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KAZAKHSTAN’S ENERGY TRANSFORMATION:
HOW GREEN TECHNOLOGIES CAN CHANGE
THE FUTURE

The article is devoted to the energy transformation in Kazakhstan,
focusing on the need to switch to sustainable energy sources in the face of
growing electricity consumption and environmental problems associated
with dependence on coal-fired power. The text examines global trends
such as reducing carbon emissions and the transition to renewable energy
sources, as well as the role of Kazakhstan in these processes. The article
analyzes the current problems of the country’s energy infrastructure,
including the high level of deterioration of heating networks and the need
for modernization, as well as discusses the prospects and challenges of
developing green technologies such as solar, wind and biomass energy.
Special attention is paid to financial support for renewable energy projects,
as well as opportunities for the country to improve the environmental
situation and economic growth through the introduction of innovative
technologies. In conclusion, the importance of further efforts to develop
infrastructure, train specialists and attract investments to achieve a
sustainable energy future for Kazakhstan is emphasized.

Keywords: Renewable energy sources, energy transformation, green
technologies, solar energy, wind power plants.
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Introduction

Energy transformation in Kazakhstan is becoming an important topic in the
context of global changes facing the global energy sector. Every year, the country’s
population increases, which leads to an increase in electricity consumption and
increases pressure on the existing energy infrastructure. Traditionally, Kazakhstan
depends on coal and other fossil energy sources, which contributes to high levels
of environmental pollution and environmental degradation. It is important to
note that Kazakhstan is one of the ecologically polluted countries, and its energy
sector requires serious transformations to ensure sustainable development[1, P.1].

In the context of global trends such as the reduction of carbon dioxide
emissions, the transition to renewable energy sources and the fight against climate
change, Kazakhstan cannot remain on the sidelines. Striving to improve the
environmental situation and transition to green technologies is not only an internal
necessity, but also an important part of global efforts to reduce global warming. The
world’s leading countries are already actively implementing projects to introduce
green technologies into the energy sector, and Kazakhstan, with its rich natural
resources and strategic location, has every opportunity to take its rightful place
among the leaders in clean energy production in Central Asia [2, P.8-9].

The Mazhilis of the Parliament of the Republic of Kazakhstan has repeatedly
considered this issue, as the country’s heating networks are under significant
pressure due to high wear and tear (53 %) and insufficient funding. Many heating
companies face problems such as debt obligations and low profitability, which
limits their ability to modernize infrastructure. In response to these challenges,
a new law On Thermal Energy» was adopted, which provides for the transfer of
authority to manage heating networks to the Ministry of Energy, the development
of heat supply schemes and increased state control. In 2024, 119.77 billion tenge is
planned to be allocated from the national and local budgets for the modernization
of heating networks [3, P.1].

In the context of these efforts, an important question arises about priorities in
the development of energy infrastructure. The choice between repairing thermal
power plants and building renewable energy sources depends on long-term
goals. If the priority is sustainable development, reducing carbon emissions and
switching to clean energy, then the construction of wind and solar power plants
will be more profitable in the future. Green technologies not only contribute to
environmental protection, but also ensure economic efficiency in the long term,
reducing dependence on fossil energy sources [4, P.110].

This article will examine how energy transformation based on green
technologies can become a decisive factor for Kazakhstan’s sustainable
development, as well as how the country can contribute to solving global
environmental problems.
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Materials and methods

According to a report by the Energy Institute, global carbon emissions from
energy production in 2023 reached a record 40.4 billion tons of CO- equivalent, up
2.1 % from the previous year. After the reduction of emissions in 2020 caused by the
pandemic, carbon emissions from energy have started to rise again, indicating the
inevitability of a global problem related to the consumption of fossil energy sources.

In this regard, the energy sector remains the main source of greenhouse gas
emissions, mainly due to the burning of fossil fuels such as oil and coal. In 2023,
China accounted for almost a third of global carbon emissions, which produced
12.6 billion tons of CO: equivalent. This is significantly more than the combined
emissions of all countries in the Western Hemisphere and Europe. China’s high
emissions are due not only to its large population, but also to the country’s
significant dependence on coal and oil, despite active investments in renewable
energy. China’s carbon emissions increased by 6 % over the year.

