?rillri‘lr;vatsi a Oktabr e
: N°10, 2026 %

Barqaror rivojlanish

AGROBIZNES,
FAN VA o
TEXNOLOGIYALAR | ™

Arpo6u3Hec, HayKa 1 TeXHOJIOTUK

Agribusiness, science and technology

3060-5245

aflll W @ ﬂ ; Crossref
Toshkent-2026 Platform & workflow by

OJS/PKP




™

R

TDAU sz
BOSH MUHARRIR

Oblomuradov Narzullo Naimovich -i.f.d. (DSc), professor.
Bosh muharrir o‘rinbosarlari:

Islamov Soxib Yaxshibekovich - q.x.f.d. (DSc), professor.
Sultonov Kamoliddin Sadriddinovich - q.x.f.d. (DSc), professor.
Farmonov To‘lqin Xayitmurodovich - i.f.d. (DSc), professor.
Muharrir:

Beglayev Uchqun Xurramovich —if.f.d. (PhD), dotsent.

Tahrir hay’atining xalgaro a’zolari:

Kusainov Xalel Xaymullayevich —i.f.d. professor (Qozog‘iston davlat texnologiya
universiteti)

Vilija Alekneviciené —i.f.d. professor (Universitet Vitovta Velikogo)

Gilbert Ludwig — professor, (Jamk University of Applied Sciences)

Bobojonov Ixtiyor Baxtiyorovich — if.d. professor (Germaniyaning Leybnits
nomidagi Markaziy Osiyoda qishloq xo‘jaligini rivojlantirish instituti (IAMO))
Daiva Makutenene — professor, (Vitautas Magnus universiteti, Litva)

Xaitboyeva Nargiza Alikulovna - i.f.d. dotsent (Tojikiston davlat huqug, biznes va
siyosat universiteti)

Tahrir hay'ati:

08.00.00-1gtisodiyot fanlari:

Gulyamov Saidasror Saidaxmedovich —i.f.d. (DSc), professor;
Saidov Muxammad-Ali Xakimovich —i.f.d. (DSc), professor;
Rustamova Iroda Baxramjanovna - i.f.d. (DSc), professor;
Ochilov Ilhom Sayitqulovich —i.f.d. (DSc), professor;
Askarov Nazimjon Niyozovich —i.f.d. (DSc), professor;
Abdullayev Altinbek Yangibayevich - i.f.d. (DSc), professor;
Boltayev Abror Sayitmuradovich —i.f.d. (DSc), dotsent;
Abduvasikov Abduaziz Abdulazizovich —i.f.n. professor;
Mamadiyarov Dilshad Uralovich —i.f.n. dotsent;

Achilov Mashrab Ulug‘bekovich —i.ff.d. (PhD), dotsent;
Galimova Feryuza Rafikovna - i.f.n. dotsent;

Odilova Dilnozaxon Barnayevna - i.f.f.d. (PhD), dotsent;
Yangiboyev Dilshod G‘ulomovich —i.ff.d. (PhD);

Saidova Dildora Nurmatovna —i.f.n. dotsent;

Dexkanova Nilufar Sagdullayevna —iff.d. (PhD), dotsent;
Roziqov Jahongir Mustaqim o‘g'li —i.f.f.d. (PhD), dotsent;
Boltayev Nurali Shiramatovich —i.f.f.d. (PhD), dotsent;
Ibragimova Madina Ismoilovna - i.f.f.d. (PhD), dotsent;
Javliyev Nuriddin Bektemir o‘g'li —i.f.f.d. (PhD).

06.00.00-Qishloq xo‘jaligi fanlari:

Shokirov Alisher Djuraboyevich — g.x.f.d. (DSc), professor;
Mardanov Husniddin Xolbozorovich - g.x.f.d. (DSc);

Abdiyev Fozil Rashidovich - q.x.f.d. (DSc);

Sattorov Magsud Axtamovich —g.x.f.d. (DSc);

Yuldashov Nurbek Ergashovich —v.f.d. (DSc);

Xalmirzayev Dilmurad Kamilovich — q.x.f.d. (DSc), dotsent;
Namazov Ixtiyor Choriyevich — g.x.f.d. (DSc), professor;
Xudayqulov Jonibek Bozarovich - q.xf.d. (DSc), professor;
Eshonqulov Jamoliddin Saporboy o‘g‘li - q.x.f.d. (DSc), professor;
Abdullayev Anvar Kodirullayevich — b.f.n, katta ilmiy xodim;
Atabayev Ma’'ruf Maxmudovich — g.x.f.n. professor;

Safarov Asqar Asadullayevich - q.x.f.f.d. (PhD), dotsent;
Mustafakulov Davron Mamatqulovich — g.x.f.f.d. (PhD), dotsent;
Kasimov Botir Sadriddinovich — q.xf.f.d. (PhD);

Akramov Umidilla Ikramdjanovich — g.x.f.n. dotsent;

Elboboyev Abdug‘ani Shuxrat o‘g‘li — q.x.f.f.d. (PhD);
Muxammadov Yo‘ldoshbek Akmal o‘g‘li — q.x.f.f.d. (PhD);
Maxmudova Shaxnoza Abdufattaxovna - q.x.f.f.d. (PhD), dotsent;
Idrisov Xusanjon Abdujabborovich - gq.x.f.f.d. (PhD), dotsent.

