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KAZAKHSTAN ENERGY POLICY:
TRANSITION TO RENEWABLE ENERGY SOURCES
AND DEVELOPMENT PROSPECTS

T.A. Kamaljanova

The article analyzes the status, potential, and development prospects of renewable energy sources
(RES) in Kazakhstan in the context of the global transition to carbon neutrality. Kazakhstan, traditionally
focused on the use of hydrocarbons, is faced with the challenge of diversifying its energy balance and
reducing carbon dioxide emissions. The article examines in detail the main types of RES available in the
country, including solar, wind, hydro, and bioenergy. It analyzes how the natural and climatic condi-
tions of Kazakhstan contribute to the development of these areas: the wind resources of the northern
and central regions, the abundance of solar radiation in the south, and significant biomass reserves open
broad opportunities for generating clean energy. Particular attention is paid to state policy and legisla-
tive measures to support RES, including the transition to an auction system for capacity distribution, in-
troduced in 2018. This system has increased transparency, competitiveness, and attracted international
investment. The article notes the important role of international cooperation: such organizations as the
European Bank for Reconstruction and Development (EBRD), the United Nations Development Pro-
gramme (UNDP) and the United States Agency for International Development (USAID) actively support
Kazakhstan’s initiatives to develop renewable energy sources, providing both technical and financial
assistance. At the same time, the article highlights the existing barriers to the development of the renew-
able energy sector. These include high costs of equipment and infrastructure, difficult logistical condi-
tions, extreme climatic factors and the need to adapt technologies. These obstacles must be addressed
to achieve the goals set by the government, including to meet international commitments to reduce the
carbon footprint.

Key words: renewable energy, energy potential, solar energy, wind energy, hydropower, bioenergy,
carbon neutrality, auction system, green economy, international cooperation.
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Ka3akcTaHHbIH, 3HepreTUKaAbIK, CasiCaTbl: )KaHAPTbIAQTbIH
dHeprus KesaepiHe KoLy XXoHe OAApAbIH AaMy MepcrneKTMBaAapbl

Makana kemipTeri 6eriTapanTbiFbiHa kahaHAbIK KoLy kafF AaibiHAA Ka3akcTaHAAFbl )KaHAPThIAATbIH
sHeprng ke3aepiH (KIK) AaMbITyAblH >Kal-KyHMiH, ©AeyeTiH >KoHe MepcrekTUBAAapblH TaAAayFa
apHaAraH. KemipcytekTepai namaasaHyra ASCTYpAi Typae 6GaraapAanFaH KasakCTaHHbIH, aAAbIHAQ
3HepreTuKaAblk, GaAaHCTbl BPTAPANTAHAbIPY >K8HE KOMIPKbILIKBIA TasblHbiH,  LblFapbIHABIAAPbIH
azanty MiHAeTi Typ. Makanapa eape 6ap >KaHapTbIAATbIH 3HEPrust KO3AEPIHIH Herisri TypAepi,
COHbIH, iLLHAE KYH, XEA, Cy >KaHe GMO3HEpreTMKa erxxen-TerkenAi Kapactbipbiraabl. KasakcTaHHbIH
TaBUFU-KAMMATTbIK, KaFAAMAapbl OCbl 6GarbITTapAblH AaMyblHA KaAal bIKMAA eTeTiHi TaAAAHAAbI:
COATYCTIK YK&He OpTaAbIK, aliMakTapAblH >KEA PECYpCTapbl, OHTYCTIKTEri KYH PaAMauMSICbIHbIH, KOMTiri
XeHe 6MoMacCaHblH, alTapAbIKTAN KOPbl 3KOAOTUSIAbIK, Ta3a 3HEPrusi eHAIpyre KeH MyMKiHAIKTep
awaabl. 2018 KblAbl eHri3iAreH KyaTTapAbl 66AYAiH ayKLUMOHABIK, >XYMECIHE KOLYAi KOCa aAFaHAQ,
>KaHAPTbIAQTbIH SHEPrus KO3AepiH KOAAQY XXOHIHAET MEMAEKETTIK casgcaT NeH 3aHHaMaAbIK, LapaAapFa
epexiie Hazap ayAapbliAaAbl. ByA >kyiie albIKTbiKTbl, Gacekere KabiAeTTIAIKTI apTTbIPbIN, XaAbIKAPAAbIK,
MHBECTUUMSAAPABI TapTTbl. MakaAaAa XaAblKapaAblK, bIHTbIMAK TACTbIKTbIH MaHbI3Abl POAI aTan eTiAreH:
Eyponanabik, kanta Kypy >kaHe aamy 6aHki (EKAB), bipikkeH YATTap YibiMbiHbIH Aamy Baraapaamacsl
(BYYADB) xeHe Amepuka Kypama LLTatTapbiHbiH Xaabikapaablk, Aamy ArenTTiri (USAID) cusikTbl
YMbIMAQP TEXHUKAABIK, >)KOHE KapP>KbIAbIK, KEMEK KepceTy apkblAbl Ka3akCTaHHbIH XXaHaPTbIAATbIH 3HEprmg
KO3AEPIH AAMbITY XEHIHAEr 6acTtamasapblH 6eAceHAl Typae Koaaaniabl. CoHbiMeH Oipre, MakaAaaa
>KaHAPTbIAATbIH SHEPIUsl CEKTOPbIH AAMbITYAafbl Keaepriaep atan eTiareH. OAapfa »ofapbl XKabAbIK,
neH MHQPaKYpPbIABIMABIK, LUbIFBIHAAP, KYPAEAI AOTMCTUKAABIK, >KaFAaniAap, 3KCTPEeMaAAbl KAMMATTbIK,
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JKOHE TEXHOAOTMsIHbI OeMiMALY KaXKeTTIAIr >kaTaabl. byA keaepriaep yKiMeTTiH KOMbIAFaH MakcaTtTa-
pbIHA >KEeTY, COHbIH, iIliIHAE KOMIPTEri i3iH a3aiTy XXeHIHAEri XaAblKapaAblK, MiIHAETTEMEAEPAI OpbIHAQY
YLWIiH WeLwiMAEpPAI TaAamn eTeAi.

