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Abstract: This article presents a study of the specific features and development factors of renewable
energy in macro-regions that combine extractive and industrial clusters with rural, sparsely pop-
ulated areas. While in some countries—leaders in energy transition (the EU, China)—the growth
of investments in solar, wind, and hydropower production is taking place systematically within
the framework of an increasing number of national and international strategies and programs, in
the Russian Federation there is a lack of renewable generation capacity. Particular difficulties are
experienced in regions that, on the one hand, have a developed fuel and raw material complex
and, therefore, fuel generation (which makes a significant contribution to global greenhouse gas
emissions), and, on the other hand, many rural, sparsely populated areas that are in need of new
distributed generation. The aim of the study is to analyze the factors of transition to renewable energy
in mineral-resource regions, such as the Siberian Federal District (Siberia), as well as to identify
measures to enhance their effectivity. The article shows the place of Siberia in the national energy
system and considers the factors related to its energy transition in detail, e.g., the saturation with
main powerlines, the control of air pollution caused by fuel energy facilities, its provision with fuel
resources, investments in renewable energy, and ways of improving the health and well-being of the
local population. Attention is drawn to the challenges and obstacles related to the development of
renewable energy in the Siberian Federal District, associated, on the one hand, with Russia’s lagging
behind other countries in the dynamics of energy transition, and on the other hand, with external
and internal technological and investment restrictions.

Keywords: renewable energy; energy transition; mineral resource clusters; Siberia; solar energy;
wind energy; hydropower

1. Introduction

In general, world energy consumption has increased by 49% since the beginning of
the 21st century. At the same time, the share of the Asia-Pacific region more than doubled
during the new round of industrialization (from 22% to 45%), and the share of Europe and
North America decreased due to a move towards energy saving (from 22% and 28% to 14%
and 19%, respectively). This led to the redistribution of environmental damage associated
with energy production between these regions [1].

The emerging energy transition (a structural change in the global energy production
system) is accompanied by an increase in the share of renewable primary energy sources,
with the displacement of non-renewable (fossil) ones in the context of a widespread overall
increase in energy consumption. Since the beginning of the 21st century, the installed
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capacity of renewable energy sources worldwide has increased by a factor of 7 and reached
in 3.3 TW (38.3% of world capacity) in 2022, mainly due to the growth of solar and wind
energy sources by a factor of more than 10. At the same time, hydropower generation has
grown by only 35% over the past two decades. In general, for the decade 2012–2021 the
share of wind power plants in the global installed electric capacity increased from 4.8 to
10.3%, solar power plants—from 1.9% to 10.6%, while the share of hydropower plants (a
traditional source of renewable energy) decreased from 17.9% to 15.4%. In 2021, the world
share of renewable energy in the new energy capacity was 81%; therefore, the trend in
energy transition is obvious (the share of fuel energy capacity in the world decreased from
73.8% to 61.7% in 2012–2021) [1].

According to a report from the International Energy Agency, by 2027, renewable
energy will provide the majority of human energy needs, and its installed capacity will be
increased by 2400 GW (in 2021, this figure closely matched the entire installed capacity of
China’s power grid). Accordingly, the share of coal, natural gas, and nuclear energy will
drastically decrease by the end of this decade. Such changes will lead to the restructuring
of energy systems around the world, the main driving force of which is the reduction of
greenhouse gas emissions to prevent the irreversible effects of climate change [2].

A high share of wind and solar power plants in a country’s energy balance is now
becoming a reality. For example, in Denmark, solar and wind power plants generate
63% of electricity; the proportion in Greece is 36%, in Portugal, Ireland, and the Netherlands
34%, and in Germany and Spain 33% [3]. A noticeable increase in the share of renewable
energy is also taking place in China and India, the world leaders in pace of development.
Thus, China plans to increase the total installed capacity of solar and wind generation to
1200 GW and India to 500 GW by 2030 [2].

The following reasons for the active development of renewable energy among others
highlighted since the beginning of this millennium can be given: the need for increased
energy security and a decrease in political dependence on other countries; the negative
environmental impact of traditional fuel energy, intensified in the second half of the
20th century, which led to global climate problems; the inexhaustibility and unlimited
nature of renewable energy sources, along with an increase in the economic efficiency of
their consumption.

World investments in renewable energy are gradually starting to exceed non-renewable
energy funds, and in the commissioning of new capacity, the former are outpacing the
latter. Thus, in 2022, the European Commission published a EUR 300 billion Plan to Accel-
eratedly Reduce Dependence on Russian Fossil Fuels and Accelerate the Energy Transition
(REPowerEU) with a planned introduction of a new renewable energy capacity of 1236 GW.
For comparison: the installed capacity of all available power plants in the energy system of
Russia is about 250 GW, the share of solar and wind power plants is less than 4 GW [4].

Therefore, in studies of the prospects for energy transition, it is necessary to take into
account the significant differences between the sectoral, technological, institutional and
spatial conditions for the development of renewable energy in the EU countries, China,
India, and Russia with its macro-regions, in order to harmonize national energy interests
and security imperatives, as well as the global impact on climate and the energy market.

In particular, it is important to take into account the problems and prospects for the
development of renewable energy in areas with highly concentrated industrial and mineral
resource clusters, along with sparsely populated rural areas. One of these territories is
the Siberian Federal District (Siberia)—a macro-region of the Russian Federation, the area
of which occupies more than a quarter of the country’s territory (the second largest, not
much inferior to the Far Eastern Federal District). Siberia is characterized by an extremely
low population density (less than 4 people/km2, one of the lowest in Russia). At the same
time, in 2022, the share of Siberia in national industrial production exceeded 14%, and in
electricity production it exceeded 20%. The vast majority of electricity is produced at fuel
power plants from fossil sources mined also in Siberia, as well as at large hydroelectric
power plants built during the Soviet period in 1960–1970. At the same time, along with the
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industrialized Siberian south, saturated with power plants and main powerlines, which
affects global greenhouse gas emissions, in underpopulated areas of the North of Siberia
there is a significant need for small-scale distributed generation, which is promising for
the development of renewable energy. This unique combination of conditions requires a
detailed analysis of energy transition factors.

2. Research Methodology

The purpose of the study is to develop proposals for expanding renewable energy in
macro-regions that combine significant fuel and hydropower capacities, are highly supplied
with fossil energy sources, and include sparsely populated rural areas.

The hypothesis of the study is the following. The development of renewable energy in
regions saturated with fuel energy and fossil energy deposits stands under the influence of
factors not related to the national energy policy and foreign investment (external factors). It
is instead related to the development of non-industrial entrepreneurship (tourism, agricul-
ture, etc.), the creation of new urban agglomerations, and improving the health and quality
of life of the population (internal factors.)

2.1. Literature Review

The literature review allowed singling out a number of approaches to the study of
factors and conditions of renewable energy development.