MUASSIS
Toshkent davlat agrar
universiteti

ALOQA UCHUN MA’LUMOTLAR
Manzil: Toshkent viloyati, Qibray
tumani, Universitet ko‘chasi, 2-uy.
Jurnalning telegram manzili:
t.me/agrobiznes_elektronjurnal
E-mail: licht-1989@mail.ru
Jurnalning rasmiy sayti:
https://www.agrobiznesjournal.uz
Tel: +(998) 93 439 30 00

JURNALNING ILMIYLIGI:

Ma’lumot uchun, OAK
Rayosatining 30.11.2024-yildagi
Ne364/5-sonli garori bilan
08.00.00-Igtisodiyot fanlari
bo'yicha, 08.05.2025-yildagi
Ne370/5-sonli garori bilan
06.00.00-Qishlog xo‘jaligi fanlari
bo'yicha “Dissertatsiyalar asosiy
ilmiy natijalarini chop etish
tavsiya etilgan milliy ilmiy
nashrlar ro‘yxati”ga kiritilgan.

Elektron nashr, 11-sahifa.
2026-yil, oktabr.


mailto:licht-1989@mail.ru
https://www.agrobiznesjournal.uz

™

R

AGROBIZNES, FAN VA TEXNOLOGIYALAR 2026-yil, oktabr.

ilmiy-amaliy elektron jurnali Ne10-son.
ISSN: 3060-5245

MUNDARIJA

KONSTANTIN IVANOVICH KURPAYANIDI
Green energy transition in Central Asia: capacity growth, technological
diversification and system CONStraints.............cccocovviiiviiniiiiiiniieeie e 11




@2
'@J‘@

3

AGROBIZNES, FAN VA TEXNOLOGIYALAR 2026-yil, oktabr.

ilmiy-amaliy elektron jurnali Ne10-son.

ISSN: 3060-5245

UDC: 620.91:338.2(575)
GREEN ENERGY TRANSITION IN CENTRAL ASIA: CAPACITY GROWTH,
TECHNOLOGICAL DIVERSIFICATION AND SYSTEM CONSTRAINTS

KONSTANTIN IVANOVICH KURPAYANIDI
professor of the Russian Academy of Natural Sciences, academician of the
International Academy of Theoretical and Applied Sciences
International Institute of Food Technology and Engineering,
Republic of Uzbekistan
E-mail: antinari@gmail.com
ORCID: 0000-0001-8354-1512

Abstract. This study reassesses the green-energy transition in Kazakhstan, the Kyrgyz Republic,
Tajikistan, Turkmenistan and Uzbekistan using the latest harmonised capacity data available in 2026
and a structured review of 17 Scopus-indexed studies published in 2020-2026. The empirical design
separates scale, speed and technological composition rather than treating installed renewable
capacity as a single measure of transition maturity. Three indicators are calculated for 2023-2025:
compound annual capacity growth, each country's contribution to regional capacity additions, and a
technology-concentration index based on hydropower, solar and wind shares. Regional renewable
capacity rose from 17.636 GW in 2023 to 25.482 GW in 2025, an increase of 44.5%. Uzbekistan
accounted for 86.4% of the net regional addition and reached 10.027 GW, while solar and wind
represented 75.6% of its renewable portfolio. Kazakhstan retained the most technologically balanced
portfolio, whereas the Kyrgyz Republic and Tajikistan remained strongly hydro-dependent. The
results show that capacity expansion and transition quality are analytically distinct. A durable
transition requires grid reinforcement, storage, flexible dispatch, competitive procurement, credible
investment rules and regional electricity exchange. The article proposes a system-value framework
in which new renewable capacity is evaluated by delivered generation, reliability, curtailment, carbon
intensity and integration cost rather than by megawatts alone.

Keywords: Central Asia, renewable energy, energy transition, solar power, wind power, hydropower,
grid flexibility, energy security, regional electricity trade.

