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Abstract

The development of renewable energy is one of the strategic directions of eco-modernization of the Russian energy sector,
which will not only reduce the negative impact of the industry on the environment, but also provide remote territories with the
stable access to electricity. Despite the fact that the Russian regions have a great potential for the development of renewable
energy, the full transition of the energy sector to the "green" vector of its development is currently impossible. Moreover,
most of current studies consider the development of renewable energy without reference to the regions, which, according to the
authors, does not provide an objective assessment of the potential for the use of renewable energy in Russia. The purpose of the
present research is to evaluate the potential for the introduction of various renewable energy sources (RES) in the energy sector
of the Sverdlovsk region — one of the largest industrial regions of Russia. The full-scale assessment of their potential use at the
regional level helps to accelerate the process of their introduction into the energy sector, since during the assessment, scientists
analyze not only the possibilities of use, but also the barriers to development. Authors applied various research methods among
which analysis of state programs, analysis of the official statistical reports, analysis of natural conditions on the territory of the
region, etc. As a result, authors developed a map of potential use of renewables in the territory of Sverdlovsk region, evaluated
prospects of their development and revealed key barriers. The proposed algorithm of assessment might be applicable for other
Russian regions.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of the scientific committee of the Tmrees, EURACA, 2021.
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1. Introduction

The fuel and energy complex is the main sector of Russian economy that includes three main industries: the fuel
industry, the electric power industry, energy transportation and distribution. The Russian energy system consists
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of seven unified energy systems. The present electricity consumption in Russia reached to 1,075 billion kWh in
2019 [1].

Russia is one of the key players in the global energy market: in 2020, the country exported 238.6 million tons
of oil and 199.2 billion m? of natural gas [2]. The availability of depleted energy sources and the relative low cost
of their extraction determines the nature of the electric power industry: more than 62% of electricity is generated
at traditional energy enterprises (CHPP, TPP), 19.3% at nuclear power plants and 17.8% of electricity production
is accounted for by renewable energy sources (RES), mainly hydroelectric power plants.

The predominance of traditional energy facilities in the Russian energy system has led to an increased
anthropogenic impact on the environment: about 17% of emissions of harmful substances into the atmosphere are
accounted for by the energy sector (Fig. 1).

3.97% 10.85%
.. 0

= Industrial sector
Energy sector
Residential sector

17.37%

Transportation sector

67.81%

Fig. 1. Total emissions by sector in Russia, 2019, % [3].

In 2016, Russia signed the Paris Agreement, according to which, the volume of greenhouse gas emissions in
Russia should be no more than 70% of the level of 1990 by 2030. Moreover, Russian government also aims to
achieve the Sustainable Development Goals (SDGs) by 2030, which implies achieving environmental sustainability
in all sectors of the economy [4]. Achieving environmental sustainability in the energy sector means reducing the
impact of energy facilities on the environment to minimum levels, improving energy efficiency and switching to
renewable energy sources.

The green energy development is one of the strategic directions of Russian energy sector’s modernization. The
prospects of its development are considered in the works of many scientists.

Changes in the global economy and the sustainable development agenda have a significant impact on the devel-
opment of both global and Russian energetics [5]. Proskuryakova and Ermolenko [6] analyzed four scenarios for
the development of Russian energy: scenario 1 “New energy paradigm (3D)”, scenario 2 “Relying on hydrocarbon
exports”, scenario 3 “The worst forecast comes true”, scenario 4 “Centralized diversification”. According to the
authors, scenario 1 is the most promising for the Russian economy and energy sector, as it provides various
opportunities for the development of renewable energy and the growth of its share in the structure of energy
production up to 10%. In addition, the scenario involves attracting a large amount of investment in the energy
sector and carrying out eco-modernization of existing energy facilities.

In [7] Kapitonov, Voloshin and others analyzed the trends in the development of renewables in the world and
the possibilities of applying the world experience in the introduction of green energy in Russia. The article also
examines the government and business approaches to the process of energy sector eco-modernization and presents
the results of a large-scale analysis of statistical data, regulatory legal acts and state programs for the development
of green energy both in Russia and in the world. Despite the fact that opponents of the development of green energy
in Russia note that most of the country’s territory is not suitable for usage of solar energy due to the low level of
solar insolation, and wind energy is inefficient and unsafe for the biosphere, the authors highlighted wind energy
as the most promising direction for the development of renewable energy in most of Russian regions.