Further, the United States took the second place in terms of carbon emissions
in 2023 with 5.1 billion tons, and India took the third place with 3.1 billion tons.
In India, coal accounts for 56 % of primary energy consumption, and the country
is actively planning to double its coal production by 2030, which will lead to an
increase in its share of global carbon emissions to 10 % by 2030, according to
forecasts by the International Energy Agency.

As for Kazakhstan, like many other countries, it does not stay away from this
global trend. In 2023, carbon emissions from energy production in Kazakhstan
increased by 11.2 %, from 277.5 million to 308.7 million tons of CO: equivalent,
which is a record high. This situation is alarming, since the increase in carbon
emissions is directly related to the high level of dependence on coal-fired power
and insufficient diversification of the country’s energy sector [5, P. 1].

Despite efforts to introduce green technologies such as solar and wind farms,
Kazakhstan still faces serious environmental challenges related to the energy
sector. In this context, urgent measures must be taken to reduce carbon emissions
and transition to more sustainable energy sources, which will help the country
not only improve its environmental situation, but also integrate into the global
environmental agenda.

Experts of the Power Tech 2025 conference in Almaty mentioned that one of
the sections of the forum will be devoted to discussing the development vectors
of «green» financing. Green finance is an important component of investments
aimed at implementing environmentally friendly, energy efficient and low-carbon
projects. Such projects include renewable energy, improving the energy efficiency
of existing enterprises, environmentally friendly transport, and developing a low-
carbon economy. According to the Astana International Financial Center (AIFC),
in 2024, the volume of the sustainable finance market in the country amounted
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to 277.8 billion tenge, including «green» bonds and loans. The main part of the
«green» money is directed to energy efficiency and renewable energy projects
(6, P. 2].

As the population grows and the number of companies increases, there is a
steady increase in electricity consumption in Kazakhstan. According to estimates
by power engineers, they were the reason for the shortage of capacity of more than
1 GW. Inresponse to this situation, Kazakhstan was forced to step up its electricity
imports from Russia. To ensure a sustainable energy supply to the country, further
development of energy infrastructure and the introduction of alternative energy
sources are necessary [7, P.1].

According to the analysis, the population of Kazakhstan by 2030 may range
up to 21.5 million under a positive scenario. By 2050, the population is expected
to increase to 27.7 million people (Fig. 1). In this regard, an increase in electricity
consumption is predicted, due to an increase in the number of consumers and an
increase in energy demand against the background of demographic changes [8, P.1].

Figure 1 — Forecast of population growth dynamics in Kazakhstan based on
data from the Center for Human Resources Development JSC

The government is taking steps to stimulate the growth of the sector. As
part of the energy sector modernization program, it is planned to launch 40 new
renewable energy projects by 2025. These projects should create more than
3,000 jobs and contribute to the economic development of the regions. However,
the implementation of these initiatives requires clear planning and coordination
between various government agencies and the private sector [9, P.1].

The Government of Kazakhstan plans to increase the share of renewable
energy in total electricity production to 15 % by 2030 and 50 % by 2050 [10, P.1].
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Kazakhstan has great potential for using solar energy. The country is located
in regions with high solar insolation, especially in the southern and central regions,
which makes solar stations very promising. In recent years, there has been an
increase in the number of solar power plants.

Economically, solar panels have low operating costs, and their efficiency
increases significantly with lower technology costs. The emergence of new, more
efficient panels makes solar installations economically attractive.

Kazakhstan is actively developing solar energy, and this industry has a high
potential for further growth. It is also important that solar installations can be
located in various regions, including remote areas where there is no access to
centralized electricity supply.

Kazakhstan has great opportunities for the development of wind energy,
especially in many steppe regions and on the coast of the Caspian Sea, where
the average annual wind speed is quite high. Wind turbines can generate stable
amounts of energy, especially in regions with constant wind conditions.

Wind turbines require significant initial investment, but they can provide
long-term and sustainable energy generation. Also, wind energy does not depend
on fuel prices, as it happens with thermal power plants [11, P. 2].