AHHoTanus. B vcciesoBaHny nepeoneHUBaeTCs TPaeKTOPHs 3eJIEHOT0 IHEPreTUYeCcKOro nepexoza
B KaszaxcraHe, Knipreizckoii Pecny6suke, TagkukucraHe, TypkMeHHCTaHe U Y36eKuUCTaHe Ha
OCHOBe TIOCJ€JHUX CONOCTAaBHMBIX [JaHHbIX O MOIIHOCTAX, JAOCTynHbIx B 2026 roay,
CTPYKTYpHUpOBaHHOTO 0630pa 17 ny6sukanuii 2020-2026 rooB U3 KypHaJIOB, UHAEKCUPYEMBIX B
Scopus. IMnupHYecKUH AU3alH pasrpaHUYMBAeT MacUITad, TEMI U TEXHOJOTUYECKYIO CTPYKTYpPY
nepexosa, He CBOJS 3peJIOCTb 3JHepreTUYecKou TpaHcHOpMalM¥d K OJHOMY IIOKasaTeJlo
yCTaHOBJeHHOM MomHoctu BHUI. [Jna 2023-2025 romoB paccuuTaHbl TpPHU IOKa3aTesis:
CpefHeroJl0Bo¥ TeMI pOCTa MOLHOCTH, BKJaJ, KXKJ,01 CTpaHbl B peTMOHAIbHBIN IPUPOCT U UHJEKC
TEXHOJIOTUYECKOW KOHIIeHTpalU¥, OCHOBAaHHbIM Ha [J0JIAX THUJpPO-, COJHEYHOW U BeETPOBOU
s3HepreTuku. CoBokynHas MoujHocTb BUI B pervoHe Boipocia c 17,636 I'Bt B 2023 roay ao 25,482
BTt B 2025 roay, To ectb Ha 44,5%. Ha Y36ekuctan npuiiiock 86,4% 4YUCTOr0 peruoHalbHOIO
MPUPOCTa, a COBOKyNHasA MowHocTb BUI cTpanbl gocturia 10,027 I'BT, npu 3TOM coJiHe4YHas U
BeTpOBas 3HepreTHKa cpopMupoBaiu 75,6% eé€ Bo306HOBIsIeMoro noptdesida. Kazaxcran coxpaHu1
HauboJiee TEXHOJIOTHMUECKH COaaHCUPOBAHHYIO CTPYKTYPY, TorAa Kak Keipreisckas Pecny6sivka u
TaKMKUCTaH OCTaJWCh CYLIeCTBEHHO 3aBHCHUMBIMU OT THJpPO3HEPreTUKHU. PesysibTaThbl
NI0Ka3bIBAIOT, YTO pacliIMpeHHe YCTaHOBJIEHHOU MOLHOCTH U Ka4eCTBO 9HePreTUYeCKOTro epexo/a
Npe/CTaBJ/AIT pa3Hble aHATMTUYECKUE KaTerOprU. Y CTOMYMBBIN Nlepexo/, TpebyeT MoJepHU3aL U1
ceTel, HaKONUTeJ el dHepPruH, rMOKOro JUCIeTYEPCKOro YNpaBJeHUs, KOHKYPEHTHBIX 3aKyIOK,
Npe/icKka3yeMbIX MHBECTULIMOHHBIX IPABUJI U Pa3BUTHS pETMOHAJIbHOTO 0OMeHa 3/1IeKTPOIHEPTUe.
[IpennoxkeHa cucTeMa OLleHKH CUCTEMHOM LIeHHOCTH, B paMKax KOTOpOW HOBble MoliHocTH BUIJ
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OLI€EHHWBAIOTCA Imo Cl)aKTquCKOﬁ Bpra6OTKe, HaJIEXKHOCTH, OTPpaHHUY€HHAM resepanuu,
yFJ'IepO,E[OéMKOCTI/I H 3aTpaTaM Ha UHTErpamnuio, d He TOJIbKO 10 KOJINYECTBY BBEeEHHbBIX MEraBarTT.
KitoueBbie cioBa: I_IEHTpaJ'[I::HaH A3usd, BO300HOBJIsIEMas JHEepPreTHukKa, 3HepFeTquCKHﬁ nepexogn,
COJIHEYHad 3SHepreTruka, BEeTPO3HEpPreTHKa, THUAPO3HEPTreTHUKa, TMOKOCTh JHEpProcucTeMbl,
JHepreTudeckad 6830HaCHOCTb, peruoHajibHasA TOProBJid BJIEKTPOBHepI‘I/IEI\/'I.

