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Abstract. The article proposes a new optimization model of systemic relationships and effects in the
formation of a pricing policy for electricity from combined sources of electricity, taking into account indicators
of anthropogenic impact and non-renewable resources, socio-environmental and economic interests of
society in the distribution of rental income. The model in the end result provides for the formation of a
combined model of tariff setting in the energy sector, according to which electricity tariffs for the end user of
the corresponding region will combine both market prices for energy generated from alternative sources and
prices for energy generated from traditional sources. The authors improved the scientific and methodological
approach to identify, formalize and quantify the multiplier effects that arise as a result of a combination of non-
renewable and renewable sources of electricity. Also, the article improves the scientific and methodological
approach to assessing the benefits of combining different sources of electricity and their advantages when

forming a pricing policy within a single energy strategy.

1 Introduction

The need to optimize pricing mechanisms in the
energy sector of Ukraine is particularly relevant given
the requirements defined by the Energy Strategy of
Ukraine regarding the fundamental transformation of the
electricity market, the growth in the use of non-
traditional renewable energy sources, and distributed
generation facilities (in Ukraine, traditional energy in the
overall structure of electricity production is 98%, “green
”- 2%), the urgency of implementing measures to save
energy, conserve natural resources. The existing
mechanism for pricing electricity from non-renewable
sources is imperfect, because it does not take into
account the principle of social justice: the anthropogenic
impact and harm to public health in the regions where
TPPs are located is much greater than in the regions
where they are not available; the volume of electricity
consumption by certain regions of Ukraine is much less
than the volume of its “dirty” production; only 5% of
rental income from subsoil use in the extraction of oil,
natural gas and gas condensate are allocated to local and
district budgets (which can be used to compensate for
electricity tariffs for the population of this region), and
95% to the State budget. Regarding alternative energy,
the regulated prices for green electricity do not
completely cover the cost of its production (state
expenditures on this energy sector reached almost nine
billion Euros), as well as damage to the environment and
public health, solar and wind farms are set in the regions
regardless of the need for this, but rather based on
natural and climatic capabilities, while a high
concentration of tens of megawatts in a certain area leads
to an imbalance in the overall energy "pot".

Considering that the main world trends in the
development of energy is to deepen the integration of
energy systems, the article proposes to create a
combined pricing model, taking into account traditional
and green energy, which can be used for regional
differentiation of retail electricity tariffs for end
consumers, taking into account the destructive impact of
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energy facilities on the environment and public health in
the region, as well as a fair mechanism for the
redistribution of rental income.

2 Literature review

Given the need for the successful implementation of
the Energy Strategy of Ukraine, the functioning of a new
electricity market in Ukraine, the increase in green
energy production, the urgency of introducing energy
conservation measures, improving the economic
valuation of natural resources, the issue of optimal
pricing, the energy sector in Ukraine is of particular
relevance and importance. An analysis of the literature
showed that today the main factors in the development
of the energy sector, trends in the development of energy
policies in regional management have already been
considered, the need to take into account the marketing
concept in the study of the energy sector in order to
identify and take into account the interests of all
stakeholders is justified [1, 2]. The influence of the
implementation of reforms in the functioning of the
electricity market on the activities of the subsidiary of
JV “NEC Ukrenergo” was studied, and the consequences
of its reorganization and the risks associated with this
process were evaluated [3]. Price factors were also
investigated in the fuel and energy complex and
summarized the approaches of different countries in
setting tariffs for energy resources [4]. In [1, 2], types of
business models in the energy sector were systematized
and investigated, the need to adapt the financial issues
associated with these models to the renewable energy
market was discovered, the structure of the electricity
market was proposed, which allows efficient use of
available resources, and also take into account
parameters of renewable energy in the process of public
administration.

