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Introduction. In Ukraine, despite the impact of Russia's military aggression, there is a fairly active
growth in the number of small electricity producers and promoters, which is explained by the ability of the
decentralised system to autonomies energy supply and thereby reduce the risks of disruptions to critical
energy infrastructure [1].

However, the increase in small-scale electricity generation and the active development of consumerism
significantly complicate the already difficult task of balancing electricity and ensuring the economic security of
energy suppliers, which, in addition to generating electricity, are responsible for providing stable, reliable and
efficient operation of energy networks. Under such conditions, energy system management requires more and
more coordinated actions between electricity producers, distribution system operators (DSOs) and transmission
system operators (TSOs) [2].

This article seeks to answer this question. The authors focus on aggregation - a mechanism designed to
balance the production and consumption of electricity, regulate its sale and purchase in the relevant market,
and thus, to some extent, guarantee the economic security of energy enterprises.

Overview of recent research and publications. A review of recent sources of research and publications
shows that both foreign and domestic scholars are actively discussing the issues of aggregation in the electricity
market and its impact on the economic security of energy companies. In particular, Li S., Xu Q., Yang Y.,
Xia Y. and Hua K. (2024) note that aggregation in the electricity market determines the relationship between
electricity generation and consumption [3]. By accumulating excess energy during high power and releasing
it during low power, according to Wang Y., Wang H., Xie D. and Zhang Y. (2024), aggregation allows for
optimising electricity generation consumption, thus avoiding imbalance risks [4]. According to Denysiuk S.P.,
Belokha G.S. and Cherneshchuk I.S. (2024), maintaining a balance between electricity generation and
consumption is the most important condition for the stable operation of the electricity system. Therefore, with
the increasing share of renewable energy sources in the overall generation balance (which is characterised by a
variable generation schedule), there is a need to find new approaches to balancing electricity and ensuring the
economic security of energy enterprises [5].

LiuY., Luo X., Chen M. and Suo X. (2024) note that one of the threats to the economic security of energy
enterprises is price fluctuations in the electricity market. It is aggregation, due to its flexibility and adaptability
to changes in market conditions, that can mitigate the price risks of energy companies [6]. Lee J. and Won D.
prove that aggregation is able not only to cope with price fluctuations in the electricity market but also to
maximise the monetary benefits for members of the aggregated group [7]. Bai, X., Fan, Y., Hao, R. et al.
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emphasise that improving monetary benefits for members of the aggregated group occurs by trading surplus-
generated electricity at profitable domestic market prices determined by the energy market aggregator [8].
A market-based pricing mechanism based on the supply and demand ratio is used to determine the domestic
day-ahead market prices. Thus, while constantly monitoring the price variable in the electricity market, the
aggregator uses market signals to buy/sell electricity at profitable prices for the members of the aggregated
group [5].

However, despite the fact that the feasibility of introducing aggregation has been proven, it has not yet
become widespread in the country’s electricity market. Consequently, energy companies, which are currently
in a rather difficult situation (due to the geopolitical situation in Ukraine and the large-scale loss of consumers
due to population migration), are losing a unique opportunity to generate additional income and improve
economic security. The reason for this is the low level of awareness of electricity market participants of the
value of introducing aggregation. Therefore, this study aims to transfer knowledge and understanding of the
importance of aggregation in ensuring the economic security of energy companies.

Objectives of the article. The article aims to conduct a comprehensive study of aggregation as a mechanism
designed to balance electricity production and consumption, regulate its sale and purchase in the relevant
market, and thus guarantee the economic security of energy enterprises in a certain way.

The main material of the study. Ukraine, with the aim of becoming a member of the European Union,
within the framework of the Treaty establishing the Energy Community and the EU integration action plan,
has implemented Directive (EU) 2019/944 of the European Parliament and of the Council of 05.06.2019 ‘On
common rules for the internal market in electricity and amending Directive (EU) 2012/27’ [9], thus committing
itself to liberalising the electricity market, introducing distributed generation with guaranteed capacity, and
modernising the network infrastructure of the transmission and distribution systems.