Annotatsiya. Tadgiqot Qozog‘iston, Qirg‘iz Respublikasi, Tojikiston, Turkmaniston va O‘zbekistondagi
yashil energetika o‘tishining amaldagi holatini 2026 yilda mavjud bo‘lgan eng so‘nggi taqgoslanadigan
guvvat ma'lumotlari hamda Scopus bazasida indekslangan jurnallarda 2020-2026 yillarda chop
etilgan 17 ta ilmiy maqolaning tizimli sharhi asosida gayta baholaydi. Empirik yondashuv o‘tish
jarayonining ko‘lami, sur'ati va texnologik tarkibini alohida tahlil giladi hamda gayta tiklanuvchi
energiya manbalari bo'yicha o‘rnatilgan quvvatni energetika transformatsiyasi yetukligining yagona
mezoni sifatida gabul gilmaydi. 2023-2025 yillar uchun uchta ko‘rsatkich hisoblandi: quvvatning
o'rtacha yillik o'sish sur’ati, har bir mamlakatning mintagaviy quvvat o'‘sishiga qo‘shgan hissasi va
gidroenergetika, quyosh hamda shamol energetikasi ulushlariga asoslangan texnologik
konsentratsiya indeksi. Mintagadagi gayta tiklanuvchi energiya quvvati 2023 yildagi 17,636 GVt dan
2025 yilda 25,482 GVt gacha oshib, 44,5% o'sdi. Sof mintagaviy o‘sishning 86,4% O‘zbekiston
hissasiga to‘g'ri keldi va mamlakatning gayta tiklanuvchi energiya quvvati 10,027 GVt ga yetdi,
guyosh va shamol energetikasining ulushi esa qayta tiklanuvchi portfelda 75,6% ni tashkil etdi.
Qozog'iston texnologik jihatdan eng muvozanatli portfelni saglab goldi, Qirg‘iz Respublikasi va
Tojikiston esa gidroenergetikaga yugori darajada bog‘liq bo'lib goldi. Natijalar o‘rnatilgan quvvatning
kengayishi va energetika o‘tishining sifati alohida tahliliy kategoriyalar ekanini ko‘rsatadi. Bargaror
o‘tish elektr tarmoglarini kuchaytirish, energiya saglash tizimlari, moslashuvchan dispetcherlik
boshgaruvi, ragobatli xaridlar, bargaror investitsiya goidalari va mintagaviy elektr energiyasi
almashinuvini talab giladi. Maqgolada yangi gayta tiklanuvchi quvvatni fagat megavattlar soni bilan
emas, balki yetkazib berilgan elektr energiyasi, ishonchlilik, ishlab chigarishni cheklash, uglerod
sig‘imi va integratsiya xarajatlari orgali baholaydigan tizimli giymat yondashuvi taklif etiladi.

Kalit so‘zlar: Markaziy Osiyo, gayta tiklanuvchi energiya, energetika o‘tishi, quyosh energetikasi,
shamol energetikasi, gidroenergetika, energiya tizimi moslashuvchanligi, energiya xavfsizligi,
mintagaviy elektr energiyasi savdosi.

INTRODUCTION

Central Asia entered a qualitatively different phase of renewable-energy
development in 2024-2025. The region still combines fossil-fuel-intensive power
systems in Kazakhstan, Uzbekistan and Turkmenistan with hydro-dominated
systems in the Kyrgyz Republic and Tajikistan, yet the scale of new solar and wind
investment has changed the structure of the regional portfolio. The analytical
problem is therefore no longer whether Central Asia possesses renewable
resources. The relevant question is whether additions of renewable capacity are
being converted into reliable, flexible and economically sustainable electricity
supply.

Earlier regional studies identified abundant technical potential alongside
persistent barriers in regulation, infrastructure, finance, skills and data [1-3].
Subsequent research showed that governance quality, energy-water
interdependence and investor confidence influence deployment at least as
strongly as resource endowment [4-7]. Scenario analysis has also demonstrated
a gap between announced climate ambitions and the long-term system changes
needed for deep decarbonisation [8]. Recent empirical work adds a further point:
renewable-energy consumption and green finance can improve sustainability
indicators, but the effect differs across countries and depends on institutional and
structural conditions [9-11].
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The most recent literature has shifted from a simple deployment narrative
toward system integration. Shadrina [12] examines how external partners can
support transition strategies without displacing national institutional ownership.
Zhakiyev et al. [13] show that ageing infrastructure and fossil-fuel dependence
continue to sustain high carbon intensity in Kazakhstan, the Kyrgyz Republic and
Uzbekistan. Aminjonov [14] argues that Central Asian states follow distinct
strategic pathways shaped by state capacity and policy implementation. Studies
published in 2026 further stress the importance of grids, human capital, financial
innovation, hydrological resilience and regional coordination [15-17].

A weakness of many cross-country comparisons is the use of one headline
indicator. Installed renewable capacity captures the stock of connected assets, but
it does not reveal the technology mix, utilisation rate, curtailment, seasonal
availability, network constraints or the cost of balancing. A country can therefore
record a high renewable share while remaining exposed to hydrological shocks,
or add large volumes of solar capacity while creating new requirements for
evening flexibility and transmission. The present study addresses this
measurement problem by separating scale, speed and structure.

The research objective is to identify the current configuration of Central
Asia's green-energy transition using the latest comparable data available in 2026
and to determine which system constraints now limit the conversion of
renewable capacity into energy-system value. Three research questions guide the
analysis. RQ1 asks how the scale and speed of renewable-capacity expansion
differed across the five countries in 2023-2025. RQ2 asks whether rapid growth
was accompanied by technological diversification. RQ3 asks which policy and
infrastructure mechanisms are required to translate new capacity into reliable
low-carbon electricity.

