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Abstract

Introduction. The issues of sustainable development, environmental protection and transition to a low-carbon economy
remain relevant for countries worldwide, including the Russian Federation. In the context of global climate change and
depletion of traditional energy sources, the need to develop “green” energy has become increasingly important.
However, despite the presence of a certain potential, this sector in Russia is still underdeveloped, which is due to
various economic, technological and legislative factors. There are numerous theoretical studies on renewable energy
sources in the scientific literature, but many aspects of their functioning and development remain insufficiently
explored. This scientific gap makes it difficult to fully understand the mechanisms and strategies for its further
development.

In connection with the above, this study aims to analyze the current features and trends in the development of green
energy in the Russian Federation. The study will also identify potential obstacles and opportunities for the expansion of
green energy, as well as ways to overcome negative aspects of its functioning. The objectives of the authors of the study
are focused on analyzing the priorities of public policy in Russia as a signatory to the UN Framework Convention on
Climate Change, the Paris Climate Agreement, and the Kyoto Protocol on Reducing Greenhouse Gas Emissions, on
determining the impact of public policy, technology and investment on the development of renewable energy sources,
as well as on studying factors that can accelerate the country's transition to more sustainable energy models. The results
of the study aim not only to fill a current gap in scientific knowledge, but also to provide the basis for developing
recommendations that can help optimize energy policy in the country.

Materials and Methods. The authors analyzed legislative materials related to the topic of study. Statistical data on the
types of energy capacities in the country over the past decade were used. The study was conducted based on regulatory
and legal acts of the Russian Federation. Results from monitoring the implementation of government programs and
strategies on the issue were also studied. Content analysis, structural and functional analysis were used as main research
methods. The current state of affairs in the energy industry was presented based on the analysis of hierarchies, which
was a set of elements, each of which reflected a specific step in achieving the goal.

Results. The clear growth of renewable energy sources (RES) use in the total global energy capacity has been
explicated. It has been established that Russia is paying significant attention to the development of renewable energy
sources, with a focus on introducing public-private partnerships in this area. Methods and principles of government
support aimed at developing this sector, as well as competitive technologies (RES.1 and RES.2) for the commissioning
of generating facilities using various forms of renewable energy, have been analyzed. It has been confirmed that the
energy development roadmap in Russia corresponds to a proposed hierarchy of strategies based on a hybrid approach.
Priorities in reducing greenhouse gas emissions and combating pollution have also been established.

Discussion and Conclusion. The data obtained from the research conducted by the authors indicates that Russia has
started to move towards the active implementation of renewable energy sources while not disregarding the use of
traditional energy from non-renewable resources, taking steps to minimize associated costs. The development of green
energy in the country is still proceeding at a slow rate. Its development is hampered, on the one hand, by the already
powerful potential of energy capacities, and on the other hand, by negative factors affecting both the production and use
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of renewable energy sources. While advocating for a faster transition to green energy, it is important to acknowledge
that this process is fraught with challenges that must be predicted and addressed. To do so, a thorough analysis of the
impact of different types of renewable energy sources on the environment and human health is necessary. Therefore, the
introduction of renewable energy sources should be phased and carefully thought out. In this regard, this topic requires
further study.

Keywords: Russian Federation, the country's energy system, renewable energy sources, legislative acts, stages and
prospects of development
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AHHOTaNUs

Beedenue. Bonpocbl yCTOMUHMBOIO pPa3BUTHUS, OXPAaHbl OKPYXKAIOWIEH Cpeapl U Mepexoja K HU3KOYIVIEPOTHOU
SKOHOMHKE HE TEPSAIOT CBOEH aKTyaJIbHOCTH JIJIsl CTPaH MO0 BCEMY MHpY, B TOM uuciie u 1 Poccuiickoit denepaunu. B
YCIIOBUSIX TIIOOAIBHBIX M3MEHEHMH KIMMaTa W MCTOIIEHHS TPaJUIMOHHBIX MCTOYHHWKOB SHEPTUM HEOOXOAWMOCTH B
pa3BUTUH 3€NEHON PHEPreTHKH NpHoOpeTaeT ocobyro 3HaYMMOCTh. OAHAKO HECMOTpS Ha HAJIMYME ONPENeIEHHOTO
MOTEHIIMaNla JaHHBIH cekTop B Poccun moka emeé HeZOCTaTOYHO pAa3BHT, YTO OOYCIIOBJIEHO pPa3IMYHBIMU
9KOHOMHUYECKHMH, TEXHOJIOTMUYECKHMMHU M 3aKOHOJATENbHBIMU (hakTopamu. B HaydyHO# juTeparype CymecTBYET i
TEOPETHYECKUX HCCIICIOBAHUM, MOCBSIIEHHBIX BONPOCAM BO30OHOBIISIEMBIX HCTOYHHMKOB sHepruu (BUJ). Tem He
MCHCC, MHOTHC ACIICKThI (byHKHI/IOHI/IpOBaHI/Iﬂ W CTAHOBJICHUS 3€JIEHOM OHCPICTUKU TIO0Ka €€ MaJI0 U3Yy4YC€HbI, 3TOT
Hay4HBIN [Tpo0eIT 3aTPyAHSET NOJIHOLIEHHOE TTOHUMaHNe MEXaHU3MOB U CTpaTerii eé AalbHeHIIero pa3BUTHsI.

