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The Kyrgyz Republic occupies a distinctive position in the renewable energy
transition: its electricity system is already approximately ninety per cent renewable,
yet structurally fragile, owing to near-total dependence on glacier-fed hydropower.
This article applies the principal international standards for risk management — 1SO
31000:2018, ISO/IEC 31010:2019, the IFC Performance Standards, the World Bank
Environmental and Social Framework, the Equator Principles (EP4, 2020) and the
IRENA risk-mitigation taxonomy — to the Kyrgyz renewable energy portfolio,
including the trilateral USD 4.2 billion Kambarata-1 hydropower project. The article
identifies five categories of risk, plots them on an 1SO 31010-compliant heat map,
and proposes a mitigation portfolio combining contractual, financial and
institutional instruments.
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1. Introduction

The Kyrgyz Republic has long been characterised as a country of exceptional
hydropower endowment. Total hydropower potential is estimated at 142 billion kWh
per annum, of which approximately ten per cent has been developed [18].
Hydropower accounted for around eighty-six per cent of electricity generation in
2023, with the Soviet-era Toktogul reservoir and cascade producing roughly ninety-
seven per cent of national hydroelectricity [20]. On aggregate measures, the Kyrgyz
electricity system is therefore among the most renewable in the world. Yet this
apparent advantage conceals an acute vulnerability: the dominant generation
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technology is itself the principal transmission channel through which climate
variability enters project economics.

Against the background of accelerating glacial retreat, rising electricity demand,
and an ambitious project pipeline including the USD 4.2 billion trilateral Kambarata-
1 hydropower plant [17], the assessment and management of risks in Kyrgyz
renewable energy projects has become a first-order policy concern. This article
examines how the principal international risk-management standards — 1SO
31000:2018 [9], ISO/IEC 31010:2019 [10], the IFC Performance Standards [6], the
World Bank Environmental and Social Framework [19], the Equator Principles (EP4,
2020) [2] and the IRENA risk-mitigation taxonomy [8] — can be operationalised in
the specific institutional, hydrological and political-economic context of Kyrgyzstan.
The article is organised in five sections following this introduction: the international
standards framework, the Kyrgyz energy profile, risk assessment, risk management,
and conclusions.

2. The International Standards Framework

ISO 31000:2018 provides the master framework for risk management. The
standard defines risk as the effect of uncertainty on objectives and prescribes a
structured process comprising the establishment of scope, context and criteria; risk
identification; risk analysis; risk evaluation; risk treatment; and ongoing
communication, monitoring and review [9]. Its companion ISO/IEC 31010:2019
catalogues thirty-one risk assessment techniques, including the likelihood-impact
matrix used in Section 4 below [10].

The IFC Performance Standards address environmental and social dimensions of
risk insufficiently treated in 1SO 31000. Performance Standard 1 requires an
Environmental and Social Management System and an Environmental and Social
Impact Assessment (ESIA); Performance Standards 2 to 8 address labour, pollution
prevention, community health and safety, land acquisition, biodiversity, indigenous
peoples and cultural heritage [6]. The World Bank Environmental and Social
Framework plays an analogous role for public-sector projects through ten
Environmental and Social Standards, with ESS1 requiring explicit assessment of
cumulative and transboundary impacts [19]. The Equator Principles, in their fourth
iteration (EP4, 2020), translate the IFC standards into binding commitments for
project finance transactions above USD 10 million, requiring risk-based project
categorisation, independent review of environmental and social assessments, and
climate change risk assessment aligned with the Task Force on Climate-related
Financial Disclosures [2]. The IRENA risk-mitigation taxonomy completes the
framework by cataloguing the contractual, financial and institutional instruments
appropriate to each category of risk [8].

3. The Kyrgyz Energy Profile and Risk Context

Figure 1 sets out the Kyrgyz electricity generation mix and the structure of
installed capacity at end-2025. Panel (a) confirms the overwhelming weight of
hydropower in generation; panel (b) reveals the limited contribution of non-hydro
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renewables, although the commissioning of the first 100 MW solar plant in late 2025
and the addition of small hydropower totalling 115 to 120 MW during the year mark
the beginning of a structural diversification [13; 14].