The paper [3] proposed a dynamic pricing
mechanism that encourages consumers to adaptive
consumption, in order to compensate for the constant
change in demand in the energy market.
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In the article [4], the authors investigated the issue of
forming a moderate and reasonable price for end
consumers of electricity in competitive conditions. Price
is considered as one of the basic factors in the
development of competition in the energy market. The
authors also examine the procedure for the formation of
reasonable network tariffs, that is, the retail price of
energy, which is relevant in the context of the
development of the electricity market. The types of
business models in the energy sector are analyzed and
generalized, the need for adapting the financial
principles of these models to the variable market of
renewable energy is discovered, the structure of the
electricity market is proposed, which makes it possible
to efficiently use available resources, make effective
investments in new resources, and also take into account
the features of renewable energy sources at the level of
government [5, 6]. In order to compensate for the
variability of demand in the energy market, a dynamic
pricing mechanism has been proposed that stimulates
consumers [7]. The issue of formation of reasonable
prices for final consumers of electricity in competitive
conditions was investigated and mathematical principles
of modeling in the energy sector were proposed taking
into account global trends in modeling of energy
processes [8, 9, 10]. In particular, in article [9], static and
dynamic models for calculating prices from various
alternative sources of electricity are presented taking into
account the economic indicators of a closed
macroeconomic system, and transient processes are
studied taking into account maintaining the balance of
the macroeconomic system. The trends in the
development of mathematical systems of energy models
are also generalized, and a mathematical model of the
competitive equilibrium of the electricity market as a
system of non-linear programming problems s
considered [10]. The authors of the article investigated
the issue of the formation and equitable distribution of
rents in the extractive industry and the environmental
impact of the operation of the extractive industry and the
energy sector of Ukraine.

The analysis of the literature shows that the proposed
topic is well researched, but that the authors of the article
propose to consider the subsequent development in
applied research of the mechanism of an effective
combination of rent-seeking and policy, Aimed at
stimulating the development of «green» energy,
formalizing the process of pricing, in the energy sector
on the basis of restored and non-renewable sources,
Development of the organizational economic mechanism
and optimization model of pricing in the energy sector of
Ukraine, which will make it possible to take into account
the introduced principles of the «green» economy in the
process of equitable redistribution of natural resource
rents.

The aim of the article is to develop an optimum
model for the formation of regionally differentiated price
systems, which includes anthropogenic pressure on
human health and territories during the production of
«green» and traditional electricity, as well as the
equitable distribution of rents, for non-returnable sources
of electricity in a single socio-economic chain.

3 Research Methods and Results

Today in the Ukrainian market there is a situation
where consumers of electricity need to choose between
"traditional” and "green" sources of production. On the
one hand, an already existing, tested system with
guaranteed receipt of services in the energy sector, but
with a high price for their consumption, on the other
hand, a new, energy-saving, environmentally friendly
system. At the same time, the purchase price for green
electricity is quite high, which is due to the stimulation
of its production. This problem was especially urgent in
the context of integration with the European Union, the
formation of a single European energy market and the
dominance of the scenarios of the energy system of
European countries. Existing coal pricing mechanisms as
the main source of electricity in Ukraine (“Costs +
incentive tariff” and “Rotterdam +), focused mainly on
the indicative price, and not on the domestic price of
resource extraction. At the same time, the rental
component is not taken into account and is not used to
minimize electricity tariffs in the regions where the
resource is extracted. In the production of "green"
electricity, the anthropogenic burden on the health of the
population and the territory of electricity production is
not taken into account, which, in turn, should influence
the minimization of tariffs for the final consumer of
these territories. Therefore, the implementation of a
systematic approach to combining traditional energy,
taking into account rental policies aimed at saving
natural resources, the socio-economic development of
the regions and green energy, will help minimize
electricity prices through an optimal ratio of the used
resource and obtain a multiplier effect. Redistributed
rental income at the regional level will be through a
system of funds that will operate as mixed (development
funds and savings funds) with a high level of self-
government. Structurally, they will include funds to
recreate the natural landscape complex of the region and
compensate for the negative health effects of the
population from the production of electricity from both
traditional and alternative sources of electricity [15].

The main idea of this article is to build an author's
optimization model that takes into account systemic
relationships when pricing electricity from non-
renewable and renewable sources of electricity. A
balanced combination of prices from the "traditional"
and "green" energy policies in the country will allow us
to detect, formalize and quantify the most efficient and
fastest mechanisms for generating electricity at optimal
prices, taking into account rental income from
"traditional” sources of electricity and indicators of
human impact on the environment public health from the
use of combined ("traditional” and "green™) sources of
electricity production. The basic determinant that shaped
the idea of the project is the complexity of the problem
being studied (subjects and objects involved in the
pricing process for “traditional” sources of electricity
and prices for “green” energy connected into a single
nationwide chain, which, when Ukraine is integrated into
a single European energy market that is stipulated by the
“Energy Strategy of Ukraine until 2035 should be



competitive and implement a policy of preserving
natural resources for future generations), therefore, the
project proposes comprehensive optimization economic
and mathematical solutions to solve it.

