ﬁ TASHKENT STATE International
-] UNIVERSITY OF ECONOMICS jo urna | Of tOpiCS

INNOVATION SCIENCE
AND TECHNOLOGY

ISSUE 10, PART | / OCTOBER 2026
ER Acceptance of papers

Y. ‘[.ﬁ e

Acceptance of
papers

Published monthly

economics,
technology, social
sciences

"INNOVATION | Object REPF( ISSN 3060-5229

\, — SCIENCE AND TECHNOLOGY cholar Identifier
\ / C

RESEARCH PAFPERS
IN ECONOMICS

Digital




EDITOR-IN-CHIEF:
Mirzaliyev Sanjar Makhamatjon ugli

DEPUTY EDITOR-IN-CHIEF:
Makhmudov Nosir Makhmudovich
DSc., Prof., Academican

DEPUTY EDITOR-IN-CHIEF:
Ochilov Bobur Bakhtiyor ugli — Senior
lecturer at TSUI

THE SCIENTIFIC-POPULAR ELECTRONIC
JOURNAL "INNOVATION SCIENCE AND
TECHNOLOGY" HAS BEEN REGISTERED
UNDER THE NUMBER C-5669633 BY THE
AGENCY FOR INFORMATION AND MASS
COMMUNICATIONS (AOKA) OF THE
REPUBLIC OF UZBEKISTAN, EFFECTIVE
FROM OCTOBER 9, 2024.

CONTACTS
Phone: +998 50 737 87 88
Website: https://ist-journal.uz

Email: innovationist2025@gmail.com

The scientific electronic journal “Innovation
Science and Technology” has been
included in the list of scientific publications
recommended for the publication of

main scientific results of dissertations

for the award of PhD and DSc degrees

in economics and technical sciences, in
accordance with the Resolution No. 370
of the Presidium of the Higher Attestation
Commission of the Republic of Uzbekistan,
dated May 8, 2025.

Electronic publication, Issue 10.
Approved for publication on October, 2026.

Editorial board:

Sharipov Kongiratbay Avezimbetovich,
Doctor of Technical Sciences (DSc), Professor

Abdurakhmanova Gulnora Kalandarovna, Doctor of
Economic Sciences (DSc), Professor

Cham Tat Huei,
Doctor of Philosophy (PhD), Professor (Malaysia)

Muhammad Imran Sadiq
Doctor of Philosophy in Economics (PhD), Professor,
\ETEWSE]

Ahmed Aziz Ismail
Doctor of Technical Sciences (DSc),
Professor (Egypt)

Lee Chin
Doctor of Philosophy in Economics (PhD), (Malaysia)

Asongu Simplice
Doctor of Philosophy in Economics (PhD), Cameroon

Rui Dang
Doctor of Chemistry (DSc), Professor, China

Zahoor Ahmed
Doctor of Philosophy in Economics (PhD), Turkey

Shujaat Abbas
Doctor of Philosophy in Economics (PhD), Russia

Tina A Coffelt
Doctor of Philosophy in Educational Sciences (PhD),
USA

Abdikarimova Dinara Rustamxanovna
Doctor of Economic Sciences (DSc), Professor

Kurbonbekova Mohichehra Turobjonovna
Doctor of Economic Sciences (DSc), Professor

Alimardonov llkhom Muzrabshokovich
Doctor of Economic Sciences (DSc), Professor

Razakova Barno Sayfievna
Doctor of Philosophy in Economics (PhD)

Khasanov Sarvar Ulugbek ugli
Doctor of Philosophy in Economics (PhD)

Kholikova Rukhsora Sanjarovna
Associate Professor (PhD)

Xoliyorova Shoxista Qahramon qizi
PhD in Economics, Assistant Lecturer at the Department TSUE

Nasiba G‘anijon qizi Sattorova
PhD, Senior Lecturer at the Department of Banking




10/2026 SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL

CONTENTS

IMPLEMENTATION OF THE IMPROVED METHODOLOGY IN PRACTICE AND ASSESSMENT OF ITS

ECONOMIC EFFICIENCY .ooeuitiieusestsssessessessssssessesssssssssesssssssssessssssessesssssssssesssssssssesssssssssesssssssssessssssssesssssssssessessssssesssssssssesssssssanes 8
Eshniyazova Yulduz Yuldashbayevna