Ty#iH ce3aep: XKaHAPTbIAATbIH SHEPrUs, SHEPrETUKAAbIK, DAEYET, KYH SHEPIUSCbI, XKEA SHEPTUSChI,
Cy 3HepreTuKacbl, GBMosHepreTnka, Kemipreri 6enTapanTbiFbl, ayKLMOH XKYMECi, )KaCblA 3KOHOMMKA, Xa-
AbIKQPAAbIK, bIHTbIMAKTaCTbIK.
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Ka3axcTtaHckasi sHepreTuyeckasi MOAMTUKA: NepexoA
Ha BUD u nepcnekTuBbl UX pa3BUTHS

CraTbs MOCBSLEHa aHaAM3y COCTOSIHMS, MOTEHLUMAAA M NEePCNeKTUB Pa3BUTUS BO30OHOBASIEMOA
sHepretukn (BMI) B KasaxcraHe B yCAOBMSX FAOBAABHOIO MepexoAa K YrA€POAHOM HEMTPAAbHOCTM.
KazaxcTtaH, TpaAMUMOHHO OPWEHTUMPOBAHHBIM Ha WMCMOAb30OBaHWE YIFAEBOAOPOAOB, CTAAKMBAETCS C
3ahaueit AMBepcuUKaLmMM CBOErO 3HEPreTMyeckoro GaAaHca M CHUXKEHWs BbIBPOCOB YrAEKMCAOIrO
rasa. B cratbe noApo6GHO paccMaTpMBAOTCH OCHOBHbIE BMAbI B3I, AOCTYNHble B CTpaHe, BKAKOYas
COAHEYHYI0, BETPOBYIO, TMAPO- M BMO3HEPreTUKY. AHAAM3MPYETCS, KakK NMPUPOAHbIE M KAMMATUYeCKMe
ycaoBus KazaxcraHa Crnoco6CTBYIOT PasBUTMIO TUX HarpaBAEHWI: BETPOBbIE PECYPCbl CEBEPHbIX M
LEHTPaAbHbIX PErMOHOB, OOMAME COAHEYHOM PaAMaLMM Ha t0re M 3HAUMTEAbHbIE 3aracbl GUOMACCHhI
OTKPbIBAIOT LUIMPOKME BO3MOXXHOCTU AASI TeHepaumm 3KOAOTMYeCcKM umcTor 3Heprun. OTaAeAbHOe
BHMMaHME YAEAEHO FOCYyAAPCTBEHHOM MOAUTMKE M 3aKOHOAATEAbHbIM Mepam Mo noaasepkke BUD,
BKAIOYas MepexoA Ha ayKLMOHHYIO CUCTEMY pacrpeAeAeHMs MOLLIHOCTeN, BBeaeHHYIo B 2018 roay. ITa
CcMCTeMa NMO3BOAMAA MOBbICUTb MPO3PAYHOCTb, KOHKYPEHTOCMOCOOHOCTb M MPUBAEUb MEXKAYHAPOAHbIE
mHBecTMUMK. CTaTbsi OTMEYAET BaXKHYIO POAb MEXKAYHAPOAHOIO COTPYAHMYECTBA: TakMe opraH13almm,
Kak EBponeickmit 6aHk pekoHCTpykumm u paseutus (EBPP), MNporpamma passutns OOH (INMPOOH)
n Arentcto CLLIA no mexxayHapoaHomy pasutuio (USAID), akTMBHO MOAAEP>KMBAIOT MHULIMATUBDI
KaszaxcTaHa no passutuio B, npeAoCTaBASS Kak TEXHUYECKYHO, TaK M (PMHAHCOBYIO MOMOLLLb.

BmecTe C Tem cTaTbsl MoAuepKMBaeT CywlecTBylolime Gapbepbl AAS pasBuTusi cekTopa BMI. K
HMM OTHOCSITCSI BbICOKME 3aTpaTbl Ha 060PYAOBaHME M MHQPACTPYKTYPY, CAOXKHbIE AOTMCTUYECKME
YCAOBMSI, SKCTPEMAAbHbIE KAMMATMUYecKme (hakTopbl M MOTPEOHOCTb B aAanTaLMmM TEXHOAOTMI. ITn
NpensTCTBUS TPEOYIOT peLleHnst AAS AOCTUXKEHMS MOCTABAEHHbIX MPABUTEAbCTBOM LIEAEN, B TOM YMCAE
AAS! BBITOAHEHWNS MEXKAYHAPOAHbBIX 0693aTEABCTB MO CHMXKEHUIO YTAEPOAHOIO CAEAQ.

KAroueBble cAoBa: BO30OHOBASIEMAst SHEPreTUKa, SHEPreTMUYECKMIA MOTEHLMAA, COAHEYHAs SHeprus,
BETPOBAs 3HEPrusi, MMAPO3HEpPreTrka, OMO3HEpreTmka, yrAepoAHasl HEMTPAaAbHOCTb, AyKLIMOHHAs
CUCTEMA, 3eAeHast 3KOHOMMKA, MEXXAYHApPOAHOE COTPYAHUYECTBO.

Introduction

In the context of the global transition toward
sustainable development, Kazakhstan is actively
striving to reduce its reliance on carbon-intensive
energy sources and diversify its economy through
the advancement of renewable energy. Despite pos-
sessing substantial reserves of oil, gas, and coal,
the nation faces pressing environmental challenges.
These include elevated levels of greenhouse gas
emissions, significant environmental degradation of
natural resources, and mounting risks linked to cli-
mate change. As a result, the shift to renewable en-
ergy sources (RES) represents a strategically critical
priority for state policy, aimed at achieving carbon
neutrality by 2060 and fulfilling the country’s com-
mitments under the Paris Agreement.