B cBsa3uM ¢ BBHIIIEH3I0KEHHBIM OCjIb AOAHHOI'O MCCIICOAOBAHHA 3aKIH4YacTCad B TOM, lITO6I:-I MpoaHaJIN3upoOBaATH
CYIIECTBYIOIINE OCOOCHHOCTH M TEHICHIWH Pa3BHUTHs 3eNIEHON »HepreTHKH B Poccmiickoit deneparnmu, BBISIBUTH
MOTEHIUAIBHBIE IPEISATCTBHA U BO3MOYKHOCTH [UIA €€ PACHIMPEHHUs, ONPEACIUTh IyTH HPEONOJIEHHs HETaTHBHBIX
acriekToB €€ (YHKIMOHMPOBAaHUS. 3aJaddl aBTOPOB WCCIEIOBAHMS COCPEAOTOUCHBI HA aHalIW3e IPHOPHTETOB
rocyaapcTBeHHOW monutukud Poccun, moxnucasmeil Pamounyio kouBeHimo OOH 00 u3MeHeHHMH KinMaTa,
[Tapwxckoe cornamenue 1Mo KiIMMary W KHOTCKMH HPOTOKOJNI O COKpAIlCHWH BBIOPOCOB MAapHUKOBBIX Ta30B, HA
OIIpEJICTICHUH BIIMSIHUSL TOCYAAPCTBEHHOW TIIOJMTUKH, TEXHOJOTMH W WHBECTHIMH Ha pPa3BUTHE BO300HOBIISIEMBIX
HCTOYHHMKOB 3HEPTHH, a TaKKe HA M3Y4YEeHHH (PaKTOPOB, KOTOPBIE MOTYT CIIOCOOCTBOBATh YCKOPEHHUIO IIEPEX0/1a CTPAHBI
K Ooyiee yCTOWYMBBIM DHEPreTHUECKMM MOJEISAM. Pe3ynbTaThl HMCCIIEAOBaHUS TNPHU3BaHBl HE TOJBKO 3allOJHHTh
TeKyIIMH TpoOea B HayyHOM 3HAHUM, HO U CTaTh OCHOBOM Uil BHIpaOOTKM pPEKOMEHIAlWi, HalpaBJIeHHBIX Ha
OINITUMU3AIIMIO TIOJIMTUKHU B cepe pa3BUTH 3€IEHON SHEPTETHKU B CTPaHE.

Mamepuansl u memoodsl. ABTOpaMH TPOAHAIN3UPOBAHBI 3aKOHO/ATENIFHBIE MaTepHalIbl, Kacalolecs HcciaeTyeMon
TeMBI. BBITM MCIIOJIB30BaHbI CTATHCTHYCCKUE JAHHBIC IO BUJaM OHEPre€TUYCCKUX MOHIHOCTeﬁ CTpaHbl 3a IOCJICIHECC
necarunerue. McecnenoBanne NMpoBOAKMIOCH HA OCHOBE HOPMATHBHBIX M MPaBOBBIX akTOB P®. I3ydeHbI pe3ynbTaTsl
MOHHMTOPHUHIa pean3allii TOoCyJapCTBEHHBIX MPOrpaMM M CTpaTerwMi MO paccMaTpuBacMoMy Bompocy. B kauectse
OCHOBHBIX METOJIOB HCCIIEIOBaHMSA OBUIM HCHONB30BaHBl KOHTEHT-aHAIN3 U CTPYKTYPHO-(QYHKIMOHAIBHBIN aHaIu3.
CoBpeMeHHOE MOJIOKEHHE J€l B DHEPreTHYeCKOHM OTpacid MpeACTaBICHO Ha OCHOBE aHalW3a HepapXuil Kak
COBOKYTHOCTH 3JIEMEHTOB, KaX bl U3 KOTOPBIX OTPaXkaeT KOHKPETHYIO CTYNEHb B JOCTH>KEHUH ITOCTABICHHON LEITH.
Pesynemamout uccnedoganus. DKCIUTMLIUPOBAH SIBHBIA POCT HCIIONB30BAHHS BO30OHOBISIEMBIX HWCTOYHHKOB SHEPIUH B
o011ei MUPOBOIT HEPreTHIECKON MOIHOCTH. Y CTAaHOBIICHO, 4TO B Poccun ynensercs 3HaunTeabHOe BHUMaHKUE Pa3BUTHIO
BO300HOBIISIEMBIX UCTOYHUKOB SHEPTHH, IPH 9TOM aKLIEHT JIeJIacTCs Ha BHEPEHUE MEXaHU3MOB T'OCYAapCTBEHHO-4YaCTHOTO
TapTHepCTBa B 3T0H oOiacty. [IpoaHaan3npoBaHbl METOABI ¥ PHHIIUITBI TOCYAAPCTBEHHON TOJUICPIKKH, HAlpaBJICHHbIE Ha
pa3BUTHE JIaHHOTO CErMeHTa, a TaKKe TEXHOJIOrMH KOHKypcHoro otbopa (AIIM BUD.1 u JAIIM BUD.2) nns BBOma B
9KCILTyaTalllI0 TeHEPHPYIONINX 0OBEKTOB, UCIOJB3YIOINX PAa3HOOOpa3HbIe BUIBI BO30OHOBISAEMBIX MCTOYHHKOB SHEPTUH.
IlonTBepkaeHO, YTO JOPOXKHAS KapTa pa3BUTHUS SHEPIETUKU B Poccuu COOTBETCTBYET NMPEIVIOKEHHON UEpApXUU CTPATETHH,
pa3pabOTaHHOM Ha OCHOBE TMOPUIHOTO IOAXOAA. Takke YCTaHOBJICHBI IPUOPHTETHI B 00JACTH COKPAILEHHS apHUKOBOTO
a¢dekra 11 60pbOBI ¢ 3arpsI3HEHNEM OKPYIKAIOIIEH CperIbl.
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Oobcysncoenue u 3axnodenue. JlaHHple, TOJYYEHHbIE B PE3yJIbTaTe MPOBEACHHOTO aBTOPaMH HCCIEI0BaHUS,
CBHJICTENBCTBYIOT O TOM, uTo Poccusi Hadana OBMKCHHE B HAlpaBICHUM aKTUBHOTO BHEOPEHMS BO300OHOBISEMBIX
HCTOYHUKOB JHEPIHH, HE OCTaBILsA IPH 3TOM 0e3 BHUMaHMSA U (PyHKIMOHMPOBAHHE TPAIUIIMOHHOHN PHEPreTHKH Ha
HEBO30OHOBJIAEMBIX HCTOYHHUKAX, OCYIIECTBISSI MEPONPHATHS 110 MUHUMH3AIMY BO3HUKAIOMINX IPH 3TOM H3JIEPIKeK.
CraHoBNeHHE 3€NEHON PHEPreTHKH B CTpaHEe MOKa HAET MEUICHHBIMH TeMITaMH, €€ pa3BUTHE TOPMO3ST, C OITHOM
CTOpPOHBI, YK€ MMEIOIIMNACA MOIIHBIA MOTEHLHAT HHEPreTHYECKUX MOILHOCTEH, a C JAPYroil CTOPOHBI, HETaTUBHBIE
(baKkTOpHI, OTPHLATEIHHO BIMSIOMINE KaK Ha M3rOTOBJICHHE, Tak W Ha npuMeHenue BUD. Ho, parys 3a moBcemecTHOE
(opcrupoBaHue BHEPEHU 3eJIEHON IHEPTETUKH, HEIIb3s1 HE IPUHAMATh BO BHUMaHHE TOT (hakT, 4To mporiecc rnepexonia
K Heil Taut B cebe HeMaJlo yrpo3, KOTOphIE HaJ0 yMETh NPOTHO3HMPOBATh M YCTPaHATH. sl 3TOro OJDKHO OBITH
MIPOBEJICHO TIIATEIBHOE MCCIENOBAHUE BIMSHUS PAa3MYHBIX BHIOB BO30OHOBISIEMBIX MCTOYHHUKOB HSHEPrUM Ha
OKpYXalollylo cpeay W 370poBbe Joaeil. Ilostomy BHeapenne BHD nomkHO OBITH MO3TAaNHBIM, TIIATEIBHO
MIPOJlyMaHHbIM. B CBs3U ¢ 3TUM JaHHast TeMa TpeOyeT JalbHEeUIIero n3yueHusl.