Three propositions are examined. H1 states that regional growth is highly
concentrated geographically, so the aggregate regional trend masks divergent
national trajectories. H2 states that renewable-capacity scale and portfolio
diversification produce different country rankings and should not be collapsed
into a single leadership measure. H3 states that the next binding constraints
increasingly concern integration - networks, storage, balancing, investment rules
and cross-border trade - rather than renewable resource availability alone. The
contribution of the article lies in combining updated capacity data with a
transparent concentration metric and a system-value interpretation of transition
progress.

LITERATURE REVIEW

The literature published since 2020 can be organised into four related
strands. The first examines renewable deployment and policy design. Laldjebaev
et al. [1] documented the region's large renewable potential but low utilisation
outside Kazakhstan. Mouraviev [2] showed that Kazakhstan's formal policy
framework did not automatically produce effective governance or investor
confidence. Radovanovi¢ et al. [3] reached a similar regional conclusion: energy
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transition is constrained by state-dominated markets, subsidised tariffs and weak
Implementation mechanisms. Shadrina [5] described this pattern as a paradox in
which resource-rich systems possess both the need and the capability for
diversification but retain institutional incentives favouring incumbent energy
structures.

The second strand focuses on the water-energy nexus. Karimov et al. [4]
demonstrate that irrigation, pumping and electricity production form linked
systems in which energy and water savings can reinforce each other. Azimov and
Avezova [6] extend this argument to small-scale hydropower, stressing modular
technologies, storage and cross-border coordination. This evidence is important
for the Kyrgyz Republic and Tajikistan, where hydropower dominates renewable
capacity, but also for Uzbekistan and Kazakhstan because irrigation demand
influences seasonal electricity and water management.

The third strand examines regional trade and decarbonisation.
Rasoulinezhad et al. [7] find that geography, market space and institutional
conditions shape Central Asian energy trade. Cassetti et al. [8] show that current
policy trajectories are insufficient for ambitious long-term decarbonisation and
argue for stronger regional planning. These studies imply that national self-
sufficiency is not the only route to energy security. Differences in hydrology, wind
regimes, solar profiles and peak demand can create economic gains from regional
exchange when commercial rules and transmission capacity are credible.

The fourth strand links transition performance to sustainable development
and finance. Filipovi¢ et al. [9] highlight persistent energy intensity and
implementation gaps. Jie et al. [10] report that renewable energy, financial
inclusion and fintech interact with environmental outcomes. He et al. [11] identify
nonlinear relationships between renewable-energy consumption, energy
intensity and carbon intensity. The 2025-2026 literature deepens this
institutional interpretation. Shadrina [12] emphasises external cooperation and
strategic complementarity; Zhakiyev et al. [13] focus on infrastructure and
mitigation policy; Aminjonov [14] connects policy choices to state capacity;
Khushvakhtzoda et al. [15] identify grids, finance and skills as major constraints;
Liang and Morgan [16] examine synergies between green technology and
financial innovation; and De Keyser et al. [17] show how hydropower expansion
must be evaluated against basin-level environmental and governance constraints.

This literature establishes the relevance of institutional quality, but it leaves
a narrower empirical gap. The exceptionally rapid capacity additions of 2024-
2025 alter the comparative position of the five states, while older studies
necessarily rely on pre-2024 data. The present analysis therefore updates the
regional evidence and introduces a portfolio-concentration measure that
distinguishes a large renewable stock from a diversified renewable structure.

METHODOLOGY
Research design. The study uses a comparative quantitative design covering
Kazakhstan, the Kyrgyz Republic, Tajikistan, Turkmenistan and Uzbekistan. The
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unit of analysis is the national renewable-power portfolio at the end of each
calendar year. The quantitative window is 2023-2025 because it captures the
recent acceleration while retaining a common IRENA statistical basis. The
literature review includes 17 peer-reviewed journal publications indexed in
Scopus and published from 2020 through 2026. Sources were selected for direct
relevance to renewable deployment, transition governance, hydropower,
regional electricity trade, sustainable development or green finance in Central
Asia.

Data. Installed-capacity values are taken from IRENA Renewable Capacity
Statistics 2026 and the IRENASTAT database, which report capacity connected by
the end of 2025. The July 2026 Renewable Energy Statistics release is used as a
consistency check for the distinction between capacity and generation. Capacity
data are measured in MW. The analysis does not equate installed capacity with
annual electricity production because capacity factors, hydrological conditions,
outages and curtailment differ materially across technologies and countries.
Statistical data source[18].

Indicators. Four measures are calculated. First, the two-year growth rate is
G_i=(R_i,2025/R_i,2023-1)x100. Second, compound annual growth is
CAGR_i=(R_1,2025/R_1,2023)"(1/2)-1. Third, the country's contribution to
regional net additions is C_i=(AR_i/XAR)x100. Fourth, technological
concentration is measured by HHI i=s H"2+s W”2+s S$”2, where s H, s W and
s_Sare the shares of hydropower, wind and solar in renewable capacity expressed
as decimals. HHI approaches 1 when a portfolio is concentrated in one technology
and falls as the portfolio becomes more balanced. Small residual technologies are
iImmaterial at the reported precision and are excluded from the concentration
calculation.