The development of biomass energy can be beneficial for Kazakhstan,
especially in rural and agricultural regions where there is excess agricultural waste.
Using biomass for energy production helps to reduce carbon dioxide emissions and
reduce waste. This aspect of biomass is so relevant, with a skillful organization,
it could well realize the self-sufficiency of rural areas, in particular, every yard in
rural areas with gas, moreover, natural fertilizer gardening, as part of an ecosystem
solution - reducing CO- emissions. It should be emphasized that today more than
35 % of the population is still rural, then with the successful implementation
of the above-mentioned issue regarding biomass, a number of problems would
naturally find a solution in rural areas. Moreover, the optimal solution to biomass
problems would to a certain extent become attractive to the population as part of
the development of small and medium-sized businesses in rural areas [12, P.1].

Energy production from biomass can be cost-effective, especially in rural
areas, due to the availability of raw materials such as animal manure on small
farms. In rural areas, it is often a problem to transport manure to remote disposal
sites, which requires additional transportation costs. The use of these raw materials
for energy production can not only reduce export costs, but also become a source
of income, as well as help solve environmental problems related to the disposal
of organic waste.

Biomass energy in Kazakhstan has potential for development, but at the
moment it is less developed than solar and wind energy. However, with increasing
interest in sustainable energy sources, this sector may become more in demand.
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Moreover, green technologies can bring significant advantages to Kazakhstan.
First, they will help reduce dependence on fossil energy sources such as coal and
oil, making the country more energy independent and resilient to fluctuations in
global hydrocarbon prices. Secondly, the transition to renewable energy sources
such as solar and wind energy will improve the environmental situation by reducing
emissions of carbon dioxide and other pollutants. Thirdly, the development of
green technologies will open up new opportunities for job creation in various
industries, from the construction and operation of energy facilities to scientific
research and innovation development. Thus, Kazakhstan, by actively developing
environmentally friendly energy, can attract foreign investment, which will
stimulate economic growth and the country’s integration into global environmental
and economic processes.

To date, 148 renewable energy facilities (over 100 kW) with an installed
capacity of 2903.7 MW have been commissioned and are in operation:

— 59 wind power plants with a capacity of 1409.55 MW;

— 46 solar power plants with a capacity of 1222.61 MW,

— 40 hydroelectric power plants with a capacity of 269.785 MW;

— 3 facilities of biogas power plants with a capacity of 1.77 MW.

Based on the results of the auctions and contracts concluded with RFC LLP for
Renewable Energy, 66 renewable energy projects with a total capacity of 1,682.4
MW are planned to be commissioned. The amount of attracted investments will
amount to about 720 billion tenge:

— 34 hydroelectric power plants with a capacity of 311.11 MW,

— 20 wind power plants with a capacity of 1110 MW;

— 9250 MW solar power plants;

— 3 biogas power plants with a capacity of 11.35 MW,

By the end of this year, it is planned to implement eight new renewable
energy projects with a total capacity of 163.35 MW. Two wind power plants
for 4.95 and 10 MW have been built in Akmola region by Jasil jel LLP; a solar
power plant for 20 MW by HEVEL KAZAKHSTAN LLP has been built in
Zhambyl region; a 3 MW hydroelectric power plant by «BOC Tonksa» LLP
is under implementation in Almaty region; a 14.9 MW hydroelectric power
plant by Baskan Power LLP is under construction in Zhetysu region; A 12.5
MW wind power plant of ERG Capital Project LLP is under implementation
in Aktobe region; In the Mangystau region, a 50 MW wind power plant is under
construction by Sarkylmas Kuat LLP; in the Atyrau region, a 48 MW wind power
plant by «Divitel» LLP is under implementation.

By 2027, the Ministry of Energy plans to hold auctions for the implementation
of renewable energy projects for a total installed capacity of more than 4,500 MW
of various types of renewable energy generation.
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Within the framework of intergovernmental agreements, the Ministry of
Energy, together with NWF Samruk-Kazyna JSC, have started implementing
renewable energy projects: with Total Energies, | GW wind farm in Zhambyl
region, Masdar 1 GW wind farm in Zhambyl region, Unigrin Energy 1 GW, 1 GW
wind farm project in Zhetysu region. Within the framework of the above projects,
it is expected that at least 30 % of domestic-made equipment will be used. Large-
scale projects will begin construction and installation work in 2025 [13, P.12].

In 2024, three new renewable energy facilities with a total capacity of 34.75
MW were commissioned. This was made possible by attracting investments in the
amount of 13.7 billion tenge. Five more facilities with a total capacity of 128.4 MW
are expected to be completed by the end of the year, which will further strengthen
the country’s energy potential.