In this regard, the Government of Ukraine has adopted a number of legislative acts designed to facilitate
the implementation of distributed generation projects, including the following that deserve special attention:

The Law of Ukraine ‘On Amendments to Certain Laws of Ukraine on Restoration and Green Transformation
of the Energy System of Ukraine’ dated 27.07.2023 No. 3220-1X [10], which amended part one of Article
1 of the Law of Ukraine ‘On the Electricity Market” dated 14.07.2017 No. 2019-VIII [11] with respect to
the definitions of such concepts as: aggregator, aggregation, aggregated group, aggregation unit, independent
aggregator, microgrid management.

NEURC Resolution No. 1211 of 26.06.2024 [12] defines the aggregator's responsibilities. It regulates
its relations in the retail electricity market, particularly related to the activities of an active consumer,
operator and users of a small distribution system [12]. Thus, in accordance with [12], the aggregator
is responsible for balancing all electrical installations that are part of its aggregation unit (except for
electrical installations intended for consumption by consumers who purchase electricity from another
market participant), as well as for the purchase and sale of electricity in the relevant market and the
provision of ancillary services [12].

Therefore, aggregators should be recognised as an important link in the electricity distribution system, as
they manage the production, storage and balancing of energy, which allows electricity market participants to
generate additional revenues, and for TSOs — more balancing capacities and simplification of the dispatch
management structure [13].

Thus, the aggregator has two main roles, and therefore the following functions (Fig. 1).

With regard to the function of a flexibility expert, it should be noted that each of the electricity market
participants is a balance sheet responsible party (hereinafter referred to as the BRP). However, according to
the Market Rules approved by the Resolution of the National Commission for State Regulation of Energy and
Public Utilities of 14.03.2018 No. 307 [14], as well as in accordance with part 2 of Article 70 of the Law of
Ukraine ‘On the Electricity Market’ [11], electricity suppliers are the IBP of their consumers, any electricity
market participant may transfer its responsibility for the balance to another party, provided that it is a member
of an aggregated group. Under such conditions, the settlement of imbalances, according to the Law [10], is
assigned to the aggregator, but only if it generates units that include supply units with a total capacity of more
than 1 MW. [15, p. 119].

As for the function of a market expert, it looks like this: several power plants (RES) are combined into
an aggregated group administered by an aggregator. The association is carried out on the basis of a relevant
agreement on participation in the aggregated group. The aggregator is an alternative to the Guaranteed Buyer
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for RES producers; it buys the electricity produced, resells it, and is the party responsible for the balance.
The aggregator also provides ancillary services to National Energy Company “Ukrenergo” and executes
dispatch commands. Profits from such activities will be received by both the aggregator and the members of
the aggregated group [16].

@ lexibility expert - ensuring the aggregation of a large number
of similar distributed generation sources

Provision of balancing services

I
Provision of ancillary services to the transmission system operator
I

Management of electrical installations that are part of one
aggregation unit, separately for each area of commercial network

I accounting

| |

AGGREGATOR A/Iarket expert — ensuring maximum return for both the
aggregated group and yourself

Offers generating capacity on the balancing market

Power quality control

Minimizing energy losses and economic losses during distribution
and transmission

KIOO% electricity buyback guarantees at market prices

Figure 1. Roles and functions of the aggregator in the electricity market
Source: [10]

An aggregated group is an association of small and medium-sized power producers (up to 20 MW) for joint
generation and sale of electricity. By combining their capacities, the group members operate as a single ‘virtual
power plant’ managed by the aggregator company. Such consolidation creates a number of benefits for small
producers that they cannot obtain if they operate independently [17].

In particular, JSC Energy Company of Ukraine (hereinafter referred to as ECU), a national energy trading
company, has launched one of the first aggregation groups in Ukraine that offers operational and commercial
management services for distributed generation facilities. Services for electricity producers include load planning,
dispatching, purchase/sale of electricity and imbalance optimisation. At the same time, the aggregator represents
the interests of participants in the electricity market, including the day-ahead market, the intraday market, the
balancing market, and the ancillary services market. Therefore, if small producers previously did not have the
opportunity to optimise their imbalances in balancing groups, the aggregated group of the ESO creates such an
opportunity, increasing their income by guaranteeing the purchase of 100% of electricity at market prices [17].