KawueBble cioBa: Poccuiickass ®Denepaiuusi, SHeprocucreMa CTpaHbl, BO30OHOBISIEMblE HCTOYHHKH OSHEPTHUH,
3aKOHO/IaTeJIbHBIC aKThl, 3TAIbl U MIEPCIEKTUBBI PA3BUTHUS

Jna uutupoBanus. MuHacsH JLA., bnarua A.B., KaneeBa A.B. OcoOeHHOCTH pa3BUTHS 3€NICHOH JHEPIeTUKH B
Poccutickoit @enepammm. bezonacHocms mexHo2eHHbIX U npupoonvix cucmem. 2025;9(1):42-54. https://doi.org/10.23947/
2541-9129-2025-9-1-42-54

Introduction. The urgency of developing green energy in Russia stems from the need to transition to more
sustainable and environmentally friendly energy sources due to global climate change and the depletion of traditional
resources. Given that the Russian Federation possesses vast hydrocarbon reserves and heavily relies on nuclear energy,
the challenge of introducing and promoting renewable energy sources within the country has not been thoroughly
explored, particularly with regard to their potential negative impacts on the environment and public health. Significant
attention is given to existing energy production capacities and volumes, yet the utilization of alternative energy sources
like solar, wind, and hydropower, as well as their integration into the overall energy system, remains underexplored and
lacks scientific justification.

The Russian Federation is a country rich in natural energy resources. This makes it a world leader in hydrocarbons
and nuclear energy use and export. The adopted Energy Strategy of the Russian Federation for the period up to 2035!
outlines forecast indicators for the production of various fuels. Figure 1 shows these data for two stages of the Strategy's
implementation: for 2024 and for 2035 in accordance with two types of scenarios — the lower and upper. Both
scenarios aim to maintain the macroeconomic stability of the state. The scenario corresponding to the upper limit of the
range of parameters for the development of the fuel and energy complex assumes the achievement of economic growth
rates above the global average. The scenario corresponding to the lower limit indicates the limit of the sustainability of
the country's energy sector and ensuring its energy security.
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Fig. 1. Forecast of Russia's fuel and energy balance (2024, 2035)

! Energy Strategy of the Russian Federation for the Period up to 2035. Decree of the Government of the Russian Federation No. 1523—r dated
June 9, 2020. (In Russ.) URL: http://static.government.ru/media/files/w4sigFOiD]GVDY T4lgs Apssm6mZRb7wx.pdf (accessed: 13.01.2025).
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According to the data in Figure 1, the country has no plans to significantly decrease the extraction of natural, non-
renewable energy resources until 2035. The Energy Strategy emphasizes that one of the main objectives of energy
development is to support the socio-economic growth of the state and encourage the development of other economic
sectors, which highlights as priorities of the state energy policy “guaranteed energy security of the country as a whole
and at the level of the subjects of the Russian Federation, especially those located in geostrategic territories; primary
satisfaction of domestic demand for products and services in the energy sector™.

At the same time, the volumes of extraction and production of energy resources from extracted raw materials, fuel and
electric energy production in the Russian Federation consistently exceed domestic consumption: for oil — by more than
1.9 times, for gas — by 1.5 times, for coal — by 1.8 times, for diesel fuel — by 2.6 times, for automobile gasoline — by
1.1 times [1]. This makes Russia one of the leading exporters of energy resources in the world. The profits from these exports
are planned to be used for various purposes, including developing the industry, accelerating technological and digital
evolution, and achieving national goals such as sustainable growth in real incomes for citizens.

The Strategy notes that among the world's largest economies, the fuel and energy balance of the Russian Federation
is one of the most environmentally friendly (low-carbon). More than a third of electric energy generation comes from
nuclear power, hydropower and other renewable energy sources. About half of the energy comes from natural gas?,
which is in line with global trends in the energy industry. Despite having abundant natural resources, the Russian
Federation adheres to the goals of sustainable energy production and consumption, as defined by the United Nations
Environment Programme*.