Currently, there are 148 renewable energy facilities in Kazakhstan with a
total installed capacity of 2903.7 MW. These facilities play a key role in reducing
the carbon footprint and provide the country’s energy system with clean and
sustainable energy [14, P.1].

In 2024, the share of renewable energy sources in total electricity generation
in Kazakhstan amounted to 6.4 % (7.58 billion kWh). 8 new projects with a total
capacity of 163 MW were commissioned [15, P.1].

An intergovernmental agreement has been signed with the People’s Republic
of China on the implementation of renewable energy projects, under which it is
planned to build renewable energy facilities with a total capacity of 1.8 GW. In
accordance with this agreement, it is possible to include additional renewable
energy projects in the outline of the intergovernmental agreement [16, P.2].

Results and discussion

During Kazakhstan’s transition to green technologies, several infrastructural
problems arise. One of the main reasons is the lack of modern equipment and high
initial costs for the construction of new facilities, which can become a serious
obstacle to the rapid introduction of renewable energy sources. In addition,
remote and rural areas of the country may lack the necessary logistics for efficient
energy distribution, which limits access to renewable sources and reduces their
economic efficiency. It is also important to note that the lack of experience and
qualified specialists in the field of green technologies can slow down the process
of transition to sustainable energy.

Addressing these challenges in the future will require significant investments
in energy infrastructure modernization, including the construction and renovation
of power grids to integrate renewable energy sources. It is also necessary to
encourage private and public investment in the development and implementation of
new technologies by providing support through subsidies and tax incentives for the
first stages of construction. It is important to develop logistics for efficient energy
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distribution, especially in remote regions, and ensure access to green energy for all
citizens. Finally, significant efforts should be directed towards training qualified
specialists in the field of green technologies, which will help accelerate innovation
and increase the efficiency of the transition to sustainable energy [17, p.2].

According to a report by the International Energy Agency, renewable energy
sources will become the largest source of electricity in the world in 2022-2027.
Their share in the global energy mix will reach 38 %, thereby reducing the share
of coal, natural gas, nuclear energy and oil. The transition to renewable energy
sources opens up new prospects for digital innovations designed to solve global
energy problems.

The intensive development of the alternative energy sector in Kazakhstan has
become possible thanks to the support and long-term financing from international
financial institutions. One of the key partners in this process is the Asian
Infrastructure Investment Bank (AIIB), which actively cooperates with Kazakhstan
to use the potential of the country’s natural resources in the development of
renewable energy sources. A striking example of the AIIB’s participation in a
green energy project is the Zhanatas wind power plant in Southern Kazakhstan.

This is the first AIIB project in the country, with a total capacity of 100 MW
and an annual output of about 320 million kWh. The plant annually reduces about
250,000 tons of carbon dioxide emissions, which is a significant contribution to
reducing the country’s carbon footprint [18, P.2].

There are several unique and interesting features of financing renewable
energy projects in Kazakhstan, in particular, Kazakhstan offers state support to
renewable energy projects in the form of tax incentives, customs preferences and
simplified licensing procedures. Depending on the type of investment, the Business
Code provides, in particular, the following investment preferences:

1 Exemption from customs duties and value added tax on import;

2 Government subsidies.

According to the Concept of the Investment Policy of the Republic of
Kazakhstan until 2026, despite the global crisis, Kazakhstan remains attractive to
foreign investors and is the undisputed leader in the inflow of foreign investment
in the Central Asian region. However, in order to maintain and strengthen this
position in the current geo-economic and geopolitical conditions, Kazakhstan
needs to actively take the initiative in the fight for foreign investment and create
the most optimal conditions for investors.