The market approach is of interest, linking the development of renewable energy with
the response to crises in the global hydrocarbon market (both endogenous and exogenous),
associated with the construction of a more sustainable energy system, independent of
market fluctuations [5,6]. The positive environmental effect here is seen rather as a spillover
in relation to investments in renewable energy [7,8]. The importance of attracting the
attention of researchers to the renewable energy market is obvious. At the same time,
today, the environmental problems of energy transition are proclaimed to be key, primary
in relation to the market.

Achieving carbon neutrality as a result of accelerating the energy transition is also
seen as a contingent effect of the implementation of a policy initiative to replace fossil fuels
with renewables (such as REPowerEU 2022) [9]. This is why the main measures for the
energy transition in the European Union are economic ones, such as consumer subsidies
and investment tax incentives [10,11]. With regard to the Russian economy, a number of
authors have noted the lack of state support for renewable energy, the development of
which is carried out by Russian and foreign raw material companies, with hidden conflicts
of interest [12,13].

The need for political decisions following discussions regarding the transition to
renewable energy is especially relevant for countries producing and exporting main energy
carriers (like coal and natural gas) [14] and experiencing significant development difficulties
associated with fluctuations in raw material prices and the accumulation of environmental
problems [15,16].

We emphasize the importance of environmental policy in moving towards renew-
able energy, but adherents of this approach often do not take into account the price and
infrastructure constraints on the energy transition that exist in many countries.

With regard to Russia, the pricing in the electricity market depends on the development
of main powerlines. A number of authors have zoned the territories according to the
efficiency of pricing, and concluded that in zones of inefficient pricing (the so-called
“isolated zones” with a low level of development of main powerlines, including a part of
Siberia), the economic benefits of investing in renewable energy are relatively high [17,18].
At the same time, authors who link the development of renewable energy with advantages
for local areas with a high concentration of consumers that are not tied to main power lines.

This possibility of renewable energy development is observed within the framework
of the urban approach, which considers, in particular, the formation of smart cities based
on artificial intelligence. There a high level of energy consumption optimization that makes
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it possible to reduce the consumption of energy obtained from non-renewable sources
(including power plants operating on natural gas and nuclear fuel) [19]. This is largely
due to a decrease in the environmental damage caused by fuel energy, which has become
especially important in the last decade [20,21]. The development of smart cities, taking into
account the saturation of energy from renewable sources [22], is also considered from the
perspective of Penta Helix, which unites think tanks, business and authorities, as well as
civil society and environmental activists [23].

We note the fact that there is often an overestimation of the impact of smart cities on
the global development of renewable energy due to their low number in the modern world.
On the contrary, other authors discuss the benefits of renewable energy for rural areas,
especially distant from cities, where agriculture and eco-tourism are the main sources of
income [24,25]. However, it is obvious that the nearness or remoteness of renewable energy
facilities from the infrastructure of smart cities cannot determine the prospects for their
expansion, which depends on a number of factors.

In this regard, an interesting approach takes into account related investment and
environmental factors. In this framework, the interests of investors in renewable energy
are analyzed, dictated by a shift in consumption priorities towards products manufactured
using green energy [26], the expansion of environmental values (especially in the real estate
market) and the reduction in the cost of solar and wind energy production [27].

ESG investments and “green” corporate strategies have become an indispensable
factor in the market competitiveness of corporations, including the raw materials sector,
which makes them invest in renewable energy [28,29].

Along with the value of analyzing the investment component of the transition to
renewable energy, one cannot fail to note the focus on environmental rather than technolog-
ical factors. On the contrary, the technological approach to the development of renewable
energy considers the digital technologies of Industry 4.0 (neural networks and artificial
intelligence, digital twins and clones, etc. [30]) as a means to increase the efficiency of
energy production from renewable sources, redistributing it in modern energy systems [31].
The opposite idea is put forward by authors who consider renewable energy as a factor in
the development of Industry 4.0 [32].

There are a number of studies devoted to the national specifics of the transition to
renewable energy in the developing countries of Africa [33], Southeast Asia [34,35], South
America [36,37], etc., mainly focusing on environmental benefits. Russian features of the
transition to renewable energy are typical for the BRICS countries. They are associated with
the need to reduce greenhouse gas emissions (Russia was in fifth place in terms of CO2
emissions in the world with 5.13% in 2021, after China, the USA, the EU and India [38]),
increase the efficiency of environmental degradation measures, and create new jobs in the
high-tech industries of solar, wind, and bioenergy [39], in which foreign investment plays
an important role [40].

A number of authors have considered the problems of the CIS countries (including
Russia) in the field of decarbonization, considering renewable energy as a key tool for
reducing greenhouse gas emissions [41]. In addition, the development of renewable energy
is considered as a factor in the conservation of forests [42], which is relevant for remote
regions of Eastern Siberia and Transbaikalia, where timber is used as fuel by farmers and
households, an alternative to which is the use of solar and wind energy [43]. At the same
time, not enough attention is paid to the differences in energy supply of the territories of
Russia, combining clusters of thermal, hydro-, and nuclear power, with which renewable
energy will compete in the national market, and the psychological perception of which by
the population is also ambiguous.

The socio-psychological factor of the energy transition (pro-environmental behavior) is
seen as gaining momentum in the Russian Federation to a similar extent as in other BRICS
countries [44]. At the same time, one study notes a more positive attitude of Russians
towards the development of nuclear energy with “near-zero” emissions than towards
renewable energy, while Italian respondents showed a negative attitude towards nuclear
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energy and a positive attitude towards renewable energy [45]. Moreover, this reflects the
essence of the Environmental Kuznets Curve (as the income of the population increases,
interest in environmental problems increases too [46]), which, in relation to renewable
energy, is confirmed by the example of the BRICS countries. Their demand for renewable
energy has been steadily increasing over the past decade along with the relevance of
reducing emissions into the atmosphere [47].

The reduction of emissions from thermal power plants is not the only environmentally
positive result of the transition to alternative energy. Thus, a number of authors have
singled out a side effect from the reduction in coal consumption by power plants in the
form of a decrease in the area of coal warehouses in ports. Their volumes reach hundreds of
thousands cubic meters, often located near cities, and they are large sources of coal dust (see
the example of the Russian city of Murmansk and the positive experience of Scandinavian
countries) [48]. A number of authors consider the transition from coal and gas to nuclear
and hydrogen as the most promising step for Russia towards renewable energy [49], which
generally corresponds to the understanding of their role in the transitional stage in the
EU [50]. One of the first steps in such a transition may be a long-term trend of reducing oil
and gas production in response to the decline in world prices as part of a downward wave
of the commodity supercycle (up to 12–15 years [51]) [52].