A similar opinion on wind energy was presented by Kudelin and Kucherov [8]. The authors analyzed 25 regions
and compiled a rating of the technical potential of wind energy development. The three leaders included the
Ulyanovsk Region, the Rostov Region and the Republic of Crimea. The article also examines the legislative and
administrative barriers to the development of renewable energy in Russia and the social aspect of the development
of green energy. According to the authors, “the future development of energy sources in Russia is almost impossible
without social demand and a strong political will to switch energy paradigms to the “green side” [8].

Many authors point out the high prospects for the development of RES in the field of small-scale energy. In the
northern and north-eastern regions of Russia, a large number of autonomous power supply systems with a capacity
of 200 kW to 4 MW are already operating [9]. The article [10] provides a case study of the commissioning of
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a solar-diesel power plant in the Irkutsk region. The authors found that the combined use of solar panels and a
diesel generator could significantly increase the power of an energy facility while reducing emissions of harmful
substances into the atmosphere. Despite the fact that such systems allow to provide remote areas from the central
power system with electricity and in general can become one of the key incentives for the development of renewable
energy in Russia, gaps in legislation and insufficient control over the conduct of tenders in the field of renewable
energy create serious barriers to the development of this industry [11].

In the works [5,7,12—15], the authors note the possibilities of using solar power plants, bioelectric power plants,
small hydroelectric power plants and geothermal power plants in the field of small-scale energy in Russia. They will
meet the demand for electricity in the regions, create a decentralized energy supply system and reduce the human-
induced impact on the environment. A complete replacement of RES for traditional energy facilities is currently
impossible due to the climatic, geographical and infrastructural features and the enormous amount of investment
required to implement a large-scale eco-modernization of the industry. However, the use of renewable energy both
by individual households (for example, the installation of solar panels for water heating in spring and summer) and
in small settlements can become the foundation for the development of green energy in Russia in the future.

Many authors consider the development of renewable energy without reference to the regions, which, according
to the authors, does not provide an objective assessment of the potential for the use of renewable energy in Russia.
Some works of Russian scientists contain case studies that analyze the possibility of using a particular type of RES
in a certain region, but they are not numerous [10,11,16—19]. State programs for the development of energy in the
regions, on the contrary, contain information about the potential of using various types of RES. According to the
authors, conducting a full-scale assessment of the potential for RES use at the regional level helps to accelerate
the process of their introduction into the energy sector, since during the assessment, scientists analyze not only the
possibilities of use, but also the barriers to development.

The purpose of this study is to assess the potential use of various types of renewable energy (solar energy, wind
energy, bioenergy and small hydropower) on the territory of the Sverdlovsk region.

2. Methods and materials

2.1. Research methods

The assessment of the potential for the development of renewable energy in the territory of the Sverdlovsk region
was carried out using the following methods:

e analysis of state programs for the development of the energy sector in the region in order to determine the
main strategic vectors of its development and potential barriers;

analysis of the scientific works and official statistical reports that evaluate the potential of the region in the
field of renewable energy [20,21];

* SWOT-analysis methodology that allows to identify the strengths and weaknesses of the Sverdlovsk Region’s
energy sector, opportunities and threats to its development;

collection and analysis of information about existing and prospective renewable energy facilities in the
Sverdlovsk region from various open sources;

assessment of natural conditions on the territory of the region (the level of solar insolation during the year,
the level of wind supply, assessment of the river network of the region) and prospects for the use of various
types of renewable energy (small hydropower, solar energy, wind energy and bioenergy);

evaluation of the approximate potential of RES use in MW in the territory of the Sverdlovsk region and
drawing up a map with the territorial location of potential RES facilities.

2.2. Research materials

The object of this study is the Sverdlovsk Region, which is located in the northern and middle part of the
Ural Mountains and the western edge of the West Siberian Plain. The region is the largest financial, industrial and
research center of the Ural Federal District. The administrative center of the Sverdlovsk Region is Ekaterinburg.
The population of the Sverdlovsk Region is 4,310 thousand people in 2020 [22].