List of legislative acts adopted in the implementation of the law on renewable
energy support:

— «On the definition of a settlement and financial center for the support of
renewable energy» (Crane work project (CWP) Nel1281 dated 11/29/2013);
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— «On approval of the Rules for monitoring the use of renewable energy
sourcesy» (CWP Nel1529 dated 05.10.2009);

— «On approval of the Rules for determining the nearest point of connection
to electric or thermal networks and connection of renewable energy facilities»
(CWP Nel19 dated 19.01.2012);

— «On approval of the Rules for determining fixed tariffs» (CWP Ne 271
dated 03/27/2014);

— «On approval of the Rules for determining the tariff for renewable energy
supporty (CWP Ne290 dated 04/01/2014);

— «On approval of fixed tariffs» (CWP Ne645 dated 12.06.2014);

— «On approval of a fixed tariff for projects of solar power plants using
photovoltaic modules based on Kazakh silicon (Kaz PV) for the conversion of
solar radiation energy» (CWP Ne644 dated 06/12/2014);

— «On approval of tariffs not exceeding the selling price level set out in
the feasibility study of the construction project for the use of renewable energy,
approved and agreed with the authorized or local executive body, and its validity
period in accordance with the feasibility study for energy-producing organizations
using renewable energy» (CWP Ne419 dated 30.04.2014); [19, P.4-5].

Figure 2 — Forecast of the energy consumption ratio

According to the report of KEGOC JSC dated 08/13/2024, electricity
consumption in Kazakhstan has increased by 2.3 billion kWh over the past year,
which corresponds to an increase of 3.9 % [20, P.2]. This growth reflects a natural
increase in electricity needs against the background of the country’s population
growth. It should be noted that in the future, with the development of renewable

energy sources (RES), electricity production at thermal power plants (CHP) may
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decrease, especially by 2050 (Fig. 2), which will lead to a change in the country’s
energy balance and the need for new approaches to ensuring sustainable energy
supply. The growth of renewable energy sources, respectively, leads to a reduction
in fuel use, therefore, all this together will be reflected in ensuring the eco-system
as a whole.

Conclusion

Thus, emphasizing the importance of energy transformation for the sustainable
development of the country, it is necessary to assess how green technologies can
change the future of Kazakhstan if existing barriers are overcome and strategic
initiatives are implemented.

Kazakhstan’s energy transformation is an important and urgent process
that will determine the country’s sustainable development in the face of global
challenges such as climate change and the depletion of fossil resources. The
transition to green technologies and the introduction of renewable energy sources is
not only an environmental necessity, but also an important step towards diversifying
Kazakhstan’s energy sector, reducing carbon emissions and improving economic
sustainability.

Green technologies such as solar, wind and biomass energy have significant
potential for Kazakhstan due to its geographical location and growing investments
in this sector. In the future, Kazakhstan may well take a leading position in Central
Asia as a producer of clean energy, attracting foreign investment and stimulating
the creation of new jobs.

However, there are serious challenges on the way to the successful
implementation of energy transformation, such as the need to modernize
infrastructure, develop logistics and train specialists. These challenges require
an integrated approach, cooperation between public and private entities, as well
as significant investments in technology and infrastructure.

The advantages of switching to sustainable energy are obvious, reducing
dependence on hydrocarbon sources, improving the environmental situation,
creating new economic opportunities and attracting foreign investment. Kazakhstan
will have to implement an energy transformation that may well provide the country
with a sustainable future and an important contribution to global efforts to combat
climate change.
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ayoapaovl. Mominde xemipmeei uibl2apblHObLIAPHIH A3AUMY HCOHE
JHCAHAPNBIIAMBIH SHEP2USL KO30EPIHe KOuLy CUsKmbl scahanovlx ypoicmep,
conoati-ax, Kasaxcmannwly ocel yoepicmepoezi poni Kapacmulpbli2aH.
Maxkanada enoiy snepeemuKanivlk UHOPAKYPHLILIMbIHbIE A2blMOa2bl
Moceeiepi, COHbIH [UIHOE HCBLILY HCENLIEPIHIY MO3YbIHbIH JCO2apbl OeH2elli
JHCOHE HCAH2BIPMY KANCEMMINIZl MAN0AHAbL, COHOAU-AK, KYH, JICel ACOHE
buomacca sHepeemMuKaAcyl CUSKMbL HCACHLL MEXHOAOSUSNAPObLY OAMY
nepeneKmusanapbl Kapacmulpuliaovl. Kanapmuliamoli dHepeemuxa
CanacvLiHOazbl Hco0aNapobl KApHCuLIbIK KOL0Ayed, COHOAU-AK UHHOBAYUSUILIK,
MEXHONO2USIAPObL H2I3Y APKbLIbL eN0iH IKOLOSUSILIK AXYAL0bL HCAKCAPILY
JHCOHE IKOHOMUKATBIK OCY MYMKIHOIKmMepiHe epeKiie Ha3ap ay0apuliobl.
Kopvimuvinovinaii xene, Kazaxcmannviy Typaxmul dHepeemuranivly
bonauazbiHa KOJ HCemKizy YUliH UHPPAKYPLLIBIMObL OdMbINY, MAMAHOAPObl
OKbIMY JCOHEe UHBECTMUYUSLAD MAPIY MAKbI30bLIbIZbL AMAan omineoi.

