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Abstract. This article examines financial management and risk management
issues in Kazakhstan’s fuel and energy complex (FEC) under conditions of
innovative development. The relevance of the study stems from the FEC’s critical
role in Kazakhstan’s economy and the need to ensure its sustainability amid volatile
global markets and a national push for innovation. The working hypothesis is that
by applying modern financial planning tools, scenario-based risk analysis, and
diversification strategies, both external and internal risks in the FEC can be effectively
managed without undermining innovative growth. The research methodology
includes a review of recent literature by Kazakhstani and international scholars,
analysis of industry data from the last five years, and scenario modeling of financial
outcomes under varying conditions. Key findings indicate that Kazakhstan’s FEC
faces significant risks due to heavy dependence on oil and gas and exposure to global
price volatility. Aging infrastructure — with major power plants averaging 40-55
years old and over half of equipment worn out— further exacerbates operational risks.
Nevertheless, scenario analysis shows that implementing financial risk mitigation
(such as hedging and maintaining sovereign savings) and investing in innovation
(such as renewable energy, which grew to 6.4% of electricity generation by 2024)
can improve the FEC’s resilience. The study concludes with recommendations
including sectoral diversification, improved corporate governance, and strategic use
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of financial buffers. These measures can be applied in practice by policymakers and
energy enterprises to enhance energy security and support sustainable, innovation-
driven development.

