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Introduction

The current stage of development of the global economy
is characterized by the following features:

—a decrease in the level of provision with resources of the
world economy in the context of an increase in the number
of consumers;

— Growth in demand for energy outpacing the growth of
the global economy due to increased energy consumption
of computer equipment and automation of industrial
production;

— increasing the role of compliance with environmental
standards in the organization of production as a primary
factor that determines the quality of life of the population in
a given territory or country;

— increasing the importance of compliance by sellers with
the conditions of environmentally friendly production as a
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primary factor determining the demand for its products by
the consumer;

— increasing opportunities for improving energy
production technologies due to the rapid development of
the 21st century society in the framework of scientific and
technological progress and reforming production patterns.

The implementation of the energy transition based on
the introduction and expansion of the practice of using
innovative renewable energy resources is a highly discussed
event in the scientific economic literature.

Supporters of the implementation of the energy transition
through the use of renewable energy sources present it as
a socially significant step that society should take in favor
of new generations and improving the quality of life of the
modern population of the earth.

At the same time, the practice of implementing an energy
transition based on the use of renewable sources is currently
heterogeneous by geographical criterion. The center for
the development of energy based on the use of renewable
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sources is the European Union, while in other countries,
including developed ones, this practice is not so widespread.

The purpose of this scientific article is to develop, based
on the analysis of the energy transition to renewable energy
sources, forecasts of qualitative and quantitative trends and
trajectories for the implementation of the energy transition,
as well as the possible timing and geographical coverage of
such a transition. Taking into account the generated forecasts,
the article presents a system of proposals regarding the
formation of the energy transition within the framework
of the macrosystem with the color of the already existing
experience of the countries — the leaders of the energy
transition, the state and forecasts of its innovation and
investment component.

Assessment of the innovation and investment
potential of the energy transition to renewable
sources

The current quantitative projections for an energy
transition based on renewables are based on [1]:

— plans for state innovation and investment support
for the energy transition by states, taking into account
applications submitted by potential participants in the energy
transition for the development of relevant grants;

— statistics on the implementation of the energy transition
of the global economy to renewable sources in 2000-2021;

— innovation and investment plans of organizations
involved in the implementation of the energy transition;

— conjuncture of the global energy market and the market
of innovative energy solutions;

— other factors that determine the innovative and
investment potential of the energy transition to renewable
energy sources, in particular, the replacement by a number of
European countries of traditional suppliers of hydrocarbon
energy raw materials.

Figure 1 shows the dynamics of energy generation by
energy organizations based on renewable sources in 2009-
2021 and forecasts of changes in these indicators until 2026.

In the form of columns in figure 1, the estimated and
forecasted values of the change in energy generation from
all types of renewable sources are presented, in the form of
rhombuses — the gross value of energy generation due to the
total use of renewable sources.

As forecasts of the dynamics of energy generation from
renewable sources, the following are presented:

— a realistic forecast based on extrapolation of current
quantitative trends in increasing energy generation from all
types of renewable sources (main case) [3];

— an optimistic forecast formed on the condition that all
innovative and investment programs of the energy transition
until 2026 are implemented in full (accelerated case);

— a hyper-optimistic forecast based on an assessment of
the increase in energy generation from renewable sources
exclusively from existing capacities with a guaranteed pay-
back and sources that will be created at the expense of the
budget funds of the states participating in the energy tran-
sition provided for allocation until 2025 with the maximum
involvement outside investment (IEA net zero by 2050) [4].

In general, the position of renewable energy sources in
the energy market is characterized by their relatively small
share in the global energy sector. Along with this, the period
2010- 2020. characterized by a more than threefold increase in

the share of renewable energy from 3; in 2010 to 12; in 2020
with a systematic decrease in the share of hydrocarbons, as
shown in figure 2.

The contribution of renewable energy sources to the
overall energy balance of the countries of the world is
heterogeneous in its value.

The most important in the energy balance among
renewable energy sources is wind energy, whose share in
the total energy balance is relatively stable, and solar energy,
whose share in the period 2010-2020 is steadily growing
thanks to state innovation and investment support in the
most developed economies of the world [6].

All other renewable energy sources account for less than
10% of the total energy generation from renewable sources,
including from those identified in the EU plans as promising
for the period 2026-2050, namely biofuels and geothermal
energy. The dynamics and structure of energy generation for
the global economy through the use of various categories of
renewable energy is shown in figure 3.
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Fig. 1. Dynamics of energy generation by energy organi-
zations based on renewable sources in 2009-2021 and fore-
casts of changes in these indicators until 2026, in GW [2]
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Fig. 2. Dynamics of the ratio of the share of renewable
energy sources and hydrocarbons in global energy,
2010-2020, as a percentage of gross energy generation [5]
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In 2002-2026 the current trends are expected to
continue with a gradual increase in the share of currently
underrepresented types of renewable energy.

