YCTOMYUBOE PA3BUTHE U ITIPUPOJOIOIb30BAHUE

Research paper / OpuriHanbHas ctaTba :
https://doi.org/10.51176/1997-9967-2023-2-135-147 ‘ W) Check for updates ‘
MPHTW: 06.52.13

JEL: 013, 025, Q32 @c)

The Impact of Energy Transition Risks on the Sustainable
Development of Kazakhstan’s Economy

Bibigul S. Saubetova®*, Gaukhar A. Saimagambetova?, Aigul I. Esturlieva?, Gulimay
D. Amaniyazova®

a Caspian university of technologies and engineering named after S.Yessenov, 32 microdistrict,
ROOH6B2, Aktau, Kazakhstan

For citation: Saubetova, B. S., Saimagambetova, G. A., Esturlieva, A. I. & Amaniyazova, G. D. (2023). The Impact
of Energy Transition Risks on the Sustainable Development of Kazakhstan’s Economy. Economics: the Strategy
and Practice, 18(2), 135-147, https://doi.org/10.51176/1997-9967-2023-2-135-147

ABSTRACT

The purpose of the study is to determine the prospects and difficulties of Kazakhstan’s energy transition, as well as to
analyze the direction of development of the electric power sector to overcome the difficulties that have developed
today. The global trends of transition to a carbon-free economy, the foundation for which was laid during the crisis
of 2008, are currently being strengthened under the influence of two factors. Firstly, the fact of climate change as a
result of anthropogenic impact is recognized by the world community. Secondly, the economic crisis caused by the
COVID-19 pandemic has pushed many states, investors, as well as private companies to more actively implement
decarbonization strategies. This is not only due to concern about increasing environmental problems. Decarbonization
and energy transition can become an effective tool for stimulating economic development through the development
of technology, attracting investment and creating new jobs. The analysis of the consequences of the considered trend
for Kazakhstan is carried out. It is shown that the country’s strategic documents reflect a cautious approach based on
plans to increase hydrocarbon exports. However, we believe that maintaining this approach is fraught with a number
of economic and political risks. According to the results of the study, the importance of developing comprehensive
strategic approaches aimed at leveling the identified risks is emphasized, and specific proposals for the implementation
of a gradual energy transition in Kazakhstan are formulated.
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TYUIH

3epTTeyaiH MakcaTbl Ka3aKcTaHHbIH SHEPreTUKabIK aybICyblHbIH, Kefeweri MeH KypAeniniriH akkplHaay, COHAAN-aK,
6yriHri TaH4a KaNbINTaCKaH KUbIHABIKTapAbl €HCEPY YLiH 31EKTP SHEPreTUKAChl CEKTOPbIHbIH, Aamy 6afbITbIH Tanday
60nbin Tabbinagbl. 2008 KblNFbl AaFAAPbIC KE3EHiHAE HEri3i KaNlaHFaH KeMIpPTEKCi3 SKOHOMMUKaFa KellyaiH, anemaik
TeHAeHUMANapbl Kasipri yakpiTta eki ¢akTopablH, acepiHeH Kylwewin kenepi. bipiHWigeH, anemaik KaybiMAacTbIK,
QHTPOMOreHAiK acepaiH, HITUMKeCi peTiHAe KAMMaTTbiH, e3repy ¢akKTiciH molbliHAaabl. EkiHwigeH, COVID-19
NaHAEMMACBIHAH TyblHAAFaH 3KOHOMMWKA/bIK, [afdapbiC KenTereH MeMNeKeTTepi, WHBECTOp/iapAbl, COHAaM-aK
YKEKe KomNaHuAnapapl AekapboHu3auma cTpaterManapblH benceHai Typae Kysere acbipyfa utepmenegi. byn ecin
Kene XaTKaH 9KONOrUANbIK MacenenepMeH faHa 6arnaHbICcTbl emec. [ekapboHU3aLUA KaHe SHEPTreTUKANbIK aybicy
TEXHONOTNANAPAbI AAMbITY, UHBECTULIMANAPAbI TAPTY XKIHE KaHA XXYMbIC OPbIHAAPbIH KYPY apKbl/bl SKOHOMMKAHbIH,
OAaMYbIH bIHTaNaHABIPYAbIH, TUIMAI Kypanbl 6ona anaapl. KapanfaH TpeHATIH, KasaKcTaH yWiH cangapbiHa Tangay
Kyprisingi. EngiH, cTpaTerysanbik, Ky)KaTTapblHAA KOMIPCYTEKTEP 3KCMOPTbIH Y/IFAalTy »KOCMapaapbiHa Herisgenrex
CaKTbIKMEH Kapay Tacini KepiHic TanKaHbl KepceTinreH. Anaiaa, 6i3 6yn Tacingi caktay 6ipkatap SKOHOMUKASbIK KaHe
casfcu Tayekengepre Tonbl Aen caHaiMbI3. HyprisinreH 3epTrey HaTUxKenepi bolbiHWwa benrineHreH Tayekengepai
HUBenupseyre bOafbiTTaNFaH KelWeHAi CTpaTervanblK Tacingepai o3ipneyaiH MaHbI3AblblFbl aTan KepceTinin,
Kas3aKcTaHHbIH 6ipTiHAEN SHepreTMKablK aybICyblH iCKe acblpy 60MbIHLLA HAaKTbl YCbIHbICTAP TY*KbIPbIMAANAbI-
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AHHOTALMUA