A review of approaches to the development of renewable energy has made it possible
to identify the main factors, such as the need to stabilize the energy market and decar-
bonize the economy, the development of smart cities, Green and ESG investments, the
diffusion of Industry 4.0 technologies in energy production, and the public demand for an
environmentally friendly energy.

At the same time, the challenges and obstacles to the development of renewable
energy should be noted, such as its high cost, the need for energy storage sizing and virtual
synchronous generation for grid stability.

In particular, the cost of renewable energy is higher than for non-renewables [53].
At the initial stage (until 2010), with relatively small renewable power production on a
global scale (up to 100 GW), this gap reached a factor of 4; later, as renewable energy grew
(over 1000 GW by 2019), the difference decreased to a factor of 1.5–2.5 [54]. Now cost
parity is expected by 2030 due to increased investment and rising costs of greenhouse gas
emissions [55].

For renewable power producing facilities, energy storage systems are required to
reduce grid frequency variation caused by fast fluctuations of wind [56] and solar [57].
However, their high cost is an obstacle to their wide use [58]; other ones include low
energy density for vanadium and lead acid batteries, and a high fire hazard for lithium-ion
batteries [59].

A similar purpose is served by virtual synchronous generators—inverters that provide
“synthetic inertia” to increase grid stability for renewable-energy-based distributed gener-
ation [60]. Virtual synchronous generators have proven effectiveness for microgrids [61];
however, for large grids (which in the future will connect all renewable energy facilities
with consumers), low inertia is more challenging [62].

Along with studies of the problems and prospects for renewable energy development
in Russia as well as in BRICS and CIS countries, studies on the features of this process in
the Siberian Federal District, which occupies a quarter of the Russian Federation territory,
are insufficient ([63] can be considered as an exception). Therefore, we use a multi-factorial
approach to the study of renewable energy development in Siberia, taking into account the
advantages and limitations of the approaches presented above.

Before we move on to characterizing the role of Russia in the development of global
energy and its renewable segment, it is advisable to define the terminology of the subject.
We use International Recommendations for Energy Statistics (IRES) as a basis, classifying
energy sources as shown in Table 1 [64].
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Table 1. Classification of energy resources.

Type of Energy Resource Traditional Nontraditional

Non-renewable

• traditional hydrocarbon deposits on
continents and shelves

• high-quality hard coals, including coking
• deposits of high-quality uranium ores

• unconventional oil and gas in low
permeability reservoirs

• heavy high-viscosity oils,
natural bitumens

• gas from coal deposits
• dissolved gases
• highly gas-saturated fluids of

ultra-great depths
• methane hydrates in the subsoil
• low-calorie high-ash coals
• dispersed poor uranium ores

Renewable • hydropower of large HPPs
• biomass (conventional combustion)

• hydropower from small HPPs
• solar energy
• wind energy
• wave energy
• thermal (low-potential heat) energy
• hydrogen

2.2. Analysis of Current Trends in Renewable Energy Development

As will be confirmed by the statistical data below, for the analysis of the current trend
in the development of Russian renewable energy, especially in Siberia, it makes sense to
pay attention to solar, wind, and hydropower, while thermal, wave, and biological energy
are not widely used. In addition, the projects for the development of the hydrogen energy
sector were suspended due to external technological restrictions and sanctions in 2022.

The impact of the COVID-19 pandemic on the development of renewable energy
should be noted, which temporarily slowed down not only production, logistics, adjust-
ment, and service work, but also significantly increased world energy prices. Thus, we
can talk about the predominance of factors stimulating the development of renewable
energy at the post-COVID stage, especially since the governments of different countries
have increased the incentives for energy transition (cumulative measures exceeded USD
450 billion) [65].

However, the imbalance of supply and demand for energy in the world persisted and
resulted in the so-called energy crisis of 2021, when natural gas prices in Europe reached a
historic maximum. Later, the political turbulence of 2022 contributed to the increase in gas
prices to USD 1300 per thousand m3, which, coupled with supply restrictions caused by
sanctions, embargoes, and denials, as well as negative weather conditions, caused local
energy shortages. The response from the European Union was the decision to speed up the
energy transition in order to, firstly, avoid an increase in emissions into the atmosphere in
case of increasing the share of fuel energy and, secondly, stop depending on the market
conditions of traditional energy sources. As a result, by 2023 many countries and regions of
the world have approached a significant share of renewable energy in the installed capacity
of power plants (Figure 1).

As follows from Figure 1, the share of renewable energy in installed capacity ranges
from 30% (India, Japan) to 43–53% (China, EU, UK), reaching 69–83% in Brazil and Canada.
In Russia, only 21% of the installed capacity of power plants is represented by renewable
energy, in general, due to the developed system of large hydroelectric power plants built
during the Soviet era. In China, India, the European Union, the UK, Japan, and the USA,
solar and wind power plants dominate in the renewable energy capacity structure, while
hydropower is widely represented in Brazil and Canada.
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Figure 1. Capacity of renewable energy (RE) in 2022 (right scale); the share of renewable energy
in total capacity (left scale): HPP—hydropower production, WE—wind energy, SE—solar energy
(compiled by the authors according to the data from [66]).

The significant accumulated installed capacity of renewable energy in the world is
associated with the rapid growth of its investment. According to Bloomberg, investments
in this area for 2004–2020 increased more than 6 times from 11.4 (2004, first quarter) to USD
69.9 billion (2020, second quarter), with a peak of USD 87.7 billion in the fourth quarter
of 2019. China has been the major investor since 2014 (its share increased from 19 to 32%
by 2017), displacing the United States, which since 2014 has accounted for no more than
15% of global investments in renewable energy [67].

Using the example of investments in renewable energy, we can clearly observe the pro-
cess of energy transition in different countries, correlating it with investments in traditional
fuel energy (Figure 2).
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From the data presented in Figure 2, the success of promoting the energy transition in
the European Union is traced (the share of the macro-region in new global investments in
renewable energy exceeded 17%, while in fuel it was less than 5%). The same is true for
China’s investment leadership in renewable energy in the world (close to 35%, along with
the maximum share in global investments in fuel energy with more than 15%). Against
this background, Russia is catching up in global investment in renewable energy (less than
1%), while its share in fuel energy investment reaches 5%. A similar situation is observed
in India, where the share in investments in renewable energy is 2 times lower than in
renewable energy (6 and 12%, respectively).

At the same time, on a global scale, the largest specific investments (per 1 kW of
installed capacity, on average in the world) are typical for such a segment of renewable
energy such as solar power plants (USD 3500–5000), while for traditional hydroelectric
power plants and wind power plants, this figure is 2500–3000 USD/kW. At the same time,
for offshore wind and small hydroelectric power plants, investments in the generation of
1 kW of energy are higher—USD 5200–6200; for the production of energy from biomass
and solid waste these are USD 8200–8800 per kW of installed capacity [69].