Although the main trends in the development of energy
based on renewable sources are currently set by the tools of
state regulation of the energy sector in developed countries,
more accurate forecasts will depend on market conditions [8].

Its most important part, which will have the most
significant impact in the future, will be the state of investment
sites thatensure the attraction of financing for the development
of renewable energy sources.

Assessment of investment and innovation
prospects for the energy transition to renewable
energy sources

Investment and innovation prospects for the development
of energy from renewable sources will depend on the
following factors:

— the state of traditional resource markets; higher prices
for traditional hydrocarbon carriers, widely used in less
developed countries, will create significant reasons for
producers to abandon traditional hydrocarbon sources, while
lower prices for them will impede the energy transition on a
planetary scale;

— the volume of state support for the energy transition
in the countries that are leaders in clean energy; in turn,
the amount of such support will depend on the popularity
of green ideas among voters in these countries in the
medium term and the macroeconomic condition of the
leading economies in the energy transition [9];

— the effectiveness of already implemented environmental
projects based on the use of renewable sources; in this sense,
pilot projects launched at the European site are indicators
not only of the effectiveness of individual areas of the energy
transition, but of its entire concept as a whole;

— the state of the scientific, technical and resource potential
of the energy sector based on renewable resources, their
availability and the ability of businesses to absorb them on
acceptable terms.

The European Plan for the Reduction of Hydrocarbon

Emissions into the Atmosphere, the indicators of which are
presented in figure 4, will serve as a framework trigger to
ensure the development of energy from renewable resources
until 2050 [10].

Plans to replace hydrocarbon energy sources with renew-
able sources will determine the intensity of state support. In
the event that the investment process in renewable technol-
ogies lags behind the planned indicators, at the junctions of
the stages of energy transformation, one should expect an
intensification of state support.

On the contrary, in the case of an influx of investments
in the sphere of creation and implementation of technologies
for the use of renewable resources in the energy sector, it
is possible at the junctions to reduce the intensity of state
support and transfer the system of investment relations to the
plane of commercial indicators.

At present, there is a lag in the indicators of the intro-
duction of renewable technologies from the planned indica-
tors, which is accompanied by an already sharpening of the
system of state regulation. For example, at the meeting of
the Commission and Energy in September 2021. In Brussels,
it was proposed to already cut off the tax burden both on
national consumers of hydrocarbon energy resources and on
foreign exporting companies.

At the same time, taking into account the state of the
European energy market in late 2021 - early 2022. it can be
stated that it is impossible to ensure the development of
energy from renewable resources mainly by restrictive meas-
ures. The mechanical replacement of hydrocarbon energy
with energy based on renewable resources will mean that
organizations - innovators, engaged in the creation of tech-
nologies for introducing renewable resources into the energy
supply process, will not be motivated to increase the efficien-
cy of their activities [11]. In other words, the experiment on
planting an energy sector focused on renewable resources
will inevitably degenerate into an inefficient system of state
subsidies for a limited number of imitators, which is clearly
unacceptable.

The main obstacles to the implementation of the energy
transition for the economies of the world most involved in the
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Fig. 4. The system of planned indicators executed in the period 2015-2020 and
their expected value until 2050 [7]
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transformation process in 2022-2030. will become:

— lack of opportunities for a systematic transfer of the
national economy of at least one European country, with
the exception of small European countries, to the use of
renewable sources; this will create and is already creating a
situation where there will be two energy systems competing
with each other and mutually reducing the pace of their
development;

— difficulties associated with confrontation between the
energy alliance of countries and concerns that are suppliers
of traditional hydrocarbon fuels, primarily OPEC;

— general macroeconomic instability inherent in econo-
mies oriented towards the use of renewable energy sources;
It is characteristic that the period of 2021 - early 2022, during
which the EU has a pilot project to diversify the national ener-
gy sector through the use of alternative hydrocarbon energy
sources, experienced an energy crisis in the EU associated
with an increase in prices for the most significant environ-
mental traditional energy resource for countries — gas.

As with any other innovation and investment process,
the main barrier to an energy transition based on renewable
energy sources remains the lack of demand. As noted earlier,
the effectiveness of the innovation and investment process
cannot be achieved through its exclusive administration and
financial support from the state.