EXPERIMENTAL OPTIMIZATION OF DESIGN AND ENERGY PARAMETERS OF A GARLAND-TURBINE

MOBILE MICRO HYDROPOWER PLANT FOR FREE-FLOWING WATER ....cccoocrrmmsmmmmsrnsnsssssmssmssssssssssssoss 13

Sultonov Sanjarbe, Zokirov Islomjon, Nurillaev Ahadullo, Abdullaev Shavkat

METHODOLOGY FOR INCREASING THE EFFICIENCY OF CREDIT OPERATIONS IN COMMERCIAL BANKS

Djumaniyazov lkram Karimbaevich

COMPARATIVE ANALYSIS OF A COMPACT RESIDUAL CONVOLUTIONAL MODEL AND LINEAR

REGRESSION FOR IMAGE SUPER-RESOLUTION ....coiiereeseesesesseesessessessessessssssessssssssssssssssssssssesssssssssesssssssssesssssssssessesns 27
Husan Arziqulov Normurod o‘g‘li

COMPARATIVE EVALUATION OF MACHINE LEARNING ALGORITHMS AND CLASS IMBALANCE

HANDLING STRATEGIES FOR CREDIT CARD FRAUD DETECTION ...t seeeesseesesseessessesssessessesssesseens 33

Mahmudova Dilnoza Avaz qizi

DIGITAL TRANSFORMATION OF FINANCIAL RESOURCE MANAGEMENT IN PUBLIC SOCIAL SECTOR

INSTITUTIONS .ottt re e ssses s b s e s s e b s e s b e b s e AR A e e e AR eE e AR e R b eE e A Re A b ee e e R b e e As e AR ne e ReRn e e e s anaas 39
Khasanov Tulkin Axmatovich
WAYS TO ENSURE THE STABILITY OF THE CAPITAL BASE OF COMMERCIAL BANKS.......cverereneennns 45

Isakov Isobek Janabay's son

CROSS-DAY EXPERIMENTAL EVIDENCE OF THERMAL-LOAD SHIFTING IN A SOLAR-DRIVEN HYDRONIC

RADIANT FLOOR WITH MACROENCAPSULATED RT52 PHASE CHANGE MATERIAL ...t 50
Jurabek Kamolov, Sokhib Temirov, Marjona Makhmudova

STUDY OF THE TRACTION DYNAMICS OF AN AGGREGATE CONSISTING OF A FRUIT-HARVESTING

MACHINE AND ITS TWO-AXLE CONTAINER-CARRYING TRAILER PLATFORM....cccooovmmrmmermsmmssmmssnssessssee 59
Norchayev Davron, Sardor Nigmatjonov, Norchayev Jaloliddin, Norchayev Rustam

PRIORITY DIRECTIONS FOR STRENGTHENING THE FINANCIAL STABILITY OF AGRICULTURAL

ENTERPRISES. ...ttt sttt s a e s sa e se s s e e e e e e e e e e e e e e e e nennsneas 67
Kulmatov Zafar Jumanazarovich

METHODOLOGICAL APPROACHES TO DEVELOPING UNIVERSITY STUDENTS’ DIGITAL

COMMUNICATIVE COMPETENCE BASED ON EMOTIONAL INTELLIGENCE ....eeerreeeereeeeeeseeeeseeeans 73
Malikakhon Kamiljanova

SIMULTANEOUS REMOVAL CHARACTERISTICS OF OIL AND HEAVY METAL IONS BY BIOFLOCCULANTS

BASED ON THE CELLULOSE-DMAEMA /PEPA COMPOSITE ....ornreninnssnsinsssssssssssssssssssssssssssssssssssssssssens 80
Xayitboeva Dilshoda, Ibragimov Nasrilla, Jumaev Anvarbek

ECONOMIC ANALYSIS AND DEVELOPMENT STRATEGY OF THE WOOD-POLYMER COMPOSITES

IMARKET ..ttt £ A £ A A A e A e e e et e e s 84
Abdumalikova Zarnigor, Ayubova Indira, Jumaev Anvarbek

ENERGY UTILIZATION ANALYSIS OF AGRICULTURAL DRYING BASED ON INTEGRATED SOLAR

THERMAL AND PHOTOVOLTAIC ENERGY SUPPLY ...ovrcererrrerstrestressressressssessssessssssssssssssessssessssessssessssessssessssssssssssens 89
Ibragimov Umidjon, Mirzayarova Sevara, Khujayorova Aziza