To date, literary sources have primarily focused on specific aspects of green energy, including legal, economic, and
technological aspects. However, a comprehensive analysis of the current state of renewable energy in Russia is lacking.
This indicates a gap in scientific knowledge about the interaction between public policy, capital markets, and scientific
developments required for the successful promotion and implementation of innovative and sustainable energy
technologies in the country's energy sector. Furthermore, empirical data on the actual opportunities and growth potential
of this sector of the Russian economy has not been thoroughly explored.

Therefore, the aim of this research was to conduct a comprehensive analysis of the features and trends in the
development of green energy in the Russian Federation. This included studying the impact of government policies on
the adoption of renewable energy sources, identifying existing barriers and opportunities for growth in this sector, and
developing recommendations to improve conditions for further development of green energy in the country.

Materials and Methods. The study used regulatory and legal acts of the Russian Federation: the Energy Strategy of
the Russian Federation for the period up to 2035, the State Program of the Russian Federation “Energy Development”,
the Decree of the President of the Russian Federation “On Reducing Greenhouse Gas Emissions”, the Strategy of
Socio-Economic Development of the Russian Federation with low greenhouse gas emissions until 2050, Decree of the
Government of the Russian Federation “On the Main Directions of State Policy in the Field of Improving the Energy
Efficiency of the Electric Power Industry Based on the use of Renewable Energy Sources for the Period up to 20357,
Federal Law “On Electric Power Industry”.

The data of the Federal State Statistics Service of the Russian Federation, the Association for Renewable Energy
Development (ARWE), RES statistics, and information articles on the UNEP (United Nations Environment Program)
website were used. The United Nations Environment Programme's assessment reports presented on the IPCC
(Intergovernmental Panel on Climate Change) website and materials on the problems of green energy development in
the world and Russia presented in scientific works by domestic and foreign authors were also considered. Special
attention was paid to the results of the “Renewable Energy in Russia and the World” review presented by Rosenergo?.
Plans, reports, and results of monitoring the implementation of the State Program “Energy Development”® of the
Russian Federation were analyzed using content analysis and structural-functional analysis methods.

A mixed research method was employed, which included qualitative and quantitative analysis. Public speeches by
government officials, texts in the open press, and regulatory documents were analyzed qualitatively, while secondary
information from statistical sources was analyzed quantitatively. The authors applied the methodological approach
proposed by [1] as a basis for determining and analyzing the interrelationships of strategies for financing sustainable
development in the Russian Federation.

21d.

3 Energy Strategy of the Russian Federation for the Period up to 2035. Decree of the Government of the Russian Federation No. 1523-r dated
June 9, 2020. (In Russ.) URL: http:/static.government.ru/media/files/w4sigFOID]GVDY T4lgsApssmomZRb7wx.pdf (accessed: 13.01.2025).

4 The United Nations Environment Programme. (In Russ.) URL: https://www.unep.org/ru (accessed: 13.01.2025).

5 Renewable Energy in Russia and the World. The Ministry of Energy of Russia. Moscow: 2022. 105p. (In Russ.) URL:
https://rosenergo.gov.ru/upload/iblock/e04/3xtm87iv99x76b23cowjul3as5pzz8z).pdf?ysclid=Ixezlwzc66231521884 (accessed: 13.01.2025).

6 The State Program of the Russian Federation “Energy Development”. Decree of the Government of the Russian Federation
No. 321 dated April 15, 2014. (In Russ.) URL: https://minenergo.gov.ru/activity/government-program?ysclid=m?7afzr9it1340468075
(accessed: 13.01.2025).
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Results. The analysis of statistical data, scientific research, and government documents conducted by the authors as
part of this work suggests that the number of non-renewable energy sources is decreasing year after year, despite their
significant reserves. This could lead to the eventual depletion of these resources. The growth of the global population
and constant increase in living standards have led to an increase in energy consumption. Since the 1960s, energy
consumption has increased by 3.6 times’. This is a major reason for the active search for and implementation of
alternative energy sources.

Other reasons are outlined in the United Nations Environment Programme. First and foremost, this is climate change
on Earth, the need to eliminate its consequences. Greenhouse gas emissions are known to be the main cause of global
warming. In 2020, the average surface air temperature exceeded the pre-industrial level of 1850-1900 by 1.1°C. If the
current situation is ignored, the climate can warm by more than 2.9°C over the next century. According to the 2021
report of the Intergovernmental Panel on Climate Change, anthropogenic climate change is unprecedented over the last
2,000 years and is increasing in all regions of the world®. This can have disastrous consequences for life on Earth.
According to the Paris Climate Agreement, which was adopted in 2015, the preferred temperature rise limit is 1.5°C.
This requires a significant reduction in greenhouse gas emissions, by 50% by 2030 and by 100% by the end of the 21st
century’. Review [2] examines in detail the driving forces of climate change, analyzes its consequences, and explains
measures to mitigate these effects.

It should be understood that we are living in a time of natural crisis. Therefore, conservation, restoration, and the
responsible use of natural resources are the main priorities at the moment. To prove this, UNEP provides specific
examples of how human activity has led to the destruction of nature. This proves that “we are using the equivalent of
1.6 Earth to maintain our current lifestyle, and ecosystems are unable to keep up with our demands™'°.

Supporting territories affected by natural disasters, industrial accidents, and anthropogenic crises; combating
environmental pollution; minimizing the adverse effects of chemicals — these activities can and should contribute to
the restoration of nature and its riches. At the same time, they have a significant impact on states taking all necessary
measures to implement them.