The main hypothesis is that the formation of a system
of differentiated prices in the form of a “pricing map” for
electricity for different regions of Ukraine will help
minimize electricity tariffs for the end user. At the same
time, the factors of anthropogenic impact on the
environment and public health in the territory of
electricity production and, in addition, for the
“traditional” energy will be a fair redistribution of
natural resource rent from non-renewable sources to a
significant factor in minimizing prices for both
traditional and green energy electricity (gas, coal).

3.1 Methods

The methodological basis of the study is the
fundamental principles of economic theory, essential
theory, state regulation of the economy, optimization,
economic forecasting, scenario and rental approaches.
The novelty of the research approach is the development
of methodological tools for modeling and optimizing the
processes of electricity pricing from renewable and non-
renewable sources, between which there are complex
convergent connections, which are manifested in the
interchangeability of different sources of electricity and
synergetic effects, the formalization and accounting of
which can be carried out with using the traditional
mathematical apparatus of clear logic. Different methods
were used to solve the tasks posed in the article: a
systematic structural analysis (when substantiating price
parameters according to existing electricity schemes
(“Costs + incentive tariff” and “Rotterdam +7);
comparative analysis (when summarizing world and
domestic experience in electricity pricing, when
systematizing approaches to assessing risks and threats
when combined into a single chain of "traditional™ and
"green" energy for the national economy), economic and
mathematical modeling (when constructing an
optimization model for the formation of a pricing policy
for electricity from renewable and non-renewable
resources, taking into account socio-environmental and
economic interests in the distribution of rental income).

Based on retrospective analysis of energy efficiency
pricing and resource policies (in terms of electricity tariff
formation), algorithms for the implementation of
projects aimed at the introduction of an integrated model
in the energy sector, the distribution of natural resources,
a combined pricing model for the energy sector has been
developed for the socio-economic development of the
regions and for the operation of funds for the
redistribution of natural resource rents at the regional
level. For the formation of a systematic model of pricing
in the energy sector, the paper proposes the “Value
Chain of the Production and Use of Energy” (Fig. 1)

The formalized form of the pricing model in the
energy sector: The objective function of the model to
satisfy the interests of all stakeholders in the energy
sector is:

Y(C,P,Pr,1,E, Ef,B, PUBL, PP, Inst) =
=f(Xc,Xp,Xp,,Xi,Xe,Xd,Xb,X

M

publ? X pp’ Xinsl)*) max

where X. — consumer’s economic benefit; X, — working
conditions and economic benefits of energy sector
personnel; X, — profit of electricity suppliers; X; —
extractive industry profits; X. — profits of other energy
sector enterprises; X.r— energy efficiency and sustainable
living; Xp — increase in budget revenues, environmental
safety; Xpuot — providing reliable public information on
the level of environmental safety and the degree of
anthropogenic pressure in the regions; Xp,
redistribution of part of rental income in the region in the
system “‘state - region — enterprise” [15]; Xinst — benefits
from the reallocation of cash flows in energy use; C, P,
Pr, I, E, Ef, B, PUBL, PP, INST — interests of relevant
stakeholder groups.

X7, X
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This is the optimal solution from a number of
alternatives.
The intermediate goal of the model is to minimize

electricity prices for end consumers:

(Ce.t.+cwansp.e+ce.rene\N+M 7Pri )*Ca.l —min (3)

Cer — cost of electricity generated using traditional
sources; Ciranspe — transmission and distribution costs; M
— margin for electricity providers; Py — redistributed
rental income; Ca) — anthropogenic load factor for a
given region; Ce.renew — COSt Of electricity generated using
renewable sources.

The system of model restrictions is based on resource
constraints, as well as on the market pricing mechanism:

Ce.t. + Cfuel +M < Pretail (4)
Ctranspe + M < I:>wholesale (5)
Ia.l.actual < Ia.l.s. (6)
Ce.renew +M < Tg (7)

Pretaitv— retail price of electricity;

Punolesale — Wholesale market electricity price;

Cruel — production costs of the main types of fuel that
are used for electricity generation;

lajacia — actual anthropogenic load from fuel
extraction and energy generation;

lais — environmental standard;

Ty — green tariff for electricity generated from
renewable sources.

The value chain for obtaining and using energy is the
basis for building a pricing mechanism. The pricing
mechanism takes into account the receipt of energy from
both non-renewable and renewable sources. Moreover,
the new pricing mechanism should take into account the
interests of all stakeholders in the energy sector. The



electricity market includes among other participants both
national and local generators, which, for example, are
households that have solar panels.