Analytical strategy. The first stage reconstructs national and regional
capacity dynamics. The second stage compares technology structures. The third
stage maps countries jointly by growth and solar-wind penetration and checks
whether scale, speed and diversification lead to the same classificationThe
method is descriptive rather than causal. With five national observations, cross-
sectional econometric inference would create false precision; the design therefore
prioritises transparent indicators and mechanism-based interpretation.

Robustness and limitations. The principal robustness check is ranking
stability across three non-equivalent measures: 2025 capacity, 2023-2025
growth and HHI concentration. Divergent rankings are treated as substantive
evidence that transition performance is multidimensional. The main limitations
are the absence of 2025 country-level generation data on a harmonised basis,
incomplete information on curtailment and storage, and differences in national
reporting of distributed generation. The conclusions therefore concern the
structure and integration readiness of renewable assets, not a causal estimate of
emission reductions.
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RESULTS

Updated scale and composition of renewable capacity.

Regional renewable capacity increased from 17.636 GW in 2023 to
25.482 GW in 2025, a net addition of 7.846 GW or 44.5%. This aggregate result is
highly concentrated. Uzbekistan added 6.777 GW and generated 86.4% of the
region's total increase. Kazakhstan added 0.580 GW, the Kyrgyz Republic
0.384 GW and Tajikistan 0.105 GW. Turkmenistan remained statistically
negligible. H1 is therefore supported by the descriptive evidence: the recent
regional acceleration is primarily an Uzbek structural shift rather than a uniform
Central Asian trend.

Table 1
Renewable capacity and technology structure in Central Asia, 2023-2025
Country 2023, 2024, 2025, Growth Hydroin |Solar +wind in
MW MW MW 2023-25,% | RES, % RES, %
Kazakhstan 5,504 5,561 6,084 105 46.8 53.2
Kyrgyz Republic | 3,143 3314 3,527 122 97.2 2.8
Tajikistan 5,737 5,738 5,842 1.8 100.0 0.0
Turkmenistan 2 2 2 ~0 ~100 ~0
Uzbekistan 3,250 6,079 10,027 208.5 24.3 75.6
Central Asia 17,636 | 20694 | 25482 445 57.3 42.7

Source: author’s calculations from IRENA Renewable Capacity Statistics 2026. Values are rounded; minor residual
renewable technologies account for small differences in individual country totals.

Uzbekistan is now the largest renewable-capacity market in Central Asia. Its
2025 portfolio consisted of 5.934 GW of solar, 1.652 GW of wind and 2.441 GW of
hydropower, giving 10.027 GW in total. The structural change is material: solar
and wind together account for 75.6% of renewable capacity. This reverses the
historical hydro dominance visible in the region and creates a new operational
problem - matching variable daytime and weather-dependent supply with
demand, reserves and transmission availability.

Kazakhstan reached 6.084 GW and retained the most balanced technology
structure. Hydropower represented 46.8%, while wind and solar jointly
represented 53.2%. The country's growth rate was much lower than Uzbekistan's,
yet the distribution of capacity across technologies reduces exposure to a single
renewable resource. This distinction is central to H2: a ranking by absolute
capacity favours Uzbekistan, whereas a ranking by diversification favours
Kazakhstan.

The Kyrgyz Republic and Tajikistan remain hydro-dependent. Their large
renewable shares should therefore be interpreted with hydrological risk in mind.
New solar capacity in the Kyrgyz Republic is an early diversification signal, but
hydropower still accounts for 97.2% of renewable capacity. Tajikistan's
renewable portfolio remains almost entirely hydroelectric. De Keyser et al. [17]
reinforce this interpretation by showing that hydropower is regionally important
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but exposed to water-management trade-offs,

constraints and climate-driven variability.

Growth, concentration and national transition trajectories.

sedimentation,

ecological

Table 2

Analytical indicators of transition speed, concentration and regional
contribution
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Country 2023-25, regional HHI ay Trajectory isgug
% additions, %
Diversified Grid reinforcement;
Kazakhstan 51 7.4 0.365 . coal-system
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Hydro- Seasonal balancing;
Kyrgyz Republic 59 49 0.946 dependent solar/storage
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Hvdro- Hydrology; winter
Tajikistan 09 13 1.000 y reliability: basin
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Inertial / gas- Market rules; data
Turkmenistan ~0 ~0 ~1.000 g transparency;
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project pipeline
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Source: author’s calculations from IRENA 2026 data. HHI = sum of squared hydropower, wind and solar shares;

lower values indicate greater technological balance.
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Figure 1. Transition map: renewable-capacity growth and solar-wind
diversification, 2023-2025
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The concentration metric changes the interpretation of leadership.
Kazakhstan records the lowest HHI (0.365) and therefore the most balanced
portfolio among the five countries. Uzbekistan's HHI is higher at 0.437 because
solar is already the dominant technology, despite the presence of sizeable wind
and hydro capacity. The Kyrgyz Republic and Tajikistan are close to complete
concentration. These results support H2: capacity scale, deployment speed and
technological balance capture different dimensions and should be reported
separately.