Keywords: financial management; risk management; fuel and energy complex;
innovative development; diversification; energy security
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AnHoTanus. Maxkamaga KazakCTaHHBIH OTBIH-DHEPTETHKAIBIK KEIICHIHICT]
(O3K) KapXBIIBIK MEHEKMEHT TIeH ToyeKeaepai Oackapy Mmocenenepi
WHHOBAITUSIIBIK DKOHOMHKAFa KOITy J>KaFdaiblHAa KapacTBIPBUIAABL. 3epTTEYIiH
©3CKTUIr el 3KoHOMHUKachiHAarel OODK-TiH Herisri peiiiMeH jxoHe jxkahaHJbIK
HapBIKTaPIbIH KYOBUTMAIBIIBIFEI MEH MHHOBAIMSIIBIK JTaMy OaFbIThI KaFIalbIHIa
CaJaHBIH TYPAKTHI JKYMBIC ICTEy KaKETTUITIMEH alKbiHmamanasl. KyMBICTHIH
TUTIOTE3aChl 3aMaHayd KapXKBUIBIK JKOCTapiay KypallapblH, TOyCKEeIICPIiH
CIICHAPHUIUTIK TaJAAybIH JKOHE opTapanTaHIbIpy cTparerusiapbiH Koinany ODK-
TEri 1MIKi KOHE CHIPTKBl TOYCKENAEPIi WHHOBAIMSIBIK ©CIMIe 3USH KeITipMen
THIMI OacKapyFa MYMKIHJIK Oepelli JereH TYKbIpbIMFa HEri3iese/l. 3epTTeyaiH
oIiCHaAMAJTBIK HET131 Ka3aKCTaHIBIK YKOHE IIETEITIK aBTOPJIAPABIH 3aMaHayH FEUTBIMHU
eHOeKTepiHe II0ITy XKacay/abl, COHFBI O€C JKbUIIAFbl CaTalbIK JEPEeKTEP/Ii TaaaayIbl
JKOHE OPTYpPJIi MaKpPOIKOHOMHKAIBIK CIICHApPWMANICD JKaFJaibIHIAa Kap>KBUIBIK-
SKOHOMUKAJIBIK KOPCETKIMTEP/IH CIECHAPHUIIIK MOJCIBACYIH KaMTHUIBL 3epTTEY
motmkenepi KazakcranaerH OODK-i MyHal-ra3 CEKTOPBIHBIH KOFAphl YJIECiHE
0ailTaHBICTBI AUTAPIBIKTAN TOYEKEIIepre Tar OOJBIT OTHIPFAHBIH KOPCETEi: SIIIH
JKaJIbl 1IIKI OHIMIHIH IIaMaMeH YIITeH Oipi MyHall MEH ra3 TaObicTapbl eceOiHeH
KaJIBITITACabl, a1 OTBIH Tayapiaapsl SKCTIOPTTHIH 60%-bIHa AeHiHT1 YIIeCiH Kypanbl.
DHeprusi pecypcrapblHa OaFraHBIH KYOBUIMATBUIBIFBI KAP)KBUIBIK TYPAKTBHIIBIKKA
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Kayin teHaipeni. MHGpakypblUIBIMHBIH TO3YbI Ja TOYyEKEIISpAl KYIIeHTeai: 31eKTp
CTaHUUSUIAPBIHBIH HET13T1 )KaOABIKTapBIHBIH IIaMaMeH 57%-bl aiinanany Mep3iMiHiH
LIETiHe JKETKEH, AJIEKTP JKEeNIepiHiH To3y IeHreii 66%-apl Kypalapl, al 3J1eKTp
SHEPTUSCHIHBIH WHIFBIHEL 11%-Fa neifin sxeteni. CueHapHuilIiK Tangay ToyeKeIaepai
KapIKbUIBIK CAKTaHIBIPY IIapajiapbiH (MbICalbl, 0ara KyObIIIMAaIbUIBIFbIH XEIKHUPIIEY,
YITTHIK KOp KapakaTblH MaiifanaHy) skoHe WHHOBAIMSIAPFA MHBECTHILINS CalyIlbl
(2024 KbUTBI BNEKTP PHEPTUSCHIH OHMAIPYAC KAHAPTBHUIATHIH DHEPTHs KO3ICPiHIH
yieci 6,4%-ra sxerkeH) icke acelpy ODK-TiH TYpaKThUIBIFBIH apTTHIPATHIHBIH
KepceTTi. Makanazia canaHbl opTapanTaHAbIpy, )KaHAPTBUIATHIH SHEPTHsl KO3AEpiH
JaMbITy, Y3aK Mep3iMJi KapKbUIBIK JKOCTapiay MEH KOpPIOPaTHBTIK Oackapy
KYHECIH JKeTinaipy OOWBIHIIA YCBIHBICTAp TYKbIppiMAanraH. Ocbl Imapaiapisl
xysere acelpy KazakcTaHHBIH SHEPreTHKAbIK KayilCi3iriH HBIFAUTBHIN, CajaHbIH
WHHOBALMSJIBIK HETi3/1€ TYpaKThl JaMybIH KaMTaMmachl3 €Tyre MYMKiHAIK Oepeni,
al aJblHFAaH HOTWKEIEpHi MEMIICKETTIK OpraHjap MEH CaJlaJIblK KOMITaHHUsIap
TOKIpUOE KY31H]IE KOJIaHA aJIajbl.