Lienbto nccneaoBaHuA ABAAETCA onpeaeseHne NePCrekTUB U CI0XKHOCTEN SHepreTMYeckoro nepexoaa KasaxcraHa,
a TaK¥Ke aHa/IM3 HanpaBNEHWA PA3BUTUA CEKTOPA 3/1EKTPOIHEPTETUKM /1A NPEOS0NEHUA COKHOCTEMN, CIOKMUBLLMXCA
Ha CEerogHAWHNIN aeHb. MnpoBble TEHAEHLMN Nepexoaa K 6e3yrneposHon 3KOHOMUKE, OCHOBa A1 KOTopow bbina
3an0KeHa B nepnog, Kpusuca 2008 r., B HacTosALLee BpeMA YCUIMBAIOTCA NOA BAUAHNEM ABYX GpakTopos. Bo-nepsbix,
MMPOBbLIM CO0BLLECTBOM NPM3HAH GAKT U3MEHEHWUS KAMMATa KaK pesynbTaTa aHTPOMOreHHoro Bo3aencTens. Bo-
BTOPbIX, SKOHOMUYECKUI KPU3UC, BbI3BaHHbIN NaHgemueit COVID-19, noATONKHYA MHOTME FocyAapcTBa, UHBECTOPOB,
a TaK)Ke YacTHble KOMNAHMM K bosiee aKTMBHOWM peanu3aumu cTpaTerni gekapboHusaummn. 3To ob6bACHAETCA He
TO/IbKO 03a60YEHHOCTbIO YCUMBAIOLLMMMUCA SKONOTMYECKUMU Npobaemamu. [lekapboHN3aLMA U SHepPreTUYecKui
nepexos MoryT ctaTb 3GdEKTUBHBIM MHCTPYMEHTOM A1A CTUMYIMPOBAHUA PAa3BUTUA SKOHOMMUKM 33 CHET Pa3BUTUA
TEXHONOTUIA, MPUBNEYEHUA WMHBECTULMA W CO34aHMA HOBbIX paboumx mecT. lMpoBeseH aHanM3 nocaencTsui
paccMoTpeHHOro TpeHaa ana KasaxcraHa. lNoka3aHo, YTo B CTpATErMYecKMX AOKYMEHTAX CTPAHbI HaLLen OTpaXKeHue
OCTOPOMKHbIA NOAX0A, OCHOBAHHbIM HA NJaHAxX HapaliMBaHMA 3KCMopTa Yrnesogoponos. O4HAKO Mbl CYUTAEM,
YTO COXpPaHEHWe AAHHOro NoAxoJa YpPeBaTo PAAOM IKOHOMWMYECKMX W MOSIUTUYECKMX PUCKOB. Mo pesynbTatam
NpoBeAEHHOrO UCCNefoBaHUA MOAYEPKMBAETCA BAXKHOCTb BbIPAabOTKM KOMMIEKCHbIX CTPAaTErMyecknx noaxoaos,
HanpaBNEHHbIX HAa HUBENPOBaHWE 06O3HAYEHHbIX PUCKOB, CHOPMYIMPOBaAHbI KOHKPETHbIE NPEeAONEHMA MO

