production and consumption.

According to the National Energy Administration of
the People’s Republic of China by the end of 2023 total
installed capacity of energy storage projects completed
and put into operation throughout the country reached
31.39GW/66.87GWh with an average energy storage time
of 2.1 hours. Installed capacity of projects put into opera-
tion in 2023 reached 22.6GW/48.7GWh, which is 260%
more than at the end of 2022.

The commissioning of these energy storage projects
directly contributed to economic investment of more
than 100 billion yuan (USDI13.9 billion) promoted the
expansion of the industrial chain of related industries and
became a “new driving force” of the country’s economic
development [2].

The huge scale of production and participation in the
entire value chain from processing materials to finished
products, as well as taking advantage of early adopters in
terms of technology and know-how development, enable
battery manufacturers from China to offer their products at
the lowest prices in the world.
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The development of technology and the growth of
production capacity around the world will lead to a fur-
ther decrease in prices within the segment. In this con-
text, attention should be paid to the updated forecast of
costs for long-term lithium-ion battery energy storage
systems (BESS) until 2050 published by the US National
Renewable Energy Laboratory (NREL) in June 2023 [3].

In its study, «Cost Projections for Utility-Scale Battery
Storage: 2023 Update», NREL provides a projection of
how the cost of capital expenditures for lithium-ion battery
energy storage systems will change from 2022 to 2050.
The report is based on collected data and forecasts from
16 other publications and uses the example of a four-hour
lithium-ion BESS.

The most important conclusion of the study is that costs
for energy storage systems from lithium-ion batteries will start
to fall in 2023 under the “low” and “medium” cost scenarios,
or increase over the next few years under the “high” scenario.

Compared to 2022, NREL estimates that BESS costs
will drop by 47%, 32%, and 16% by 2030 under the low,
medium, and high cost scenarios, respectively. By 2050,
costs could fall by 67%, 51%, and 21%, respectively, under
the three scenarios. A significant factor in the decline in the
cost of BESS will be the decrease in the cost of the battery
cells and units themselves, which can be half the cost of
lithium-ion BESS [3].

Current state of development of energy storage
systems in Ukraine

The Law of Ukraine “On Amendments to Certain Laws
of Ukraine on the Development of Energy Storages” which
entered into force on 16" of June 2022, defined the concept
of energy storage activities, introduced licensing require-
ments for such activities and outlined the types of services
connected with it [4].

2040 2045 2050

Fig. 2 — Battery cost projections for 4-hour lithium-ion systems, with values normalized relative to 2022.
The “high”, “medium” and “low” scenarios are shown as black lines.

Data from publications used during the research are shown as gray lines.

Source: NREL
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The law defines that energy storage is an activity related
to the collecting of electricity with the purpose of postpon-
ing its final use to a later time than when it was produced.

The law envisages the appearance of a new participant
in the electric energy market — the operator of an energy
storage facility, and regulates its legal status. The opera-
tor of an energy storage facility can be a natural or legal
entity (except hydro-accumulating power plants) that uses
the energy storage facility for the further sale of electricity,
provision of auxiliary services or balancing services.

It is important that according to the law the operator
of the energy storage facility pays the fee for the services
of transmission of electric energy, distribution of elec-
tric energy, fee for the services of dispatch management,
only for the amount of the absolute value of the difference
between the monthly collection and the monthly release
of electric energy by the energy storage facility, which
ensures no double billing for these services.

Unfortunately, there is no electricity storage strategy in
Ukraine. The project of the Recovery Plan of Ukraine pro-
posed by the National Council for the Recovery of Ukraine
from the Consequences of War envisages the construction
of pilot projects of energy storage units with a capacity
of 50-200 MW in 2023-2025 to ensure balancing of the
system and fulfillment of climate obligations. During
2026-2032, it is planned to increase the capacity of energy
storage systems to 750 MW — 1 GW [5]. However, there is
no plan of measures to implement these goals, as well as
sources of their financing. That is, the state expects that it
will be carried out by private investors.

But despite loud statements from both government offi-
cials and business representatives about the great potential
of the energy storage market, as well as the availability of
few projects for the construction of large energy storage
systems announced by DTEK, MHP and OKKO groups,
the implementation of none of them has yet started. The
main obstacle in this is the lack of companies’ own funds
for the realization of such projects, and difficulties in
attracting financing from foreign creditors. Undoubtedly,
there is a war going on in Ukraine which increases credit
risks but investors may be confused by the project payback
terms. Let’s try to calculate these terms.

Due to the fact that no project for the construction of a
large energy storage system in Ukraine has yet been real-
ized there are no data on its cost, while estimated value
of the planned projects is a commercial secret. But there
is a possibility to make calculations based on the cost of
foreign projects.

As the basis for these calculations was chosen the pro-
ject of South Australian energy infrastructure company Epic
Energy, which ordered an energy storage complex from the
manufacturer e-STORAGE, which is a subsidiary of the
Canadian Solar company. E-STORAGE will deliver a 110
MW /220 MWh DC system based on lithium-iron-phos-
phate (LFP) battery cells and start construction of the pro-
ject in the second quarter of 2024. Epic Energy reported
in a separate release that the amount of investment in the
specified project will be about USD 130 million [6].

Storage systems can be used for operations on intra-
day electricity markets, but their maximum efficiency is
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achieved when working precisely on the NEC “Ukrenergo”
balancing market, where the electricity purchase price is
the lowest (from UAH 0.01/MWh), and the sale price is the
highest (up to UAH 9000.00 /MWh). However, it should
be noted that the volume of electricity trades on the balanc-
ing market sometimes, in particular on weekends, would
not allow to fully use the installed capacity of the system
chosen as an example, and the difference in the price of
purchase and sale is not significant, so such periods were
not included in calculation.

