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TYPYKTYY S3HEPTETHUKAJIBIK 6TYY YUYH AIIIbLJ/I CYYTEK:
JYHUHOJIYK BATBITTAP, TEXHOJIOTHSIJIAP )KAHA CTPATETHSUIBIK KOJIIOP
OposoHoBa A. A, xxeikeiudeBa K. T., MeicakynoBa I C.
2Kycyn BanacazeiH ambiHdazbl Keipebl3 yaymmyk yHUgepcumemu

3EJIEHDBIN BOJIOPO/] KAK KATAJIM3ATOP YCTOMYMBOI'0O SHEPTETHYECKOTO
NEPEXO/IA: IZ/IOGAJIBHBIE TPEH/IbI, TEXHOJ/IOTHH
U CTPATETrHYECKHE HAIIPABJIEHUA
OposoHoBa A. A, xxeuikeradeBa K. T, Meicakynosa I C.
HayuoHanvHblll yHUgepcumem umeru 2Kycyna basacazbiHa

GREEN HYDROGEN AS A CATALYST FOR SUSTAINABLE ENERGY TRANSITION: GLOBAL
TRENDS, TECHNOLOGIES, AND STRATEGIC PATHWAYS
Orozonova A. A,, Dzhylkychiyeva Zh. T., Mysakulova G. S.
HayuoHaawHblll yHUBepcumem umeHu MK.basacazviHa
AnHoranuA. YKawbla cyyTek TypyKTyy XaHa a3 KeMYPTeKTYY aHepreTHKa/blK cUcTeManap-
ra rnob6anfplk eTYYHYH HETM3TH aJleMeHTHHe ailaHyyJa. Makanaga [lepMaHUAHBIH JHAEPJIUTHHE
6acbIM Kacoo MeHeH CyyTeK 3HepreTHMKacblH 8eHYKTYPYYHYH 3J1 apa/iblK TeHJeHIuAaapbl Taaja-
HaT kaHa peanayy nuaoTTyk RefLau (Referenzkraftwerk Lausitz) gon6oopy - gekap6oHu3anus-
JIOO CTpaTeruAachbiHbIH aJkaroija Jlaycuy (bpaHgeH6ypr) keMyp aliMarblHAa MIOIKe allbIpblAraH
3TaJIOHAYK CYyTeK 3JIeKTp cTaHLuAchl. RefLau sHeprusaHbIH Kalpa )apajayydy 6y/laKkTapblH, 3/1eK-
TPOJIM3[HM, CAaKTOOHY KaHa KollyM4Ya NpPOJYyKTy/lapAbl Kalpa KOJJOHYYHY NaiJalaHyy MeHeH
KOMIIJIEKCTYY KalllblJl CYyTeK eHAYPYYHYH MoJe/i. AJl OLIOHZ0M 3Jie «KeK» CYYTeKTeH «KallbLI»
CyyTeKKe aKbIpPbIHbIK MEHEH eTYYHY 00JI3K040r0H KazaKcTaHAbIH CTpaTeruAachblH HHPPaCTPyKTY-
pachl 3KaHa OTYH pecypcTapbl eHYKKEH 6JIKeJIep Y4YH peasyy *koJl KaTapbl KapalT. 63re4ye KeHy1
ONYTTYY TMAPO3HEepreTHKaIbIK NOTeHLHaAra 33 Kbiproiactanra 6ypyayyza.
Heruaru ce3ep: *allbl/l 3KOHOMHKA, TYPYKTYY 6HYTYY, 3KOHOMHUKA, MHTerpalus, pecypcrap,
rno6aablK 3KOHOMHUKA.
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AHHOTanuUA. 3ejieHbld BOA0PO/ CTAHOBUTCA KJIK0YeBLIM 3JIeMeHTOM I/106a7bHOTO NMepexosia K
YCTOWYMBBIM U HU3KOYTJIEPOJHBIM 9HepreTU4eCKUM CUCTeMaM. B cTaTbe aHa/IM3UPYIOTCA MUPOBBIE
TeH/leHLIMM pa3BUTHA BOJOPOJHON 3HEePreTUKH € aKL[eHTOM Ha JIuJiepcTBo [epMaHUM U peaibHbII
nuaoTHbIN npoekT RefLau (Referenzkraftwerk Lausitz) — sTanoHHaa BojjopoAHaa 3/eKTPOCTaH-
1111, peaJin30BaHHas B yTOJbHOM pernoHe Jlayaur (BpansieH6ypr) B paMKax cTpaTeruu JleKapboHu-
3auuu. RefLau — 3To Mo/Je/ib KOMIZIEKCHOTO POU3BO/CTBA 3eJIeHOT0 BOA0PO/1a C UCIIO/Ib30BaHHEM
B0O306HOB/IIEMbIX UCTOYHUKOB 3HEPTHH, 3JIeKTPOJIM3a, XpaHeHHs M MOBTOPHOr0 MCMOJb30BaHHA
no604YHBIX NPOAYKTOB. Takke paccMaTpuBaeTcs cTpaTerusa Kasaxcrana, mpejnoJiararpouas nocre-
MeHHbIH Nepexo/ ¢ «roJiyboro» Ha «3eJeHblii» BOAOPO/, KaK peaJMCTUYHBIA NyThb AJf CTPaH C pas-
BUTON MHPPACTPYKTYpOH M TOMJMBHBIMU pecypcaMu. Oco6oe BHMMaHHUe yaeneHO KbIproi3cTaHy,
o6.J1ajjaieMy 3HaYUTeIbHbIM I'M/JpO3HepreTHYeCKUM MOTeHIHaI0M.