The positive externalities from investing in renewable energy in the form of a reduction
in specific greenhouse gas emissions from different sources are obvious. So, if in general,
during the life cycle of an energy facility (25–40 years), coal-fired power plants emit an
average of 820 g of greenhouse gases per 1 kWh of energy (gas: 450 g), then solar power
plants emit 48 g, hydroelectric power plants 24 g, and wind power plant 11 g per 1 kWh [70].

With regard to the dynamics of electricity generation in Russia, it is impossible not to
note the 100-fold growth of the most advanced part of renewable energy—solar and wind
(from 0.05 to 5.87 GW in total over the decade 2012–2021; see Table 2.

Table 2. Electric power production in Russia (by sources), billion kWh (compiled by the authors
according to the data from [71]).

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Wind power 0.02 0.04 0.05 0.08 0.11 0.13 0.22 0.32 1.38 3.62

Solar power 0.03 0.05 0.09 0.11 0.15 0.38 0.8 1.3 1.99 2.25

Hydropower 184 186 181 178 187 180 183 190 197 199

Nuclear power 176 178 184 182 186 185 184 166 145 158

Fossil fuel
burning power 685 691 688 690 701 695 712 722 751 786

Total 1069 1059 1064 1068 1091 1094 1121 1080 1089 1159

It follows from Table 2 that especially high positive dynamics are typical for wind
energy—eighteen times for a decade. At the same time, the only explanation for such a
“leap” can only be a start from a low level (before 2010, renewable energy projects in Russia
were rare). In turn, the 8% growth in total electricity generation was driven by growth in
fossil fuel burning and hydropower. On the contrary, the volumes of nuclear generation in
Russia decreased by 11%, which, according to the standards of the European Commission,
runs counter to the idea of an intermediate stage of the energy transition represented by
nuclear and gas energy [72]. This is clearly illustrated in Figure 3, which reflects the shares
of various sources of electricity in total generation in Russia.
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Figure 3. The share of different sources in the total electricity production of Russia (logarithmic
scale)—(compiled by the authors according to the data from [71,73]).

Figure 3 clearly shows that the shares of renewable and non-renewable energy pro-
duction in Russia differ by several orders of magnitude (in 2012 by four, in 2021 by two
orders of magnitude). Therefore, it can be argued that renewable energy in Russia will not
be able to become the predominant source in the near future (even if the linear trend of
ultra-fast growth of solar and wind generation continues, it will take at least 50 years to
achieve parity here). At the same time, the installed capacity of small hydropower plants in
Russia is growing at a much slower pace than is the case for solar and wind farms (Table 3).

Table 3. Installed capacity of renewable power in Russia, GW (compiled by the authors according to
the data from [74]).

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Wind farms 0.05 0.08 0.11 0.12 0.15 0.16 0.18 0.2 1.01 2.05

Solar farms 0.06 0.09 0.12 0.14 0.25 0.53 0.82 1.42 1.67 1.98

Small hydro plants
(up to 50 mW) 0.7 0.9 1.14 1.15 1.17 1.17 1.17 1.18 1.2 1.3

As can be seen in Table 3, in Russia, the total capacity of renewable energy in 2023 is
57.1 GW (21% of the total installed capacity), of which 51.7 GW is hydropower, 2.28 is wind
power, and 2.15 GW is solar power. Although until 2019 the installed capacity of small
hydropower plants (created since the 2010s) in Russia exceeded the capacity of solar and
wind farms combined, from 2019 new capacities from the latter sources began to be rapidly
commissioned, while the development of small hydropower in the country slowed down.

Thus, along with the ultra-fast growth of renewable energy, its place in the energy
balance of Russia remains low, and does not correspond to its role in a modern economy
and society. At the same time, there are significant prerequisites for the growth of renewable
energy capacity in Russia, associated with environmental, pricing and territorial factors,
which is clearly illustrated on the example of Siberia (the Siberian Federal District).
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3. Results
3.1. The Role and Place of the Energy System of the Siberian Federal District in the Development of
Russian Renewable Energy

The Siberian Federal District (also known as Western and Central Siberia, Figure 4)
is the second largest macro-region of the Russian Federation (25.4%, 4.4 million km2)
and unites the Republics of Altai, Khakassia and Tyva, Altai, Krasnoyarsk, Irkutsk, Omsk,
Tomsk, the Novosibirsk regions, and the Kemerovo region-Kuzbass. Siberia is characterized
by an extremely low population density (3.8 people per km2, with a total population of
16.6 million people—11.7% of the population of the Russian Federation). Siberia creates
11.4% of the GDP of the Russian Federation and 13.2% of industrial output [75].
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Figure 4. Siberian Federal District (Western and Central Siberia) [76].

The Siberian Federal District is demonstrating slow but steady growth in renewable
energy, at a faster pace than other Russian macro-regions. This is confirmed by the ex-
pansion of the share of the Siberian sector of renewable energy in its total volume for
Russia—from 15.2 to 18.3% in 2012–2021—as well as a decrease in the share in Russian fuel
power production (from 25.7 to 22.3%); see Table 4.

Along with the positive trend in the development of renewable energy in Siberia, one
cannot fail to note the overall importance of the macro-region in the power production
in Russia—almost a fifth (19.9–18.6%) for 2012–2021—while the share of the Siberian fuel
energy in that of all of Russia is one-fourth. Further, despite the share in Russia’s GDP of
11–12%, the Siberian Federal District produces up to a third of atmospheric emissions from
stationary sources. Nevertheless, there is a close, conditionally linear relationship between
the gradual shrinkage of Siberia’s share in fossil fuel burning power production and the
reduction in emissions into the atmosphere, by 2%, while the share of the macro-region in
the Russian renewable energy industry increased by 3%. In addition, it should be noted
that there is a high potential for the development of hydropower in the Siberian Federal
District (28.1–29.3%), which, at the same time, is represented by large hydroelectric power
plants built in the former USSR (1960s–1970s).
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Table 4. The share of the Siberian Federal Sector in results of the Russian Federation, % (compiled by
the authors according to the data from [71]).