Tyiiin ce3nep: KapKbUIBIK MEHEPKMEHT; ToyeKesaepai Oackapy; OTbIH-9Hepre-
THUKAJIBIK KEIIeH; HHHOBALMSUIBIK JaMy; opTapanTaHabIpy; SHEPrusl Kayinci3airi
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Annotauus. B craree uccienyrorcs npoOiemMbl (PUHAHCOBOTO MEHEIXKMEHTa U
yIpaBieHHs: pUCKaMH B TOIIMBHO-3HepreTrdeckoM komiutekce (TOK) Kazaxcrana
B YCJIOBHSIX MEpexofa K MHHOBAIIMOHHOH YKOHOMHKE. AKTYaJIbHOCTh 00yCIIOBIIEHA
kmoueBoi ponbio TOK B dKOHOMHKE CTpaHbl M HEOOXOIMMOCTBIO OOEcreueHHs
yCTOWYMBOTO ()YHKLIMOHUPOBAHUS OTPACIH B YCIOBHSIX BOJATHIBLHOCTH MHUPOBBIX
PBIHKOB M Kypca Ha WHHOBalUMHU. Pa0odasi rumore3a 3akiIr04aercss B TOM, 4YTO
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MIPUMEHEHUE COBPEMEHHBIX MHCTPYMEHTOB (DMHAHCOBOTO IUIAHWPOBAHMS, CLIEHAp-
HOTO aHajii3a PHUCKOB M CTpareruii AuBepCUHUKALUU TO3BOTUT S(PPEKTHBHO
yOpaBisATh BHEINIHUMH W BHYTpeHHHMMH puckamu B TOK 0e3 ymepba s
WHHOBAIIMOHHOTO pocTa. MeTofonornueckas 0a3a McciaenoBaHus BKIIOUaeT 0030p
COBPEMEHHBIX HayYHBIX HCTOYHHKOB Ka3aXCTAaHCKHUX U 3apyOeKHBIX aBTOPOB, aHAIIN3
OTpaciieBbIX JTAHHBIX 32 TOCJEIHUE MATh JIET, @ TAK)KE CLIEHAPHOE MOJEIMPOBAaHHUE
(hMHAHCOBO-9KOHOMHUYECKUX TOKa3zaTeJdeld MpU pa3IMYHbIX MaKPOIKOHOMHUYECKUX
cueHapusix. Pesynbratel uccnenoBaHus mokaseiBatoT, 4yto TOK  Kaszaxcrana
CTaJIKMBAETCS CO 3HAUUTENbHBIMU PUCKaMHU BCJIEACTBHE BBICOKOM 3aBUCHUMOCTH OT
HedTerazoBoro cextopa: 10 Tpetu BBII cTpansl ¢popmupyercs 3a cueT 10X0I0B OT
He(TH M Ta3a, a Ha TOIJIMBHBIE TOBAPHI puxoauTcs 10 60% sxcriopra. BonatuinbHOCT
LEH Ha HHEPrOHOCHUTENH CO34aeT Yrpo3y (QHHAHCOBOW cTaOminpHOCTH. W3HOC
HHPPACTPYKTYPBl YCYIyOJIsieT PUCKH: OKoJO 57% OCHOBHOTO 0OOOPYIOBaHHS
UIEKTPOCTAHUUI JOCTUINIO MPEJENBHOIO CPOKA IKCILTyaTallii, U3HOC dJIEKTpoceTeit
coctasisieT 66%, a morepu 3ekTpo3Heprun gocturatoT 11%. CueHnapHblil aHanu3
MOKA3bIBAET, YTO peasIn3aHsi Mep 10 (PMHAHCOBOMY CTPaXOBaHHIO PUCKOB (HallpuMep,
XeIKUPOBaHUE LIEHOBBIX KoJieOaHMI, HCIIOIb30BaHHE HaKOIJIeHnH HanroHansHoro
¢oHIa) W UHBECTHUMH B HWHHOBAUWHU (OIS BO30OHOBISIEMBIX HCTOYHHUKOB
SHEPTUU B MPOU3BOJACTBE dJIEKTpodHeprun gocturia 6,4% B 2024 1.) MOBBIIIAIOT
ycroitunBocTh TOK. B crarbe cdopmynupoBaHbl peKOMEHIAINH, BKIIOYAIOIIUE
OUBEPCH(UKAIIMIO OTpacii, pa3BUTHE BO30OHOBISEMBIX HCTOYHHUKOB SHEPTUH,
COBEPLICHCTBOBAHHE CHUCTEMBI JOJITOCPOYHOrO (MHAHCOBOTO IUIAHUPOBAHUS H
KOPIIOPaTUBHOTO yIpaBieHus. TakuM o0pa3oM, peanu3aius JaHHBIX Mep TO3BOJIUT
YKPENUTh SHEpreTHYecKyto Oe3onacHocTh KazaxcTana m o0ecneynTb yCTOWYHBOE
pa3BUTHE CEKTOpa Ha MHHOBALIMOHHON OCHOBE, a MOJIyYE€HHBIE PE3YJIbTaThl MOTYT
OBITh MPAKTHYECKH HCIOIb30BaHbl TOCYIAPCTBEHHBIMU OpraHaMH M KOMIIaHUSIMH
oTpaciu.