KioueBsble cjioBa: 3e/ieHas 3KOHOMMKA, YCTONYMBOEe pa3BUTHe, IKOHOMHKA, UHTerpalus, pe-
CypChbl, MUPOBasi 3KOHOMMKA.

Abstract. Green hydrogen is becoming a key element in the global transition to sustainable and
low-carbon energy systems. The article analyzes international trends in the development of hydrogen
energy with an emphasis on the leadership of Germany and the real pilot project RefLau (Referenz-
kraftwerk Lausitz) - a reference hydrogen power plant implemented in the coal region of Lausitz
(Brandenburg) as part of the decarbonization strategy. RefLau is a model for integrated green hydro-
gen production using renewable energy sources, electrolysis, storage and reuse of by-products. It also
considers the strategy of Kazakhstan, which assumes a gradual transition from «blue» to «green» hy-
drogen, as a realistic path for countries with developed infrastructure and fuel resources. Particular

attention is paid to Kyrgyzstan, which has significant hydropower potential.
Key words: green economy, sustainable development, economy, integration, resources, global

economy.

Against the backdrop of accelerating climate
change and the global drive for carbon neutrali-
ty, green hydrogen is becoming one of the most
promising energy sources of the 21st century.
The first studies in the field of hydrogen energy
began in the 1980s and were associated with the
development of high-temperature nuclear reac-
tors and steam reforming technologies for nat-
ural gas [1]. However, a real surge of interest in
hydrogen as an environmentally friendly energy
source began after the signing of the Kyoto Pro-
tocol (1997) and the Paris Agreement (2015),
which outlined the need to radically reduce
greenhouse gas emissions.

The concept of a hydrogen economy, pro-
posed by John Bockris in the 1970s, anticipated
a future in which hydrogen would become a uni-
versal energy source suitable for storage, trans-
portation and use in various sectors. Today, this
vision is becoming increasingly real due to the
growth of renewable energy sources (RES) and
the need to decarbonize sectors that are difficult
to directly electrify. Hydrogen produced by wa-
ter electrolysis using renewable energy sourc-
es, so-called “green” hydrogen, is a carbon-free
solution that meets international sustainability
goals [2].

Germany is a leader in shaping the hydrogen
agenda: in the 2021 coalition agreement and the
updated National Hydrogen Strategy, the coun-
try declared its intention to become a global hub
for hydrogen technologies by 2030 [3]. In addi-
tion to government initiatives, the private sector,
in particular Hy2gen AG, is actively developing
the industrial production of green hydrogen and
synthetic fuels in Europe and other regions.

A typical example of the successful imple-
mentation of hydrogen technology in Germany
is the RefLau (Referenzkraftwerk Lausitz) proj-
ect, a reference hydrogen power plant located in
the Lausitz region of Brandenburg. This project
integrates renewable energy sources, hydrogen
electrolysis, storage and use of oxygen and heat,
thereby demonstrating the principles of a closed
energy cycle. RefLau produces green hydrogen
from solar and wind energy and uses it for en-
ergy, transport and industry. The project serves
as a model for sustainable energy transition and
plays an important role in transforming a coal
region into a green energy hub [4].

Regions with rich renewable energy poten-
tial, such as Australia, North Africa and South
America, are very active in the international are-
na and are striving to become key exporters of
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green hydrogen [5]. Despite the growing inter-
est, the development of hydrogen energy faces
a number of challenges, including high produc-
tion costs, the need to create appropriate infra-
structure and concerns about the use of water
resources in large-scale electrolysis [2], [6].