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Share in GDP 12.2 12.1 12.2 12.0 11.9 11.7 11.7 11.6 11.6 11.5

Share in power generation (total) 19.9 19.8 19.9 20.0 19.9 19.4 18.1 19.1 18.9 18.6

Share of fossil fuel burning
power generation 25.7 25.3 25.7 25.5 25.4 24.9 23.0 23.4 22.4 22.3

Share in electricity generation from
renewable sources 15.2 17.5 24.1 18.7 19.2 18.9 18.6 18.1 19.6 18.2

Wind power 11.6 11.9 12.5 11.6 10.8 10.6 10.8 10.7 11.2 11.6

Solar power 2.0 2.8 3.0 2.3 3.0 1.5 0.9 0.8 0.7 0.9

Hydropower (including large
hydro plants) 28.1 28.3 27.5 28.1 28.5 28.2 28.4 28.8 29.1 29.3

The share of atmospheric emissions
from stationary sources 34.0 31.8 30.0 31.1 31.0 32.3 33.3 33.8 32.4 32.7

At the same time, the share of renewable energy sources in Siberia is not growing
(wind power) or decreasing (solar power—from 2.0 to 0.9%, with a peak of 3% in 2014).
This can be explained by the fact that the bulk of renewable energy projects in Russia are
concentrated in the Southern Federal District (Republics of Adygea, Kalmykia, Krasnodar
Territory, Volgograd, Rostov Regions, etc.); see Figure 5.
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It should be mentioned that with an equal population and a tenfold smaller area,
the Southern Federal District has important advantages in the development of renewable
energy over Siberia—twice as many sunny days per year, and 20% higher average and
maximum wind speeds (Table 5).
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Table 5. Comparison of the Siberian and Southern Federal Districts of the Russian Federation
(compiled by the authors according to the data from [78]).

Area, Thousand
km2

Population,
Million People

Number of Sunny
Days per Year

Average Annual
Wind Speed at a

Height of 10 m, m/s

Average
Maximum Wind

Speed, m/s

Southern Federal
District 420.8 16.6 150–300 2.3 21

Siberian Federal
District 4361.7 16.6 80–120 2.8 24

At the same time, climatic conditions in the Southern and Siberian Federal Districts
also differ significantly. The average annual temperature in the first district is +7.5 ◦C, and
in the second it is −10.5 ◦C. In winter, the temperature in the South of Russia rarely drops
below −15 ◦C, while in Siberia it often falls below −50 ◦C, which negatively affects the
functioning of solar and wind energy equipment, as well as small hydroelectric power
plants. Therefore, in the Siberian Federal District, dispersed wind and solar energy systems,
tied to specific consumers, prevail, while in the Southern Federal District, mainly large
generation facilities are built, connected to the main electric grids (Figures 6 and 7).
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Figure 7. Solar and wind parks in the Rostov Region (left), Krasnodar Territory (right) (South of
Russia)—composed by the authors according to the data from [80–83].

Figure 6 shows the most common renewable energy installations in Siberia, repre-
sented by individual solar and wind facilities that feed individual consumers in residential,
commercial, industrial, agricultural, tourism, and social sector facilities.

In contrast to the Siberian, in the Southern Federal District, renewable energy is
developing in the form of large facilities, due to the greater development of main grids
(Figure 5). At the same time, due to the fact that the volume of renewable energy production
in the Southern Federal District is 2.5 times greater than in the Siberian Federal District, the
prospects for its development in the South are assessed as being worse than in Siberia. This
is largely due to the fact that because of the relatively small share of industrial consumers
of electricity in the Southern District, according to the Ministry of Energy of Russia, the
construction of new wind and solar power plants is not profitable there, since the district’s
energy system is overflowing with renewable energy [84].

The share of renewable energy in the Siberian Federal District is 7 times higher than
the same indicator for the Russian Federation (Figure 3), and amounted to 3.5% of the total
generation in the macro-region in 2021 (excluding large hydroelectric power plants, whose
share in the Siberian generation is close to 19%; see Figure 8). It should be noted that there
are no nuclear power plants in Siberia.

The data in Figure 8 show an optimistic picture of the rapid growth in the share of
renewable energy in the Siberian Federal District, in which solar and wind generation
are the leading source, growing 110-fold in the period 2012–2021, with an increase from
0.047 to 0.55%. However, even by 2022, the share of new renewable energy in the Siberian
Federal District did not exceed 1.5%, including small hydro plants (up to 50 mW), or
23 when taking into account the old Soviet large hydroelectric power plants. However, it is
worth mentioning a growth in the share of fuel power generation in Siberia from 64% to
67% over the decade under review.
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We attribute the growth of both fuel and renewable generation in Siberia to the
insufficient volumes of commissioning of the new installed capacity of the latter (Figure 9).
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rithmic scale)—compiled by the authors according to the data from [71]).

As follows from the data in Figure 9, the total installed capacity of new renewable
energy facilities in Siberia did not exceed 1 GW, even if showing a 100-fold increase over
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the past decade. In general, the increase in the installed capacity of renewable energy takes
place in the regions of Siberia, as leaders in electricity generation (Figure 10).
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Figure 10. Electric-power production in the Siberian Federal District (by regions), billion kWh
(compiled by the authors according to the data from [85,86]).

In total, 79% of the capacity of old large (Sayano-Shushenskaya, Bratskaya, Mainskaya,
Krasnoyarskaya HPPs) and 31% of new small hydroelectric power plants are concen-
trated in three regions—the main producers of electricity in Siberia (more than 60%)—the
Krasnoyarsk Territory, the Republic of Khakassia and the Irkutsk Regions. In turn, fuel
power plants using natural gas and coal mostly cover the energy needs of the Kemerovo,
Novosibirsk, Tomsk, and Omsk regions.

Therefore, the leaders in the development of renewable energy in Siberia are the
regions that have smaller shares in total electricity generation—the Republic of Altai and
the Altai Territory, and the Republics of Tyva and Khakassia. For a number of reasons
presented below, the development of renewable energy for them is the main means of
meeting the growing demand from businesses and the population for energy. Among the
new energy sources in Siberia, solar is the most actively developing. The construction of
one of the first large solar farms, the Kosh-Agach solar power plant in the Altai Republic,
began in 2014 (for 2022, up to 25% of the total consumption of the republic is accounted for
by solar generation).

Thus, there are difficult conditions for the development of renewable energy in Siberia,
associated with a number of mutually intertwining factors, which are discussed below.

3.2. Factors of Development of Renewable Energy in the Siberian Federal District
3.2.1. Saturation with Main Powerlines

This factor has a dual effect on the development of renewable energy: on the one
hand, large grids stimulate the supply of energy from wind and solar power plants to the
wholesale market; on the other hand, due to the higher cost of renewable energy, it loses out
compared to energy made with traditional fuel. Therefore, population density should be
taken into account, along with grid saturation. Consideration of the influence of saturation
with main powerlines on the development of renewable energy in the region should be
preceded by a description of two models of their connection.



Energies 2023, 16, 3843 16 of 28

The first model is based on the decentralization of electricity generation and distribu-
tion, which makes it possible to provide electricity to areas with low population density
that are difficult to access for the delivery of hydrocarbons. To do this, when introducing
renewable energy systems, small distributed energy systems are used that are autonomous
from main powerlines of a centralized energy system. The second model connects the
development of renewable energy with the construction of high-voltage main powerlines
covering vast territories [87].