RECENT ADVANCES IN THE SYNTHESIS OF NANOSTRUCTURED MATERIALS FOR ZINC-ION

BATTERIES ...ttt sss s bt bbbt s bbb b bR R bt eE AR b b eb e bt ee e AR bt es s Re bbb n s Rt 96
Diyorbek Absattorov, Dilnoza Erimbatova, Murodjon Samadiy

ENTHALPY-MODEL SELECTION AND PRACTICAL IDENTIFIABILITY OF A MACROENCAPSULATED RT52

RADIANT FLOOR UNDER UNCERTAIN BRANCH FLOW ...t sses e ssesssessssessssesssssasens 101
Jurabek Kamolov, Sokhib Temirov, Marjona Makhmudova

ENTHALPY-MODEL SELECTION AND PRACTICAL IDENTIFIABILITY OF A MACROENCAPSULATED RT52

RADIANT FLOOR UNDER UNCERTAIN BRANCH FLOW ... ssessssessssesssessseasens 101

Jurabek Kamolov, Sokhib Temirov, Marjona Makhmudova

https://ist-journal.uz t.me/scupus_IST2100 @




SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 10/2026

THE IMPORTANCE OF THERMAL ENERGY STORAGE SYSTEMS IN ENHANCING THE EFFICIENCY OF

SOLAR DRYERS ...ttt ettt st ses s sss st s st e e et 110
B. A. Hikmatov, M. S. Mirzaev,

METHODOLOGY AND PRINCIPLES FOR THE APPLICATION OF ARTIFICIAL INTELLIGENCE IN

ADAPTIVE ECONOMIC MODELS OF HIGHER EDUCATION......cvinninineeresssssssensssssssssessesssssssssssssssssesssssssssssssees 117
O‘Imasxo‘jayev Zoirxo‘ja Abbos o‘g‘li

FORECASTING ECONOMIC EFFECTS OF GREEN INNOVATION IN MINING THROUGH COST REDUCTION,

ENERGY SAVINGS AND LONG-TERM COMPETITIVENESS ...t ssessssssssssssssns 122
Kurbanova Mehriniso Nematjanovna

AN INTELLECTUAL HYBRID MODEL AND FEATURE SPACE FOR NAMED ENTITY RECOGNITION IN

KARAKALPAK TEXTS ..t rttretrereseseeses st sessessesssss st ssssse st s s nsssssns 127
Kalmuratov Bekbosin Kushkinbaevich, Uzakbaev Jangeldi Sabit-uli, Rzambetova Suliwxan Baxtiyarovna

COMPARATIVE ANALYSIS OF EXISTING METHODOLOGIES FOR ASSESSING THE EFFICIENCY OF

LENDING PRACGTICE ..ottt st sessessesess s s s ss st sss s s st 133
Turdiyev Eralijon Muxtarovich

STRATEGIC MANAGEMENT OF SERVICE QUALITY: ADAPTING THE GAP MODEL TO SERVICE

ENTERPRISES ...ttt sttt s s sss s s £ e e gt 140
Tuxliyev Baxtiyor Maxmaziyayevich

ORGANISATIONAL AND LEGAL FOUNDATIONS FOR THE DEVELOPMENT OF ISLAMIC FINANCE IN

UZBEKISTAN ..oetsttretseresessessssss s s st st sessessesssssssssssssssssssessesssssssssssssssssssssssssssss st s ssessssssssnssnsessesssssnessssnssnsensensessssnssnses 145
Khodjaev Aziz Shovkatovich

REGIONAL TRANSMISSION OF MACROECONOMIC SHOCKS AND THE DYNAMICS OF ECONOMIC

CONVERGENCE ...ttt ssessesss sttt s s s s e 153
Elyor Nazarov

PRIORITY DIRECTIONS FOR INCREASING SECTORAL DIVERSIFICATION IN THE ECONOMY OF

UZBEKISTAN’S REGIONS ...ottieresstnnesesssssssssesssssssssssssssessssssssssssssssssssssssssssssssesssssssssessssssssssssssssssssssssssssssssssssssssssssssesssssassnssnns 159
Mamarasulov Nozimjon Mamajonovich