peanusaumm NOCTENeHHOro sHepreTMyeckoro nepexoga KasaxcraHa.
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Introduction

Switching to alternative energy sources that
produce less carbon dioxide is an ongoing task
known as energy transition (Lyu et al., 2022;
Hordeski, 2020). More than 70% of all emissions
in the world are from the energy industry,
including emissions from using energy for
heating, transport and production (Reuters, 2019).
Throughout history, there has been a correlation
between the ever-increasing need for power and
the availability of alternative forms of energy.
The current transition to renewable energy differs
from previous ones because it is primarily driven
by the realization that greenhouse gas emissions
must be reduced to zero globally.

The energy system offers sustainable
opportunities for the world to maintain a balanced,
healthy ecology and human life. As a result,
an energy transition is taking place all over
the planet (Specht & Madlener, 2019). Energy
transformations are associated with a deliberate
and paradigmatic shift from an outdated energy
production infrastructure and a strong consump-
tion dependence on high-carbon non-renewable
energy sources to a more efficient low-carbon
energy balance. The energy transition also
represents a global attempt to decarbonize the
energy system in order to reduce its carbon
footprint from the energy industry and minimize
the effects of climate change (Worighi et al.,
2019). Thus, this transition method involves
introducing renewable energy technologies into
the energy sector to replace existing energy
technologies based on fossil fuels. It also includes
measures to save energy and improve energy
efficiency (Kodaneva, 2022).

2020 was marked not only by the COVID-
19 pandemic, it also ended the warmest 10-
year period. It became the second warmest year
in the history of meteorological observations
(2020 Ends earth’s warmest ten years on
record, 2021). Greenhouse gases in the atmo-
sphere have reached the highest concentra-
tions for the entire observation period.
These changes have an increasingly negative
impact not only on natural systems but also on
humans and technology: for example, 75% of
new infectious diseases, such as Ebola, SARS,
NIPAH, avian influenza and COVID-19, are of
zoonotic origin; an increase in temperature leads
to natural anomalies that entail such negative
socio-economic consequences as a decrease
in income, especially for those groups of the
population who live in rural areas, forced migra-
tion, etc. Climate change and extreme weather

events have a negative impact on the security of
energy supply (Zheng, 2021).

Awareness of the ever-increasing risks
(economic, social and environmental) associated
with the effects of climate change has pushed the
governments of many countries around the world
to adopt various variations of the green course,
decarbonization of the economy and energy
transition. The COVID-19 pandemic has reinfo-
rced these trends. Furthermore, although the
lockdown and the fall in oil and gas prices for
some time reduced the relevance of the energy
transition issue and even called it into question,
experts note that this is a short-term trend. Thus,
most governments and large investment funds
of developed countries are calling for green
projects to be invested in the framework of
combating the consequences of the coronacrisis.

Decarbonization and low—carbon develop-
ment is the primary long-term trend in the
development of global energy. Thus, as of
September 2021, as part of the implementation
of the 2015 Paris Agreement, more than 100
countries have committed themselves to achieve
carbon neutrality by 2050, including the EU,
USA, Great Britain, Bhutan, Costa Rica, Fiji,
Japan, China, South and North Korea, Uruguay,
etc. (Henderson & Sen, 2021).