Ultimately, the development of main powerlines historically depends on population
density, saturation with industrial (including mineral-mining) enterprises and infrastruc-
ture networks (primarily railways). The saturation of Russia with main powerlines is
shown in Figure 11.
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Figure 11. Saturation with main powerlines in Russia (the zone of energy grids of Siberia is marked
in green) [88].

Figure 11 clearly shows the rarity of main powerlines in the Siberian Federal District,
most of which are in the south of the macro-region (Kemerovo, Omsk, Novosibirsk Regions,
the Republics of Altai and Khakassia, the south of the Krasnoyarsk Territory and the Tomsk
Region). On the contrary, most of the Krasnoyarsk Territory, the Irkutsk Region, the North
of Tomsk region and the Republic of Tyva are weakly saturated with main powerlines.

This reflects the population density in Siberia: in regions with a relatively high satura-
tion with main powerlines, the population density is higher (persons per km2): Novosibirsk
Region—15.6, Kemerovo Region—28.3, Omsk Region—14.2, Altai Territory—14.4, Republic
of Khakassia—8.2.

On the contrary, in the regions with low saturation with main powerlines, the popula-
tion density is extremely low: Irkutsk region—3.1 persons per km2, Republic of Altai—2.3,
Republic of Tyva—1.9, Krasnoyarsk Territory—1.2 persons per km2.

Consequently, it is these regions of the Siberian Federal District where the development
of renewable energy has the greatest prospects.

3.2.2. Renewable Energy Investment

Investments in renewable energy are certainly a positive factor in its development. The
specificity of investing in Russia is that the main investors are Russian and foreign private
companies and Russian state-owned corporations, mainly engaged in fuel and nuclear
energy production, as well as mining. Investing in renewable energy for them is a form
of energy portfolio diversification, as well as the development of industrial and housing
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infrastructure in hard-to-reach areas of their economic interests. The largest investors in
renewable energy in Russia are the following [89,90]:

- Wind Energy Development Fund, established in 2017 by RUSNANO JSC and Fortum
PJSC. The renewable energy portfolio in 2021 amounted to 1.8 GW in 10 regions,
including Siberia;

- PJSC Fortum, which has been involved in the development of renewable energy
since 2015, the founder is the Finnish energy concern Fortum (95% of the shares), the
renewable energy portfolio is more than 2 GW, and is present in 12 regions, including
Siberia;

- JSC NovaWind, established in 2017 by the state-owned corporation ROSATOM, re-
newable energy portfolio: 2 GW, presence in the southern regions of Russia (not
represented in Siberia);

- PJSC Enel Russia, founded in 2004 by the Italian company Enel S.p.A. Renewable
energy portfolio: 0.362 GW. Regions of presence: in the south and west of Russia (not
represented in Siberia);

- Hevel group of companies, established in 2009 by Renova Group of Companies (solar
energy division). Renewable energy portfolio: more than 1.1 GW, 11 regions of
presence, including Siberia;

- PJSC RusHydro is a monopoly company in the hydropower market in Russia, with an
installed capacity of 38 GW, of which 14 GW is in Siberia.

A comparison of investment in fuel and renewable energy in the Siberian Federal
District is shown in Figure 12.
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Figure 12. Energy investment in the Siberian Federal District, million USD (compiled by the authors
according to the data from [81,91]).
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From the data presented in Figure 12, it follows that the volume of investment in fuel
energy in Siberia exceeds renewable energy by a factor of 20–30, depending on the specific
region. At the same time, it is impossible not to note the trend towards a decrease in such
investments over the past decade in all regions of Siberia, which was two-fold on average.
The exception was the Tomsk region—the center of natural gas production in Siberia as a
non-renewable energy source.

The second trend is associated with the growth of investments in renewable energy in
all regions of Siberia, especially in wind and small hydropower plants. The largest volumes
of investment are in the Irkutsk Region, Altai Territory and the Republic of Altai, as well as
the Republic of Khakassia.

This confirms our conclusion that in the macro-region, which, on the one hand, has
highly concentrated clusters of basic industries, and on the other hand vast sparsely
populated territories, renewable energy is developing mostly under the influence of a
growing demand for electricity in the areas where there is an absence of main powerlines,
rather than for reducing the negative impact on the environment.

An exception to both trends is the Krasnoyarsk Territory, the leader in attracting
investments in fuel, wind, and solar energy. That is due to the unique combination of old
large hydropower plants, large volumes of hard and brown coal mining, as well as the
presence of vast territories not covered by main powerlines favorable for the development
of autonomous wind and solar generation.

3.2.3. The Environmental Factor (Counteraction to Air Pollution by Fuel Energy Facilities)

The emission of pollutants into the atmosphere, including greenhouse gases, is a factor
increasing public pressure on the authorities to intensify energy transition around the
world. With a significant fuel energy capacity, Russia ranks fourth in the world in terms
of greenhouse gas emissions (5%), of which up to 60% is from the combustion of fossil
fuels at power plants [81]. In terms of greenhouse gas emissions per USD 1 million of
electricity produced, Russia accounts for the highest value: 1600 tons of CO2-eq per USD
1 million of GDP.

The Siberian Federal District, which produces 72% of Russian coal and 14% of natural
gas, is a significant agent of global climate change. At the same time, the volume of
emissions into the atmosphere from stationary sources, after a slight reduction in 2012–2016,
has started to increase again (Figure 13).

As can be seen from the data in Figure 13, the total atmospheric emissions from
stationary sources, reaching 6 million tons per year in the Siberian Federal District, are
mainly associated with regions with developed coal-burning electricity generation, i.e., the
Krasnoyarsk Territory and Kemerovo Region (two thirds of all emissions). Accordingly, in
regions with a low share of fuel energy and a high share of renewable energy (Altai Territory
and the Republic of Altai, the Republics of Khakassia and Tyva), emissions are minimal.
Relatively low greenhouse gas emissions are observed in the Tomsk and Novosibirsk
regions, where fuel energy is represented mainly by natural gas burning.

3.2.4. Morbidity of the Population Associated with Environmental Pollution by Fuel
Energy Facilities

Reducing negative effects on the population and improving the quality of life and its
extension through the development of renewable energy is the most important concern
in the modern world. Significant volumes of emissions into the atmosphere from fuel
energy facilities lead to an increase in the incidence of respiratory (including asthma) and
oncological diseases.

The prevalence of asthma among residents in the Siberian Federal District clearly
depends on the level of air pollution from fuel power plants, and the highest levels (per
100,000 inhabitants) were observed in Irkutsk (1830), Kemerovo (2015), and Krasnoyarsk
Territory (2221) in 2018. Chronic respiratory diseases also occupy a high place among
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non-oncological pathologies in the Siberian Federal District, reaching 40% of the total
number in 2018 (Table 6).
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Figure 13. Atmospheric emissions from stationary sources in the Siberian Federal District, in thousand
tons (compiled by the authors according to the data from [92,93]).

