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Ensuring energy security is a major task of national economic importance, the solution of which is one of the
priorities of the state’s economic activities. The state as a subject of management has an energy function in the
form of a set of areas of economic activity aimed at ensuring the reliable functioning and sustainable
development of territorial power supply systems, forming markets of energy resources and products and
regulating legal relations of their participants and price limits for the goods and services (Blum et al., 2012;
Goldthau et al., 2012; Ang et al., 2015; Streimikien¢ et al., 2016; Augutis et al., 2017; Newbery et al., 2018).

The adopted market model of power system management, peculiar to territorial entities of Russia with an open
type of power supply systems, requires coordination of the development strategies of its facilities on the part of
the energy providers that perform their management and the territorial bodies of state administration in order to
ensure the necessary level of energy security to respond to external and internal challenges of reliability and
efficiency of integrated power supply to local consumers in the medium and long term (Balitskiy et al., 2014;
Chernenko, 2015; Lisin et al., 2015; Strielkowski et al., 2016; Tvaronavi¢iené 2018; Brozyna et al., 2018).

The conflict of interests caused by the market and expressed in the difference of ideas about the efficiency of the
power supply service at different levels of management of its facilities (region and energy providers) leads to a
mismatch of the management system of territorial energy production. While the criterion of energy efficiency on
the part of the state is operating economy (the most efficient use of natural fuel and energy resources, the low
cost of energy production) in the context of ensuring a given level of reliability, the criterion on the part of
energy providers is profitability, that is, the compliance of economic objects with a competitive technological
infrastructure that allows them to extract income in various trade sectors of the energy markets using the market
forces (Wiistenhagen et al., 2007; Goldthau et al., 2012; Salas-Fuméas et al. 2016; Tvaronaviciené 2017,
Razminiené, Tvaronavi¢iené 2017; Rausser et al., 2018; or Kashintseva et al., 2018, Shakhovskaya et al.,
2018).

Currently, when shaping the regional energy policy by the bodies of state administration of the energy complex
in Russia, the interests of territorial energy providers are not taken into account, which leads to ineffective
mechanisms for implementing energy programs, and the conditions outlined in the energy strategy under which
the energy providers will be able to fulfill the government’s requirements become unreachable (Lisin et al.,
2014; Hughes et al., 2013; Lisin et al., 2015; Bilan et al., 2017).

In the context of the ongoing liberalization of economic relations in the energy sector and the expansion of the
use of market-based management mechanisms, comprehensive implementation of the strategic priorities of the
state energy policy requires improvement of the management system of the energy sector development from the
perspective of ensuring effective interaction of government bodies with market participants and self-regulating
organizations that are subjects of management at various organizational levels. Adequate reflection of the
interests of management entities is the basis for the formation of a set of criteria for decision making in regard to
development and functioning of territorial power systems.

2. Improving the management model of the territorial electric power supply system

To develop a management model of the electric power supply system development at the territorial level, we will
conduct a functional and component decomposition of the management organization of its production subsystems,
heat and power supply systems.
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The basis of the power supply system management at the territorial level is the developed scheme and program
for the development of the power industry in the region for a long-term period. The following regulatory
documents are used in this regard (Energy Strategy of Russia, 2014; Lisin et al., 2018a; Lisin et al.m 2018b):

e documents of territorial planning in the field of energy production,

o rules for technological connection of consumers,

e regional program of energy saving and energy efficiency improvement,

e guidelines for power systems design,

¢ methodological recommendations for the development of a scheme and program for the development of
the electric power industry of a country subject for a 5-year period.

The background information for the development of a scheme and program for the development of the region
electric power industry is as follows (Proskuryakova, 2017; Strielkowski et al., 2017):

o forecast of electric energy demand,

e information on applications for technological connection,

e the scheme and program for the development of the unified energy system (UES) of the country, as well

as reports on its functioning,

e proposals of the UES system operator.