Kazakhstan’s renewable energy development is
bolstered by governmental initiatives and targeted
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investments in infrastructure and technology. The
nation’s natural conditions are highly conducive to
the exploitation of various RES, such as solar, wind,
hydro, and bioenergy. The expansive steppe and
mountainous regions provide stable solar radiation
levels and consistent wind flows, while the agricul-
tural sector generates substantial biomass resources
suitable for bioenergy production. However, realiz-
ing this potential requires addressing a range of sys-
temic barriers, including high initial capital costs,
limited technical expertise, insufficient access to
advanced technologies, logistical constraints, and a
lack of requisite infrastructure.

This study aims to analyze the current state,
opportunities, and challenges associated with re-
newable energy development in Kazakhstan, while
assessing the role of governmental policies and in-
ternational support mechanisms in establishing a
sustainable energy system. The objectives of the
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study include: (1) evaluating Kazakhstan’s natural
and technological resources for RES development,
with a focus on wind, solar, hydro, and bioenergy;
(2) identifying factors impeding sectoral growth;
and (3) formulating recommendations to attract in-
vestment and enhance international cooperation in
the field.

The findings of this research position Kazakh-
stan as a promising player in the green energy mar-
ket of Central Asia. Furthermore, the study high-
lights key areas for improving the efficiency and
sustainability of the nation’s energy system, thereby
contributing to its strategic objectives in transition-
ing toward a low-carbon economy.

Methodology and research methods

This research employs a combination of meth-
odological approaches to examine the current status
and prospects of renewable energy development in
Kazakhstan. The primary methods utilized are as
follows:

Analytical Method. This method involves the
systematic analysis of statistical data, official re-
ports, and scientific literature. The study incorpo-
rates data on renewable energy capacity, electricity
generation volumes, and carbon dioxide emissions.
By analyzing these datasets, the research identifies
key performance indicators of the renewable energy
sector and assesses its growth dynamics.

Expert Assessment. The study integrates expert
forecasts and opinions from authoritative organi-
zations, such as the International Energy Agency
(IEA), the European Bank for Reconstruction and
Development (EBRD), and leading Kazakhstani
energy specialists. These expert evaluations pro-
vide a nuanced understanding of the prospects and
challenges facing Kazakhstan’s renewable energy
sector within both national and international con-
texts.

Historical and Logical Method. This method is
applied to trace the evolution of Kazakhstan’s re-
newable energy policies. The research examines
legislative and regulatory developments since the
adoption of the first renewable energy laws, thereby
evaluating the progression of state regulation and
the strategic planning initiatives undertaken in this
domain.

Forecasting Method. Based on an analysis of
current trends and strategic objectives—such as the
government’s plans to increase the share of RES
in Kazakhstan’s energy balance—this method en-
ables projections about the sector’s future trajec-

tory. These forecasts account for the economic and
environmental goals outlined in national strategies,
offering insights into the long-term outlook for re-
newable energy development.

The methodology of this research is grounded
in a systematic and comprehensive approach to as-
sessing the renewable energy landscape in Kazakh-
stan. Both quantitative and qualitative indicators
are incorporated to ensure a robust analysis. The
systematic collection and interpretation of statisti-
cal data provide a factual basis for understanding
the current state and potential of renewable energy
sources, while expert opinions and forecasts enrich
the analysis by contextualizing it within broader
economic and policy frameworks.

This study employs an interdisciplinary ap-
proach that integrates economic, environmental,
technical, political, and social dimensions influenc-
ing renewable energy development. By adopting
such a multifaceted perspective, the research aims
to provide an objective and holistic understanding
of the opportunities and challenges within Kazakh-
stan’s renewable energy sector. Additionally, the
findings will support the formulation of evidence-
based recommendations for enhancing energy poli-
cy, fostering international collaboration, and mobi-
lizing investment to ensure the sustainable growth
of this critical sector.

Literature review

The development of renewable energy in Ka-
zakhstan has become a significant area of inquiry
for both domestic and international researchers, re-
flecting the global shift toward sustainable energy
systems. Among Kazakhstani scholars, the works
of Zhunussova et al. (2020) are particularly note-
worthy. These researchers explore various dimen-
sions of renewable energy development, including
the availability of natural resources, infrastructural
challenges, and the influence of government poli-
cies on sectoral growth. Their studies provide valu-
able insights into how policy frameworks and gov-
ernance mechanisms can either promote or impede
the expansion of renewable energy initiatives in the
country (Zhunussova et al., 2020).

Further contributions to the literature include
the collaborative study by Akhmetov et al. (2011),
titled “Wind Power Development in Kazakhstan:
Potential and Obstacles.” This research delves into
the specific challenges facing wind energy in Ka-
zakhstan, such as technological barriers, economic
constraints, and the absence of advanced grid infra-
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structure to support large-scale wind power genera-
tion. The authors also examine the interplay between
local climatic conditions and wind energy potential,
providing a nuanced understanding of the feasibil-
ity of wind power deployment in various regions of
Kazakhstan (Akhmetov et al., 2011).

A broader analysis of Kazakhstan’s energy sec-
tor is provided by Dulambayeva et al. (2013), who
examine its current state and long-term develop-
ment prospects. Their comprehensive study evalu-
ates the structural and institutional aspects of the
energy sector, offering an overview of existing en-
ergy resources and infrastructure (Dulambayeva et
al., 2013). Similarly, OmipTaii et al. (2023) explore
Kazakhstan’s role in the global energy market, ad-
dressing issues such as geopolitical dynamics, price
volatility, and competition among energy-exporting
nations. I'mazaugeB (2023) places Kazakhstan’s en-
ergy development in a regional context, identifying
opportunities for cooperation and shared challenges
among Central Asian states.

In addition to domestic research, international
scholars have made valuable contributions to under-
standing Kazakhstan’s renewable energy potential.
Tskhay (2019) and Cochran (2016) provide critical
evaluations of renewable energy sources in Kazakh-
stan. These studies emphasize the untapped poten-
tial of solar, wind, hydro, and bioenergy resources,
as well as the technical and policy measures required
to harness them effectively. By integrating renew-
able energy within the broader framework of energy
security and climate change mitigation, these works
underscore the strategic importance of diversifying
Kazakhstan’s energy portfolio (Tskhay, 2019; Co-
chran, 2016).