Long-term changes, or energy transitions,
are primarily associated with socio-economic
development and technological innovations. In
the past, they occurred organically, reflecting
innovation cycles. Today, this pattern is
supplemented by the globally recognized fact
of climate change’s anthropogenic cause and its
numerous negative consequences. Accordingly,
this introduces a new driving force that stimu-
lates energy transition — its conditionality by
state policy implemented in higher standards and

various measures to support and stimulate
investment.

Research Materials and Methods

The research examined publicly available
statistical information about the global energy
market and the energy market of Kazakhstan.
The report includes an evaluation of the
significance of coal in Kazakhstan’s energy
mix, examining the progress made in renewable
energy development, and assessing the current
operational and commissioned facility capacities.

A comprehensive analysis has been carried
out, which provides both quantitative and
qualitative characteristics of the development
and impact of the energy transition on the
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sustainable development of the economy of
Kazakhstan. The main research methods were:
analytical and synthetic, statistical, computational
and analytical research methods. The graphical
representation of the generalized data made it
possible to reflect the dynamics of the develop-
ment of this industry. A map of the energy intensity
of the world’s economies is presented.

The analytical method allowed to form a
comprehensive vision of the current state of the
world energy market and the energy market of
Kazakhstan. Based on the applied methodology,
a scientific justification of the current stage of
the energy transition and its impact on the socio-
economic development of Kazakhstan was given.

The tasks set in the article were solved by
analyzing the structure, dynamics, and financial
analysis methods. This study used the GM
dynamic panel for regression analysis, and
FMOLS and DOLLS were used as reliability
models. Data sets on sustainable development,
environmental sustainability and energy transition
of OECD countries were used. The period
covered by the study was from 2000 to 2020.

Results and Discussion

As a result of the rapid spread of renewable
energy sources, more and more studies are being
conducted in many countries to study the impact
of the use of renewable energy sources on
environmental quality, as well as on economic
growth on a national, regional and global scale
(Lyu et al., 2022; Kumaran et al., 2020). The
results of these studies confirm the existence of an
ecological Kuznets curve between CO2 emissions,
confirming the hypothesis that using renewable
energy sources reduces carbon dioxide emissions
(Razmjoo et al., 2021).

On the contrary, the use of non-renewable
energy sources increases CO2 emissions. Other
studies have focused on the relationship between
the amount of energy consumed by a country
and the pace of its economic growth (Baloch et
al., 2020). It studied how energy consumption,
economic growth and environmental emissions
are related. The results of these studies varied
greatly depending on the nation studied; this
discrepancy is due to several elements unique to
each of these empirical studies (Abbas & Chaudhry,
2017).

In contrast to the previously discussed
common analytical approaches, the most recent
empirical studies investigate the relationship
between economic growth and the transition to
renewable energy sources (Abbas et al., 2020;

Shen et al., 2021). Many researchers have
focused on how economic growth can facilitate
the transition to new energy sources while
mitigating the effects of global warming (Wu et al.,
2021). In recent years, there has been a growing
number of studies in the field of economics
that study how the developing economy affects
the consumption of both renewable and non-
renewable forms of energy (Wei et al., 2021;
Chaudhry et al, 2021). In addition, it is
becoming increasingly common practice in the
field of environmental policy, energy policy and
innovation policy to study the structure of
complex policies. This is a popular approach in
the field of policy research and practice (Hao et al.,
2021).

There are various definitions of energy
transition in modern scientific literature. However,
almost all of them boil down to the fact that
energy transition means abandoning hydrocarbons
in favor of green energy as an effective way to
reduce carbon emissions and achieve low-carbon
development.

However, one cannot agree with such a
narrow vision of this phenomenon. The energy
transition is not only about green energy. “First
of all, it is the organization of the transition of
the world’s leading economies to a new
technological order” (From the report of
Belousov A.R., 2021). Innovative solutions are
also being developed in such areas as energy
intensity reduction, transmission, conversion and
storage of energy, management of large power
systems and hydrogen energy. Accordingly,
new technological solutions in the energy field
are deeply integrated with modern information,
communication and digital technologies that
make it possible to create an intelligent energy
system.