THE ROLE OF STATE STRATEGIC RESERVES IN ENSURING FOOD SECURITY: POLICY EVOLUTION AND

REASSESSMENT OF THE MILITARY SUPPLY SYSTEM IN THE CASE OF UZBEKISTAN......ccoonoreneneereerernenn. 165
Bazarov Nazirjon Sobirovich

LOCAL ADAPTATION OF MRA-FW FOR CARDIOVASCULAR RISK ASSESSMENT IN ARAL SEA REGION

INPATIENTS ..ottt et et sesse e st st ss s s s s sss sttt ettt 170
Uteuliev Niyetbay, Saytov Aralbek, Saytov Kamiljan

GREEN FINANCE IN UZBEKISTAN: FROM SOVEREIGN BONDS TO FOREIGN DIRECT INVESTMENT IN

RENEWABLE ENERGY (202172026).cocerevrserrssssssssssssessssssssssssssesssssssssssssessssssssssisssessssssssssss st ssssssssess e 176

Temirova Nozima Shuhrat gizi

@ t.me/scupus_IST2100 https://ist-journal.uz




SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 10/2026

GREEN FINANCE IN UZBEKISTAN: FROM
SOVEREIGN BONDS TO FOREIGN DIRECT
INVESTMENT IN RENEWABLE ENERGY (2021-
2026)

Temirova Nozima Shuhrat qizi

National University of Uzbekistan named after Mirzo Ulugbek
PhD Candidate

https://orcid.org/0009-0000-1208-8597

Abstract. This article analyzes Uzbekistan’s practical mechanisms for financing the transition to a green economy during
2021-2026 - sovereign/corporate green bonds and foreign direct investment (FDI) in renewable energy. The results of a
descriptive and statistical analysis based on secondary sources (OECD, UNDP, EBRD, IRENA, official GGGI reports)
show that in 2021-2024, the country issued a total of $1.2 billion in sovereign international bonds, and from the end of
2023 to the end of 2024, the installed solar energy capacity increased almost fivefold. The article presents Uzbekistan’s
experience as a replicable model for emerging economies.

Keywords: green investments; green bonds; sustainable development; renewable energy; foreign direct investment;
Uzbekistan; green economy.

Annotatsiya. Ushbu maqolada 2021-2026-yillarda O‘zbekistonning yashil igtisodiyotga o‘tishini moliyalashtirishning
amaliy mexanizmlari — suveren va korporativ yashil obligatsiyalar hamda qayta tiklanuvchi energetika sohasiga to‘g'ri-
dan-to‘g'ri xorijiy investitsiyalar (TTXI) tahlil gilinadi. Ikkilamchi manbalar (OECD, UNDP, EBRD, IRENA, GGGIning rasmiy
hisobotlari) asosida amalga oshirilgan tavsifiy va statistik tahlil natijalari shuni ko‘rsatadiki, 2021-2024-yillarda mamlakat
jami 1,2 milliard AQSH dollari migdorida suveren xalgaro obligatsiyalar chigargan, 2023-yil oxiridan 2024-yil oxirigacha
esa o‘rnatilgan quyosh energetikasi quvvati gariyb besh baravar oshgan. Magolada O‘zbekiston tajribasi rivojlanayotgan
igtisodiyotlar uchun takror go‘llash mumkin bo‘lgan model sifatida taqdim etiladi.

Kalit so‘zlar: yashil investitsiyalar; yashil obligatsiyalar; bargaror rivojlanish; gayta tiklanuvchi energetika; to‘g‘ridan-to‘g'ri
xorijiy investitsiyalar; O‘zbekiston; yashil igtisodiyot.

AHHOTauuA. B gaHHoOW cTaTbe aHanmu3upyrTcs NpakTu4eckne MexaHudmbl ouMHaHCUpOBaHWS nepexopa Y3bekucraHa
K 3enéHorn akoHomuke B 2021-2026 rogax - CyBEpEHHbIE M KOPMOpaTUBHbIE 3eNéHble obnuraumm, a Takke npsiMble
nHocTpaHHble uHBecTuuun (MAN) B BO30GHOBRSIEMYO 3HEPreTuKy. PesynbraTtel onucaTenbHOr0 U CTaTUCTUYECKOrO
aHanusa, OCHOBaHHOro Ha BTOpUYHbIX McTodHukax (OECD, UNDP, EBRD, IRENA, odwuumanbHble otyétel GGGI),
nokasbiBatoT, 4to B 2021-2024 rogax cTpaHa BbIMyCTUNA CyBEPEHHbIE MeXAyHapoaHble obnuraumyv Ha o6Luyo
cymmy 1,2 mnpg gonnapos CLUA, a ¢ koHua 2023 roga oo koHua 2024 roga yCTaHOBMAEHHAst MOLLHOCTb COSTHEYHOM
3HEPreTMKM yBenMYmnack novTv B NsTb pas. B ctatbe onbIT Y3bekncTaHa npeacTaBreH Kak MOAErb, KoTopas MOXET ObiTb
BOCMpPOW3BEAEHA B CTpaHax C pa3BUBatoLLIENCA SKOHOMUKOWA.