Reports from international organizations, in-
cluding the International Energy Agency (IEA), the
European Bank for Reconstruction and Develop-
ment (EBRD), World Bank (WB), and United States
Agency for International Development (USAID),
also play a crucial role in the literature. These reports
offer up-to-date data, policy recommendations, and
comparative analyses that position Kazakhstan’s re-
newable energy development within a global con-
text. They highlight Kazakhstan’s potential to align
its energy transition efforts with international best
practices, thereby enhancing its competitiveness in
the global energy market. Moreover, these reports
emphasize the importance of international collabo-
ration and financing mechanisms in overcoming the
economic and technological barriers to renewable
energy expansion (IEA, 2022; EBRD, 2019; World
Bank, 2021; USAID, 2022).
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However, despite the extensive body of re-
search, certain gaps remain unaddressed in the exist-
ing literature. One such gap concerns the adaptation
of renewable energy technologies to Kazakhstan’s
extreme climatic conditions, which include severe
temperature fluctuations, high winds, and vary-
ing levels of solar radiation. These conditions pose
unique challenges to the deployment and mainte-
nance of renewable energy systems. Another criti-
cal issue is the long-term sustainability of renewable
energy projects, particularly in terms of financial
viability, technological innovation, and environ-
mental impact. These gaps highlight the necessity
for interdisciplinary research that integrates techni-
cal, economic, and policy perspectives to formulate
comprehensive strategies for the sustainable devel-
opment of Kazakhstan’s renewable energy sector.

In conclusion, while the existing literature pro-
vides a robust foundation for understanding the chal-
lenges and opportunities of renewable energy devel-
opment in Kazakhstan, further research is needed to
address the identified gaps. A more integrated and
multidimensional approach would not only deepen
our understanding of the sector but also contribute
to the formulation of practical recommendations for
policymakers and stakeholders. By bridging these
gaps, future studies can support Kazakhstan’s tran-
sition to a sustainable and resilient energy system
that aligns with global trends and domestic priori-
ties.

Results and discussion

Kazakhstan’s energy policy prioritizes the es-
tablishment of a decentralized, environmentally
sustainable, and balanced energy supply system that
integrates renewable energy sources. This policy di-
rection is supported by the country’s dual advantag-
es: significant reserves of traditional fossil fuels and
favourable natural conditions for renewable energy
deployment (European Bank for Reconstruction and
Development, 2019: 4). However, the extensive re-
liance on oil, gas, and coal has had detrimental en-
vironmental impacts, including substantial contribu-
tions to global climate change. The intensification of
international efforts to reduce carbon dioxide emis-
sions further underscores the growing importance
of renewable energy as a viable alternative to fossil
fuels.

Kazakhstan’s rising energy demand, fuelled by
economic growth, highlights the critical need for in-
vestments in clean energy solutions. Redirecting a
portion of revenues generated from oil and gas ex-
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ports toward the development of renewable energy
infrastructure could diversify the economy and es-
tablish a foundation for long-term energy sustain-
ability. This strategic shift would enable Kazakhstan
to assume a leadership position in renewable energy
within the Central Asian region, where energy de-
mand is projected to grow significantly (Cohran,
2016).

The country possesses considerable potential for
the development of hydro, wind, and solar energy,
according to expert assessments. However, the prac-
tical utilization of these resources remains limited
due to several barriers, including high capital costs,
inadequate infrastructure, and limited technologi-
cal capacity. Despite these challenges, renewable
energy development presents significant opportu-
nities, particularly for enhancing local electricity
generation and addressing distributed energy needs
in remote regions. As emphasized by energy expert
Zh. Khairushev, transitioning away from coal and
gas-fired power plants is essential to reduce harmful
emissions. “Current trends underscore the necessity
of formulating a comprehensive, long-term strategy
for the development of Kazakhstan’s electric power
sector, targeting carbon neutrality and sustainable
development by 2050. This strategy would benefit
from close cooperation with international partners
to achieve its goals” (J)Kamanumosa et al., 2022: 60).

Kazakhstan has demonstrated a commitment to
international climate agreements, beginning with its
accession to the United Nations Framework Con-
vention on Climate Change (UNFCCC) in 1995
and subsequent ratification of the Kyoto Protocol in
2009. In 2016, the country further strengthened its
climate commitments by ratifying the Paris Agree-
ment, under which it pledged to reduce greenhouse
gas emissions by 15% from 1990 levels by 2030,
with a potential increase to 25% contingent on in-
ternational support (Astana International Financial
Centre, 2023). The enactment of the 2021 Environ-
mental Code further obligates government institu-
tions to support these objectives. Despite these mea-
sures, the energy intensity of Kazakhstan’s economy
remains significantly higher than the global aver-
age-by nearly 70%—due to its reliance on energy-
intensive industries and coal as a primary energy
source.

According to Kazakhstan’s report to the UN-
FCCC, the energy sector accounted for approximate-
ly 80% of the nation’s greenhouse gas emissions in
2020, with 90% of these emissions stemming from
fuel combustion (International Energy Agency, 2022:
15). Recognizing the urgency of mitigating climate

change, President K.K. Tokayev has committed the
country to achieving carbon neutrality by 2060. The
approval of the Carbon Neutrality Strategy in 2023
has further solidified Kazakhstan’s climate policy
framework (Crtparerust DOCTHIKEHHUS YTIIEPOTHON
HeiTpanpHOCTH PecmyOnmku Kazaxcran mo 2060
roaa, 2023).

It is noteworthy that Kazakhstan was the first
among the post-Soviet states to introduce an emis-
sions trading system (ETS). However, the effective-
ness of this system has been limited by issues such
as excess quotas and high emission coefficients for
coal-fired power plants. In addition, emissions from
other sectors, such as transportation and housing,
continue to rise while policies and measures to re-
duce emissions from these sectors have yet to be de-
veloped (International Energy Agency, 2022).