The scheme and program for the development of the electric power industry in the region makes it possible to
form an investment program for the development of territorial electric power industry facilities. In this case, the
existing model of managing the power supply system development has the following disadvantages:

e there is no consideration of the strategies and programs of innovative development of territorial
generating companies, which leads to the inconsistency of the program with objective trends in the
development of the industry in market conditions, and further causes a mismatch of power supply system
management at the territorial level,

e there is no consideration of the future development of heat supply systems associated with operating
modes with power supply systems, when organizing integrated power supply to consumers, as well as
being combined by the complex interrelation of heat and electricity as goods,

e there is no specialized control over the compliance of the developed scheme and the program for the
development of the electric power industry with methodological recommendations.

To eliminate these disadvantages, the authors proposed a model for managing the power supply system, shown
in Figure 1.
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Figure 1. An improved model for managing the power supply system development of a territorial entity
Source: own development

Improving the quality of management will be facilitated by the creation of a coordinating management body that
will allow coordination of management at various organizational levels between territorial executive authorities
and territorial generating enterprises, adequately reflecting the interests of management subjects, both in the field
of electric power and heat supply. Also its creation will allow:

e carrying out joint planning of the development of heat and electric power supply systems,

e ensuring the development of integrated power supply of a territorial entity on the basis of an
economical combined production of energy products,

e improving the quality of schemes and programs for the development of heat and electric power supply
systems based on the allocation of specialized design organizations.

3. Improving the management model of the local heat supply system
In contrast to the management of the power supply system, management of the heating system development is
in fact fully implemented at the territorial level. Herewith, there are three main types of heat supply management

system (Lisin et al., 2016; Lisin et al., 2017; Stennikov et al., 2016):

o based on administrative management, when the heat supply company submits to the administration of the
territorial entity,
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e based on private management, when the heat supply company is in private ownership (in particular, of the
territorial generating company),

e based on a concession agreement, when the assets of the municipal heat supply company is transferred to
trust management; at the same time, the administration retains property rights, but it does not participate
in the management of the heat supply company.

The administration of the municipal entity performs the functions of management of municipal heat supply
companies. The main criterion for management is budget efficiency, while ensuring affordable heat for
consumers. At the same time, the administration also often represents consumers, exercising direct management
of budget organizations and enterprises operating the available housing.

Forming the tariff for thermal energy, it actually determines the cost of heat for its own consumption. Therefore,
the tariff for heat of the municipal heat supply companies will almost always be lower than that the one
established by the regional energy commission. In turn, this affects the underfunding, reducing the reliability of
the heating system and the quality of heat supply to consumers. Also, a change of administration can lead to a
reorganization of a heat supply company due to its unprofitability (Lisin et al., 2017; Li et al., 2015; Borelli et al.,
2016).

Opposite according to the management criterion of municipal heat supply companies are private heat supply
companies whose task is to ensure the wealth of owners, an indicator of which is the return on equity, which
characterizes the income of shareholders. This management criterion assumes an increase in the price of heat
while reducing the costs of production and sale of heat energy. Hence, this model of management contributes to
the increase in value added through the implementation of measures to improve the quality of energy supply to
consumers and the introduction of new technologies, allowing them to implement energy saving and energy
efficiency programs. The cost of heat will be higher than that of municipal heat supply companies, but in general,
the reliability and quality of heat supply to consumers increases. At the same time, this management model
becomes relevant only when full payment is made (or approached to it) of heat by consumers, in other words, the
operation of the heat market with a free pricing mechanism (Lisin et al., 2016; Paiho et al., 2015).

An intermediate management option is to implement it on the basis of a public-private partnership mechanism,
which in this case implies the conclusion of a concession agreement by the municipal administration with an
entrepreneur. Within the agreement, the management of the heat supply company is transferred to a private person
who attracts investments to resolve issues of technological modernization of fixed production assets and improve
the quality of heat supply in order to make a profit. At the same time, the municipality retains property rights. In
this case, the management criterion, on the one hand, is the profitability of investments, on the other hand, it is the
attraction of private investments to increase the reliability and economy of heat supply, as well as reduce budget
expenditures. The multiplicity of management criteria leads to the need to balance the interests of the state and
business.