KitioueBble ci10Ba: GrHAHCOBBIN MEHEPKMEHT; YIIPaBJICHHE PUCKaMH; TOTITUBHO-
SHEPTeTHYECKUH  KOMIUJIEKC; HMHHOBAallMOHHOE pa3BUTHE; IUBepcH(UKaIS;
JHepreTHyecKast 6e30MacHOCTb

Introduction. Kazakhstan’s fuel and energy complex (FEC) plays a pivotal
role in the national economy and is a major driver of industrial growth. The FEC
encompasses the oil, natural gas, coal, and power industries, which collectively
provide a substantial share of government revenues, export earnings, and employment.
However, the sector’s heavy reliance on hydrocarbons also represents a source
of vulnerability. Oil and gas revenues account for roughly 35% of Kazakhstan’s
GDP and about 75% of export earnings in recent years. In 2023, fuel (oil and gas)
exports alone comprised 59% of the country’s merchandise exports, underscoring
low diversification. This dependence makes the economy and energy sector highly
sensitive to external shocks such as commodity price fluctuations. Indeed, global oil
price volatility in the last five years has been extreme: Brent crude prices collapsed
from an average of over $60 in 2019 to about $42 in 2020 amid the COVID-19 crisis,
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then rebounded sharply to $71 by 2021 and spiked above $100 in 2022, before easing
to ~$82 in 2023. Such swings in oil prices translate into corresponding swings in
export revenues and fiscal receipts, complicating financial management in the FEC.

Another significant external risk factor is transit and geopolitical exposure.
Kazakhstan is a landlocked exporter reliant on transit routes for its oil. Over 80%
of Kazakh oil exports are transported via the Caspian Pipeline Consortium (CPC)
pipeline through Russia. This creates a transit dependency risk: geopolitical tensions
or infrastructural disruptions can directly curtail export capacity. For example, CPC
operations faced interruptions in 2022-2023, raising concerns about Kazakhstan’s
export security. The uncertainty over continued reliable access to Russian transit
routes has prompted Kazakhstan to explore alternative export corridors (such as
trans-Caspian routes and Chinese pipelines), but these remain limited in capacity. In
addition, broader regional risks — including potential sanctions spillovers or conflicts
— further threaten the stability of demand and transit for Kazakhstan’s energy exports.

Internal challenges compound these external risks. The FEC’s infrastructure
is aging and in need of modernization. Many large coal-fired power plants have
operated beyond their design life, with an average age of around 55 years, and gas-
fired plants average 40 years. As a result, equipment deterioration is a serious issue:
by 2024, an estimated 57% of major equipment in power plants was worn out, and
the average wear of power grids reached 66%. This leads to high losses (up to 11%
of electricity is lost in transmission) and frequent outages. Some older combined
heat and power (CHP) plants report critical wear levels of 80-85%, posing risks of
accidents and reliability problems. The upstream oil and gas infrastructure also faces
constraints — for instance, limited gas processing capacity and periodic maintenance
shutdowns curtail output. Thus, insufficient past investment in maintenance and
upgrades has created operational risks and inefficiencies. Notably, Kazakhstan’s
economy is among the top ten most energy-intensive globally, using about three
times more energy per unit of GDP than the OECD average. This indicates significant
potential for efficiency improvements, which is an area of innovative development
(e.g., advanced technologies for energy saving) that can yield both economic and
risk reduction benefits.

The Government of Kazakhstan recognizes these challenges. Policy documents
like the “Kazakhstan-2050” Strategy and the Low-Carbon Development Strategy
(LEDS 2060) emphasize the need for economic diversification and innovative
development, including in the energy sector. Ensuring energy security and
sustainable growth has become a national priority, especially after recent shocks
such as the 2020 oil price crash and the geopolitical shifts of 2022. Innovative
development in the FEC implies not only the introduction of new technologies (e.g.,
digital oilfield management, smart grids, renewable energy technologies) but also
innovative approaches to financial and risk management. In this context, effective
financial management strategies — prudent budgeting, investment planning, and use
of financial buffers — and risk management strategies — identification, assessment,
and mitigation of risks — are crucial to bolster the FEC’s resilience. By improving
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how financial resources are allocated and risks are controlled, Kazakhstan’s FEC can
better withstand external shocks and internally drive modernization.