(a) Electricity generation mix, 2023 (b) Installed capacity by source, end-2025
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Figure 1. Kyrgyz electricity generation mix (2023) and installed capacity by
source (end-2025). Sources: [20]; [13]; author estimates.

The structural vulnerability of this profile is illustrated in Figure 2, which plots
the September water level of the Toktogul reservoir between 2017 and 2025. The
reservoir operates between a maximum of 19.5 km?® and an operational minimum of
5.5 km3, below which the dependent hydroelectric cascade cannot operate. The
September level has declined monotonically from its 2017 peak, reaching 10.8 km? in
2025 — the lowest September reading in over a decade [11]. The climatological
backdrop is unambiguous: Kyrgyzstan has lost approximately sixteen per cent of its
glaciers over the past seventy years, with projected additional losses of up to fifty per
cent by 2050 [7]. Domestic hydropower generation fell by sixteen per cent between
2018 and 2022, and in the first half of 2025 the country imported more than twenty
per cent of its electricity consumption [16].
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Figure 2. Toktogul reservoir water level, September 2017-2025 (km3). The
reservoir operates between 19.5 km3 (full) and 5.5 km?3 (operational minimum).
Source: [11].
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The regulatory environment is itself volatile. A draft Law on Renewable Energy
Sources circulated in mid-2025 proposed a one per cent revenue levy and a thirty-per-
cent accumulation capacity requirement on renewable energy operators [17]; in
January 2026 the Jogorku Kenesh approved amendments introducing foreign-
currency tariff indexation for investment projects and a competitive auction
mechanism [14]. The two episodes, taken together, illustrate the regulatory
uncertainty within which investment decisions must be made.

4. Risk Assessment per 1SO 31000/ 1SO 31010

Application of the ISO 31000 risk-identification step to the Kyrgyz renewable
energy portfolio yields five categories of risk. R1 is hydrological and glaciological
risk — the endogenous climate exposure of the dominant hydropower technology
described in Section 3. R2 is regulatory and tariff risk, illustrated by the 2025-2026
legislative cycle. R3 is currency and off-taker risk, arising from the depreciation
history of the Kyrgyz som and from the limited creditworthiness of the state-owned
utility. R4 is transboundary and geopolitical risk, most acute for the Kambarata-1
project, whose Cumulative Impact Assessment has been criticised for the absence of
a designed and agreed flow regime governing the Toktogul-Kambarata-1 cascade
[15; 1]. R5 is technical and grid-integration risk, derived from aged transmission
infrastructure with losses above twenty per cent and from limited grid capacity to
absorb variable renewables [3].

Figure 3 plots these risks on the standard likelihood-impact heat map prescribed
by ISO/IEC 31010:2019 [10].

Risk heat map for renewable energy projects in Kyrgyzstan
(per ISO 31000 / ISO 31010 risk-analysis matrix)
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Figure 3. Risk heat map for renewable energy projects in Kyrgyzstan, plotted on
the 1SO 31000 / 1SO 31010 likelihood—impact matrix (55 scale). Source: author,
based on ISO/IEC 31010:2019 methodology [10].

155



Qazaq Journal of Young Scientist Vol. 4, No. 5, May, 2026

Risks R1 and R2 fall in the high-severity zone (likelihood % impact > 16); R3 and
R4 fall in the medium-high zone; R5 in the medium-high zone with lower impact.
The concentration of identified risks in the upper-right quadrant of the matrix is itself
a diagnostic finding: it indicates that the dominant risks confronting Kyrgyz
renewable energy projects are neither rare-event tail risks nor low-impact operational
risks but rather structural risks whose materialisation is moderately to highly likely
and whose consequences are material for project economics.