139



A. Karaeva, E. Magaril, V. Torretta et al. Energy Reports 7 (2021) 137-148

The fuel and energy complex of the Sverdlovsk region is mainly represented by traditional energy facilities and
is characterized by a fairly developed infrastructure. The region operates two power units of the Beloyarsk Nuclear
Power Station (BN-600 and BN-800), which are the largest power units with fast neutron reactors in the world [23].

The region has a limited amount of fuel and energy resources. In the north-east of the region, insignificant oil
reserves have been explored; moreover, there are natural gas deposits, and large peat reserves (approximately 3
billion tons). Coal mining in the region is almost suspended due to its insignificant reserves [24].

The installed capacity of the power plants belonged to the regional power system in 2019 was 10,567 MW [25],
the balance of the power system of the Sverdlovsk region is presented in Table 1.

Table 1. Balance of electrical power generation and consumption in Sverdlovsk region.
Source: Calculated by authors using data from [25].

Name of the indicator 2014 2015 2016 2017 2018 Relative change, %
Maximum Power Consumption, MW 6629 6323 6620 6460 6349 95.78

Power generation, MW 6862 6387 8406 7714 7932 115.59

Surplus (—)/ Deficit (+) —233 —64 —1786 —1254 —1583 -

The power system of the Sverdlovsk region is characterized by excess capacity and excess electricity production.
According to the latest statistical data, the achieved level of electricity production at energy facilities amounted to
54.8 billion kWh [22]. The structure of energy production by different energy facilities is shown in Fig. 2.

0.07%

6.20%

= Traditional energy
facilities

Nuclear Power Plant

93.73%

Fig. 2. The structure of energy production in Sverdlovsk region by the type of energy facility in 2020, %.
Source: Calculated by authors using data from [25].

A key role in energy production is played by traditional energy facilities, which are represented by TPP and
CHPP. More than 51% of the energy produced is accounted for by the two largest CHPP in the region —
Sredneuralskaya GRES and Reftinskaya GRES, the latter being the largest coal-fired power plant in Russia [26].
Fig. 3 shows the structure of the fuel balance of the electric power industry of the Sverdlovsk region.

2.30%

16.10% 45.20%
= Natural gas
Coal
Nuclear fuel
36.40% Other

Fig. 3. Structure of the fuel balance of the electric power industry in the Sverdlovsk region in 2020, %.
Source: Calculated by authors using data from [25].

Natural gas and coal occupy 45.2% and 36.4% respectively, in the structure of fuel consumption by energy
facilities. The use of coal and natural gas as fuel for electricity production leads to the formation of huge emissions
of harmful substances into the atmosphere, and Reftinskaya GRES is the largest polluter of the region. Fig. 4 shows
the dynamics of total emissions of harmful substances into the atmosphere in the region and the share of emissions
by energy enterprises.

In 2014, the share of energy in the structure of emissions was 41.6%, by 2018 its share decreased to 31.4%.
It is a positive trend that indicates the ongoing eco-modernization process of the regional energy sector. The total
reduction in emissions by energy enterprises was 36.7%. The share of energy enterprises in the total discharge in
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Fig. 4. Structure of emissions of harmful substances into the atmosphere in the Sverdlovsk region 2014-2018, thousand tons.
Source: Calculated by authors using data from [25,27].

the Sverdlovsk region is about 3%: in 2018, 14.7 million m? of polluted wastewater was discharged, in 2014, this
figure was 29.4 million m? [27]. Another positive trend is the reduction of waste generation by energy enterprises
from 5,473 thousand tons in 2007 to 4,650 thousand tons in 2018. Reftinskaya GRES has the largest share in the
structure of waste generation as it uses coal as the main fuel that leads to the formation of a huge amount of ash
and slag waste.