Thus, the energy transition should be
understood as a technological transformation,
including gradual changes, such as energy
efficiency improvements, structural transforma-
tions caused by the abandonment of some fuels
in favor of others and systemic shifts, such as
the abandonment of fossil fuels in favor of the
electric power industry, the large-scale use of
digital and intelligent technologies (smart grids,
BIM, etc.) and the transition to hydrogen fuel.

The current level of technology develop-
ment allows us to state that the energy transition

is underway. However, there is still uncertainty
both in terms of its timing and scenarios
implemented in different regions of the world
and the consequences for existing and future
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players in the energy market. At the same
time, prices for key technologies in the field of
renewable energy are constantly decreasing, and
their availability to consumers is increasing. For
example, solar photovoltaic modules (PV) have
decreased by about 90% over the past decade
(Roser, 2020), and wind turbines — by 55-60%.

As per the International Energy Agency
(IEA), renewable energy sources are projected to
contribute 90% of new capacity growth globally
shortly. This is because constructing new wind
or solar facilities is currently more cost-effective
than continuing to operate 60% of existing
coal-based power plants (Tracker, 2020). In May
2021, the IEA released a special report titled
Net Zero by 2050. A Roadmap for the Global
Energy Sector, which states that “there is no
requirement to invest in fresh supplies of fossil
fuels. Besides the projects already sanctioned
for 2021, our roadmap does not necessitate
developing new coal mines, oil and gas fields, or
extending the existing ones” (Marshall, 2021).

In analyzing this report, paying attention to
several important points is necessary. Firstly, the
pace, scale and scenarios of the energy transition
may vary significantly in different regions, up
to the preservation of directly opposite trends in
Africa and several Asian countries, due to both
different levels of socio-economic development
and established energy models. This is clearly
seen in the example of the use of coal and
nuclear energy in Europe, where opinions about
the future of both energy sources vary greatly.
The starting point for the energy transition also
differs in the world as a whole.

The European Union continues to imple-
ment its decarbonization plans by raising the
prices of emissions in the EU ETS, which in
turn affects the final prices for fuel and
electricity. What is the main challenge for
our country, so that, like the European Union,
Kazakhstan can continue the decarbonization
agenda to benefit society and the future genera-
tion? Is our country ready to liberalize the
electricity market? Are we ready to give an
opportunity and guarantees to investors seeking
to invest in developing renewable energy
infrastructure and intelligent technologies of
electricity transmission networks?

The energy transition is a complex but
possible transformation that requires significant
investments and, most importantly, conditions
and a coordinated, systematic approach between
all participants, where the state plays a decisive
role. For the development of the industry, a

vector of development is needed so that plans
can be made. Therefore, the most critical step is
to develop a comprehensive strategy that will
define a long-term vision for developing the
country’s energy sector.

Kazakhstan has one of the most energy-
intensive economies in the world. According to
the Enerdata agency, by the end of 2020,
Kazakhstan entered the top ten most energy-
intensive economies globally with an indicator
of 0.149 koe/$15p. (a kilogram of oil equivalent
for 15 US dollars). Such indicators indicate
the low energy efficiency of production due to
outdated equipment and inefficient processes.
At the same time, the share of coal in the
structure of Kazakhstan’s final energy consump-
tion is about 20%. Energy intensity of the
economies of the world in 2020 presented in
Figure 1.

According to IHS  Markit, despite
Kazakhstan’s efforts to achieve carbon neutrality
by 2060 through various programs such as the
adoption of renewable energy sources, coal
consumption remains dominant in the country’s
primary energy resources, accounting for over
50% in 2021 or approximately 92 million tons
of oil equivalent. It is projected that coal
will continue to have a significant presence
in Kazakhstan’s energy mix, particularly in
electricity production, until 2040.

Kazakhstan’s coal exports have faced
significant logistical difficulties due to the
conflict between Russia and Ukraine. Significant
investments in fossil fuels lead to difficulties
in developing green and alternative energy in
Kazakhstan (1/2). Subsidies to the coal industry
of Kazakhstan, according to the IEA, described
in Figure 2.