However, in order for electricity market participants to take advantage of aggregation opportunities, an
appropriate digital infrastructure should be created to allow for intensive exchange of digitised data on the state
of energy markets, electricity prices, and technical parameters of the grid, which is an important prerequisite
for the spread of aggregation and ensuring the economic security of energy companies.

Conclusions. Thus, in order to achieve this goal, an attempt has been made to transfer knowledge about
the value of introducing aggregation in the electricity market for market participants, especially for energy
companies. The author emphasises the technical and economic benefits of electricity market participants by
introducing aggregation in the electricity market.

It is emphasised that creating an aggregator and an aggregated group allows for solving the most important
issues in the electricity sector, namely, balancing the supply and demand for generated electricity and ensuring
the economic security of energy enterprises.
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It is noted that with the full-scale invasion of Ukraine by the Russian aggressor, energy enterprises suffered
the most, as enemy attacks were primarily aimed at destroying critical infrastructure. Therefore, ensuring
the economic security of energy companies requires new approaches to managing electricity generation
and consumption, electricity pricing, and incentives for the further development of small-scale electricity
generation facilities.
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The study attempts to transfer knowledge on the importance of introducing aggregation in the electricity market
for both energy sector enterprises and other market participants. The main technical and economic advantages of
introducing an aggregation mechanism are identified. It is emphasised that creating aggregators and aggregated
groups allows solving key problems in the electricity sector. This, in particular, contributes to a more efficient
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balancing of electricity supply and demand, a prerequisite for the stable functioning of energy systems. Additionally,
it is noted that aggregation allows for optimising the load on the grid, reducing the risk of overload and increasing
the efficiency of the use of generated resources. In addition, aggregated groups can use modern technologies for
monitoring and forecasting consumption, which allows them to respond quickly to market changes and increase the
level of adaptability of energy companies. Particular attention is paid to the impact of hostile attacks on Ukraine's
energy sector. The large-scale invasion of Russian troops led to significant losses of energy companies due to targeted
attacks on critical infrastructure, which caused interruptions in electricity supply and complicated the functioning
of the country's economy. In this context, the need for new approaches to managing electricity generation and
consumption, improving pricing mechanisms and developing small-scale generation, which will help strengthen
the country's energy security, is substantiated. Another important aspect is stimulating investment in decentralised
energy sources, which will help increase energy independence and market flexibility. Using renewable sources
in aggregated groups will reduce dependence on traditional energy sources and contribute to the environmental
sustainability of the energy sector. At the same time, aggregation will balance electricity production and consumption,
regulate its sale and purchase in the relevant market, and thus, to some extent, guarantee the economic security of
energy companies.

Keywords: economic security of energy enterprises, economic losses, guaranteeing economic security,
aggregation, aggregator, aggregated group, electricity balancing, market price for electricity, additional income.
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Kapnenko Aunapiii BosmoquMupoBu4, TOKTOp €KOHOMIYHHMX Hayk, mpodecop. HamioHambHUIl yHIBEpCHTET
«3aropizbka monitexHikay; ['enepansuuii qupexrop I'C «3anopizekuil knactep «HXUHIpHHT — ABTOMAaTH3aMisl —
MamHoOyayBaHH», M. 3anopixoks, Ykpaina. bparkoBeska Karepuna OuiekcanpiBHa, KaHaAnIaT eKOHOMIYHUX
HayK, JoueHT, HauioHaneHuil yHiBepcuter «3amopisbka momiTexika». LliHHicTs arparanii B rapantyBaHHi
€KOHOMIYHOI 0e3MeKU MiINPUEMCTB eHepreTHKHU.