Below is a table of results of possible electricity pur-
chase and sale operations on the balancing market of the
system with an installed capacity of 110 MW /220 MWh at
the auctions of the balancing market of NEC “Ukrenergo”
in the directions of unloading and loading, for the period
from November 1 to November 30, 2023 [7].

The financial result is given taking into account the
efficiency factor of 90%, specified in the characteristics of
LFP batteries on the manufacturer’s website [8].

If we assume that one dollar is converted at the rate of
UAH 38.00, the cost of a similar LFP system in Ukraine
could be UAH 4.94 billion. Thus, it will take about 124
such periods, i.e. more than 10 years just to return the ini-
tial investment. And this is not taking into account pay-
ment for electricity transmission and distribution services,
payment for dispatching management services, operating
costs, loan servicing, taxes, etc. One of the factors that can
improve the situation may be the regulator’s permission
to enter into agreements on the balancing market at nega-
tive prices, in which case the power generation will have a
choice, either to limit its own capacity, or to pay extra for
the produced electricity to the consumer. But this will be
possible only when a sufficient amount of storage systems
is already put into operation.

It should be understood that the state of affairs in
Ukraine is not unique. Given the current prices on the world
market of energy storage systems, it is not worth counting
on a quick return on investment, but this does not stop Euro-
pean companies, because for them funding for such a long
term is not problematic. As for Ukraine, taking into consid-
eration the military risks, it can be quite difficult.

In the current situation, the role of the state comes to
the forefront, it has to either create attractive conditions
for private investors or build the necessary facilities on
its own — and this may be the right decision, because it
should be considered as an investment in the development
of infrastructure, similar to the construction of highways.

The Ukrainian energy system is unbalanced, the com-
missioning of two nuclear power units, announced by the
Ministry of Energy, will add basic load to the energy sys-
tem, but not only will not solve the problem of its balanc-
ing but rather increase it. Balancing the energy system by
increasing or decreasing the load of coal-fired TPP units
impacts negatively on their operational capabilities, while
the construction of highly maneuverable gas capacities
requires time and large amounts of funding.

The state could motivate private investors by approv-
ing at the legislative level tax credits for energy storage
systems, but unfortunately as long as hostilities continue
on the territory of Ukraine, and there is a threat of missile
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Table 1
Balancing energy weighted Balancing energy weighted
Date average price for downward, average price for upward, Financial result, UAH
UAH/MWh UAH/MWh
01.11.2023 11,56 8 281,20 1 637 388,72
02.11.2023 11,89 8 042,42 1 590 044,94
03.11.2023 0,01 8 843,75 1751 060,52
04.11.2023 499,00 6 249,94 1 138 686,12
05.11.2023 0,01 6 749,90 1336 478,22
06.11.2023 0,01 7 112,00 1408 173,03
07.11.2023 0,01 7 135,74 1412 874,54
08.11.2023 12,37 8 868,45 1753 502,85
09.11.2023 9,25 892391 1765 102,68
10.11.2023 2,65 8 542,99 1 690 987,32
11.11.2023 12,35 6 886,36 1361 053,98
13.11.2023 0,01 8 935,53 1769 231,97
15.11.2023 2,61 7 249,98 1434 980,25
16.11.2023 2 585,00 8931,21 1256 548,59
17.11.2023 2 689,50 7 899,32 1031 543,37
18.11.2023 925,01 8 060,00 1412 729,01
19.11.2023 1 400,00 7 171,09 1142 675,82
20.11.2023 322,50 7 900,62 1500 467,76
21.11.2023 1 750,00 7 921,25 1221 907,50
22.11.2023 0,01 6 924,50 1371 048,03
23.11.2023 0,01 6 922,49 1370 650,05
24.11.2023 687,50 8 337,88 1514 774,25
25.11.2023 675,01 8276,05 1 505 006,91
26.11.2023 480,00 8 934,94 1674 077,13
27.11.2023 0,01 7 750,00 1534 497,03
28.11.2023 2 766,50 8 928,82 1220 139,36
29.11.2023 2 550,00 8 910,02 1259 283,96
30.11.2023 2 270,00 7 000,00 936 540,00
In general 40 001 453,91

Source: Energy Map

attacks in any region, even in the case of adopting such
a legislative decision a massive influx of investments it’s
unlikely to be expected.

Another way of funding could be grants, both from
the EU and from financial funds, such as Denmark IFU
or Netherlands FMO. But it requires the government’s
hard work to develop a strategy for the implementation of
energy storage systems, as well as the development of new
projects and the support and promotion of existing pro-
jects, including private ones.

The recovery of industry and the repatriation of Ukrain-
ian refugees after the victory will cause an overload on the
power system which simply cannot be able to cope with
new challenges. That will lead to massive blackouts and
huge losses. In any case, there are no simple and most
importantly cheap ways to solve the problem of the imbal-
ance of the energy system of Ukraine. It is necessary to act
and find sources of financing now because procrastination
in solving this problem will cost much more in the future.
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Conclusions

¢ intensification of efforts aimed at decarbonization of
the Ukrainian energy sector requires among other things,
putting into service of energy storage systems which have
to increase the flexibility of the Integrated Power System
of Ukraine;

o the latest studies prove the need to boost the installed
capacity of energy storage systems, which will provide
balancing of the unstable power output of solar and wind
power plants and become a tool for guaranteeing continu-
ous and reliable electricity supply for all categories of con-
sumers;

e implementation of projects for the construction of
energy storage systems in Ukraine is hindered by long pay-
back periods and a lack of cheap financing;

o the state must play a key role in the development
and implementation of the strategy for the advancement of
energy storage systems in Ukraine.
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