Kazakhstan is actively taking steps to reduce
greenhouse gas emissions, which contributes to the
transition to a sustainable, green economy. These
measures include the introduction of “clean” tech-
nologies aimed at increasing resource efficiency
and optimizing emissions at an economically viable
level. An important component is the implementa-
tion of comprehensive technology audits at 50 of the
largest polluting enterprises, as well as achieving
full implementation of best available technologies
(BAT) by 2025 (JIum et al., 2021:16).

“According to British experts, 60% of Kazakh-
stan’s territory has significant potential for the de-
velopment of alternative energy sources, which can
significantly contribute to meeting the country’s en-
ergy needs. Moreover, expanding the use of renew-
able sources can support oil and gas exports, creat-
ing significant revenues in the context of expected
growth in world hydrocarbon prices” (Dulambaye-
va, 2013: 971).

Kazakhstan has extensive reserves of renew-
able energy sources, including hydropower, solar
and wind energy (Dulambayeva, 2013: 12). The hy-
dropower potential is estimated at 170 billion kWh,
while it is technically possible to use 62 billion
kWh, of which 27 billion kWh are considered eco-
nomically feasible (International Trade Administra-
tion, 2021: 5). However, the share of hydropower in
the country’s total electricity production is only 2%,
despite the installed capacity of 12.3%. Most of the
hydropower resources are concentrated in the east
and south of Kazakhstan, along the Irtysh, Ili and
Syr Darya rivers, accounting for 73% of the total hy-
dropower capacity. Among the large hydroelectric
power plants are the Bukhtyrminskaya, Shulbinska-
ya and Ust-Kamenogorsk on the Irtysh River, Kap-
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shagayskaya on the Ili River and Shardarinskaya on
the Syr Darya River (Campyk Kassina, 2018). There
are 15 large hydroelectric power plants in the coun-
try with a capacity of more than 50 MW, with a total
capacity of 2.25 GW, which is up to 13% of the coun-
try’s total generating capacity. These stations gener-

ate about 8 TWh of electricity per year, which cor-
responds to approximately 8% of the total electricity
production (Mcnonnenue nopy4enuit [lpesunenra:
B Kazaxcrane paspaborana Konmenmwms pa3BuTHs
9JIEKTPOIHEPIeTUYECKOM  OTpaciu  CTpaHbl OO
2035 r.,2022).

Greenhouse gas emissions in Kazakhstan by sector,
millions tons of CO2e
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Figure 1 — Greenhouse gas emissions in Kazakhstan by sector, millions tons of CO2e
"Note — Compiled from source (Astana International Financial Centre, 2023: 3)

The Minister of Energy of the Republic of Ka-
zakhstan B. Akchulakov emphasizes that the energy
sector is the basis for the country’s economic devel-
opment. Ensuring energy security and accelerated
development of the industry to meet the needs of the
economy are considered priority tasks (Konmermus
Pa3BUTUA TOIINIMBHO-3HCPIETUYCCKOTO KOMIUICKCA
PecniyOnmkm  Kazaxcran nHa 2023-2029 romnsl,
2023). According to the Concept for the Develop-
ment of the Fuel and Energy Sector of the Republic
of Kazakhstan for 2023-2029 (2023), as of January
1, 2023, there were 130 renewable energy facilities
with a total capacity of 2388 MW operating in the
country. Among them are 46 wind power plants with
a capacity of 957.5 MW, 44 solar power plants with
a capacity of 1149 MW, 37 hydroelectric power
plants with a capacity of 280 MW and 3 bioenergy
facilities with a capacity of 1.8 MW. (Figure 2).

Data analysis shows that wind and solar pow-
er plants make the largest contribution, provid-
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ing about 88% of the renewable energy capacity,
confirming the high potential of these sources.
At the same time, hydro and bioenergy occupy a
relatively smaller share, indicating opportunities
for their further development. As for the share of
electricity generated from renewable sources in
general, by the end of 2022 it reached 4.53%, in-
dicating stable growth compared to 2020 (3.05%)
and 2021 (3.67%). In 2022, the share of elec-
tricity from renewable (sources, excluding large
hydroelectric power plants, amounted to 4.4%
(according to other data — 4.53%) (Konmenmus
Pa3sBUTHUA TOILJIMBHO-OHCPICTHUYCCKOI'O KOMIIJICKCA
PecnyOnuku Kazaxcran na 2023-2029 romwI,
2023). (Figure 3).

This growth reflects the country’s efforts to tran-
sition to more sustainable energy sources and meet
environmental commitments, but further investment
and infrastructure support are needed to achieve the
goals.
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However, it should be noted that total electricity
production (as of October 16, 2023), including ex-
ports, reached 86.9 billion kWh, while consumption
amounted to 86.8 billion kWh, which represents a
decrease of 1.4% compared to 2022 figures. Energy
Minister B. Akchulakov explained this decrease by
measures to combat illegal activities in the field of
digital mining, taken to maintain the load on the
power grid below 16.1 GW in the autumn-winter
period of 2022-2023.

The Ministry of Energy has also developed a
plan for the development of the electric power in-
dustry until 2035, which provides for systemic mea-
sures, including reforming the electricity market and
transitioning to a new operating model based on cen-
tralized purchases and sales of electricity. In order to
reduce the wear and tear of generating capacities by
15% by 2035, it is planned to introduce a new tariff
policy “Tariff in exchange for investments”, which
assumes a threefold increase in annual investments.
Within the framework of this strategy, it is recom-
mended to strengthen the role of owners of energy
producing organizations, to provide measures for
investing their own funds in modernization proj-
ects. The maximum amount of funds for the return
of investments in the amount of 32 billion tenge has

Table 1 — Results of the selection of renewable energy projects

been set in the electric power market, with a require-
ment to increase this amount to 100 billion tenge.
Among the priority areas, the implementation of 14
large projects for a total of more than 9 trillion tenge
has been identified, which requires the involvement
of foreign sources of financing and modern tech-
nologies (Mcnonnenne nopydenuit Ilpesunenra:
B Kazaxcrane paspaborana Konmeniwms pa3BuTHs
JJIEKTPOIHEPTETHUECKOM oTpaciu cTpansl 10 2035
r.,2022).

