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Abstract. Aspects of supporting the development of renewable energy sources (RES) producers in Ukraine are analyzed. Aspects of
the Guaranteed Buyer’s work, its interaction with other participants of the electricity market are considered. It is shown that one of the
methods to solve the problems related to increase in the share of RES is the need to analyze the components of the influence of supply
by RES stations on the market value of electricity, and the framework of simulation modeling system architecture, as well as the main
functions of calculating the cost of electricity being formed on the market are determined.
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Introduction. In pursuance of the Law “On the Electricity
Market” [1] a new electricity market has been operating in
Ukraine from July 1, 2019. The market model defined by
the Law corresponds to the generally accepted European
model [2] and meets the requirements of the third energy
package. At the same time, the national electricity markets
of European countries implement the additional use of var-
ious mechanisms to stimulate or support market partici-
pants within the implementation of certain national pro-
grams. Thus, in 2009, Ukraine undertook legally guaran-
teed obligations to purchase all electricity [3] supplied by
renewable energy source (RES) stations at a feed-in tariff
until 2030. The main components of these obligations in-
clude: purchasing electricity supplied by RES at a fixed
feed-in tariff; purchasing electricity by a centralized state-
owned enterprise; timely payments for purchased electric-
ity. Thus, the new market model includes the functions of
a fundamentally new participant in the electricity market,
i. e. a Guaranteed Buyer (GB) [4]. This market participant
should purchase at a feed-in tariff all electricity from RES
in full and implement the mechanisms provided by law to
compensate for such a tariff. In view of this, as well as the
rapid increase in the share of RES in the overall balance of
the IPS in Ukraine, the urgent task that needs to be ad-
dressed at present is to build models and tools for estimat-
ing the influence of RES on the market value of electricity
in Ukraine taking into account the applicable legislation re-
quirements, technological limitations of RES functioning
and processes in the electricity market.

The share of RES in electricity generation in Ukraine
have increased from 3.4% in 2019 to 7.9% for the three
quarters of 2020. At the same time, the share of provision
by coal-fired TPPs and CHPs have decreased from 37% in
2019 to 32.4% for three quarters of 2020. In spite of a num-
ber of advantages, the increase in the share of RES in the
balance of IPS capacities in Ukraine has exacerbated a
number of both technological and financial problems.
Technological problems include the regulation of the IPS
in Ukraine under the conditions of the increased share of
RES, which are characterized by unregulated poorly pre-
dicted change in the levels of electricity production. At the
same time, the increase of requirements for the volume of
reserves for the regulation of IPS regimes in Ukraine ap-
plies not only to the operational frequency regulation for
the ancillary services market (ASM), but also to balancing
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electricity production/consumption in the balancing market
(BM).

The influence of RES on pricing processes is more am-
biguous. The increase in the volume of electricity from
RES stations mandatory for sale results in the displacement
of the most expensive coal-fired power plants and in lower
prices on a day-ahead market (DAM). The decreased prices
in the DAM segment, in turn, stimulate the decrease in BM
prices. In contrast, the increased share of RES in Ukraine’s
IPS results in an increase in the volume and cost of both
ancillary services and imbalances. The increase in the vol-
ume of provisions for the needs of DAM and BM causes a
reduction in the available supply in the DAM segment and
as a result overall increase in prices in this market segment.

The biggest economic problem of increasing the share
of RES in the structure of production capacities of the IPS
in Ukraine became the problem of payments for electricity
supplied by RES at preferential feed-in tariffs. Thus, with
the introduction of a liberalized model of the electricity
market in Ukraine in the summer of 2019, the compensa-
tion of tariffs for electricity supplied by RES was actually
carried out at the expense of hydro and nuclear power
plants (HPPs and NPPs). Accordingly, the GB purchased
electricity from HPPs and NPPs at fixed low prices at spe-
cialized auctions of the market of bilateral contracts and
resold the purchased volumes in the DAM segment at mar-
ket prices. The benefit was used to compensate for feed-in
and other preferential tariffs. However, this source of pref-
erential tariff coverage has been exhausted due to the inter-
related significant increase in electricity demand to com-
pensate for preferential tariffs and a significant drop in
prices in the DAM segment. At the same time, the tariff of
a Transmission System Operator does not provide for a suf-
ficient share of funds to cover all costs, which has resulted
in the accumulation of debts of the Transmission System
Operator to the GB in 2020. For the GB, in turn, debts to
HPPs, NPPs and RES producers have accumulated. The
permission granted to the GB in the fall of 2020 to sell the
forecast volumes of electricity from RES stations some-
what reduces the problem of working capital lack, but does
not solve the problem of debt accumulation in general. In
this case, in order to determine the amount of coverage of
preferential tariffs for RES producers from the tariff of the
Transmission System Operator, it is necessary, in turn, to
forecast the amount of funds to be covered by the resources
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provided to the Guaranteed Buyer. Thus, in order to make
economically sound management decisions, it is necessary
to develop tools for forecasting electricity supply by RES
stations and modeling pricing functions in market seg-
ments to simulate the actions of the Guaranteed Buyer in
market segments and calculate the economic results of such
actions.

Analysis of Recent Sources of Research and Publica-
tions. At present, the world has accumulated considerable
experience in modeling electricity markets, theoretical and
practical methods for solving problems of modeling the
electricity market are being developed, research on the or-
ganization and functioning of new models of electricity
markets, for example, [5,6] is being carried out. It should
be noted that the scientific and practical principles of intro-
duction of different components of the liberalized electric-
ity market [7-12] created in Ukraine, developed methods
and models for solving problems of optimizing operation
of power systems, providing ancillary services [13] in the
market conditions, forecasting of prices, and forecasting of
electricity supply by RES producers [14, 15] do not com-
pletely solve the problems of complex modeling of this
market, in particular work of the GB as a party responsible
for the balances of RES producers, which does not allow to
perform accurate calculations of prices and electricity pur-
chase and sale volumes in all market segments and prices
for the final consumer.