KntoueBble cnoBa: 3enéHble MHBECTULNN; 3eMNEHbIE 0bnurauuu; YyCTON4YMBOE pasBUTUE; BO306OHOBMNsiEMas QHepreTuka,
npAMble MHOCTPaHHbIE MHBECTULINN; Y30ekncTaH; 3enéHasi SKOHOMMKa.

INTRODUCTION

In the last decade, the concept of “green growth” has moved beyond purely academic and political
discussions and has become a set of specific financial instruments used by sovereign and corporate issuers.
As noted in the OECD'’s key study on green investment definitions, there is no single universal definition of what
“green” investment means; instead, an open and dynamic governance approach based on transparency and
taxonomy standards is emerging as the most viable path [1]. Despite this evolving conceptual framework, the
market is expanding rapidly: global sustainable debt issuance and sustainable investment assets continue to
grow, while emerging economies continue to require additional financial resources to support their development
priorities.

Uzbekistan is a particularly noteworthy case in this regard. Due to the country’s high energy intensity,
opportunities to improve energy efficiency are associated with potential economic benefits equivalent to
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approximately 4.5% of GDP annually; the country has relatively high greenhouse gas emissions per unit of
output in the Europe and Central Asia region, with approximately 80% of water resources originating from abroad
[2]. These structural characteristics have transformed the green transition from an environmental aspiration into
an economic necessity. Since 2017, large-scale reforms aimed at market liberalization, increasing governance
transparency, and stimulating foreign investment, including the 2019 Green Economy Transition Strategy and
the 2023 Uzbekistan 2030 Strategy, have established an institutional framework for this transition [3].

While there is sufficient coverage of Uzbekistan’s green economy policy and its regulatory framework
in the available literature, opportunities remain for more systematic statistical analysis of how this policy has
translated into concrete financial results —i.e., real bond issuances and investment flows. In order to fill this gap,
this article poses the following research question: Through what specific financial mechanisms did Uzbekistan
transform its green economy strategy into investment flows during 2021-2026, and what measurable results
were achieved during this process? The aim of the study is to conduct a systematic analysis and determine the
quantitative dynamics of foreign direct investment in renewable energy through two main channels of attracted
green capital in the country: (i) debt market instruments (sovereign and corporate green/SDG bonds) and
(i) systematic analysis of foreign direct investment in renewable energy and determination of its quantitative
dynamics.

LITERATURE REVIEW

The literature relevant to this study can be grouped into three strands: (i) research on green bonds as a
debt instrument for financing the low-carbon transition; (ii) research on foreign direct investment and the cost of
capital in renewable energy; and (iii) regional and country studies on the energy transition in Central Asia and
Uzbekistan.

Green Bonds and the Debt Channel of Green Finance. Early analyses treated green bonds as a segment
of the conventional bond market distinguished mainly by the use of proceeds. Ehlers and Packer [4] showed
that the credibility of the green label depends on external review and certification, and that the pricing difference
relative to conventional bonds at issuance was small. Subsequent empirical work has concentrated on the
so-called “greenium” — the yield discount on green bonds. Using matched pairs of green and conventional
bonds, Zerbib [5] found a small but statistically significant negative premium, which he attributed to investors’
pro-environmental preferences. At the corporate level, Tang and Zhang [6] documented positive stock-market
reactions to green bond announcements, while Flammer [7] showed that corporate green bond issuance is
followed by improvements in environmental performance and by greater ownership on the part of long-term
and environmentally oriented investors, interpreting issuance as a credible signal of the issuer’'s commitment.