Figure 1 makes the divergence visible. Uzbekistan occupies a distinct high-
growth, high-solar-wind position. Kazakhstan is located in the diversified but
slower-growth quadrant. The Kyrgyz Republic and Tajikistan remain near the
hydro-concentration axis. The figure also illustrates why a single regional average
Is misleading: the five national systems face different marginal policy problems.

DISCUSSION

From megawatts to system value.

The results confirm the central argument of recent literature that renewable
deployment is necessary but insufficient for an energy transition. Studies
published in 2021-2024 mainly described weak deployment, governance barriers
and limited diversification [1-11]. The 2025-2026 literature increasingly
addresses implementation quality, grids, hydrology, finance and strategic
coordination [12-17]. The updated capacity data show why this shift matters.
Once solar and wind additions accelerate, the policy problem moves from project
procurement toward integration.

For Uzbekistan, the critical issue is the speed at which complementary assets
can catch up with generation capacity. A solar-heavy portfolio creates a
pronounced intraday profile. Additional value from new PV therefore depends on
transmission reinforcement, storage, flexible thermal or hydro operation,
demand response and cross-border exchange. Competitive procurement should
gradually move from isolated energy-only contracts toward products that reward
availability during system-stressed hours and explicitly price storage or flexibility
where these services reduce total system cost.

Kazakhstan faces a different transition problem. Its renewable portfolio is
technically diversified, but the wider electricity system remains strongly linked to
coal generation and geographically separated load and resource centres. The
policy challenge is not simply to add wind and solar capacity. It is to coordinate
transmission expansion, retirement or flexibility of legacy thermal assets, reserve
procurement and investment signals. Mouraviev [2] and Shadrina [5,12] indicate
that investor participation depends on governance credibility as much as on
nominal targets.

For the Kyrgyz Republic and Tajikistan, diversification has a seasonal
dimension. Hydropower provides large volumes of low-carbon electricity, yet
dependence on river flow can produce winter shortages and interannual
volatility. Solar generation, storage and regional exchange can complement
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hydropower without requiring the countries to abandon their comparative
advantage in water resources. The water-energy literature [4,6,17] shows,
however, that new hydropower must be assessed at basin scale because
electricity benefits interact with irrigation schedules, ecosystem requirements
and downstream commitments.

Turkmenistan remains analytically distinct. Its near-zero non-hydro
renewable capacity is not explained by resource scarcity. The more relevant
constraints are the absence of a mature procurement pipeline, limited market
transparency, administered energy prices and a gas-centred political economy. A
credible first stage would consist of transparent resource and grid data, standard
connection rules, a pilot competitive procurement round and publication of actual
generation data. This is a sequencing problem rather than a technology problem.

A system-value framework for 2026-2030.

Enabling layer: investment rules | transparent procurement | cost-reflective incentives | data

1. Capacity 2. Grid & 3. Flexibility & 4. Verified 5. System
addition storage regional trade generation value

Outcome metrics:
reliability, curtailment,
CO:2 intensity, cost

System constraints: hydrology | ageing networks | peak demand | currency risk | institutional capacity

Source: developed by the author from the empirical results and the mechanisms identified in [2-17]. The
embedded figure contains a vector SVG layer with a high-resolution fallback for compatibility.
Figure 2. System-value framework for converting renewable capacity into
reliable low-carbon electricity

Figure 2 reframes transition policy as a conversion chain. Capacity addition
is only the first stage. New assets create system value after grids and storage can
absorb output, flexible resources and trade can respond to variability, actual
generation is verified, and the resulting electricity improves reliability or reduces
carbon intensity at an acceptable cost. The framework also clarifies why policy
failure can occur after successful procurement: a project may be built on time but
deliver less value than expected because of congestion, curtailment, weak
dispatch incentives or seasonal mismatch.

The framework supports four regional priorities for 2026-2030. First,
planning should integrate generation, transmission and storage rather than
approve them as separate portfolios. Second, procurement should disclose
expected connection dates, curtailment rules, indexation and allocation of

19]))




@2
g d@

R

AGROBIZNES, FAN VA TEXNOLOGIYALAR 2026-yil, oktabr.

ilmiy-amaliy elektron jurnali Ne10-son.

ISSN: 3060-5245

balancing risk. Third, each country should publish a common set of operational
metrics: renewable generation, curtailment, storage power and energy capacity,
network losses, outage duration, reserve availability and cross-border flows.
Fourth, regional trade should move toward shorter settlement intervals and
transparent capacity-allocation rules so that complementary national resource
profiles can substitute for duplicated reserves.