3.2 Results

The pricing mechanism provides for the correction of
electricity prices by the coefficient of anthropogenic load
in a particular region, as well as the redistribution of
rental income, taking into account the interests of all
stakeholders. The expected result from the formation and
implementation of the optimization model will be the
formation of a “pricing map” for electricity for the
regions of Ukraine, focused on minimizing tariffs for the
final consumer, given the fair coordination of the
interests of the state and society in the process of
redistributing natural resource rents, ensuring the
environmental safety of the regions, and their balanced
socially -economic development and public health.
Subsequently, on the basis of a combined model, it is
possible to create a database of regions of Ukraine with
the maximum use of renewable sources of electricity
production and non-renewable sources, taking into
account the innovative mechanism for the redistribution
of rental income in the system "state - region, extraction
of natural resources (gas, coal) - mining enterprise”.

Additional relevant effects in the form of natural
resource rent and indicators of anthropogenic impact on
the health of the population and the territory of
electricity production will contribute to the formation of
a mechanism of differentially adjusted tariffs for each
region of Ukraine.

The results of the study can be integrated as a
planning tool for integrated regional programs for the
modernization of electricity tariffs.

4 Conclusion

World forecasts show that the next 25 years, the main
sources of energy supply will remain natural gas, coal,
renewable energy and energy efficiency. The
consumption of natural gas by 2030 will increase by
approximately 20% and will remain at the same level
until 2040, and taking into account the obligations of the
countries of the world to implement the Paris Climate
Agreement and the intensive development of low carbon
and renewable energy sources, an increase in the
consumption of natural gas is forecasted for this period
up to 45%. At the same time, global energy development
trends are characterized by deepening integration of
energy systems, an increase in the use of non-traditional
renewable energy sources, and a distributed generation
lens. However, in the general structure of electricity
production in Ukraine, traditional energy is 98% and
only 2% is “green”.

Therefore, the development of an optimization model
for pricing policy when applying an integrated approach
combining traditional and green energy, taking into
account the anthropogenic impact on the territory and the
fair distribution of rental income from the production of
non-renewable sources of electricity, is fully justified,
economically justified for the national economy.

This approach promotes electricity pricing based on
climatic and relief zones and regions of extraction of
mineral resources with the aim of differentially adjusting
electricity payments, modernizing financial regional
institutions, modernizing the existing one and creating a
new “electricity pricing map” in the regions of Ukraine
based on the developed optimization model. The
expected results of the combined model substantially
deepen the scientific principles of analysis and
modelling of complex transformational processes in the
energy sector of Ukraine through the creation of a
scientific basis and applied methodological tools for
tariff formation on electric power through the
introduction of an integrated optimization model, which
is partly based on the creation of synergies in the
allocation of natural resource rents.

The value of the expected results for domestic
science also lies in the fact that local features will be
taken into account in the model (of course, the resource
potential of the regions, the available pricing for
electricity, the extraction of energy resources in the
regions, the domestic specifics of tariff setting and the
like) and a mechanism of an integrated approach in
combination “ green “and“ traditional “energy for
optimal pricing of electricity for the regions of Ukraine.

The value for world science will also be the
application of the dualistic objective function of the
proposed model according to the principle of finding the
optimum between maximizing the economic effect and
reducing the environmental burden on participants in the
energy market and the environment.

5 Question for discussion

The project results are of value to the development
needs of the real sector of the economy, the country's
energy system, national security, and aimed at
determining electricity tariffs from the use of an
integrated model. The implementation of the mechanism
for the formation of a pricing policy for electricity from
combined sources of electricity will contribute to the
socio-economic  development of the regions, the
preservation of natural resources and the environment.
The combination of green and traditional energy in a
single price chain will reduce the economic burden on
individual sectors and subsystems of the national
economy.

The differential approach regarding tariff setting and
the creation of a “pricing map” for electricity for
different regions of Ukraine will take into account rental
income from non-renewable sources of electricity and
take into account the destructive impact of energy
facilities on the environment and public health in the
region (both from “green” and “traditional” power
engineer) which will be partially aimed at minimizing
electricity tariffs for the end consumer. The rental
income at the regional level will be redistributed through
a system of decentralizing funds, the funds of which are
used by regional authorities to recreate (the purpose is to
recreate the region’s natural landscape complex);
compensation (purpose - to overcome the negative social
and environmental consequences of the functioning of
the fuel and energy complex); and reservation (purpose -



reservation for future generations in order to convert the
proceeds from non-recoverable assets into a more
diversified portfolio of assets).
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