Sovereign green bonds have attracted scholarly attention only recently, as issuance has spread from
advanced to emerging economies. Panizza et al. [8], using 332 matched pairs of green and conventional
bonds issued by sovereigns, sovereign-backed agencies, and multilateral institutions in 2014-2023, estimate
an average greenium of about 2 basis points for advanced economies and almost 13 basis points for emerging
markets, with larger discounts for lower-rated issuers. At the same time, they find that sovereign green bond
documentation generally does not establish legally binding environmental commitments, so that the resulting
fiscal savings are relatively modest and the value of the label is largely reputational. Taken together, this strand
suggests that for emerging-market sovereigns, the main benefit of green and SDG bonds lies less in cheaper
borrowing than in broadening the investor base and building institutional capacity for project selection and
reporting — a proposition that the Uzbek case allows to be examined.

Foreign Direct Investment and the Financing of Renewable Energy. A second strand of research examines
why private and foreign capital flows into renewable energy in some countries and not in others. Reviewing the
empirical evidence from an investor perspective, Polzin et al. [9] conclude that policy stability, remuneration
schemes (feed-in tariffs, auctions), and financial risk mitigation instruments are the most consistent drivers of
private renewable energy finance. Focusing on developing countries, Keeley and Matsumoto [10] find that foreign
investors in wind and solar energy attach greater weight to policy stability and the institutional environment than
to resource potential, while Wall et al. [11] show that regulatory and fiscal instruments, including guaranteed
power purchase arrangements, are associated with higher renewable energy FDI inflows. At the macro level,
Doytch and Narayan [12] provide evidence that FDI can stimulate renewable energy consumption, although the
effect differs across sectors and income groups.

The type of financier also matters. Mazzucato and Semieniuk [13] demonstrate that different investor
types — public banks, utilities, and institutional investors — finance different technologies and risk profiles, with
state investment banks playing a pioneering role in projects with higher risk profiles. For developing economies,
the cost of capital is a significant factor: Ameli et al. [14] show that higher financing costs in the Global South
create a “climate investment trap”, in which renewable projects face challenges in achieving competitiveness
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despite favourable resource endowments. Taghizadeh-Hesary and Yoshino [15] argue that private participation
in green investment can be induced through green credit guarantee schemes and by returning to investors
part of the tax revenue generated by the spillover effects of green energy projects. These findings explain the
central role that multilateral development banks and long-term power purchase agreements play in emerging
renewable energy markets.

Green Transition in Central Asia and Uzbekistan. The regional literature on the energy transition in Central
Asia is relatively young. In a systematic review of research on energy in the region for 1991-2022, Vakulchuk
et al. [16] find that the scholarly focus shifted from fossil fuels to clean energy only around 2019-2020 and
that research on renewables is still developing. Laldjebaev et al. [17] document a notable difference between
the region’s technical potential for solar and wind energy and its actual deployment, and identify interrelated
factors affecting development related to the regulatory framework, infrastructure, finance, expertise, and data
availability. Assessing the renewable energy FDI ecosystem in Central Asia, the CAREC Institute [18] ranks
Uzbekistan second in the region after Kazakhstan, while pointing to opportunities for expanding domestic
financing options and further developing the local supply chain. Policy reports by international organizations
[20, 21] likewise estimate considerable green investment needs for the country and highlight areas for further
development in its investment climate.

Thus, existing studies either analyze green bonds and renewable energy FDI in general cross-country
settings or describe Uzbekistan’s renewable potential, strategies, and development priorities. Few studies
jointly trace how the country’s strategic framework has been translated into concrete financial flows through
both the debt-market and FDI channels, particularly for the period after 2021, when sovereign green issuance
and utility-scale renewable projects accelerated. The present article seeks to fill this gap.

RESEARCH METHODOLOGY

The study utilizes descriptive-statistical and comparative analysis methods based on secondary sources.
The analyzed period covers the period from 2021 (the year Uzbekistan’s first sovereign SDG bond was issued)
to 2026.

Data were collected from several types of sources and triangulated. In particular, official reports from
international organizations-the Organization for Economic Cooperation and Development (OECD), the United
Nations Development Programme (UNDP), the International Renewable Energy Agency (IRENA), and the
Global Green Growth Institute (GGGIl)-served as the primary sources. Additionally, project and investment data
from financial institutions were utilized, including indicators published by the European Bank for Reconstruction
and Development (EBRD) and the Asian Development Bank (ADB). To analyze the state strategic and regulatory
framework, relevant decrees of the President of the Republic of Uzbekistan and documents of the Nationally
Determined Contribution (NDC) were used. Finally, specialized industry publications and official press releases
(Masdar, ACWA Power, Utilities Middle East, The Times of Central Asia) were also involved in the analysis to
supplement operational information on major infrastructure projects.