5. Risk Management and Mitigation

The treatment of the risks identified above requires a portfolio of instruments
rather than reliance on any single mechanism. Hydrological risk (R1) is structural and
cannot be diversified away within the dominant hydropower technology; mitigation
requires portfolio-level diversification toward solar and wind, supported by grid-scale
battery storage and by basin-scale water-management agreements with downstream
states. The October 2025 amendments raising the renewable energy facility capacity
threshold from 30 MW to 50 MW [12], and the recent commissioning of the first 100
MW solar plant, are consistent with this strategy.

Regulatory and tariff risk (R2) is mitigated by the 2026 amendments permitting
foreign-currency tariff indexation for investment projects and public-private
partnerships, by the introduction of competitive auctions, and, prospectively, by the
inclusion of stabilisation clauses in primary legislation [14]. Currency and off-taker
risk (R3) is addressed by local-currency financing facilities from the International
Finance Corporation and the Asian Development Bank, by MIGA political risk
insurance, and by sovereign guarantees applied selectively in conjunction with
multilateral risk-sharing instruments [8].

Transboundary risk (R4), most acute for Kambarata-1, requires institutional
rather than purely contractual mitigation. Under ESS1 of the World Bank
Environmental and Social Framework [19] and PS6 of the IFC Performance
Standards [6], financial close should be conditional on the prior conclusion of a
binding transboundary environmental flow regime governing the Toktogul-
Kambarata-1 cascade. Under EP4, the project would be classified as Category A,
requiring independent review of the ESIA, TCFD-aligned climate risk assessment,
and continued compliance through the financing life-cycle [2]. Technical risk (R5) is
mitigated through compliance with the relevant IEC technical standards (IEC 61400
for wind turbines [4]; IEC 61724 for photovoltaic systems [5]), supported by grid
modernisation co-financed with multilateral institutions.

6. Conclusions

The renewable energy portfolio of the Kyrgyz Republic is at an inflection point.
The 2026 legislative amendments [14], the commissioning of the first utility-scale
solar plant and the advance preparation of Kambarata-1 under World Bank technical
assistance [20] together represent a substantive move toward alignment with
international risk-management practice, while the unresolved transboundary flow
regime and the structural decline of the Toktogul reservoir indicate that significant
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work remains. Four recommendations follow. The Kyrgyz government should enact
comprehensive primary legislation incorporating 1ISO 31000 principles, including
stabilisation clauses. Multilateral lenders should make financial close on Kambarata-
1 conditional on a binding transboundary flow regime. Private sponsors should adopt
EP4 as the minimum standard, with TCFD-aligned climate risk assessment treated as
a determinant of bankability. Finally, the Kyrgyz technical regulator should be
strengthened to verify compliance with IEC 61400 and IEC 61724. The structural
fragility of the Kyrgyz hydropower base renders the consistent integration of
internationally recognised standards into domestic practice not optional but essential.
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OLEHKA U YIIPABJIEHUE PUCKAMH B ITIPOEKTAX
BO3OBHOBJ/IAEMOU SQHEPI'ETUKU B KbIPI'BI3CTAHE

My3zagpapoea H.P.
Kazaxcrancko-Hemenxnii YauBepcurer, Maructpant, Anmarsl Kazaxcran
Caiinayoexoe H.T.