VY Mexax mpoBeIeHOro JOCIiDKeHHS 31iHCHEHO cripoOy TpaHcdepy 3HaHb LIOAO BAXKJIMBOCTI BIIPOBAKEHHS
arperauii Ha PUHKY €JEKTPOCHEPTil K ISl MiIPUEMCTB €HEPreTHYHOTO CEKTOPY, TaK 1 PEIITH YYaCHUKIB PUHKY.
BusHaueHo OCHOBHI TeXHiUHI Ta €KOHOMIYHI IepeBard 3ampoBamIKeHHs MexaHi3My arperauii. Haromomeno, mo
CTBOPCHHS arperaropiB Ta arperoBaHuX IPyI 103BOJISIE BUPIILIMTH KIIOUOB1 IpoOsieMu y cepi eeKTPOCHEPIeTHKH.
Lle, 30kpema, cripusie eEeKTUBHIILIOMY OalaHCyBaHHIO IOIUTY Ta MPOMO3ULIl eIEeKTPOSHEPTii, IO € HEOOXiHOI0
YMOBOIO 1151 CTa01IbHOTO (PyHKIIOHYBAaHHS €HEPreTUYHUX cucTeM. J[01aTKOBO 3a3Ha4YEHO, 110 arperamis J03BoJIsie
ONTHMi3yBaTl HABAHTAKECHHS Ha MEPEXKi, SMEHIIYIOUM PH3UKH MEPEBAHTAKEHHS Ta MiJBUILYIOYH €(EKTUBHICTH
BUKOPUCTaHHS TEeHEpOBaHUMX pecypciB. Kpim Toro, arperoBani IpynM MOXYTb BHKOPHCTOBYBATH CyYacHi
TEXHOJIOTi] MOHITOPHHTY Ta NPOTHO3YBaHHS CIIOKMBAaHHA, 110 J03BOJISE ONEPATUBHO pearyBaTH Ha 3MiHU PUHKY
Ta MiJBUILYBATH PiBEHb aJalTUBHOCTI EHEPreTHYHHUX MmianpueMctB. OcoONUBY yBary MpUIiIeHO BILIUBY BOPOXKHX
arak Ha CHEPreTHYHUH cekTop YKpainu. MacimTaOHe BTOPTHEHHS POCIMCHKHMX BIHCBK HPH3BENO A0 3HAYHUX
BTPAT MiANPHEMCTB €HEPreTUKH Yepe3 MPHLIIbHI aTaki Ha KPUTHUHY iHQPACTPYKTYpY, 1O CIPUYMHMIO Tepedol
B €JIEKTPONOCTAYaHHI Ta YCKIAAHWIO (YHKIIOHYBaHHS CKOHOMIKM KpaiHH. Y IL[bOMY KOHTEKCTI OOIPYHTOBaHO
HEOOXIHICTh HOBUX MIIXOHIB O YNpPAaBIiHHA TEHEPALi€l0 Ta CIOKUBAHHAM EIEKTPOEHEprii, yIOCKOHAaJIEHHS
MEXaHi3MiB IIHOYTBOPEHHsS Ta PO3BUTKY Maioi TeHepauii, 0 COpUATHME IOCUICHHIO EHEpPreTH4HOl Oe3nekn
KpaiHu. BakJIMBUM aclieKTOM € TakoK CTUMYIIOBAHHS 1HBECTHLIH Yy AELEHTpaTi30BaHI pKepesia eHeprii, 1o
JOTIOMOXKE ITi/IBUIIUTH €HEPreTHYHY HE3aleKHICTh Ta THYUYKICTh PHHKY. BUKOpHCTaHHS BiZHOBIIOBAHUX KEPEI
y CKJIaJl arperoBaHUX TPy AO3BOJUTH 3MEHIINTH 3aJEXKHICTb Bill TPAAMLIHHUX EHEPrOHOCIIB Ta CHPHUATUME
CKOJIOTTYHIM CTIHKOCTI EHEPreTMYHOro CEeKTopa, a arperamis 3albe3medynTh OanaHCyBaHHS BHUpPOOHMITBA Ta
CTIOKMBAHHSI €JIEKTPOCHEPTii, perynoBaHHs 1l KyHiBIIO-NPOIaXxy Ha BIAMOBIJHOMY PUHKY, & OTKE, 1 IEBHUM YHHOM
rapaHTyBaHHS €KOHOMIYHOT O€3IeKH HiIPUEMCTB CHEPTETHKH.

KimouoBi cioBa: exoHomiuna Oe3neka MiANPHEMCTB CHEPreTUKHM, CGKOHOMIUHI BTpaTH, TapaHTYBaHHS
eKOHOMIuHOI Oe3MeKH, arperaris, arperatop, arperoBata rpymna, 0anaHcyBaHHs eJeKTPOCHEprii, pUHKOBA 1liHa Ha
SNEKTPOCHEPTII0, TOJATKOBUH JTOXiI.
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