In 2018-2019, the Government of Kazakhstan,
with the support of USAID, organized 28 auctions
for a total capacity of 1,255 MW, which resulted
in the selection of projects with a total capacity
of 1,070.82 MW (including wind power plants —
609.84 MW, solar power plants — 356.5 MW, hy-
droelectric power plants — 89.08 MW, biogas plants
— 15.4 MW). 145 companies from 12 countries
participated in the auctions, and the reduction in
prices for solar energy in the second year amounted
to 63%. 30 companies entered into power purchase
agreements for 15 years, and another 12 are in the
process (World Bank, 2021). From 2020 to 2022,
additional auctions resulted in the selection of 83
out of 1,746 declared projects, which attracted $400
million in investments.

Types of RES 2018 2019 2020 | 2021 2022 Total
Capacity offered at auctions (MW)
Wind 620 100 65 50 400 1235/
Solar 290 80 55 20 60 505
Hydro 75 65 120 120 220 600
Bio 15 10 10 10 10 55
Total 1000 255 250 200 690 2395
Selected in auctions (MW)/number of projects
Wind 501/6 109/5 65/3 50/1 400/8 1125/33
Solar 270/12 87/3 60/4 20/1 40/2 476/22
Hydro 82/7 7/2 23/9 12/4 - 124/22
Bio 5/1 10/3 - 5/2 - 21/6
Total 858/36 213/13/ 148/16 87/8 440/10 1746/83

"Note — Compiled from source (Astana International Financial Centre, 2023)
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In general, the main investors in recent years
have been European, Chinese and, less frequently,
Russian companies (primarily Rosatom) (I'mazaues,

2023). It should be noted that financing of renew-
able energy projects in Kazakhstan is most often
carried out by Development Banks. (Figure 4).

Debt financing volumes by Development banks in billion

tenge, 2011-2020

EBRD

China DB

DBK Leasing

Asian DB

Clean Tech Fund
Eurasian DB

AllB

Green Climate Fund

ICBC

B
N
EN

g

Figure 4 — Volume of renewable energy financing by Development Banks
“Note — Note — Compiled from source (World Bank, 2021)

In addition, data analysis showed that the main
investors in the renewable energy sector of Kazakh-
stan are companies from the power and oil and gas
sectors, mainly subsidiaries specializing in renew-
able energy sources and manufacturers of relevant
equipment.

Even though the law on support for renew-
able energy was adopted in Kazakhstan back in
2009 (3akon PK O mommep:kke HCIOIB30BAHUS
BO300HOBJISIEMBIX UCTOYHUKOB 3HEPTUU OT 4 HIOJIS
2009 r., 2023), significant growth in the sector be-
gan only after amendments were made between
2013 and 2017. State support measures have proven
effective: since then, about 90 new renewable en-
ergy projects have been initiated, providing an aver-
age annual growth rate of 24% (Lim et al., 2021).

Between 2011 and 2020, about 628.5 billion
tenge were invested in renewable energy projects.
Local investors initiated 63% of projects, but their
share in the total capacity of projects decreased by
more than 20%. The attraction of foreign investors,
especially from China, Germany, Italy, as well as
joint ventures between Kazakhstan and Great Brit-
ain, increased from 13% (by number of facilities)

to 40% (by installed capacity), which indicates the
interest of foreign partners in large projects in Ka-
zakhstan. (Figures 5,6).

According to the International Energy Agency,
despite the significant potential of renewable energy
sources (RES) in Kazakhstan, their share in the en-
ergy balance remains low due to abundant hydro-
carbon resources, which hinder the development of
RES (International Energy Agency, 2022). Experts
believe that the country’s strong dependence on
cheap energy sources, especially coal, may hinder
the implementation of energy-efficient and environ-
mentally friendly solutions, hindering the use of the
full potential of RES (JIum et al., 2021). Neverthe-
less, the government of Kazakhstan actively sup-
ports the development of RES and attracting invest-
ment in this sector. The largest funding in the field
of renewable energy is directed to solar and wind
energy, as well as to the construction of large power
plants. The main contribution to the development
of RES in the country is carried out mainly through
investments in solar and wind projects, which dem-
onstrate the greatest potential and growth prospects.
(Figure 7).
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Figure 5 — Number of Renewable Energy Facilities by origin of investors, 2011-2020
“Note — Compiled from source (Lim et al., 2021).
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Figure 6 — Share of Investors in Total Installed Renewable Energy Capacity (2011-2020)
" Note — Compiled from source (Lim et al., 2021).
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Figure 7 — Financing by type of renewable energy sources, billion tenge, 2011-2020
“Note — Compiled from source (Lim et al., 2021: 21).

Moreover, the country has achieved the goal of
generating 3% of its electricity from renewable en-
ergy sources by 2020 (International Energy Agency,
2022: 14) and has set a goal to increase this share
to 10% by 2030 and 50% by 2050 (Chikanayev and
Abdukhalykova, 2021; USAID, 2022). Currently,
there are more than 130 renewable energy facilities
in Kazakhstan with a total capacity of over 2 GW,
including solar, wind and large hydroelectric power
plants, which significantly exceeds the 2011 figures.

Since January 1, 2018, Kazakhstan has switched
from fixed “green” tariffs to an auction system for
renewable energy projects. This step has increased
the transparency and efficiency of project alloca-
tion, supporting economically sound initiatives
(Chikanayev and Abdukhalykova, 2021: 106). From
2018 to 2021, the country held auctions for more
than 1,700 MW, which led to the implementation
of 75 projects (International Energy Agency, 2022:
14). Kazakhstan was the first in Central Asia to use
auctions to distribute contracts for renewable energy
projects, which helped attract investment and sup-
port the concept of a “green economy” (USAID,
2022). The concept is being implemented in three
stages: 1) 2013-2020: optimization of resource use
and creation of green infrastructure; 2) 2020-2030:
economic transformation with an emphasis on wa-
ter resources management and energy efficiency;
3) 2030-2050: transition to the Third Industrial

Revolution with a focus on sustainable resources
(Concept for transition of the Republic of Kazakh-
stan to Green Economy, 2013: 50).