The total estimate of financing and subsidi-
zing coal-fired energy per year (2019-2021,
UNDP) amounted to 100 billion tenge. Kazakh-
stan ranked 12th in the world in 2020 in terms
of investments in fossil fuels. One hundred
fifty billion tenge was invested in renewable
energy in 2021, while 780 billion tenge has been
invested in renewable energy since 2014.

140 Ixonomuxa: cmpamezusn u npakmuxa. T. 18, Ne 2, 2023 / Economics: the Strategy and Practice. Vol. 18, No 2, 2023



YCTOMYUBOE PA3BUTHE U ITIPUPOJOIOJIb30BAHUE

Figure 1 - Energy intensity of the economies of the world, 2020

Note: compiled by authors based on ENERDATA, IEA
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Figure 2 - Subsidies to the coal industry of Kazakhstan according to the IEA for 2010-2020, million US dollars

Note: compiled by authors

In Kazakhstan, subsidies are mainly made in
the form of:

* direct subsidies to energy producers,

* direct financing of infrastructure projects
in the energy sector,

* tax benefits for mining companies,

* price restraint on goods and services that
form the leading share of the cost of coal.

According to world experience, subsidizing
fossil fuel energy can hinder achieving low-
carbon development goals. Subsidizing fossil
fuels can lead to an increase in energy consump-
tion, inhibit the development of renewable and
alternative energy, and artificially lower tariffs.
In addition, there is a critical question of the
effectiveness of such a subsidy mechanism
with a low level of implementation of various
market-based methods for calculating tariffs.
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The uncertainty surrounding global climate
change makes it difficult to assess its impact on
economic activity accurately. Climate shocks
not only lead to severe economic losses but also
affect the systemic indicators of financial stability.
The climate crisis may lead to a decrease in the
profitability of companies and the depreciation
of specific categories of their assets, potentially
leading to a deterioration in the ability of firms

to service their debts and a higher level of
defaults, negatively affecting financial stability.
The risks affecting financial stability from
climate change are usually divided into physical
and transitional (Report, 2022).

Transitional risks associated with changes
in policies aimed at mitigating the effects of
climate change and adapting to a low-carbon
economy affect market volatility and the value of
financial assets and liabilities. The tightening of
environmental regulation, through the adoption
of the new Environmental Code No. 400-VI of
January 2, 2021, the increase in the cost of quotas
for greenhouse gas emissions in the Republic
of Kazakhstan, as well as the introduction of a

border carbon tax by the EU and other trading
partners of the Republic of Kazakhstan, are the
main factors of transition risks. These measures
may negatively affect the profitability of the
largest companies in critical sectors of the
economy by reducing revenue, increasing capital
and operating costs and increasing the cost of
borrowed capital.

Together, these negative factors will lead
to an increase in the debt burden of the corporate
sector of the Republic of Kazakhstan. In
addition, introducing carbon taxes will also lead

to an increase in prices for essential fuel
resources, leading to an increase in inflation.

The relationship between these risk
categories and their magnitude will depend on
whether the transition to a low-carbon economy
is gradual or intensive. The lack of timely
measures will lead to the materialization
and intensification of physical risks in the fore-
seeable future. At the same time, excessive
and spontaneous transition will  reduce
long-term physical risks  but will increase
short-term transition risks (Figure 3).

Climate change

Physical risks

(increasing frequency and
severity of climate disasters)

Risks to economic activity

(changes in employment, public
health and labor productivity)

Transitional risks

(impact of climate policy)

Financial risks

(impairment of assets,
transaction costs, credit risks)

Figure 3 - Relationship between risks

Note: compiled by authors

According to the Global Carbon Atlas
platform for 2020, Kazakhstan ranks 20th
among 221 countries in terms of carbon dioxide
emissions, 10th in terms of per capita emis-
sions and 7th in terms of carbon intensity of
GDP, where 80% of emissions come from opera-
tions related to the extraction and use of fossil

fuels. Taking this into account, within the frame-
work of the Paris Agreement, Kazakhstan has
committed itself to reducing CO2 emissions by
15% by 2030 from 1990 values - from 386.3 million
tons to 328.4 million tons of CO2 equivalent.
The goal has been set to reduce the share of
fossil energy resources in the structure of primary
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fuel and energy resources by 3.4 times to 29%
by 2060 and increase the share of RES from 3%
to 70%.