The analysis was conducted in two stages. At the first stage, the country’s strategic and regulatory
framework (strategies, programs, quantitative targets) was systematized in chronological order. In the second
stage, quantitative indicators (bond volumes, coupon rates, project capacities, investment amounts) for two
financing channels were summarized in the form of a table, and the dynamics were described by year. To
ensure the accuracy of the sources, each quantitative indicator was confirmed by at least one primary or official
institutional source; in cases where conflicting data were encountered, information from an official organization
(e.g., IRENA or EBRD) was taken as priority. The limitation of the study is that the analysis relies mainly on
secondary sources, and primary financial statements (e.g., full prospectuses of issuers) were not included in
the analysis.

ANALYSIS AND RESULTS

Institutional and Strategic Framework. The analysis showed that Uzbekistan’s policy of transitioning to a
green economy is gradually formalized through five key strategic documents (Table 1).
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Table 1. Key Strategic Documents of Uzbekistan on the Green Economy?

Document title Year Main content

Green Economy Transition Strategy (2019—2030) | 2019 Integration of green growth principles into
structural reforms

Development Strategy “New Uzbekistan” (2022- | 2022 Common strategic commitment for green

2026) growth

Green Economy Transition Program (until 2030) | 2022 Decarbonization and resource-saving
measures

“Uzbekistan — 2030” Strategy 2023 100 goals; green economy - priority
direction

Third Nationally Determined Contribution (NDC 2025 Updated climate commitments

3.0)

The 2023 Uzbekistan 2030 Strategy significantly strengthened national commitments under the Paris
Agreement: the updated NDC set a commitment to reduce greenhouse gas emissions per unit of GDP by 35%
by 2030 compared to 2010 levels — more than three times the original 10% target [19] (Table 2).

Table 2. Uzbekistan’s Key Green Goals for 20302

Indicator Goal

Reduction of greenhouse gas intensity (compared to Up to 35%

2010)

Renewable energy capacity 25 GW

Share of renewable energy (in generation) Up to 40-54%
Improving energy efficiency (compared to 2018) 2 times

Expansion of forest areas 6.1 million hectares

At the same time, the analysis identified areas for further development in the investment climate: significant
state participation, the capital market’s current stage of development, and opportunities to expand environmental
information availability were noted as factors influencing foreign investment inflows [20]. According to OECD
estimates, the country requires at least $6 billion in green investment annually, highlighting the need for
additional financing sources to complement domestic government resources [21].

Results of Financing Through the Debt Mechanism. In July 2021, Uzbekistan became one of the first
countries in Central Asia to place a sovereign SDG bond on the London Stock Exchange ($235 million, a
national currency tranche, 14% coupon, 3-year term) [22]. In October 2023, the country was the first in the CIS
to place sovereign green Eurobonds worth 4.25 trillion soums (16.25% rate, attracting interest from more than
30 international investors) [23]. In October 2024, with the support of GGGI, Agrobank issued its first corporate
green Eurobond for $455 million, with 80% of the funds allocated to climate-smart agriculture [24]. The total
result for 2021-2024 is a cumulative sovereign international issuance of $1.2 billion (Table 3).

Table 3. Uzbekistan Green and SDG Bonds (2021-2024)3

Year Issuer / type Volume Main feature

2021 Sovereign SDG bond $235 million (tranche in Among the first in the region; 14%
national currency) coupon; 7 directions

2023 Sovereign green Eurobond 4.25 trillion UZS First in the CIS; 16.25% rate

2024 “Agrobank” Green Eurobond equal to ~455 million dollars Corporate; 80% allocated to

climate-smart agriculture
2021- Total (SDG + green) ~1.2 billion US dollars Cumulative sovereign emission
2024

Results of Foreign Direct Investment. Masdar (UAE) and ACWA Power (Saudi Arabia) were identified as

1 Source: Compiled by the author based on the Green Economy Transition Strategy [3], Uzbekistan’s Third Nationally Determined
Contribution (NDC 3.0) [19], and OECD reports [21].