Features of Wind Energy

The extensive steppe regions of Kazakhstan
possess considerable potential for the development
of wind energy. Approximately half of the country’s
territory experiences an average wind speed of 4 to 6
m/s, creating optimal conditions for electricity gen-
eration. These favorable wind conditions are partic-
ularly prominent in the northern and central regions,
as well as along the Caspian Sea coast.

Despite this potential, the development of wind
energy in Kazakhstan faces several technological
and logistical challenges. The vast geographic size
of the country, combined with its lack of direct ac-
cess to the sea and underdeveloped internal trans-
portation infrastructure, complicates the delivery
and installation of large wind turbines. Additionally,
the equipment must be adapted to extreme climatic
conditions, characterized by temperature fluctua-
tions ranging from +50°C to -50°C. These factors
increase the costs of wind energy deployment com-
pared to countries with more moderate climates.

In an effort to advance the wind energy sector,
Kazakhstan has sought international support since
the early 2000s. A significant initiative in this regard
was the Wind Energy Development Programme,
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implemented jointly by the United Nations Devel-
opment Programme (UNDP), the Government of
Kazakhstan, and supported by the Global Environ-
ment Facility (GEF). This program aimed to reduce
greenhouse gas emissions while fostering the sus-
tainable growth of the wind energy market. One of
the program’s key achievements was the develop-
ment of the Wind Atlas of Kazakhstan, which has
served as a foundational resource for investment
decisions and regional energy planning (European
Bank for Reconstruction and Development, 2019).
In prospects, Kazakhstan intends to further
strengthen its wind energy initiatives, particularly in
southern regions with high wind energy potential.
These efforts will also include the integration of so-
lar thermal power plants, contributing to a broader
strategy of reducing dependence on coal and posi-
tioning the country as a regional exporter of envi-
ronmentally sustainable energy (Tskhay, 2019).

Features of Solar Energy

Kazakhstan’s continental climate, characterized
by abundant solar radiation, provides an excellent
foundation for the development of solar energy. So-
lar activity in the country averages between 2,200
and 3,000 hours annually, with radiation levels
ranging from 1,300 to 1,800 kWh/m? per year.
These favorable climatic conditions contribute to an
estimated solar energy potential of approximately 1
trillion kWh annually, placing Kazakhstan among
the countries with substantial untapped solar energy
resources. The southern regions of Kazakhstan are
identified as having the most advantageous condi-
tions for solar energy generation due to their higher
solar radiation levels and longer periods of sunshine
(Akhmetov et al., 2011).

Recognizing its potential, solar energy has been
designated as a priority sector for “green” invest-
ments in Kazakhstan, attracting significant attention
from both public and private stakeholders. This has
spurred the development of solar power infrastruc-
ture across the country. A notable achievement in
this sector is the commissioning of a 100 MW solar
power plant in the city of Saran, located in central
Kazakhstan. This facility, the largest of its kind in
Central Asia, symbolizes Kazakhstan’s commit-
ment to advancing renewable energy technologies
and transitioning toward a low-carbon economy
(Tskhay, 2019).

In addition to the Saran facility, six solar photo-
voltaic power plants with a combined capacity of 59
MW operate in the southern regions of the country.
Among these, the Burnoye Solar Power Plant in the
Zhambyl region stands out as a landmark project.
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Commissioned in 2015, this facility was financed by
the European Bank for Reconstruction and Devel-
opment (EBRD) and represents a key milestone in
the development of Kazakhstan’s renewable energy
sector. The success of such projects underscores the
importance of international financing and collabora-
tion in driving renewable energy initiatives.

While the solar energy sector experienced sub-
stantial growth up until 2015, its progress was tem-
porarily hindered during 2015-2016 due to a decline
in electricity demand, which affected the economic
viability of new investments. By 2017, the installed
capacity of solar power plants had stagnated at the
levels achieved earlier. However, renewed growth
is anticipated, supported by national energy policies
and international partnerships aimed at increasing
renewable energy capacity. Plans for the construc-
tion of new facilities indicate a resurgence in solar
energy development, with expectations for signifi-
cant contributions to the country’s energy mix in the
near future (Campyk Kasbina, 2018).

Looking ahead, the integration of solar energy
into Kazakhstan’s energy system holds immense
potential for reducing dependency on fossil fuels,
mitigating greenhouse gas emissions, and foster-
ing regional energy security. The strategic develop-
ment of solar power plants, coupled with supportive
policies and international investment, positions Ka-
zakhstan to become a regional leader in renewable
energy and contribute meaningfully to global efforts
in combating climate change.

Bioenergy potential

Kazakhstan, as a leading agricultural producer
in Central Asia, generates substantial volumes of
agricultural waste, which holds significant poten-
tial as a source of bioenergy. While a portion of this
waste is traditionally utilized for mulching, fertiliza-
tion, and livestock farming, a considerable volume
remains underutilized. This surplus could be effec-
tively converted into energy for heating, cooking,
and electricity generation. At present, however, the
country lacks adequate infrastructure for the large-
scale conversion of agricultural waste into bioen-
ergy, except for a limited number of biomass boiler
facilities. Nevertheless, the integration of renewable
energy sources, including bioenergy, is a critical
component of Kazakhstan’s green economy strat-
egy. The transformation of unused agricultural resi-
dues into bioenergy could substantially increase the
share of renewable energy in the country’s overall
energy balance (Andrukonyte, 2019: 2).