Also, a significant drawback of management on the basis of concession agreements is the lack of economic
incentives for an entrepreneur to direct profits to the capitalization of municipal property. Thus, a large part of the
profit is spent on increasing private property, while the municipal one does not actually develop. In turn, often a
change in administration leads to the seizure of municipal property and its return to administrative management
due to the absence of other mechanisms of influence. Thus, the previously created heat supply infrastructure is
lost.

Heat supply management is influenced by heat consumers with whom heat supply companies enter into heat
supply agreements. At the same time, in the centralized heat supply systems, the main consumer is available
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housing. The interaction of end users with heat supply companies is carried out through a management company
operating available housing that does not have an economic interest in energy saving, and the installation of
appropriate accounting equipment is an additional expense. Thus, the interests of the consumer as a buyer in the
heat market are not actually represented (Lisin et al., 2017; Postnikov et al., 2018).

An improved model of the heat supply system management, which allows taking into account the above identified
drawbacks, is presented in Figure 2.
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organizations Transfer Planning heat supply
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| * Suppl ;
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S Heat supply organization
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Figure 2. Improved model of the heat supply system management of a territorial entity
Source: own development

The proposed management model involves creation of a heat supply company on the basis of the management
company and implementation of the following activities:

e incorporation of the management company at the expense of the owners of residential premises and the
administration of the municipal entity,
o transfer of the heat supply system management to the management company, as well as determination of
criteria for the choice of heat suppliers,
e provision of the management company with the long-term planning function for the development of the
heat supply system and the development of investment programs to reduce heat consumption,
e securing the management company of the function of distributing funds between heat producers and heat
supply companies.
It is also assumed that the heat supply companies will be under municipal administration or operate on the basis of
concession agreements, when the property rights are reserved for the administration. In this case, the management
company can also be a concessionaire and perform the functions of managing the heat supply company,
exercising control over the operation of the heating networks. This is especially advisable when there is a local
natural monopoly in the field of heat transport.
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It is advisable to allocate heat sources to individual enterprises and to share them, which will lead to an
improvement in the heat supply management system through the development of competition among heat
producers. Accordingly, access to heating networks shall be organized under the same conditions. Such an
approach allows solving the problem of loading by heat supply companies operating heating networks and their
own heat sources, despite the most economical loading options.

Consumers realize their economic interests through the incorporation of a management company representing
them in the heat market. Thus, a market buyer is formed which is interested in reducing heat consumption. At the
same time, only the management company is liable to consumers, which also improves the quality of
management.

4. Proposing a methodology for choosing a priority strategy for improving energy security at the
territorial level

The energy strategy provides for an individual approach to the development of power supply systems of the
country’s regions from the perspective of ensuring energy security. It is based on the volume and structure of
demand for primary and transformed energy, estimated using a forecast of the production of the gross regional
product (GRP) (Lisin et al., 2018; Kiriyama et al., 2014; Melas et al., 2017; Osorio et al., 2017).

The regions of Russia have been challenged with ensuring the reduction of the energy intensity of the country’s
gross domestic product by 1.5 times by 2035 through the implementation of regional state programs for
improving energy efficiency (the energy saving potential in the whole country is estimated at 40%). Figure 3
shows the contribution of the energy intensity of the gross regional product to the energy intensity of the gross
domestic product of the country.

Far Eastern

Federal (_'_ep?ral
District P:Id:llal
- 25% District
Siberian = “~ 14%
Federal
District
;0’ Northwest
70
Federal

. District
Ural Federal 10
District

0%

Volga Federal
District
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Figure 3. The contribution of the energy intensity of the gross regional product to the energy intensity of the gross domestic product of the

country by federal districts
Source: own development based on (Statistical Compendium of Russian Federal Service of State Statistics, 2016)

The required reduction in the energy intensity of the GRP is achieved by the following types of strategies (Energy
Strategy of Russia for the period up to 2035, 2014; Bogoviz et al., 2018; Senderov et al., 2018):
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e reducing the loss of energy resources and ensuring their energy saving in various sectors of the region’s
economy (primarily, the energy sector),

e increasing the growth of GRP due to the organization of low-energy production facilities, in other words,
the development of small business and the services sector,

e decommissioning of old and inefficient production equipment and optimization of operating modes of the
power system,

o development of energy efficient production technologies by the regional energy complex.