The energy sector of the Sverdlovsk region is characterized by a surplus of capacity: the installed capacity of
the entire power system of the region is more than 10,567 MW, while the level of energy generation as of 2018
was only 7,923 MW. The prevalence of traditional energy facilities operating on coal and natural gas is due to the
availability and cheapness of natural energy resources in the domestic market of the Russian Federation. Due to
the use of natural resources as the main fuel, energy enterprises produce a huge amount of emissions of harmful
substances into the atmosphere, which worsens the environmental situation in the Sverdlovsk region.

3. Analysis of prospects of renewable energy’s implementation in the energy sector of Sverdlovsk region

The key goals of the Sverdlovsk Region’s energy development until 2024 are to achieve the energy comfort
targets, achieve the targets of the Sverdlovsk Region’s Environmental Safety Concept, and increase the share of
small-scale generation and renewables in the regional energy production structure [25,28].

The main problems of the energy sector in the Sverdlovsk region are the deterioration of the main assets of the
energy system, significant environmental pollution caused by energy enterprises and the lack of stable access to
electricity in a number of localities.

The Sverdlovsk region has the potential for the development of small-scale generation and renewable energy: the
climatic and geographical conditions are suitable for the use of small-scale hydropower and bioenergy. Solar energy
and wind energy can also enter the energy system of the region, but their use is largely dependent on seasonality,
which reduces their prospects. Further, the possibilities and barriers to the development of alternative energy sources
in the territory of the Sverdlovsk region are considered.

3.1. Small hydropower development

Small hydropower is the most promising area of renewable energy development in the Sverdlovsk region. The
river network of the region is represented by 18,414 rivers, most of which belong to streams and small rivers. On
the territory of the region there are more than 100 reservoirs with a volume of water resources above 1 million m?.
The average annual river flow is 30.2 m?/year [29]. Indicators of water resources, namely the area and number of
reservoirs, swamps, wetlands are characterized by variability due to high dependence on natural and anthropogenic

factors.
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On the territory of the region there is the Verkhoturskaya HPP with an installed capacity of 7 MW, which was put
into operation in 1949, and the Vogulskaya HPP, which has a capacity of 2.4 MW. Five mini-HPPs (Alapaevskaya,
Afanasyevskaya, Verkhne-Sysertskaya, Irbitskaya and Rechkalovskaya) are abandoned.

The installation of large hydroelectric power plants in the region is impossible due to the prevalence of small
rivers and streams in the water system of the region, but the development of small hydropower is possible [25].
Currently, the prospects of installing mini-hydroelectric power plants with a capacity of more than 1 MW in three
localities (Serov, Verkhnyaya Tura, Kamensk-Uralsky) on existing hydraulic structures are being considered [21].

The government of the Sverdlovsk region estimates the total hydrological potential of the region at the level of
300 MW [25]. The list of hydraulic structures with an expected power level of more than 1000 kW consists of 13
items, the total power of which is 31,301 kW [21].

The main barriers to the development of small hydropower in the Sverdlovsk region are the following:

* a large number of artificial reservoirs, where a regulated spillway is made from a height of no more than 10
m [29];

e lack of large rivers;

* the need to attract a large amount of investment in the development of hydropower and the restoration of
abandoned hydroelectric power plants.

Small hydropower could be effective in the production of electric energy for small settlements and remote
territories of the Sverdlovsk region.

Prospective locations of small hydropower facilities in the Sverdlovsk region: Alapaevsky district, village
Afanasievsky, village Upper Sysert, Irbitskiy district, Verkhotursky district, Serovsky district, Kamensk-Uralsky.

3.2. Biomass energy production

Bioenergy is also one of the key areas of renewable energy development in the Sverdlovsk Region. In the regional
agricultural complex, livestock occupied more than 60% of its structure in 2019 [22]. The list of the largest livestock
farms in the region includes three poultry farms, the Ural State farm, the Bogoslovsky State farm, and the Artinsky
State farm. Table 2 shows the potential of bioenergy use in the Sverdlovsk region.

Table 2. Potential of biomass energy in Sverdlovsk region [21].