Currently, the legal basis for international cooperation on climate change is the United Nations Framework
Convention, which was adopted on May 9, 1992 and developed into the Kyoto Protocol on December 11, 1997. To
achieve the goals of the Framework Convention, the Paris Climate Agreement!' was also adopted on December 12, 2015.
The Russian Federation is a signatory to the Framework Convention, the Kyoto Protocol and the Paris Agreement. On
November 25, 2020, the Russian Federation announced its first nationally determined contribution to the
implementation of the Paris Agreement. These data are posted on the official portal of the secretariat of the United
Nations Framework Convention on Climate Change!?. The basis for this statement was the Decree of the President of
the Russian Federation “On Reducing Greenhouse Gas Emissions”, which tasked the government of the country with
ensuring a reduction in greenhouse gas emissions by up to 70% by 2030, relative to 1990 levels. This reduction was to
be achieved while taking into account the maximum absorption capacity of forests and other ecosystems, and subject to
the sustainable and balanced socio-economic development of the Russian Federation'®, and the Strategy of socio-
economic development of the Russian Federation with low greenhouse gas emissions until 2050'*. The strategy
provides for two scenarios of such development: inertial and targeted (intensive). It is the target scenario that is
considered as the main one, which assumes the implementation of the commitments undertaken by the Russian
Federation under the Paris Agreement and the Framework Convention and the achievement of a balance between
anthropogenic greenhouse gas emissions and their absorption by 2060 at the latest. As part of technological
development, the Strategy pays special attention to the development of renewable energy sources in the country.

"1d.

8 Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental
Panelon  Climate Change. Intergovernmental Panel on Climate Change, Cambridge University Press. 1PCC; 2021. URL:
https://www.ipcc.ch/report/ar6/wgl/ (accessed: 13.01.2025).

® The Paris Agreement. United Nations. URL: https://www.un.org/ru/climatechange/paris-agreement (accessed: 13.01.2025).

10 Facts about the nature crisis. UN environment programme.URL: https://www.unep.org/facts-about-nature-crisis (accessed: 13.01.2025).

" On the Ratification of the UN Framework Convention on Climate Change. Federal Law. URL: http://www.kremlin.ru/acts/bank/7188. On the
Adoption of the Paris Agreement. Decree of the Government of the Russian Federation No. 1228 dated September 21, 2019. (In Russ.) URL:
http://static.government.ru/media/files/IOUSOFgDc050mQ1VgnC8rfL.6PbY69AVA.pdf (accessed: 10.02.2025).

12 NDC Registry. United Nations. URL: https://unfcce.int/ru/NDCREG (accessed: 13.01.2025).

13 On Reducing Greenhouse Gas Emissions. Decree of the President of the Russian Federation No. 666 dated November 4, 2020. (In Russ.) URL:
www.kremlin.ru/acts/bank/45990 (accessed: 13.01.2025).

4 The Strategy of Socio-Economic Development of the Russian Federation with Low Greenhouse Gas Emissions until 2050. Decree of the Government of the
Russian Federation No. 3052-r dated October 29,2021. (InRuss.) URL: http://static.government.ru/media/files/ ADKkCzp3fWO32e2yA0BhtIpyzWfHaiUa.pdf
(accessed: 13.01.2025).



https://bps-journal.ru/
https://www.ipcc.ch/report/ar6/wg1/
https://www.un.org/ru/climatechange/paris-agreement
https://www.unep.org/facts-about-nature-crisis
http://www.kremlin.ru/acts/bank/7188
http://static.government.ru/media/files/l0US0FqDc05omQ1VgnC8rfL6PbY69AvA.pdf
https://unfccc.int/ru/NDCREG
http://www.kremlin.ru/acts/bank/45990
http://static.government.ru/media/files/ADKkCzp3fWO32e2yA0BhtIpyzWfHaiUa.pdf

Minasyan LA, et al. Specifics of Green Energy Development in the Russian Federation

The decree of the Government of the Russian Federation “On the main directions of state policy in the field of
increasing the energy efficiency of the electric power industry based on the use of renewable energy sources for the
period up to 2035”15 states that the use of renewable energy sources is one of the significant measures “related to the
fulfillment of the international obligations of the Russian Federation to limit greenhouse gas emissions”.

According to the Federal Law “On Electric Power Industry”, there are several types of renewable energy sources
(Table 1)'¢:

Table 1
Renewable Energy Sources
Sun energy
Wind energy
Water energy (including wastewater energy), with the exception of cases when such energy is used in pumped storage
power plants
Tidal energy

Wave energy of water bodies, including reservoirs, rivers, seas, and oceans

Geothermal energy using natural underground heat carriers

Low-potential thermal energy of earth, air, and water using special heat carriers

Biomass, which includes plants specially grown for energy production, including trees, as well as production

and consumption waste, with the exception of waste obtained from the use of hydrocarbon raw materials and fuels

Biogas
Gas released by production and consumption waste in landfills of such waste

Gas produced at coal mines

The global technical potential of all types of renewable energy differs in terms of volume. Thus, the share of solar energy
is 62.52%, geothermal energy (at depths up to 10 kilometers) — 32.75%, ocean energy — 4.47%, wind energy — 0.23%"”
There is a steady increase in the use of renewable energy sources in the total global energy capacity (Fig. 2) [3].
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Fig. 2. Growth in the use of renewable energy sources

'S On the Main Directions of State Policy in the Field of Increasing the Energy Efficiency of the Electric Power Industry Based on the Use of
Renewable Energy Sources for the Period up to 2035. Decree of the Government of the Russian Federation No. 1-r dated January 8, 2009 (as
amended by Decree of the Government of the Russian Federation No. 1446-r dated Junel,2021). (In Russ.) URL:
http://government.ru/docs/all/66930/ (accessed: 13.01.2025).

16 On the Electric Power Industry. Federal Law No. 35-FZ dated March 26, 2003. The official website of the President of Russia. (In Russ.) URL:
www.kremlin.ru/acts/bank/19336 (accessed: 13.01.2025).
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The largest volume of electricity generated from solar (SES) and wind power plants (WPP) is produced in China,
followed by the United States, India, Germany, Brazil. Due to a large number of hydroelectric power plants, Russia is
considered to have access to renewable energy sources to some extent, but it still lags behind in most other forms
presented in Table 1. This has led to the need for further development of renewable energy sources in the country,
which are given sufficient attention at the state level. The main focus is on the implementation of public-private
partnerships in this area. In particular, the government decree'® provides for competitive selection with the
establishment of targets for the commissioning of renewable energy generating facilities, as well as basic limits for
capital expenditures per kilowatt of installed capacity for each type of facility. It also sets basic limits for efficiency
indicators, etc.