Production, technological and structural differences and peculiarities of regional power systems determine
different priorities and scenarios for the implementation of these strategies. These differences are taken into
account by the developed methodology for the typology of the energy systems of territorial entities of the country,
which is based on a multidimensional statistical analysis of structural and functional indicators according to a
complex model of criteria. The results of a multidimensional statistical analysis of the general power supply
systems of the regions, obtained by the k-means clustering method, are presented in Table 1.

Table 1. Results of clustering of regional power supply systems

System of criteria for the power system Groups of regions
| I i v \ VI VII VIII

External links absent + +

present + + + + + +
Type and origin of fuel transported gas + + +

fossil fuel coal

local fossil | gas + + +

fuel coal + + + + +

nuclear fuel +

hydroenergy + + + + +
Production scheme combined + + + + + + + +

separate + + + +
Manufacturing capacity excess + + + + +

shortage + + +
Heat demand moderate + + +

high + + + + +
Electrical energy consumption low + + +
density high + + + + +

Source: own development

The implemented typology made it possible to compile generalized characteristics of the power systems of
isolated and open regions of the country. Thus, groups | and Il represent the types of power supply systems of
territorially isolated regions (5 subjects). Their delimiting feature is the use of renewable energy sources
(primarily, hydropower) in electricity supply. With its development, the share of thermal power plants, producing
only electricity, is significantly reduced. The power supply systems of open regions (80 subjects) are
characterized by a much wider typification and represented by groups I - VIII:

o power supply systems of the regions of the non-production sphere of the European part of the country (19
subjects),

o power supply systems of post-industrial regions of the European part of the country (23 subjects),

o power supply systems of industrial regions of the European part of the country (15 subjects),

o power supply systems of energy-intensive industrial and raw materials regions of the Asian part of the
country (11 subjects),
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o power supply systems of industrial regions of the Asian part of the country with a declining production
scale (7 subjects),

o power supply systems of the regions of the non-production sphere of the Asian part of the country (5
subjects).

Table 2 shows the correlation of strategies for reducing the energy intensity of the GRP with the groups of
region’s power supply systems identified as a result of the typology carried out.

Table 2. Correlation of strategies for reducing the energy intensity of the GRP with the groups of region identified as a result of the
typology carried out
Power supply | Priority strategy for reducing energy intensity of the GRP
system group
| Development of energy-efficient production technologies to improve the efficiency and capacity utilization
factor of the power supply system
Il Reducing the loss of energy resources and ensuring their energy saving in energy sector

1, VIl Development of energy efficient production technologies that increase the efficiency of the power supply
system in the context of uneven energy consumption

v Reducing the energy intensity of production due to its restructuring and development of the service sector

V, VI Reducing the loss of energy resources and ensuring their energy saving in energy sector

VII Decommissioning of old and inefficient production equipment and optimization of operating modes of the

power system

Source: own development

As it appears from the conducted analysis, for regions with isolated power supply systems, the choice of a
priority strategy for reducing the energy intensity of the GRP is largely determined by the structure of the energy
sources used, primarily by the use of renewable energy sources. Whereas, for regions with open energy systems,
the choice of a strategy for reducing the energy intensity depends on their economic base of sustainable growth
and the state of the energy infrastructure.

5. Conclusions

The presented developments form an improved model for managing the development of a territorial energy
complex, including current market and state instruments for managing heat and power supply systems that allow
increasing the level of energy security of territorial power supply systems.

Separation of power system management (as a technical system) by individual organizational units (enterprises)
based on management decomposition and feedback management allowed us to harmonize the performance
criteria of management entities located at different organizational levels. In turn, the reflection of the interests of
the management subjects at various organizational levels is the basis for making decisions on the development
and functioning of the territorial energy supply system.

Due to the wide variety of territorial power supply systems and the presence of significant differences in their
structure and operating conditions, determining the choice of their development strategy, a methodology for
typologizing power systems has been developed based on conducting multidimensional statistical analysis
according to a complex model of criteria. The most effective strategies for reducing energy intensity have been
proposed for each selected group of power supply systems of the Russian regions.
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