Type of animal Livestock Produced biogas, Replaceable fuel,
m>/day tons of fuel
equivalent/day
Cattle 309,000 750 750
Swine 194,000 62 60
Bird 11 million 214 200

Thus, the daily savings from the development of bioenergy can be about 1,010 tons of fuel equivalent/day or
368,650 tons of fuel equivalent/year [25]. The potential for the use of bioenergy in the region is 75 MW [22]. Despite
the high energy potential, the production of energy from biomass remains an unclaimed area of eco-modernization
of the fuel and energy complex. Barriers to the development of bioenergy in the Sverdlovsk region and in Russia
are:

« insufficient level of the state support, lack of tax preferences for the bioenergy industry;
¢ low level of development of the bioenergy segment infrastructure;

* long payback period for bioenergy projects due to the large amount of initial investment;
* insufficient industrial base for the development of the bioenergy industry.

Bioenergy facilities should be located near large livestock enterprises.
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Table 3. The average annual and maximum wind speed in large settlements of the Sverdlovsk
region.
Source: Made by authors using data from [21,25,30].

The name of the settlement Average annual wind speed Maximum wind speed, m/s
at an altitude of 10 m, m/s
Ekaterinburg 3.8 25
Alapaevsk 1.6 23
Bisert’ 2.2 24
Verkhoturye 3.0 24
Visim (Gornouralsky o.) 2.8 22
Gary 3.0 25
Ivdel’ 2.5 26
Irbit 2.6 22
Kamensk-Uralsky 1.4 17
Kamyshlov 24 21
Krasnoufimsk 1.5 20
Nevyansk 33 24
Nizhny Tagil 3.6 30
Revda 2.2 20
Severouralsk 1.5 25
Serov 2.2 24
Sysert 22 21
Tavda 2.3 23
mount Blagodat’ 5.8 23

3.3. Wind energy development

Wind energy is one of the most promising areas of renewable energy development in the region. Table 3 provides
data on the average annual and maximum wind speed in large settlements of the Sverdlovsk region provided by
specialized sources.

The northern mountain regions of the Sverdlovsk region (spurs of the Ural Ridge) also have good wind
availability, where the average annual wind speed is from 5.5 to 10 m/s [25]. Presumably, the construction of
wind farms with a total capacity of up to 200 MW is possible in the region [21,22]. For the development of wind
power in the region, it is necessary to install wind generators with a vertical axis of rotation, which allow generating
electricity at wind speeds of 1 m/s.

The development of wind energy is possible only within the framework of the eco-modernization of the small-
scale energy system, since the Sverdlovsk region does not have a high level of wind security as the leading countries
of wind energy (in most regions of Germany and Spain, the average wind speed is 4-5 m/s).

Prospective location of wind power facilities in the Sverdlovsk region: Ekaterinburg, Kushvinsky district
(Blagodat), Gornozavodsky district (Nizhny Tagil, village Gornozavodsk, etc.), Nevyansky district, village Gary,
Verkhotursky district.

3.4. Solar energy development

To analyze the prospects for the development of solar energy in the Sverdlovsk region, we will analyze the
changes in the value of solar insolation in Yekaterinburg, the largest city and administrative center of the region
(Fig. 5). The required minimum level of daily solar insolation for the operation of solar power plants is 3.5 kWh/m?.

The Sverdlovsk region has a small potential for the development of solar energy: the average annual level of
daily solar insolation in Yekaterinburg is 3.45 kWh/m2, for comparison, in Sochi, which is located in the south of
Russia, the average value of this indicator is 4.46 kWh/m? [31].

One of the barriers to the development of solar power generation in the region is the insufficient level of daily
solar insolation (less than 3.5 kWh/m?) in the autumn—winter period. In this regard, it is possible to use solar energy
at the level of individual households or small settlements in the spring and summer period for heating water and
generating electricity. By 2025, the Government of the Sverdlovsk Region has included in the regional electricity
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Fig. 5. Daily solar insolation from January to December in Ekaterinburg in Sverdlovsk region in 2019, kWh/m?2,

Source: Calculated by authors using data from [31].

scheme a project for the construction of solar power plants with a capacity of 28MW in the south of the region

(Artinsky district) [25].

4. Results and discussion

Despite the ongoing measures for the eco-moderation of individual facilities, the energy industry of the
Sverdlovsk region is one of the largest consumers of natural resources and environmental pollutants. The devel-
opment of renewable energy in the region will significantly reduce the anthropogenic impact on the environment.
Table 4 shows the SWOT-analysis of the energy sector of the Sverdlovsk region.