Keipevisckass  Pecnybnuka  3anumaem  ocoboe mecmo 8 nepexooe K
80300H08/I51eMOl dHEpeemuKe. e€ 2J1IeKMPOIHEPLeMUUECKAsi CUCeMAa Yice NPUMEPHO
Ha 0eGsAHOCMO NPOYEHMO8 OCHOBAHA HA B0300HOBIAEMbIX UCMOYHUKAX SHEpeUl,
00HAKO 0CMAémcs CMPYKMYPHO VA3BUMOU U3-3A NOYMU NOJHOU 3A8UCUMOCMU OM
2UOPOIHEP2eMUKU, NUMAEeMOU  JeOHUKO8bIMU  6o0amu. B Oamnou cmamve
NPUMEHSAIOMCS OCHOBHbIE MENCOYHAPOOHble CMAHOAPMbl YNPAGIeHUS PUCKAMU —
ISO 31000:2018, ISO/IEC 31010:2019, Cmanoapmer Oesmenvrhocmu IFC,
DKonocuueckas u COyuanbHas pamoynas npoepamma Beemuprozo 6anka, Ilpunyunsi
Oxeamopa (EP4, 2020), a maxoce kiaccuguxayusi UHCMPYMEHMOS8 CHUICEHUS
puckose IRENA — Kk nopmgento npoekmog 80300HOBNAEMOU OdHepeemuKu
Keipevizscmana, sxatouas mpéxcmopoHuuii euopoanepeemudeckuti npoekm «Kambap-
Ama-1» cmoumocmoio 4,2 mapo oonnapos CIIIA. B cmamve @vidensiomcs nsamo
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Kamezopull  pUCKO8, KOmMopbvle 0modpadxtcalomcs Ha Meniogou Kapme 8
coomeemcmeuu ¢ 1SO 31010, a maxoce npeodnazaemcsi KOMIIEKC MeP NO CHUNCEHUIO
pUckos,  covemarowuti  002080pHvle,  (PUHAHCOBbIE U  UHCIMUMYYUOHATIbHbIE
UHCMPYMEHMb.

KatoueBbie cioBa: 1SO 31000; Cranmapter gestensHoctu |FC; Ilpuniumns
OkBatopa; Keiprezcran; rugposnepreruka; Kambap-ATta-1; pucku Bo30OHOBIsIEeMO
DHEPreTUKH.

KbIPTBI3CTAHIAT'BI /KAHAPTBIJIATBIH DOHEPI'ETUKA
KOBAJAPBIHIAT'BI TOYEKEJIIEPAI BATAJIAY 7KOHE BACKAPY

My3zagpaposa H.P., Caiinayoexoe H.T.

Koipeviz  Pecnybaukacel dcanapmsliamvlih dHepeemukaza Koeuty yoepicinoe
epeKuie OpblH anaovl: enodiy INeKmp IHEePIeMUKANbIK JHCYUeci wamamer MmoKCaH
naivi3ea HCaHapmvliamvlH SHepeUs Ko30epine He2iz0eleeHiMeH, MY30blK CYIAPbIMEH
KOpeKmeHemin 2uoposHepeemuraea mayendinicine OalanvbiCmovl KYpolIbIMObIK
mypavidan ocan bonvin xana oOepedi. Byn maxanada mayexendepoi backapyoviy
nezizei xanvikapanvlk cmanoapmmapol — 1SO 31000:2018, ISO/IEC 31010:2019,
IFC kvizuem cmanoapmmapul, J{yHuexcy3inik OaHKmiy 3KOJI0SUANLIK —HCIHE
aneymemmix Heeiz0emenix bOaedapramacwl, Oxeamop npunyunmepi (EP4, 2020),
conoati-ax  IRENA  yuvimvinbly ~ mayekendepoi memeHoemy  KYpaioapblHblH
orcikmemeci — Kuipeviscmanoazel olcanapmuliamolh dHEpP2eMuUKa HcoOANAPbIHbIH
nopmeenine, couvly iwinoe xyHol 4,2 munnuapo AKII oonnapvin  Kypaiimvin
yucakmol  «Kambap-Ama-1»  cudposnepeemuxanviy x#obacvlHa KOaA0AHLLIObL.
Maxkanaoa ISO 31010 cmanoapmeina caiikec XHCbl1Yy KAPMACLIHOA KOPCeminemin
mayekendepoiy bec camamvl QUKLIHOAIBLIN,  WAPMMDBIK,  KAPIHCOLILIK — HCIHE
UHCIMUMYYUOHANIObIK — KYpandapovl — yillecmipemin  mayekenoepoi  momeHoen)y
Wapanapoiibly KeuleHi YColHblIaobl.

Kint ce3aep: ISO 31000; IFC xpI3MeT cTaHaapTTapbl; JKBATOP MPUHITUIITEPI;

Keiprbizctan; ruaposnepretuka; KambOap-ATta-1; JkaHApThUIATBIH — HHEPreTUKa
ToyeKemepi.
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