Let us determine the potential of the energy market based
on renewable sources. This assessment is complicated by the
fact that in the absence of ready-made offers, business and
end users are not able to formulate a final answer, since this
requires a comprehensive assessment of such parameters of
an innovative product as:

— prices for the entire range of energy products during a
certain period of time;

— the social and environmental benefit felt by society,
which may arise after the introduction of renewable energy
sources; in this sense, the market for renewable energy
technologies and their introduction into production can
be considered in accordance with the public sector market
model;

— the quality of the proposed product.

At the same time, qualitative assessments of potential
consumers of energy based on renewable sources are impor-
tant for assessing the investment potential of this market,
since they have a direct impact on the behavior of state struc-
tures that make decisions on the allocation of funds, and cor-
porations that make decisions on introduction of innovative
energy technologies in their production, which is associated

with certain costs on their part.

Figure 5 presents an assessment of the willingness of
young consumers to pay extra for the use of renewable ener-
gy sources if the energy transition is not subsidized by the
state for the specified amount. The survey was conducted in
the UK among students — potential participants in the labor
market of industries focused on the use of renewable energy
sources.

Thus, about 80% of environmentally conscious European
consumers are not ready to pay more than € per month for the
transition to renewable energy sources before 2050. It should
be noted that this amount of payments includes both direct
payments, formed as an increase in the bill for electricity,
and indirect payments. The latter, in the conditions of the
European energy system, will most likely look like:

— an additional tax levied on the use of one or another
type of energy source in order to stimulate the energy transi-
tion to renewable energy sources and equalize the chances of
being on the market between suppliers of traditional energy
products and renewable energy sources;

— increase in the price of products created in the condi-
tions of voluntary or economic incentives for the manufac-
turer to abandon traditional energy sources and switch to
renewable sources.

An effective incentive for the development of energy
based on renewable resources is the mouth of the global
market demand for energy. As shown in figure 6, the trend
towards increasing energy use has not been able to reverse
even the self-isolation caused by the spread of a new corona-
virus infection in 2021-2022.

Thus, in the period 2022-2030. it is possible to ensure the
implementation of renewable energy sources through state
support instruments in countries focused on the energy tran-
sition without prejudice to traditional energy supplies, the
disruption of which carries the risk of destabilizing the global
energy market for national economies [11].

Social objectives are still the main investment trigger for
the development of the global energy market. Along with the
greening of energy production, which is the main goal of the
energy transition, social goals should be indicated.

From the point of view of purely economic approaches,
renewable energy sources have stronger environmental
competitors, such as:

— two-component nuclear energy, providing more effi-
cient energy production both in terms of the cost of creating
1 kWh, and in terms of ensuring the availability of energy for
large production and industrial centers [10];
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Fig. 5. Estimates of the willingness of young consumers
to pay extra for the use of renewable energy sources [12]
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Nuclear

— the gas industry, which is significantly more environ-
mentally friendly in terms of the final product being formed,
on the one hand, and does not require significant costs from
the state and society, as well as the adaptation period preced-
ing the energy transition, on the other.

At the same time, the development of an energy sector
focused on the consumption of renewable resources will con-
tribute to the solution of a number of social problems, such
as ensuring an increase in demand for labor in the energy
industry, while nuclear energy, on the contrary, will create
problems in terms of creating jobs for which is indicated by
the data presented in figure 7.

In general, the market for investment in energy based on
renewable sources is not currently formed as a single insti-
tutional entity on a global scale. On the contrary, this mar-
ket represents disparate fragments, united by technological
solutions, but differing significantly in economic parameters.

The assessments of each geographical «core» of the inno-
vation and investment market of technological solutions in
the energy sector focused on renewable sources are given.

European Union. The market for innovative and invest-
ment solutions on this site is provided mainly by demand
from the state and restrictions also imposed by the state. The
main characteristics of this investment and innovation plat-
form for the energy transition are:

— significant state subsidies provided to a limited number
of large companies from the EU, which are traditional grant
recipients and have no affiliated interests with other energy
market participants [13];

— high environmental fines and direct prohibitions that
prevent the participants of economic relations in the EU
from maintaining traditional energy partners — suppliers of
hydrocarbons.

USA. This market is characterized by a more liberal
attitude towards buyers of traditional energy sources,
including hydrocarbons. This circumstance is determined
by the strong hydrocarbon lobby in the United States,
resulting from the large amount of hydrocarbon reserves
in the country and the involvement of the United States in
their trade. At the same time, in the country, as well as in the
EU, considerable attention is paid to energy from renewable
resources, however, other factors act as triggers for the
energy transition, namely:

— attractiveness for large businesses of renewable sources
in the long term;

- significant attention to renewable sources on the part
of the military-industrial complex and innovative companies
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focused on the development of new territories, including
alien ones in the ultra-long term. For example, American bil-
lionaire innovator Elon Musk pays considerable attention to
the innovative and investment potential of renewable energy
sources.