This study aims to analyze the current sci-
entific discourse on green hydrogen, with an
emphasis on technological developments, inter-
national strategies and the experience of Germa-
ny, in particular using the RefLau project as an
example. Based on a review of current literature
and policy documents, the article formulates
conclusions and recommendations that may be
useful for the formation of a hydrogen strategy
in developing countries, including the Central
Asian region.

Discussion

Kazakhstan's experience is of considerable
interest to other Central Asian countries, in-
cluding Kyrgyzstan, in assessing the potential of
hydrogen energy. According to A.E. lbraeva [7],
Kazakhstan has significant prerequisites for the
development of a hydrogen economy due to its
vast territory, favorable conditions for the devel-
opment of renewable energy, and the presence
of a developed oil and gas infrastructure.

Despite the insufficient technical and regula-
tory framework for the production, storage, and
transportation of hydrogen, the country has re-
alized the strategic importance of participating
in the global hydrogen agenda. In the context of
the expected growth in global demand for envi-
ronmentally friendly hydrogen, especially from
the European Union, Kazakhstan can occupy a
profitable export niche.

Nevertheless, the publication also points
out serious challenges: the low level of develop-
ment of renewable energy sources, a shortage of
personnel and competencies, the lack of carbon
capture and storage (CCUS) technologies, as well
as the risk of water shortage. In this regard, the
author proposes a step-by-step approach to the
development of the hydrogen industry:

In the short and medium term, the focus
should be on blue hydrogen produced using nat-
ural gas with subsequent CO, capture and stor-
age. This approach allows for the use of existing
infrastructure and the acquisition of important
practical experience in the transportation and
storage of hydrogen.

In the long term, priority should be given to

green hydrogen produced by water electrolysis
using renewable energy sources, both for do-
mestic consumption (decarbonization of energy,
industry and transport) and for export under in-
ternational climate agreements.

The experience of Kazakhstan emphasiz-
es the importance of strategically choosing the
type of hydrogen and creating favorable condi-
tions for technological and infrastructural de-
velopment. These findings are also relevant for
Kyrgyzstan, which, despite its smaller scale, has
comparable conditions and capabilities, includ-
ing in the field of hydropower and decentralized
renewable energy systems.

Kyrgyzstan and Germany: Synergy of Inter-
ests in Green Energy

Along with regional examples, Germany's
experience in the field of renewable energy and
green hydrogen production is of great impor-
tance for Kyrgyzstan. During official negotia-
tions with German Federal President Frank-Wal-
ter Steinmeier, Kyrgyz President Sadyr Japarov
emphasized that the country is interested in
Germany'’s advanced technologies for organizing
the production of environmentally friendly hy-
drogen based on the country’s water resources.

A typical example of the application of
such technologies is the RefLau (Referenzkraft-
werk Lausitz) project in Germany - a pilot hydro-
gen power plant being implemented in the post-
coal region of Lausitz. The project combines the
generation of electricity from renewable energy
sources, electrolysis, storage and use of hydro-
gen, oxygen and heat, demonstrating the prin-
ciples of a closed energy cycle and sustainable
regional development. RefLau serves as a model
for an effective transition from a carbon econ-
omy to a low-carbon one and can be useful for
countries with high hydro potential, such as Kyr-
gyzstan [4].

The Kyrgyz-German Business Council, estab-
lished in 2022, is seen as an important platform
for bilateral technological and investment coop-
eration. These initiatives open up prospects not
only for the introduction of German technologies
in Kyrgyzstan, but also for broader Central Asian
cooperation in the field of green energy.

Thus, the vector of cooperation with Germa-
ny, combined with regional practices, such as Ka-
zakhstan’s strategy, can become the basis for the
formation of a sustainable hydrogen policy for
Kyrgyzstan based on international experience,
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regional specifics and low-carbon development
priorities.
Results

The analysis highlights the growing glob-
al importance of green hydrogen as a driver of
sustainable energy transition and a key element
of decarbonization strategies in both developed
and developing countries. An examination of
international experiences, in particular Germa-
ny’s leadership in hydrogen technologies and
the RefLau project, shows that the integration of
renewable energy with electrolysis, storage and
reuse systems can serve as a viable model for
countries transitioning from fossil fuels to clean
energy.

The RefLau project in Germany demon-
strates how regions previously dependent on
the coal industry can be transformed into hydro-
gen clusters. This example illustrates the practi-
cal feasibility of creating a closed-loop hydrogen
system based on renewable electricity and offers
valuable technical and institutional lessons for
countries like Kyrgyzstan, which have significant
hydropower potential but do not yet have the
necessary technological infrastructure.

Kazakhstan's step-by-step approach to de-
veloping the hydrogen industry — starting with
blue hydrogen and then moving to green — is a
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