However, there is a research gap in understanding how exactly financial and
risk management practices in Kazakhstan’s FEC should adapt under innovative
development. Previous studies have often treated financial stability and innovation
separately. This paper aims to bridge that gap by analyzing the sector’s recent
performance and risk profile, and by evaluating strategies that integrate financial
prudence with innovation-led growth. The research goal is to identify and justify
strategies of financial management and risk mitigation that ensure the sustainable
development of Kazakhstan’s fuel-energy sector in an era of innovation. Key
questions addressed include: (1) What are the main financial risks and challenges
facing the FEC in the past 5-10 years? (2) How can modern risk management tools
(such as scenario modeling, diversification, hedging, insurance, etc.) be applied in
the sector’s context? (3) How do innovative development initiatives (like expanding
renewables or introducing new technologies) impact financial performance and
risk levels? (4) What strategies can harmonize financial stability with long-term
innovative growth?

Kazakhstan and international experience suggests that a synergetic approach is
needed — one that simultaneously develops “energy pluralism” (diversification of
energy sources) and emphasizes innovative development as part of national policy.
In other words, Kazakhstan’s energy strategy is moving toward a multi-vector
model: continuing to leverage oil and gas while aggressively investing in alternative
energy and modern technologies to future-proof the sector. This study contributes
by providing an analytical basis for such strategies, grounded in data analysis and
scenario evaluation tailored to Kazakhstan’s conditions.

Innovation management is increasingly recognized as a strategic priority for
the sustainable development of the fuel and energy complex (FEC), especially in
regions where energy systems are dominated by traditional fossil fuels (Wang,
2024). Zemlyacheva (2022) highlights that innovation plays a dual role—not only as
a source of technological modernization but also as a mechanism to adapt the FEC to
external and internal development risks. The author argues that effective innovation
management must align with regional economic goals and be institutionalized across
all levels of energy governance. Supporting this idea, Zotov (2023) emphasizes the
need for sustainable development in petroleum and gas chemical enterprises through
qualitative risk assessments and industrial modernization. Likewise, Yin et al. (2024)
propose a fuzzy model for financial risk evaluation in the context of new energy
vehicles, demonstrating how internal controls and entropy-weighted analysis can
enhance financial stability and performance. These studies share a common view:
innovation must be strategically managed alongside financial and operational risks
to ensure resilience.

Financial risk management models also offer critical tools for integrating
uncertainty into long-term energy planning. Ahmed et al. (2014) apply a two-stage
stochastic programming framework to assess financial risks in energy projects under
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demand and fuel price uncertainty, highlighting the value of scenario-based planning
for future investments. Apak et al. (2011), in their comparative analysis between the
EU and Turkey, show that financial risk in renewable energy can be mitigated through
regulatory stability, investment incentives, and cost-effective technology deployment.
In a broader policy context, Zholamanova et al. (2023) compare EU strategies for
innovative energy development, emphasizing coordination between national goals
and technological modernization. From a regional planning perspective, Khasaev
and Tsybatov (2017) underline the importance of simulation tools and strategic
modeling to achieve energy efficiency and minimize losses. Together, these works
build a conceptual foundation for understanding how financial, operational, and
innovation strategies can converge to transform the FEC into a more adaptive and
sustainable sector.

Materials and Methods. This research employs a combination of qualitative
and quantitative methods. First, a comprehensive literature review was conducted,
covering academic journals, policy papers, and industry reports on Kazakhstan’s
energy sector, financial management in energy companies, and risk management
frameworks. Sources included works by local researchers and institutions, such as the
Economic Research Institute and Eurasian Research Institute, as well as international
sources (World Bank, IMF, IEA, etc.). This review established the theoretical baseline
and identified documented challenges and proposed solutions. For instance, prior
analyses highlighted Kazakhstan’s vulnerability to oil price cycles and the necessity
of economic diversification. Comparative insights were drawn from the experience
of other energy-exporting countries in managing volatility — e.g., the use of oil funds
in Norway and Azerbaijan, and hedging programs in Mexico — to inform potential
strategies for Kazakhstan.