Table 4. Results of SWOT-analysis of the energy sector in Sverdlovsk region.

Strengths

Weaknesses

1. Excess capacity of the region’s power system

2. Development and implementation of joint projects of the
Government of the Sverdlovsk region and regional energy enterprises
in the field of eco-modernization of the industry.

3. Ongoing reconstruction and eco-modernization of individual energy
facilities

4. A sustainable electricity market.

5. Growing demand for electricity in the region due to the
implementation of major investment projects.

6. The solvency of consumers.

7. Well-developed animal husbandry.

8. High potential of the region in developing the small-scale
renewables.

1. Insignificant reserves of natural resources (natural gas,
coal) in the territory of the Sverdlovsk region.

2. Significant predominance (more than 90%) of traditional
energy facilities in the structure of energy production.

3. Depreciation of fixed assets of the power system, which
leads to an increased risk of accidents

4. Some localities in the region are not covered by
centralized power supply.

5. High level of environmental pollution by energy
companies.

6. High capital intensity of the industry.

Opportunities

Threats

1. Fostering the small-scale hydropower generation in the region in
order to provide small settlements with stable access to electricity.

2. The bioenergy sector’s development by implementing the bioenergy
stations near the largest livestock.

3. Development of the wind energy in places with the sufficient level
of wind availability.

4. Increase in the use of solar panels within individual households.
5. Increase in the share of renewables in the structure of energy
production in the immediate future.

6. Improving the efficiency of the use of natural resources by energy
enterprises.

1. The emergence of environmental threats at traditional
energy facilities.

2. High risks of power outages in the region due to heavy
depreciation of fixed assets.

3. The growth of domestic prices for energy carriers (coal,
natural gas) and, consequently, the increase in the cost of
electricity.

The mentioned weaknesses might lead to serious threats to the energy security of the region and do not correspond

to the concept of sustainable development.

The development of green energy in the territory of the Sverdlovsk region is possible as part of the eco-
modernization of the small-scale generation system to ensure stable access to electricity in remote regions of the
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Table 5. Evaluation results of RES development in Sverdlovsk region.
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Type of RES

Potential capacity, MW

Ways of development

Barriers of development

1. Small hydropower

300

« installation of mini-hydroelectric
power plants at existing hydropower
facilities with a capacity of 1 MW or
more;

* restoration of abandoned
hydroelectric power plants;

* construction of new hydroelectric
power plants to provide clean
electricity to remote areas of the
region.

 a large number of artificial
reservoirs, where an adjustable
spillway is made from a height of no
more than 10 meters;

e lack of large rivers;

« the need to attract a large amount of
investment in the development of
hydropower, including the restoration
of abandoned hydroelectric power
plants.

2. Biomass energy 75 * construction of bioenergy stations « insufficient level of state support,
near large livestock farms to provide lack of tax preferences for the
them and the nearest settlements with bioenergy industry;
electricity. ¢ long payback period for bioenergy
projects due to the large amount of
initial investment;
« insufficient industrial base for the
development of the bioenergy industry.
3. Wind energy 200 * construction of wind farms in the « it is possible to use wind turbines
northern (mostly mountainous) regions only with a vertical axis of rotation;
of the region and in a number of « the uneven level of wind supply in
large settlements with wind capacity the region, which makes it possible to
of more than 3 m/s. build wind farms only in certain areas.
4. Solar energy 28 ¢ use of solar panels by individual « insufficient level of solar insolation

households in spring and summer;
* construction of small SES near
small settlements

for energy production in the
autumn—winter period;

« the inability to produce energy on a
large scale due to the geographical
and climatic features of the region.

region and small settlements. Table 5 shows the results of the assessment of the implementation of various RES in
the territory of the Sverdlovsk region and the identified barriers to development.

Thus, the potential of RES use in the territory of the Sverdlovsk region is 603 MW or 5.7% in the structure of the
total regional energy capacity. The most promising direction of renewables development is the small hydropower
sector (potential capacity of 300 MW).