Government support and financial incentives for the development of renewable energy between 2013 and 2021
produced results that are significantly different from the occasional cases of previous years.

Meanwhile, the total capacity of renewable energy sources in the Russian energy system is still small, and the main
contribution to the country's energy sector is still made by traditional fuel. Renewable energy accounts for only 2.41%
of the country's unified energy system. As of April 1, 2024, the total capacity of renewable energy facilities in Russia
was 6.11 GW, with wind and solar power plants leading the way (Fig. 3).

RES in Russia, 2024 (GW)

0.01

= Wind energy = Sun energy = Hydropower (up to 50 MW) Other renewable energy sources

Fig. 3. Renewable energy sources in Russia in 2024

From 2013 to 2024, the country implemented a Capacity Delivery Agreement RES 1.0. The program was aimed at
supporting the introduction of renewable energy sources financially. A competitive selection process was conducted
among applicants, with the condition for signing contracts for the provision of renewable energy capacity for 15 years.
Andrey Maksimov, Deputy Director of the Energy Development Department at the Ministry of Energy of the Russian
Federation, emphasized that “investors receive a guarantee of returns on their investments through fixed income
payments for capacity” [4].

It is important to note the constant increase in the commissioning of new renewable energy capacities during this
period. From 2014 to 2023, the capacity increased from 1.66 to 6.11 GW. The highest peak occurred in 2020 and 2021.
After that, due to sanctions imposed by states unfriendly to Russia, there was a noticeable decrease in the
commissioning of new capacities (Fig. 4)'°.

'8 On the Main Directions of State Policy in the Field of Increasing the Energy Efficiency of the Electric Power Industry Based on the Use of
Renewable Energy Sources for the Period up to 2035. Decree of the Government of the Russian Federation No. 1-r dated January 8, 2009
(as amended by Decree of the Government of the Russian Federation No. 1446-r dated June 1,2021). URL: http://government.ru/docs/all/66930/
(In Russ.) (accessed: 13.01.2025).

9 RES statistics. RREDA. (In Russ.) URL: https://rreda.ru/industry/statistics/?ysclid=lxxa7d8w6b624652409#graph2 (accessed: 13.01.2025).
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Fig. 4. Dynamics of commissioning of renewable energy power plants in Russia

The dependence on foreign components and materials for the production of domestic renewable energy equipment
has led to delays in several investment projects?®. At the same time, all previously announced investment projects
continued their work. The government has taken measures aimed at specifying the timing of competitive selections for
the construction of renewable energy generating facilities in the wholesale and retail electricity markets, and
amendments have been made to the policy documents regulating this industry?!.

The CDA RES 1.0 program contributed to the creation of a production base of equipment for the commissioning of
green energy capacities, which did not exist in the country in sufficient quantity. It determined the dependence of this
industry on imported goods. As A. Maksimov noted, “the result of the first program was the introduction of new
renewable energy facilities and the creation of a scientific basis for the production of necessary equipment” [4]. Since
2024, there is the CDA RES 2.0 program. It is designed to last until 2035. It aims to improve on the achievements of the
first program. In the second program, the competitive selection process for projects has been adjusted. In the first
program, projects were selected based on the level of capital expenditure. Now, the projects that demonstrate a higher
efficiency in the facilities being commissioned are considered for nomination. The first competitive selection under the
second program was held in 2021. The total capacity of the supported projects was 2.7 GW. The new approach has led
to an increase in efficiency and a decrease in the cost of renewable energy facilities by approximately 85%.

20 Renewable Energy Market of the Russian Federation: Current Status and Development Prospects. Plumbing, Heating, Air Conditioning. (In Russ.)
URL: https://www.c-o-k.ru/articles/rynok-vozobnovlyaemoy-energetiki-rf-tekuschiy-status-i-perspektivy-razvitiya-chast-1 (accessed: 13.01.2025).

21 On Amendments to Certain Acts of the Government of the Russian Federation Regarding the Postponement in 2022 of the Competitive Selection of
Investment Projects for the Construction of Generating Facilities Based on the Use of Renewable Energy Sources in the Wholesale Electricity and
Capacity Market and the Competitive Selection of Projects for the Construction of Generating Facilities Based on the Use of Renewable Energy
Sources in the Retail Markets Electrical Energy. Decree of the Government of the Russian Federation No. 338 dated March 10, 2022. (In Russ.)
URL: https://normativ.kontur.ru/document?moduleld=1&documentld=460412 (accessed: 13.01.2025).

On Amendments to Certain Acts of the Government of the Russian Federation on the Issues of Conducting Competitive Selections of Investment
Projects for the Construction of Generating Facilities Operating on the Basis of Renewable Energy Sources in the Wholesale and Retail Electric
Energy Markets and on the Establishment of Certain Features of State Regulation of Prices (Tariffs) in the Electric Power Industry in 2022 and 2023.
Decree of  the Government of  the Russian Federation No. 999 dated June 01, 2012. (In Russ.) URL:
http://publication.pravo.gov.ru/Document/View/0001202206010030?ysclid=lxxgus409z227009000 (accessed: 13.01.2025).

On Amendments to the Decree of the Government of the Russian Federation No. 1172 dated December 27, 2010. Decree of the Government of the
Russian Federation No. 2389 dated December 29, 2023. (In Russ.) URL: https://base.garant.ru/408323687/?ysclid=Ixxha7ty7t736108420 (accessed:
13.01.2025).
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In [1], a roadmap is presented that outlines strategies for promoting green development through a hybrid approach.
The authors identify 12 strategies, indicating that lower-level strategies are more significant than higher-level
ones (Fig. 5). Based on this hierarchy, the researchers analyzed the extent to which Russia's energy development meets
these criteria.