2 Source: Compiled by the author based on Uzbekistan’s Third Nationally Determined Contribution (NDC 3.0) [19], the Green Economy
Transition Strategy [3], and OECD reports [21].

3 Source: Compiled by the author based on UNDP reports [22, 23] and the Global Green Growth Institute (GGGI) report [24].
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the leading foreign investors in the field of renewable energy. Masdar manages more than 2,000 megawatts
of capacity, with investments exceeding $2 billion since 2019 [25]; the company’s first utility-scale solar-and-
battery projects in the country mark a further stage in this expansion [26]. ACWA Power’s Kungrad project (1.5
gigawatts) and Sazagan project (1 gigawatt of solar + 1,336 MWh of battery storage) are among the largest
projects in the region [27] (Table 4).

Table 4. Major Renewable Energy Investment Projects in Uzbekistan*

Project Investor Power Status

Navoi (sun) Masdar (UAE) 100 MW Active

Zarafshan (wind) Masdar (UAE) 500 MW Started in December 2024
Bukhara (solar+battery) Masdar (UAE) 250 MW Started in 2025

Guzar (solar+battery) Masdar (UAE) 300 MW Construction has begun

(2025), and commissioning
is scheduled for 2027.

Kungrad 1, 2, 3 (wind) ACWA Power, Saudi 1500 MW Construction in progress
Sazagan (solar+battery) ACWA Power, Saudi 1000 MW Financed (2025)

The EBRD alone has invested nearly $6.8 billion in 204 projects (the highest figure in Central Asia) and
has funded nearly 7 gigawatts of capacity since 2018 [28]. Summary result: According to IRENA, solar energy
capacity increased nearly fivefold-from 475 megawatts at the end of 2023 to 2,275 megawatts by the end of
2024 [29]; in 2025, solar and wind energy accounted for more than 10% of electricity generation (doubling
compared to the previous year).

The results obtained reveal a complementary dynamic between the two funding channels. Although
financing through the debt market (paragraph 4.2) is more modest in scale compared with FDI flows (paragraph
4.3) (the EBRD’s $6.8 billion portfolio alone against a cumulative $1.2 billion), it is of particular importance: bonds
allow for direct financing of the state budget and social programs (education, healthcare, water management),
while FDI is primarily directed toward large-scale energy infrastructure projects.

The second observation is the complexity of financial instruments over time. The transition from a small
national currency SDG tranche in 2021 to a fully sovereign Eurobond in 2023 and a corporate issue in 2024
was accompanied by an expansion of the international investor base (more than 30 investors in 2023). This can
likely be explained by the country’s rising sovereign credit rating and the level of institutional transparency, but a
separate econometric analysis is required to confirm this relationship—this falls outside the scope of this article.

Thirdly, the results show a trend toward transitioning to energy storage (battery) technologies (Bukhara,
Guzar, and Sazagan projects), which aligns with the global trend noted in OECD and IRENA reports and
contributes to improving the balance and integration of renewable energy. At the same time, the results indicate
that the investor base remains relatively concentrated: in practice, two companies (“Masdar” and “ACWA
Power”) and several multilateral banks account for a large portion of the FDI flow, highlighting the importance
of investor diversification, which is closely associated with areas for further development in the investment
environment (paragraph 4.1).

The results also demonstrate the practical significance of Uzbekistan’s experience for other emerging
economies: the phased development of the sovereign bond market (starting with a small pilot tranche) and a
strategy for simultaneously attracting FDI through multilateral banks can be viewed as a replicable approach
for countries seeking to optimize available public resources and possessing the will and ability to implement
institutional reforms.

CONCLUSION AND SUGGESTIONS

The study systematically analyzed Uzbekistan’s experience with green financing from 2021-2026 through
two main channels: debt market instruments and foreign direct investment. The results show that the country
has made significant progress both in quantitative terms ($1.2 billion in bond issuance, a fivefold increase in
solar power) and in qualitative terms (transition to energy-saving technologies, expansion of the investor base).

In future studies, it would be advisable to evaluate the extent to which these financing flows are being
converted into measurable emissions reductions using econometric methods, as well as to conduct a more
in-depth study of the structure and diversification of the investor base and the possibilities for expanding private
(non-state) sector participation.

4 Source: Compiled by the author based on Masdar [25], Utilities Middle East [26], and The Times of Central Asia [27].
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