According to calculations by PwC Kazakh-
stan (2021), from 2013 to 2019, the cumulative
average annual growth rate of commissioned
renewable energy facilities in Kazakhstan is
already 24%. Also, together with the World
Bank, a roadmap for decarbonization from 2023
to 2030 was developed, covering seven economic
sectors: industry, energy, utilities, agriculture,
coal industry, transport and waste management
(Marteau, 2021). Commitment to this policy will
allow Kazakhstan to get closer to achieving its
goal of ensuring carbon neutrality by 2060. The
analysis of transitional risks is becoming one
of the priority tasks of regulators around the
world, and the central bank of Kazakhstan will
also begin work on studying the impact of these
risks on the economy of the Republic of Kazakh-
stan and developing strategies for taking into
account climate risks.

Multicollinearity is a term used in regression
modeling to refer to the relationship among
forecasters, which can have an adverse impact on
the regression outcomes. Detecting multicol-
linearity in a regression model is done by calcula-
ting a variance inflation factor (VIF) by formula
(1):

1

The dynamic effects of a model can
be analyzed by including lagged dependent
variables in the set of independent variables.
Doing so adds an element of dynamism to the
model, as the lagged dependent variables allow
for the inclusion of historical information and its
estimated impact on the independent variables.
By contrast, excluding the lagged dependent
variables results in a more pragmatic outcome,
as the independent variables provide a complete
picture of the situation. In other words, the
lagged dependent variables represent the effect of
the latest information on the model by formula (2):

Cit = #i + ﬁESGZt + PCit - 1 +8it (2)

DOLS is a method that allows for the
cointegration of diverse vectors under a given
parameter. It is a parametric test that assumes
normal distribution and helps to mitigate
errors in static regressors by incorporating lead
and lag values in the first differences. Alterna-
tivelyy, FMOLS is a nonparametric approach
introduced by Pedroni in 2004. It corrects biases
that arise in OLS due to endogeneity and serial
correlation concerns among the vectors and
residuals, making fewer assumptions. The DOLS
approach is characterized by the equation presented
below (3):

VIE =115 (1) SDgap =y + EMiB+dy, Y AEM.;8+ i, (3)
In this case, FMOLS estimation can be
performed with the following equation (4):
N I \2 - I ’ ’
wer = Ny [ (AEM;, - EM,) ] [Z(EM” — EM,)SDgap; - TT,-] 4)
i=1 Lt=1 t=1

To begin the panel data analysis, the
model’s cross-sectional dependence is first
examined, and the results are presented in
Table 1. The analysis shows strong evidence
that the panelists are subject to cross-sectional
dependencies in their work. Such dependence in
panel data can lead to biased results and lower
estimator efficiency when using first-generation
estimation methods. This is particularly true
for nations that are important trading partners
with numerous bilateral and multilateral

arrangements and where energy imports are
used in producing final products for international
trade. Both null hypotheses of the tests indicate
the presence of cross-sectional dependency at a
significance level of one percent (Table 1).

After applying the dynamic panel GMM
method carefully, we also used FMOLS and
DOLS to confirm the robustness of the model
mentioned earlier. The results of the robustness
analysis are presented in Table 2.
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Table 1 - Results of the cross-sectional dependency test