China. In this country, the attractiveness of renewable
sources stems from the ongoing policy to ensure the energy
security of the national economy.

Thus, the triggers for the energy transition to the use of
renewable resources in 2010-2020 in China have become:

— import substitution programs in the energy sector;

— comprehensive urban planning support programs:

— the general innovation program of China.

Assessment of the innovation and investment
potential for the development of the energy sector
based on renewable resources in Russia

Russia’s key competitive advantage as a platform for
attracting investments in the field of renewable energy
resources is its natural potential. The following resources are
the most investment-attractive:

— the potential of large rivers in Russia, which has been
actively used by the domestic electric power industry since
the times of the USSR; at the same time, most of the domestic
HPPs require modernization both in terms of increasing their
environmental friendliness and in terms of scaling up their
energy potential, including export;

— significant areas not occupied by the area of human
activity and vulnerable ecosystems, suitable for the develop-
ment of solar energy;

— a significant amount of land unsuitable for agriculture
without prior expensive processing, but which can be used
for the production of biofuels.

In more detail, the innovation and investment potential
of Russia as a platform for ensuring the energy transition to
renewable sources is shown in figure 8.

Another strength of the domestic economy in terms of
the implementation of the energy transition is a significant
scientific and research potential. Russia is a technologically
independent participant in the hydroelectric power market,
actively supplies this product to neighboring countries,
which creates the potential for innovative and investment
growth through the Chinese market. Both technological and
resource partnerships are areas of international cooperation
that can replace a part of the country’s hydrocarbon revenues
in the event that the global economy turns away from
hydrocarbons by 2050 [15-20].
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Fig. 8. Platforms for the implementation of the energy transition in Russia through
the use of inno-vative and investment potential of various renewable sources [14]

Conclusion

Thus, it has been proven that the key trigger for the energy transition to renewable sources is the system of
public and private support for greening processes. In the context of the implementation of expanded support
for the quality of life of the population, the state creates growth points for investment in renewable energy
sources. At the same time, the mechanism for introducing innovative and investment solutions in the field
of using renewable energy sources in real production and their coexistence with traditional hydrocarbon
sources has not been fully developed. The emerging innovation-investment collisions of superimposing energy
transition models on the old hydrocarbon model of the energy market economy are the causes of many crisis
phenomena, including the rise in energy prices in Europe. Uncertainty in the energy market creates unique
opportunities for Russia to use its resource and technological potential to diversify the traditional vector of
hydrocarbon exports by exporting energy generated using renewable resources.
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VHHOBaMIOHHO-MHBECTULIVIOHHBIN aclIeKT YPHepreTM4eckoro nepexoaa
K BO300HOBAsIEMBIM VICTOYHUKaM DHEPIUN