Purpose and Objectives of Research are to determine
the basic requirements and architecture of tools of compre-
hensive estimation of the influence of electricity produc-
tion by RES stations on the components of the cost of elec-
tricity for the final consumer.

Formulation of the Problem. In order to adequately es-
timate the amount of resources required for tariffs for RES
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electricity producers to be covered, it is necessary to solve
the following main tasks:

— developing methods and tools for forecasting the sup-
ply of electricity by RES stations and estimating the vol-
ume of imbalances allowed,;

— developing methods and tools for estimating the influ-
ence of electricity supply from RES stations on the cost of
electricity in organized market segments and on the tariff
for the final buyer.

The influence of RES electricity producing plants on
prices and tariffs should be determined by a comparative
analysis of the results of the functioning of the electricity
market of Ukraine without and with participation of such
production facilities. Comparisons of options with differ-
ent volumes of electricity production by RES facilities
should be made using the values of electricity costs calcu-
lated for these options for the final consumer.

In order to determine the basic requirements for the
structure and tools of calculating prices and tariffs, the fea-
tures of interaction of the GB with other participants in the
electricity market have to be considered (Fig. 1).

The Guaranteed Buyer receives from the RES produc-
tion stations the forecasts of electricity production based on
which it generates the aggregate schedule of the offer on
the DAM. Further the Guaranteed Buyer buys/sells elec-
tricity on the intraday market (IDM) for the purpose of re-
ducing imbalances. Based on the results of the BM opera-
tion, imbalance prices are formed and the Settlement Op-
erator generates an invoice for the payment of imbalance
prices for the GB balancing group. Based on the results of
financial calculations, the GB pays the cost of electricity
supplied to RES stations.

Buying Electricity at Low Prices
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Fig. 1 The main components of the Guaranteed Buyer’s interaction with other participants in the electricity market

Thus, for modeling aimed at estimating the economic
consequences of the GB’s activities in the electricity mar-
ket, it is necessary to implement the following main com-
ponents of the software tools:

—tools for forecasting electricity supply by RES stations
for different time intervals;

— tools for simulation modeling of pricing processes in
individual market segments to estimate the influence of
RES on the cost of electricity;
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—tools for simulation of individual functions of the busi-
ness model of the Guaranteed Buyer for calculations of
electricity cost for the final consumer.

Fundamentals of simulation modeling system archi-
tecture. The calculations of the influence of individual in-
fluence factors of RES stations on prices in market seg-
ments are based on the interaction of software tools for the
forecasting RES electricity production and software tools
for modeling pricing functions in segments of the electric-
ity market of Ukraine (Fig. 2).
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Fig. 2 The main functions of calculating the components of the electricity cost

Forecasting tools calculate the volume of electricity pro-
duction by RES stations for different periods of time for
use by appropriate models of simulation of pricing func-
tions of individual market segments. Thus, the long-term
forecast per month is used to model the transaction of sale
of the basic level of electricity supply in the segment of
bilateral contracts. The medium-term forecast for a few
days in advance is used to form a daily schedule of hourly
volumes of electricity supply in order to simulate the pric-
ing functions in the DAM segment. The short-term forecast
of hourly volumes of electricity supply by RES stations a
few hours before the hour of sale is used to estimate the

Simulation models of
market segments

feasibility of reducing imbalances by purchasing/selling
electricity at intraday auctions. Finally, based on the results
of solving forecasting problems, the quality of forecasts is
estimated, confidence intervals are determined and proba-
ble volumes of imbalances are calculated for simulation
modeling of pricing functions in the balancing market.

The results of price calculations in individual market
segments are used to solve a number of problems, for ex-
ample, estimating the influence of electricity production by
RES stations on the market component of electricity cost,
or calculating the amount of additional funds needed to set-
tle with producers at reduced tariffs (Fig. 3).
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Fig. 3. The main functions of estimating the RES influence on the cost of electricity

A separate software unit uses the tools of simulation
modeling of pricing functions of individual segments of the
electricity market in order to generate a balance of pur-
chase/sale of electricity. Taking into account the results of
the GB operation, the balance of purchase/sale of electric-
ity is generated, which corresponds to the balance of elec-
tricity production/consumption. The received balance is
used to generate an economic balance. VVolumes of the re-
ceived economic balance (or volumes of economic imbal-
ance) represent numerous decisions of the set tasks, as con-
sequences of realization of individual functions of the GP
business model.

Conclusions. Analysis of the organization of the elec-
tricity market functioning and the interaction of the GB
with other market participants demonstrated that in general
the GB mechanism implements government obligations to

investors in feed-in energy and effectively plays the role of
a party responsible for imbalances of RES producers. Ac-
cording to the results of the analysis of the components of
influence of the RES proposal on the pricing processes, the
complex and ambiguous nature of this influence is noted.
From the list of methods for solving the problems associ-
ated with increase in the share of RES, the need to analyze
the components of influence of supply by RES stations on
the market price of electricity is highlighted and the basics
of the simulation modeling system architecture, as well as
the main functions of calculating the electricity cost com-
ponents are identified, and their practical implementation
will allow for creating the effective tooling to prepare
sound management decisions for addressing problems re-
lated to the progression of RES problems.
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