The potential of bioenergy development was estimated by the authors at 75 MW that corresponds to the results
of the study [20]. It should be noted that energy production is also possible from organic and inorganic waste, plant
and forest residues, and sewage sludge. Namsaraev Z.B. and others in the article [32] estimate that more than 10%
of the electricity produced in the Ural Federal District, of which the Sverdlovsk Region is a part, can be produced
by bioenergy enterprises.

The results obtained in the framework of the development of wind energy generally correspond to the results of
the work of other scientists. For example, in [8], the technical potential of wind energy use in the Sverdlovsk region
is estimated to be quite low (90-120 million MWh/year). Despite the relatively low wind availability indicators, it
is possible to use wind energy as autonomous power systems in the region, while the implementation of large-scale
projects for the construction of large wind farms can be unprofitable in terms of the amount of investment spent
and the final energy production.

The least promising direction of renewable energy development in the Sverdlovsk region is solar energy. In
[20,21], scientists pointed out high prospects for the use of solar energy at the level of individual households for
heating water in the spring and summer period. Serga L., Chemezova E. and others note that the Ural Federal
District, of which the Sverdlovsk Region is a part, is included into the list of regions where the development of
solar energy is necessary to ensure stable access of the population to electricity [33].
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Fig. 6. A map of perspective implementation of various RES in the Sverdlovsk region.

The development of renewable energy in the Sverdlovsk region is a promising direction of eco-modernization of
the regional energy sector that will increase the energy security of the region and to some extent reduce the negative
impact of energy on the environment. The location of potential RES facilities is shown in Fig. 6.

The most promising areas for the development of renewable energy are the south of the Sverdlovsk region and
its central part. The uneven distribution of the potential for using alternative energy sources is due to climatic,
geographical and partly economic factors (for example, the restoration of abandoned mini-HPPs may be more
profitable than the construction of new ones due to the availability of the necessary infrastructure).

Due to administrative, economic and natural barriers, it is currently impossible to fully replace traditional
renewable energy in the region. However, the development of small-scale generation and renewable energy will
increase the energy security of the region, reducing the anthropogenic impact on the environment and ensuring
access to inexpensive and relatively clean electricity for the entire population of the Sverdlovsk region.

5. Conclusion

The development of green energy is one of the priority areas for the energy sector development in the Sverdlovsk
region. The region has the greatest potential in the field of hydropower and wind energy, which together can produce
up to 500 MW of energy. Solar energy has the least potential in the region: most of the year, the level of insolation
is below the necessary standards which are required for electricity production.

Based on the given results, the authors identified the following assumptions regarding the green energy
development in the Sverdlovsk region:

e green energy might currently replace no more than 6% of the total energy production in the region;
* bioenergy has a great potential for growth in the region: the predominance of animal husbandry in the structure
of agriculture allows to use a huge amount of animal waste for energy production in the future;
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* construction and use of bioelectric power plants near large livestock farms allow to generate electricity for the
needs of livestock enterprises and small settlements that are located near them;

¢ the development of wind power and small hydropower might ensure stable access of remote territories and
small settlements of Sverdlovsk region to the clean energy;

e it is necessary to attract a large amount of investment for the full development of renewable energy in the
region.

Thus, it can be concluded that renewables might considerably reduce the anthropogenic impact of the energy
sector on the environment, but in order to achieve the goals set by the Government of the Sverdlovsk region in
the framework of environmental protection, it is necessary to conduct a large-scale eco-modernization of existing
traditional energy facilities, in particular, such a large polluter as Reftinskaya GRES.

Based on the results of the study, the authors identified the following areas of eco-modernization of regional
energy in Russia:

¢ development and implementation of environmental technologies at the traditional energy facilities [34];

* amendment of ecological legislation that will force energy enterprises in Russia to decrease emissions of
harmful substances by using new technologies;

* development of renewable energy in Russian regions through construction solar power plants, wind farms,
biomass plants, etc.;

* investment attraction to the green energy by ensuring the state support for the enterprises that work on the
green energy projects;

* enhancing the approaches to the ecological and economic assessment of investment projects in the energy
sector [35];

* increasing environmental awareness among the population [36].
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