Table 6. Standardized rate per 100,000 people (compiled by the authors according to the data
from [94,95]).

Oncological Pathologies Respiratory Pathologies

2005 2018 Growth, % 2005 2018 Growth, %

Siberian Federal District 231.3 283.5 22.6 74,488 76,815 3.1

Republic of Tyva 199.6 266.6 33.6 24,428 56,111 129.7

Republic of Khakassia 169.1 269.8 59.6 54,969 63,426 15.4

Altai Republic and Territory 251.8 300.7 18.5 65,927 64,237 −2.6

Krasnoyarsk Territory 194.5 297.8 33.2 63,413 68,541 8.1

Irkutsk region 260.8 323.5 24.1 75,904 83,477 10.0

Kemerovo region-Kuzbass 204.6 253.3 24.6 62,838 70,915 12.9

Novosibirsk Region 252.9 277.5 9.8 90,866 94,847 4.4

Omsk region 252.1 294.3 16.7 78,855 63,317 −19.7

Tomsk region 270.2 296.2 9.8 75,848 60,998 −19.6

As follows from the data presented in Table 6, a significant increase in oncological
and respiratory diseases was noted in all Siberian regions. At the same time, in the Altai
Territory and the Altai Republic, where renewable energy is developing most rapidly, as
well as in the Novosibirsk and Tomsk Regions with developed gas energy, the increase in
the incidence is minimal. Abnormally high incidence rates in the Republics of Khakassia
and Tuva are associated with an improvement in diagnostics quality in remote, sparsely
populated areas.
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A confirmation of the urgent need to consider health factors in initiating the energy
transition in the Siberian Federal District can be found in Russia having the highest numbers
for years of healthy life lost due to diseases caused by air pollution (according to the Institute
for Health Metrics and Evaluation for 2015)—Figure 14.
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Figure 14. Years of lost healthy full-fledged life due to diseases caused by air pollution in selected
countries (DALYs per 100,000 population)—compiled by the authors according to the data from [96].

The data in Figure 14 testify that in countries actively implementing energy transition
and investing in renewable energy (Canada, USA), the loss of healthy life years is 3–5 times
lower than in countries with a high share of fuel energy (Russia, China, EU—Poland). At
the same time, the implementation of European programs in the field of energy transition
in Poland has led to a significant reduction in this indicator, as well as green investments in
China. This clearly demonstrates the high positive impact of the development of renewable
energy in ensuring the health and well-being of the nation.

3.2.5. Endowment with Fossil Fuels (Hard and Brown Coal, Natural Gas)

This factor plays a negative role in the transition to renewable energy, as it creates
inertial conditions for the development of fuel energy in the form of high entry price
barriers. The dominance of a number of Siberian regions (the Kemerovo Region-Kuzbass,
Krasnoyarsk Territory, the Irkutsk Region) in the extraction of hard and brown coal in Rus-
sia, as well as a significant place occupied by the Tomsk Region in national gas production
(Figure 15), create strong anti-incentives for the transition to renewable energy in the form
of a high affordability of fuel energy production.
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The data given in Figure 15 testify to the unprecedentedly high level of local energy
resources in the Siberian Federal District. More than 70% of Russian coal is mined in
Siberia, of which one eighth is burned at the power plants of the macro-region. More
than 10% of Russian gas, which is almost all burned at the power plants of Siberia, is
produced there. Considering this, it seems unrealistic to build a strategy for the transition
to renewable energy by replacing fuel generation with it in the nearest future without
systemic special incentives.

3.2.6. Demand for Energy from the Non-Industrial Sector (Tourism, Agriculture)

The sectors of economy with relatively low energy intensity (tourism, agriculture)
are major consumers of renewable energy worldwide. The Siberian Federal District is an
important center for attracting tourists in Russia (about a third of domestic tourist travel in
the country), with a two-fold increase in the period 2012–2021 (Figure 16).
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Figure 16. Tourist traffic in the Siberian Federal District, per one thousand people (compiled by the
authors according to the data from [99,100]).

The factor of initiating the energy transition through the growth of domestic tourism
is extremely important for Siberia, since, as follows from Figure 16, more than half of the
traffic is in regions that are promising for the development of renewable energy—the Altai
Territory and Gorny Altai, the Republic of Khakassia, and Tyva. These regions provided the
main increase in tourist traffic in Siberia over the past decade. As well as the Novosibirsk
region, which hosts the main transport hub of Siberia—the Transsib railway node and the
international airport of Novosibirsk—and is the capital of the macro-region. The growth of
traffic in the Irkutsk region is ensured by it being home to world-famous Lake Baikal, the
largest freshwater lake in the world, with a unique ecosystem.

The development of tourism in Siberia (expected investments in 2023–2035 are up to
USD 2.5 billion for 73 large projects), along with agriculture (75% increase in production
over 2012–2021), is a key factor in expanding the capacity of renewable energy in the
macro-region.

3.2.7. Forecasts and Challenges for Renewable Energy in Russia and Siberia

The development of renewable energy in the Siberian Federal District will take place
within the framework set by the strategic documents of the leading countries of Eurasia
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(the European Union, China, India), and with a focus on their goals and forecasts, as a
“gold standard”.

In particular, the strategic document of the European Union ”Renewable Energy
Directive-2009” sets the target share of renewable energy in the European Union at the
level of 20% by 2020; in fact, it was achieved by 2022 with a proportion of 22.1%. For 2030,
the new Renewable Energy Directive-2018 sets the share of renewable energy at 32%, while
Renewable Energy Directive II: Fit for 55 (2021) sets it at 40%, and REPowerEU Plan (2022)
at 45% [101].

Under such conditions, the development of renewable energy in Siberia and Russia
as a whole will be catching up, which, on the one hand, makes it possible to adopt best
practices, and on the other hand, threatens fuel energy. The main challenges from the
countries of Eurasia that compete with Russia in the energy market and are associated with
the development of renewable energy are the following:

1 REPowerEU (the plan of the European Commission to phase out the consumption of
Russian fossil fuels by 2030, with main actions in 2022–2023) aims at increasing the
share of renewable energy by 45% by 2030 (under the package “Fit for 55”), as well as
to reduce greenhouse gas emissions by 55% by 2030 compared to the levels of 1990
and to achieve zero emissions by 2050. The plan includes the provision of grants for
300 billion EUR [102].

2 Rooftop Solar (a pan-European initiative for the obligatory equipping of newly built
residential and commercial buildings with solar panels) [103].

3 EU Solar Energy Strategy, aimed at an additional input of 600 GW of installed capacity
of solar power plants in the European Union by 2030 (twice the level of 2021) [104].

4 Five-year energy technology development plan of the People Republic of China (a
national initiative shifting the focus from fuel energy investment to renewable energy,
with planned investments of more than USD 1 trillion) [105].