Kinmmi cezodep: Kanapmoiiamein snepeus xeszoepi (KIK),
IHEP2EMUKANBIK MPAHCHOPMAYUSL, HCACHIL MEXHOLO2USANAD, KYH JHCOHe
JHcen CManyusiapbl.

H. 1. Jlapumbaesa’, *M. I1I. Caxumorcanod?,

K. IK. Totizoocunosa®, M. b. Kapkvimbexosa’

ANMaTHHCKHUT YHHBEPCHUTET SHEPreTHKU U CBsA3H nMeHH [ 'ymabeka Jlaykeesa,
Pecnyonmuka Kaszaxcran, . AnMarel.

IToctynuno B pegaxuuto 23.05.25.

IToctynuno ¢ ucnpasienusmu 27.08.25.

IIpunsaro B neuars 05.09.25.

SHEPITETHYECKAS TPAHCOOPMAILINA KAZAXCTAHA:
KAK 3EJIEHBIE TEXHOJIOTUU MOT'YT U3BMEHUTD BYJAYIIEE

Cmamvsa noceawena sHepeemuyeckon mpauncpopmayuu 6
Kazaxcmane, axyenmupys eHumanue na neob6xo0umocmu nepexooa K
VCMOUYUBLIM UCTNOYHUKAM IHEPRUU 8 YCIIOBUSIX PACMYUje2o nompeoienus
EKMPOIHEPSUL U IKOJIOSUHECKUX NPOOIEM, CEAZAHHBIX C 3ABUCUMOCTIBIO
om y2onbHOU 9Hepeemuku. B mexcme paccmompenvi enobaivHble
MeHOeHYUY, MaKue KaK CHUdICeHue Y2iepOOHbIX 8blOPOCO8 U NEpexoo K
80300HOBAAEMbIM UCTNOYHUKAM dHepauu, a makxdce poav Kazaxcmana
6 omux npoyeccax. B cmamve ananuzupyromces mexyuwjue npooiemol
IHepeemu4ecKkol UHPPACMPYKMYypbl CMPAHbL, GKAIOYAST 8bLCOKUL
VPOBeHb UBHOCA MENNI0BbIX Cemell U HeoOX0OUMOCTb MOOEpHU3AYULU, d
Makoice paccmampusalomcs nepcneKmussl U 8bl1308bl PA3GUMUS 3€CHbIX
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MEXHONO2UI, MAKUX KAK COTHEYHASl, 6EMPOBAsL U DUOMACCOBASL IHEPLEMUKAL.
Ocoboe HUMarue yOeieHo QUHAHCOBOU NOOOEPICKe NPOeKMO8 6 001acmu
60300HOBNAEMOU IHEP2EMUKU, A MAKICE BO3MOICHOCMAM OJisi CMPAHbL
6 VAYUUEHUL IKOL02UHEeCKOU CUMyayu U 3KOHOMUYECKOM pocme depes
6HEOPeHUe UHHOBAYUOHHBIX MEXHON02UL. B 3aKniouenue noouepkusaemcs
BAXCHOCMb OANbHEUMUX YCUTULL NO PA3GUMUIO UHPPACTPYKMYDbL,
00Y4eHUI0 CReYUuanucCmog U NPUGICYEHUI0 UHBECMUYULL 0151 OO CIUICEHUS]
YCmouuueo2o sHepeemuyecko2o 6yoywezo Kazaxcmanua.

Kurouesvie cnosa: Bozobnoensemvle ucmounuxu snepeuu (BUD),
9Hepeemuieckas mpancopmayus, 3eienvie MmexHoiocuu, CoNHeuHble
cmanyuu, 6emposvie CIaHyui.
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