A. M. T'aiicuna®, . A. Aumeunenxo?, /. P. Mazomaesa’, M. M. Mypadoeg*
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Pedepar
B cratbe KOMITAEKCHO pacCMOTpeHBI SKOHOMMYeCKHUe acIeKThI ITporlecca Iepexoja I100aabHON DKO-
HOMUKI Ha HCIOAB30BaHME BO30OHOBAJEMEIX MCTOYHUKOB dHeprnu. IIpoBejeHa olleHKa ITOTEHITMAABHBIX
VMHBECTUITVIOHHEBIX U PU3MIECKUX ITOTpeOHOCTell DPHepreTNKY, OCHOBAaHHOI Ha BO30OHOBASIEMBIX MICTOYHMKAX,
OCYIIIecTBAEHO MCCAe0BaHIe TIOTeHIIaAa T100aAbHO YKOHOMUKH TI0 YA0BAETBOPEHNIO DTUX ITOTPeOHOCTE .
ITpoBesen aHaams paHee OCYIIeCTBAEHHBIX AEMCTBUII IIpaBUTEABCTB CTpaH MUpa U OmM3Heca B HaIlpaBae-
HUM POPMMPOBAHMS DHEPTeTUKN, OCHOBAHHON Ha JCIIOAb30BaHUM BO300HOBASIEMEIX MCTOUYHUKAX DHEPIUIL.
BrIsIBAGHEI TIPErATCTBUA A4S TTepexoja rA00aAbHON HKOHOMUKM Ha BO30OHOBASEMBIX MCTOYHUKIU DHEPTUN
HKOHOMIYECKOTO M PecypcHOTro xapakrepa. IIposeseH aHaams ombiTa CTpaH MuUpa IO IIPEOJOAE€HUIO COOT-
BETCTBYIOIINX MIPeIATCTBUI U POPMUPOBAHUIO TOCyJapCTBaMM yCAOBUI TI0 CHVDKEHHUIO OaphepoB IpmxoJa
r1006a4bHOTO MHBECTOpa B cepy DHepreTHKM, OCHOBaHHOI Ha BO30OHOBAsSeMBIX pecypcax. VlccaegosaHbr
Hambo.ee 3HaYMMBIE C TOUKHU 3peHns (pOPMUPOBaHIS DHEPTeTUKIM, OCHOBAHHON Ha BO30OHOBASEMBIX MCTOU-
HIUKaX, pe3yAbTaThl I IIpOBeJeHa OIfeHKa MX MCIIOAB30BaHMA A4 POPMMUPOBAHMS DHEPTeTUKM, OCHOBaHHON
Ha BO300HOBASEMBIX MICTOYHMKAX B MHEIX CTpaHax Mupa. 3HaunMTeAbHOe BHMMaHue yaeaeno omeity EC xax
MeXXTOCyAapCTBeHHOI MHTETPaIlMOHHON IPYIIIPOBKe, B HanbOABITIeN CTeleHN MHTeTPIPOBAaHHOMN B IIPOIiecc
JpopMmpoBans HEPTETUKM, OCHOBAaHHOI Ha BO30OHOBAEMEIX UCTOUHMKaX. ITo pesyapTaTaMm aHaAm3a MHHO-
BaI[MOHHO-MHBECTUIIVIOHHBIX aCTIeKTOB DHEPTeTIYECKOTO Ilepexoja K BO30OHOBASeMbIM MICTOYHMKAM DHEPTUN
cpopMyAMpPOBaHBI TPEHABI pa3BUTIs dHepreTuku 40 2050 roja n paspaboTaHa cricTeMa peKOMEHAAITUI A5

OCYIIIeCTBAEHMSI PHePreTUIeCcKOro Iepexoja B CrpaHax Mupa.
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Xiilasa

Magqalada global igtisadiyyatin barpa olunan enerji manbsalarinden istifadesine kegid prosesinin iqgtisadi
aspektlori kompleks sokilda nazarden kegirilmisdir. Barpa olunan menbolars asaslanan potensial investisiya
vo energetikanin fiziki telobatin giymatlandirilmasi aparilmis ve bu tslebatlar1 6dayen qlobal igtisadiyyatin
potensialinin tadqigi hayata kecirilmisdir. Barpa olunan enerji menbalarinin istifadesine osaslanan ve
energetikanin formalasmas: istigamatinde diinya Olkalerinin hokiimatlari ve biznesi terafinden avvaller
aparilmis foaliyyetin analizi verilmisdir. Iqtisadi ve resurs xarakterli barpa olunan enerji manbalarine global
iqtisadiyyata kegid zamani manesalar {iza ¢ixarilmigdir. Diinya 6lkalarinin miivafiq manealari aradan qaldirma
tocriibasi ve barpa olunan resurslara ssaslanan energetika sahasinda dovlatlar terafinden qlobal investora
kecid zamani sadhlerin zaiflomasi sortlorinin formalasmas: tohlil edilmisdir. Barpa olunan menbaler asasinda
energetikanin formalagsmasi noqteyi nazarinden shamiyyet kasb eden naticaler tadqiq olunmus ve diinyanin
digar 6lkalarinds bu masalanin istifadasinin giymatlandirilmasi aparilmisdir. Barpa olunan manbalar asasinda
energetikanin formalagmasi prosesinds daha ¢ox daraceds inteqrasiya olunan Al dovletlorarasi inteqrasiya
qruplarinin tacriibasine xiisusi digqgeat yetirilmisdir. Barpa olunan enerji manbalarinden energetik kecidin
innovasiya- investisiya aspektlarin analizinin naticalorine gore energetikanin 2050-ci ile qadar trendlari ifads
olunmus ve diinyanin miixtalif 6lkelorinda energetik kecidin hoyata kegirilmosi ticiin tokliflar sistemi islonib
hazirlanmigdir.

Acgar sozlar: energetika; barpa olunan enerji manbalari; innovasiyalar; investisiyalar; dovlat tanzimlonmasi;
modernlagma.
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