According to a study by the European Bank
for Reconstruction and Development (2017) titled



T.A. Kamaljanova

“Bioenergy Opportunities in the Kazakh Agribusi-
ness Sector,” Kazakhstan produces over 5 million
tonnes of plant residues annually that are suitable
for energy conversion, with wheat and sugar beet
accounting for 54% and 30%, respectively. Addi-
tionally, livestock waste, primarily in the form of
manure, generates approximately 1.5 million tonnes
of dry matter annually European Bank for Recon-
struction and Development (European Bank for Re-
construction and Development, 2017).

In contrast to Kazakhstan, European countries
have been actively converting agricultural waste
into bioenergy for over two decades. Within the Eu-
ropean Union (EU), biomass constitutes up to 60%
of the renewable energy portfolio, with approxi-
mately 75% of bioenergy utilized in the heating and
cooling sector through advanced methods such as
direct combustion, pyrolysis, gasification, and bio-
gas production.

Currently, Kazakhstan’s bioenergy develop-
ment remains in its nascent stage, employing basic
technologies such as burning crop residues and pro-
ducing biogas for thermal energy. These methods
are designed to be technically feasible and adaptable
to the country’s local climatic conditions.

Experts highlight several advantages of bioen-
ergy utilization. First, the conversion of agricultural
waste provides valuable thermal energy for both in-
dustrial and domestic applications, with the potential
for electricity generation. Residues from anaerobic
decomposition in biogas plants can be repurposed
as high-quality fertilizers, contributing to improved
agricultural productivity. Additionally, bioenergy
technologies play a critical role in mitigating sur-
face and groundwater pollution by enhancing waste
management practices across farms and industries.
These benefits align closely with the objectives of
the United Nations Sustainable Development Goals
(SDGs), particularly those related to sustainable en-
ergy and environmental stewardship.

The application of bioenergy technologies in
agriculture is especially important as it addresses
waste disposal challenges and reduces environmen-
tal burdens. However, several obstacles hinder the
broader implementation of bioenergy in Kazakh-
stan. Variability in the types and volumes of ag-
ricultural waste, as well as differences in disposal
practices, necessitate tailored solutions for specific
regions and enterprises. Moreover, the economic vi-
ability of bioenergy production is often constrained
by the high costs associated with additional waste
processing and transportation, which are required to
ensure efficiency and sustainability. The lack of in-
frastructure and advanced technologies for effective

waste collection and conversion further complicates
the adoption of bioenergy solutions (Andrukonyte,
2019).

To fully realize the potential of bioenergy in
Kazakhstan, it is essential to focus on the devel-
opment and deployment of advanced technologies
that account for the unique characteristics of differ-
ent regions. Strategic investments in infrastructure,
coupled with region-specific solutions, will play a
pivotal role in overcoming existing challenges and
promoting the sustainable growth of the bioenergy
sector.

Conclusion

Kazakhstan, with its substantial reserves of hy-
drocarbon resources, acknowledges the imperative
need to transition toward sustainable energy sources
to mitigate its carbon footprint and achieve its en-
vironmental objectives. The development of renew-
able energy—encompassing solar, wind, hydro, and
bioenergy—has been designated as a central prior-
ity within the nation’s transition strategy toward
a “green” economy. In recent years, Kazakhstan
has made considerable progress in fostering favor-
able conditions for renewable energy development
through legislative reforms, attracting foreign in-
vestment, and advancing infrastructure. These ef-
forts have also positioned the country to fulfill its
international climate commitments effectively.

Based on the findings of this study, the follow-
ing key conclusions can be drawn:

Significant Renewable Energy Potential. Ka-
zakhstan’s geographical and climatic characteris-
tics provide substantial opportunities for renewable
energy development. The concentration of wind
resources in the northern and central regions, com-
bined with abundant solar radiation in the southern
parts of the country, supports the adoption of envi-
ronmentally sustainable energy solutions. Addition-
ally, the availability of hydropower and bioenergy
potential contributes to the diversification of Ka-
zakhstan’s energy portfolio, enhancing the resil-
ience of its energy system.

Government Support and International Cooper-
ation. The introduction of the auction-based capaci-
ty allocation system in 2018 marked a critical step in
increasing transparency and competitiveness within
Kazakhstan’s renewable energy market. Collabora-
tive efforts with international organizations, such
as the United Nations Development Programme
(UNDP), the European Bank for Reconstruction and
Development (EBRD), and USAID, have played a
pivotal role in attracting foreign investment and in-
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tegrating advanced technologies. These partnerships
are instrumental in fostering the sustainable growth
of the renewable energy sector.

Barriers and Challenges. Despite its high re-
newable energy potential, Kazakhstan encounters
several challenges, including the substantial capital
costs associated with the installation and mainte-
nance of renewable energy equipment, the necessity
of adapting technologies to the country’s extreme
climatic conditions, and the inadequacy of infra-
structure to support equipment transportation and
installation. These issues present significant con-
straints on the growth of the sector and necessitate a
comprehensive approach to address them.

Need for Technological and Infrastructural
Advancements. The study underscores the impor-
tance of enhancing Kazakhstan’s technological and
infrastructural capacities to facilitate the effective
development of renewable energy. The adaptation
of technologies to local climatic and environmental
conditions, coupled with the implementation of ro-
bust monitoring and project management systems,
will be essential for minimizing operational costs

and ensuring the long-term sustainability of the
country’s energy system.

Future Prospects. Kazakhstan’s commitment to
increasing the share of renewable energy in its over-
all energy mix is aligned with its goal of achieving
carbon neutrality by 2060. The further advancement
of the renewable energy sector holds the potential
to significantly improve the nation’s environmental
quality, strengthen energy security, and create new
employment opportunities within the framework of
the “green” economy.

To sum up, while Kazakhstan has made notable
strides toward integrating renewable energy into
its energy system, a concerted effort is required to
overcome existing barriers. The attraction of invest-
ments, the development of sustainable infrastruc-
ture, and the implementation of innovative technolo-
gies are critical to realizing the country’s renewable
energy potential. By addressing these challenges,
Kazakhstan can establish itself as a regional leader
in renewable energy and contribute meaningfully
to global initiatives aimed at combating climate
change.
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