Financial design is equally important. Jie et al. [10] and Liang and Morgan
[16] imply that finance and technology are complementary, but concessional
capital should not replace project discipline. Guarantees, blended finance and
development-bank participation are most useful where they reduce risks that
private investors cannot efficiently control, such as early-stage grid uncertainty
or regulatory transition. Currency risk, construction risk and performance risk
should remain visible in project appraisal rather than being absorbed implicitly
by public balance sheets.

The regional dimension also has distributional implications. Cross-border
trade can improve system efficiency, yet gains will be uneven unless transmission
costs, reserve contributions and water-related externalities are explicitly
allocated. Rasoulinezhad et al. [7] show that trade patterns depend on
institutional and spatial factors, while Cassetti et al. [8] demonstrate the value of
regional planning under ambitious decarbonisation scenarios. A credible market
architecture must therefore combine technical interoperability with rules for
settlement, congestion revenue and dispute resolution.

Scientific contribution and policy implications.

The scientific contribution is threefold. First, the article updates the
guantitative baseline to the end of 2025, capturing the largest recent structural
change in the region. Second, it distinguishes scale, speed and concentration with
reproducible metrics instead of assigning a single country ranking. Third, it links
the capacity evidence to a system-value framework that identifies the
mechanisms through which renewable assets affect reliability and
decarbonisation.

The results also refine the concept of transition maturity. A mature transition
cannot be inferred from the share of renewables in installed capacity alone. It
requires evidence that variable generation is absorbed with limited curtailment,
that reliability is maintained, that investment obligations are transparent, and
that the carbon intensity of delivered electricity declines. Under this definition,
hydropower-rich systems are not automatically mature, and rapidly expanding
solar systems are not automatically integrated.

For measurement, national authorities should publish technology-specific
capacity and generation, hourly or sub-hourly system load, curtailment, storage
utilisation, transmission constraints and outage metrics. These data would permit
future research to estimate system integration costs and causal effects. They
would also allow policymakers to distinguish a shortage of generation from a
shortage of flexibility, a distinction that is essential for efficient capital allocation.
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CONCLUSION

Central Asia's green-energy transition accelerated sharply in 2024-2025, but
the acceleration was geographically concentrated and technologically uneven. By
the end of 2025, renewable capacity in the five countries reached 25.482 GW,
44.5% above the 2023 level. Uzbekistan generated 86.4% of the region's net
additions and transformed its portfolio toward solar and wind. Kazakhstan
expanded more slowly but retained the most balanced renewable technology mix.
The Kyrgyz Republic and Tajikistan continued to rely overwhelmingly on
hydropower, while Turkmenistan remained outside the region's measurable
solar-wind expansion.

The comparison confirms that no single indicator provides a defensible
ranking of transition quality. Absolute capacity identifies scale. CAGR identifies
speed. The solar-wind share and HHI identify technological structure. These
indicators lead to different assessments because they answer different questions.
The practical implication is straightforward: governments and international
institutions should stop treating installed renewable megawatts as a sufficient
proxy for energy-system transformation.

For Uzbekistan, the next stage centres on storage, transmission, flexible
dispatch and curtailment management. For Kazakhstan, the priority is to
integrate diversified renewables into a coal-intensive system through network
investment and credible flexibility signals. For the Kyrgyz Republic and Tajikistan,
diversification should reduce seasonal hydrological exposure while preserving
the economic value of hydropower. For Turkmenistan, institutional entry
conditions - data, procurement rules, connection procedures and an investable
project pipeline - precede scale.

At regional level, electricity trade offers a mechanism for converting
structural differences into mutual resilience. Hydropower can provide flexibility
during periods of high solar and wind variability, while solar and wind can reduce
pressure on water resources and stored hydro energy. This complementarity
requires modern interconnections, commercial metering, shorter-term trading
arrangements and enforceable settlement rules. Regional cooperation is
therefore an economic infrastructure project as much as a diplomatic objective.

The article's main conclusion is that Central Asia has moved from a resource-
availability problem toward an integration problem. The region already has
sufficient evidence of renewable potential and, in several markets, sufficient
investor interest. The binding constraint increasingly lies in the institutions and
infrastructure that convert capacity into dependable low-carbon electricity.
Policy for 2026-2030 should therefore evaluate projects by delivered system
value: verified generation, reliability, curtailment, carbon intensity, integration
cost and cross-border substitutability.

Further research should use hourly dispatch data, project-level procurement
terms and storage operation to estimate marginal integration costs. A panel
combining capacity, generation, network congestion, reserve prices and outage
indicators would permit stronger causal testing of whether diversification
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improves reliability and reduces carbon intensity. Such evidence is necessary
before attributing macroeconomic or emissions outcomes to capacity additions
alone.
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