Variables Breusch-pagan LM | Pesaran Scaled LM Bias-Corrected Pesaran CD
Scaled LM
GDP_ . 4975.87*** 118.09%** 117.45%%* 20.02%**
El .. 17101.74%** 450.34%** 449.70%** 129.84%**
TGDS ... 16396.43*** 431.01%** 430.37*** 126.79%**
AGHG 17034.35%** 448.49%** 447.85%** 129.86%**
ET ) 6645.94%** 163.85%** 163.21%** 42.91%**
TEC 6539.10%** 160.92%** 160.28%** 30.92%**
TREC 1643.60%** 26.79%%* 26.15%** 7.38%**
TNREC 18582.83*** 490.92%** 490.28*** 136.21%**
**% shows the significance level at 1%.
H,: There is no cross-section dependency
H ,: There is the cross-section dependency
Note: compiled by authors
Table 2 - Results of robustness based on FMOLS and DOLS
FMOLS Estimator DOLS Estimator
TEC pc TREC TNREC TEC pc TREC TNREC
InGDP_, . 0.353%** 0.567%** -0.369%** 0.735%** 0.4752%** -0.1587%**
(0.042) (0.050) (0.049) (0.051) (0.049) (0.055)
InE T 0.954%** 0.951%%* -0.715%** 0.314%%* 0.684*** -0.418%**
(0.058) (0.000) (0.050) (0.000) (0.000) (0.051)
InEL 0.205%** 0.393%** -0.535%** 0.571%%* 0.564%*%* -0.322%**
(0.051) (0.000) (0.058) (0.044) (0.000) (0.000)
InTGDS_, 0.310%** 0.415%** -0.201%** 0.041%** 0.904*** -0.188*%**
(0.000) (0.049) (0.000) (0.047) (0.000) (0.051)
InAGHG_ | 0.344%** -0.136%** 0.905%** 0.792%%** 0.641%** 0.721%%*
(0.000) (0.049) (0.000) (0.035) (0.000) (0.024)
Note: compiled by authors
Conclusions rising inflation, will not bring the previously

The analysis shows that the energy transition
today is no longer a purely European trend but
is becoming global. The support of the climate
agenda by major international players — the
United States, the EU and China — can contribute
to the formation of stricter and more effective
international regulation of CO2 emissions. This
requires the rest of the world to take urgent
measures to adapt to changing conditions, which
is clearly demonstrated by a number of States in
the Middle East and North Africa.

New global challenges will adjust the
pace and plans for the energy transition in many
countries. However, these challenges may bring
new opportunities — countries and corporations
will try to move away from high dependence on
Russia in value chains, which may push them
to reorient to new energy-efficient solutions
and clean energy sources. All this will undoub-
tedly require large investments, which, due to

expected significant increase in capacity. The
increase in the rate of inflation, in turn, is
associated with rising prices for hydrocarbons,
disruption of supply chains, and rising prices for
electricity and fuel.

Empirical results have shown that sustainable
development and a sustainable environment
have a positive impact on the process of energy
transition in OECD countries. However, these
factors also negatively affect the consumption
of non-renewable energy in OECD countries.
This study used the GMM dynamic panel as the
primary evaluator, while FMOLS and DOLS
were used to determine the reliability of the study
results. The results of this empirical study indicate
that all independent variables (gross domestic
product, openness to trade, gross domestic
expenditure on research and development and
environmental-related technologies), with the
exception of atmospheric emissions and
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greenhouse gases, have a positive impact on
total energy consumption and total renewable
energy consumption, while how the total non-
energy consumption is negatively related to these
variables.

According to the results of our research,
the OECD economies receive favorable assistan-
ce from sustainable economic development and
environmentally sustainable conditions for a
successful transition to a new energy source.
These results show that decision-makers should
design and develop effective support policies
to attract investment in innovative renewable
energy technologies. One of the policy solutions
that can be implemented is to promote the
development of renewable energy technology in
achieving the comprehensive goal of transition to
a sustainable energy system.

The fundamental program of routes for the
development of various non-fossil fuel activities
is to achieve a political goal, which is further
specified in a set of political goals and tools
when they cover this political strategy. To imple-
ment a new type of creation of favorable condi-
tions, administrative reform will be required at
both the global and international levels of
government. It is crucial to ensure consistency
in the management of high-quality strategies
for sustainable and sustainable investment and
innovation. In this case, a special function is
required to ensure that the investment methods
are compatible with long-term expansion.
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