Long-Term Environmental
Vision (S2) Awareness (S9)

1 1
Government Funding (S11)

t t
Research and Development (S7) Green Technologies and Education (S6)

f i
Collaborative and Participatory Approach (S10)

t
Government Support at an Early Stage of Development (S8)

f f f

Carbon Emissions N Cost N Resource
Management (S2) N Minimization (S2) N Conservation (S2)

T

Financial Incentives, Tax Cuts and Subsidies (S5)

t

Environmental Rules and Practices (S1)

Fig. 5. Hierarchical structure of green innovation strategies [1]

The authors note that the fundamental basis of this structure is S1 “Environmental Rules and Practices” criterion. As
mentioned above, Russia is a party to the Framework Convention, the Kyoto Protocol, and the Paris Agreement, having
adopted all environmental rules and practices at the state level, as evidenced by the country's array of regulatory
documents.

The next step in the proposed hierarchy is S5 “Financial Incentives, Tax Cuts and Subsidies”. The Russian
Federation is the driving force behind the green transition, based on a public-private partnership. The Government of
the Russian Federation?? has defined measures of state support to achieve real competitiveness of renewable energy
technologies against fossil fuel-based energy production. These measures include preferential tariffs for the sale of
electricity generated from renewable energy sources, tax credits, preferential loans, and the introduction of a green tariff
in Russia to attract additional investments®*. From 2013 to 2021, the mechanism for supporting and stimulating the
development of renewable energy sources has supported the commissioning of 121 power plants in Russia, including
83 SES, 27 WPP, and 11 sHPP. An important aspect here is the legal framework for the proportion of renewable energy
sources in a country's overall energy mix.

As can be seen in Figure 5, the next most significant level is determined by three factors: S3 “Resource
Conservation”, S4 “Cost Minimization” and S12 “Carbon Management”. Regarding S12, the Strategy?* emphasizes that
emissions management focuses primarily on their absorption by forests and swamps. Russia has a large number of
forests and swamps, and there is a hypothesis that the absorption of greenhouse gases prevails over their release. The
country has established a Unified national monitoring system for climatically active substances, and based on it, a
National Cadastre has been created with information in a standardized international format for detailed verification of
this hypothesis?. By government decree, it was given the status of an innovative project of national importance?®.

22 The Main Directions of the State Policy in the Field of Increasing Energy Efficiency of the Electric Power Industry Based on the Use of Renewable Energy
Sources for the Period up to 2035 . Decree of the Government of the Russian Federation No. 1-r dated January 08, 2009. On Amendments to the Decree of the
Government of the Russian Federation dated January 08, 2009. N 1-R. Decree of the Government of the Russian Federation No. 1446-r dated June 01, 2021
Legalact — laws, codes, and regulatory legal acts of the Russian Federation. (In Russ.) URL: https:/legalacts.ru/doc/rasporjazhenie-pravitelstva-rf-ot-
0106202 1-n-1446-r-0-vnesenii/?ysclid=m7bgc5ly4u984542445 (accessed: 13.01.2025).

2 On Amendments to Certain Acts of the Government of the Russian Federation Regarding the Definition of the Specifics of Legal Regulation of Relations of
Microgeneration Facilities Functioning. Decree of the Government of the Russian Federation No. 299 dated March 02, 2021. Official publication of legal acts.
(In Russ.) URL: http://publication.pravo.gov.ru/Document/View/0001202103060015?ysclid=m7bgl0kdif79000694 (accessed: 13.01.2025).

24 On the Strategy of Socio-Economic Development of the Russian Federation with Low Greenhouse Gas Emissions until 2050. Decree of the Government of
the Russian Federation No.3052-r dated October29,2021. Electronic fund of legal and regulatory documents. URL:
https://docs.cntd.ru/document/726639341?ysclid=m7bgpyga7ql 76688002 (accessed: 13.01.2025). (In Russ.)

% In Europe, Everything was Cut Down. Russia has Become the Lungs of the Planet. RIA News. (In Russ.) URL: https:/ria.ru/20231011/poligon-
1901702366.html?ysclid=ly5Smwnjkql692557096 (accessed: 13.01.2025).

26 On Approval of the Most Important Innovation Project of National Importance “Unified National Monitoring System for Climatically Active Substances” and the
Action Plan (Roadmap) for the Implementation of the First Stage (2022-2024) of the Most Important Innovation Project of National Importance “Unified National
Monitoring System for Climatically Active Substances”. Decree of the Government of the Russian Federation No. 3240-r dated October 29, 2022. Official
publication of legal acts. (In Russ.) URL: http:/publication.pravo.gov.ru/Document/View/0001202211010041 ?ysclid=ly50b08110614670035 (accessed:
13.01.2025).
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Along with the measures commonly used in other countries, the Strategy also includes measures to restore
previously drained wetlands, improve fire safety in wetlands and forests, develop forest infrastructure, expand
afforestation areas, and more. Research into carbon sequestration using new integrated technologies for improving rural
health is ongoing in various countries [5—14].

S8 level of “State Support at an Early Stage of Development” is proved by all the previous content of the article. In
Figure 5, S11 “State Financing” level is located penultimate when moving up, that is, as a less significant strategy.
However, the authors believe that it should be placed at the same level as S8, especially since S6 and S7 strategies are
provided to a greater extent by S11, as indicated in the “Priority-2030”%7.