5 Pinnapuram IRESP (India’s national program to create a global hub for the accumula-
tion and transportation of renewable energy with a capacity of more than 100 GW) [106].

For the Russian energy sector, the adoption of these international strategic documents
means the reduction of revenue and the ability of Russian companies to invest in renewable
energy (a “one-sided” energy transition by the EU).

In turn, in Russia, the main strategic document of the government in the field of
renewable energy is the Energy Strategy of the Russian Federation for the period up to
2035, aimed at the entire fuel and power production sector [107]. In this document, the
breakthrough projects that initiate the energy transition are insufficiently represented,
despite its general goals being stated e.g., as: “Commissioning of new power generating
capacity operating on the basis of renewable energy sources, subject to their economic
efficiency. . . . As a result, by 2035 it is possible to increase the production of electricity by
power plants based on renewable sources by more than 20 times (up to 29–46 billion kWh
from 2.3 billion kWh in 2015)”.

In accordance with the Energy Strategy of the Russian Federation for the period up to
2035, the expected government support for renewable energy in the country may amount
to USD 5 billion, USD 1 billion of which for Siberia.

However, according to Russian Greenpeace experts, a significant energy transition in
Russia in the next decade is unlikely. Thus, the Energy Strategy-2035 states that by 2028 the
launch of “green” power plants with a total capacity of 3.1 GW is planned (wind: 2.3 GW,
solar: 0.7 GW). However, until the end of 2020, the annual commissioning of new capacities
of thermal power plants (7.9 GW, including 6.3 GW on natural gas burning) is planned [4].

At the same time, it is important to take into account the technological restrictions and
sanctions imposed on Russia since 2022, as well as the reduction in cooperation between
large international companies in the energy sector. All these restrictions create significant
obstacles to the development of renewable energy in the Siberian Federal District, and
overcoming them requires a new energy transition strategy that takes into account the
factors discussed above, specifically for the macro-region.
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4. Discussion

The factor analysis conducted allows us to summarize results as follows. Firstly, the
high concentration of main powerlines in the areas of developed fuel generation in the
south of Siberia is a disincentive for the development of renewable energy, especially under
conditions of a high availability of local fossil fuels. On the contrary, the low concentration
of powerlines in the north of Siberia stimulates the development of distributed renewable
energy. This is exacerbated by the presence of important renewable energy facilities in the
macro-region—old Soviet high-capacity hydroelectric power plants, providing up to one
fifth of all Siberian electricity generation. Secondly, for the Siberian Federal District, as
for Russia as a whole, there are typically low volumes of investment in renewable energy,
mainly due to the unbalanced interests and incentives of energy producers and consumers,
factors related to the state and society, as well as the lack of necessary strategic documents.
Thirdly, the environmental factor in the transition to renewable energy is strong in those
areas where fuel energy is concentrated, which largely mutually weakens the previous
factor. However, the increase in population morbidity, caused by large emissions into the
atmosphere of fuel energy, is a strong social incentive for initiating the energy transition.
Therefore, it is evident that the effect of the factors of the transition to renewable energy in
Siberia is different compared to the EU countries, China, and India.

Dynamic analysis shows that the development of renewable energy in the Siberian
Federal District is proceeding at an extremely high rate, typical of a “low start”, outstripping
the all-Russian pace. The value of renewable energy for Russia and Siberia is emphasized
by the ambitious targets in the National Energy Strategy-2035, but their achievement is
constrained by the lack of detailed investments plans, as well as technological restrictions
and sanctions.

In order to accelerate energy transition in Siberia, it is not necessary to develop the
renewable energy industry everywhere in it, but in a clustered manner, which implies
the following:

• Stimulation of demand for renewable energy from distributed sources through the
development of non-industrial businesses in the rural Siberian territories;

• Parallel tightening of environmental requirements and incentives for energy compa-
nies to diversify energy packages in favor of renewable energy through taxes and
subsidies. It is important to note that, in order to accelerate the introduction of new
renewable energy capacity in Siberia (with a target of 15% by 2035, excluding existing
large hydroelectric power plants), it is necessary to quadruple the speed of this process
and at least triple investment;

• Development of electrical powerlines in sparsely populated regions specifically for the
transportation of energy from renewable sources, the creation of a wholesale market
in the Siberian Federal District to radically reduce costs;

• Revision of the Russian Energy Strategy-2015 in terms of organizational and financial
support for the development of renewable energy in Siberia. To this end, it would be
expedient to create a Siberian energy strategy linking federal and regional investments
with private ones.

Limitations inherent in this study include the following. First, there was a fragmenta-
tion of data on investments in distributed renewable generation projects in Siberia, as well
as on electricity generation. Additionally, the systematic progress in the implementation
of renewable energy development projects in Russia was disrupted by the exogenous
factor of technological sanctions and the curtailment of cooperation with international
leaders in the field of green energy in 2022. In addition, we did not take into account the
decommissioning of old and the modernization of existing fuel power plants in Siberia
due to the non-systematic nature of the available data. This makes it difficult to predict
the development of renewable energy in the Siberian Federal District in the long term
(7–10 years).
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5. Conclusions

The case of renewable energy development in the Siberian Federal District (Siberia),
part of the Russian Federation, shows that this process is driven by such factors as energy
supply for non-industrial activity (tourism, agriculture), preservation of public health
and diversification of the energy portfolios of fuel energy producers. At the same time,
a significant part of the electricity (up to 20%) in Siberia is generated at old large hydro-
electric power plants built during the Soviet period and can be conventionally considered
renewable. Therefore, the environmental market drivers of the energy transition, which are
dominant in the EU and China (renewable energy leaders), are not of primary relevance
in Siberia. Along with this, a specific factor for Siberia is the insufficient interest of the
authorities in the implementation of international projects to reduce greenhouse emissions
and solve environmental problems in the energy sector; however, energy companies are
interested in expanding the share of renewable capacities.

The effect of these energy transition factors in Siberia means that the development
of renewable energy should be guided not by stimulating its supply, but by increasing
demand from businesses in the tourist and agricultural zones of Siberia, as well as the
gradual infiltration of new energy technologies. This requires the implementation of such
actions as synchronizing the tightening of environmental requirements for fuel energy and
stimulating investment in renewable energy, thereby developing the Siberian market for
electrical grids in sparsely populated regions through renewable energy growth points,
revising existing energy strategies and saturating them with energy transition projects in
Siberia. The ultimate benchmark here is to achieve new renewable power generation in
the Siberian Federal District with a share of 15%, which, together with the existing share of
old hydroelectric power plants with a total capacity of up to 20%, will allow reaching the
world level of energy supply from renewable sources.

Further research in the field of renewable energy development in macro-regions that
combine mineral resource clusters and rural areas in a way similar to Siberia may affect the
acceleration of the global energy transition.
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