S6 “Green Technologies and Education” and S7 “Research and Development” strategies emphasize the importance
of cooperation between higher education institutions and industry. Here we should mention the Priority 2030 program,
implemented by the Ministry of Science and Higher Education of the Russian Federation since 2016. This program
brought together 142 universities across the country to ensure their integrative contribution to achieving Russia's
national development goals, including the development of technologies that will help eliminate the negative effects of
anthropogenic impact. The implementation of this program is supported by the Association of Green Universities in
Russia, which unites 214 university volunteer teams and clubs that are actively involved in environmental protection
activities. The interregional environmental public organization EKA is actively implementing the program “Green
Universities of Russia” for 2021-2026 in educational institutions in order to enhance the ecological culture of Russian
society?®. While the emergence of sustainable environmental trends in Russian universities is encouraging, the country's
lack of development in renewable energy sources has also led to a lack of educational programs for training specialists
in alternative energy technologies. The training of highly professional engineers in the field of renewable energy, as
rightly noted in the hierarchy in Figure 5, is possible only if S6 and S7 are included in S10 “Collaborative and
Participatory Approach”. In this regard, it is worth mentioning the inclusion of the “Advanced Engineering Schools”
initiative in the list of initiatives for socio-economic development of the Russian Federation until 2030%°. This initiative
is part of larger programs such as “Low-Carbon Development Policy” and “Clean Energy (Hydrogen and Renewable
Energy)”. The federal project “Advanced Engineering Schools” is aimed at training specialists for high-performance
sectors of the economy. They are created on a common basis by universities and technology companies for the
formation of platforms for joint scientific research and project training of students in accordance with the profile of
partners. One of the thematic areas is electric and thermal power engineering. The work includes 50 universities across
the country and 150 companies. An obligatory part of the project is to attract extra-budgetary funds. According to the
Ministry of Education and Science, in 2022, the financing of all schools from the federal budget amounted to 2.5 billion
rubles, and the partner companies of the schools confirmed co-financing for another 3.8 billion. In 2023, the total
financing amounted to about 10 billion rubles, and in 2024 it was planned to allocate about 18 billion rubles®. It is
hoped that in the future, a platform will be selected to solve scientific and technical problems in the field of renewable
energy and educational programs will be developed for training engineering personnel in this area [15, 16].

As for S2 “Long-Term Vision” and S9 “Environmental Awareness” strategies, we agree with the authors [1] that
environmental awareness programs expand knowledge and understanding of sustainable development issues. The long-
term vision provides a strategic framework for governments, financial institutions, and businesses to integrate
sustainable development into planning.

Having gone through all the steps of the roadmap, we can make conclusions about the effectiveness of the proposed
navigation by the authors [1], and the priority of factors by using the example of the Russian Federation. We can also
identify the level of implementation of these strategies in Russia's movement towards sustainable development.

Discussion and Conclusion. In the Russian Federation, due to the abundance of natural resources and the
development of nuclear power compared to many other countries, interest in the use of renewable energy for industrial
purposes came later than in other countries. This delay in the introduction of renewable energy sources into the
country's energy system is due to a number of reasons:

1) large natural reserves of fuel and energy resources;

2) significant reserves of combined power systems capacity;

3) operation of large hydroelectric power plants built in the USSR;

4) advanced nuclear power industry;

5) low prices and tariffs for electric and thermal energy.

" The “Priority 2030” Program. Sociocenter. (In Russ.) URL: https://www.garant.ru/products/ipo/prime/doc/405491263/ (accessed: 13.01.2025).

8 The Program “Green Universities of Russia” for 2021-2026. Moscow: Interregional Environmental Public Organization “EKA”;2021. 54 p. (In Russ.) URL:
https://ecamir.ru/upload/medialibrary/Se3/03gawihqvOb752qc2u2kgygzzs0hOr4h.pdf (accessed: 13.01.2025).

2 A List of Initiatives for the Socio-Economic Development of the Russian Federation until 2030. Decree of the Government of the Russian Federation No. 2816-r
dated October 06, 2021. (In Russ.) URL: http:/static.government.ru/media/files/jwsYsyJK WGQQAaCSMGrd7q82RQ5xECo3.pdf (accessed: 13.01.2025).

3% Modern Professional Competencies. Sociocenter. (In Russ.) URL: https://engineers2030.ru/?ysclid=ly5v13806u55404777 (accessed: 13.01.2025).
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However, according to Russian experts, the potential of renewable energy sources in Russia is also quite high. They
estimate that it is 178 times higher than the current level of energy consumption in the country. This fact determines the
priority of developing renewable energy. Government policy today aims to eliminate the gap between the Russian
Federation and other countries in terms of the number of solar and wind renewable energy sources. It also aims to create
competitive advantages for green energy over fossil fuels. A legislative definition of the timing of the introduction of
renewable energy shares into the country's energy mix could be of great importance.

The country has begun to make a transition to more active use of renewable energy sources. At the same time, we
should not forget that progress in one segment inevitably leads to regression in another. This is actually proved by the
previous development of the fuel and energy sector. Therefore, it is important to continue studying the entire process of
switching to green energy. While the introduction of alternative energy sources does require the use of fossil fuels for
production and transportation, the production and maintenance of renewable components can lead to an increased
demand for rare earth minerals. This can affect the issue of exhausting natural resources. Large-scale energy production,
especially for solar energy, requires large areas of land. The production of solar panels can also lead to greenhouse gas
emissions. Renewable energy sources create toxic waste, for example, at Solar Energy, compared to nuclear power
plants, there are hundreds of times more of them. There is a risk of solar panels catching fire. Their harmful effects on
the environment and wildlife are also possible. They have a low efficiency, as well as a relatively short service life, and
are expensive. Renewable energy sources have a high degree of dependence on natural conditions, and there are serious
risks in ensuring the sustainability of their operation.

The negative aspects of the introduction and operation of renewable energy sources and the environmental danger
they pose are widely discussed by scientists [17-20]. Scientific research is underway to determine the impact of
renewable energy on the environment, and experts are looking for technologies to eliminate related negative factors and
increase the capacity of power plants. Russian President Vladimir Putin®' also drew attention to the need for a phased
and thoughtful movement towards green energy, noting, in particular, that green energy was actively developing, but it
would not be able to cover all the needs of the global economy for a long time. The processes related to the introduction
and stable functioning of green energy will take a lot of time, as they take place in stages, including the scientific
justification of the explication of threats that arise from the use of renewable energy, and the identification of ways to
eliminate them. Therefore, at the present time, while non-renewable energy sources continue to be used, it is essential to
reduce greenhouse gas emissions, combat environmental pollution, preserve, restore and use nature carefully, and
increase the ecological culture of production and the population.
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