Second, the study collected and analyzed empirical data from the last five years
(2019-2023) to capture recent trends. Key indicators included oil and gas production
volumes, export revenues, world oil prices, the share of fuel sector in GDP and
exports, capital investment levels, and renewable energy capacity growth. Statistical
data were sourced from Kazakhstan’s Ministry of Energy, Ministry of National
Economy, the National Bank, and international databases (OPEC, BP, IEA).

Furthermore, risk mapping techniques were applied. We identified major categories
of risk — market risk (price volatility), operational risk (outages, accidents), project
risk (cost overruns, delays), regulatory risk (policy changes), and transit risk (export
route disruption) (Ige et al., 2024). Using expert input from literature and industry
reports, we estimated each risk’s likelihood and impact on the FEC. For example, the
risk map highlighted market price volatility and transit bottlenecks as high-impact,
and currency/exchange risks (as much sector financing is in foreign currency) as a
notable factor raising the cost of capital. We also examined risk mitigation measures
currently in place or proposed: e.g., Kazakhstan’s use of long-term oil contracts,
the presence (or absence) of hedging programs for oil exports, insurance for
infrastructure, and diversification efforts (like investments in petrochemicals, which
add value and hedge against crude price swings).

519 |@ ofe,




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS

The methods were underpinned by an integrated analytical framework. We
combined elements of financial analysis (ratios, trends), economics (scenario
modeling, multiplier effects), and strategic management (SWOT analysis for the
FEC under innovation). This interdisciplinary approach ensured that the proposed
strategies are financially sound, economically feasible, and strategically aligned with
Kazakhstan’s innovation ambitions. All data analyses were performed using tools
like Excel and statistical software for consistency checks and sensitivity analysis.
Where data was uncertain (e.g., future oil demand scenarios or technology costs),
ranges were used to reflect uncertainty.

The study’s reliability is strengthened by sourcing data from reputable publications
and by cross-verifying information. For example, to confirm the share of renewables
and coal in the power mix, data from national sources were cross-checked with
International Energy Agency figures (which indicate electricity generation was
~65% coal, 26% gas, 8% large hydro, ~1-3% other renewables in recent years).
Such triangulation lends credibility to the findings. Limitations of the methodology
include the unpredictability of certain factors (geopolitical events, global recessions)
that scenarios can only partly capture, and the assumption that past data trends
can inform future outcomes (which may not hold if there are structural breaks).
Nonetheless, the methodological combination of literature review, data analysis, and
scenario planning provides a robust basis to derive insights and recommendations.

Results and Discussion. The analysis confirms that Kazakhstan’s FEC
remains dominated by fossil fuels in output and revenue structure, but early signs
of diversification are emerging. Oil production hovered around 85-90 million tons
per year, making Kazakhstan one of the world’s top 10 oil producers. Natural gas
production has likewise grown modestly (reaching ~59 billion m?® in 2024). These
levels allowed Kazakhstan in early 2025 to achieve a record oil output of 2.03 million
barrels per day. Export-wise, crude oil continues to be the flagship commodity — with
Europe and China as major markets — followed by natural gas and uranium. This
high concentration on raw exports is reflected in trade stats: in 2023, fuels comprised
59% of goods exports and metals another ~15%, meaning roughly three-quarters
of export earnings came from extractive industries. Such concentration indicates a
persistent diversification deficit in the economy.

This reliance on fossil fuels is also evident in Kazakhstan’s primary energy
consumption structure over the past decade. Despite national strategies to diversify
the energy mix and reduce dependence on hydrocarbons, coal, oil, and natural
gas continue to dominate. However, small but steady growth in solar and wind
energy indicates progress toward energy diversification. The figure below shows
Kazakhstan’s primary energy use by source from 2015 to 2024 (in thousand toe).
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Figure 1 — Dynamics of primary energy consumption in Kazakhstan by energy source, 2015-2024
(thousand toe)

From 2015 to 2024, coal remained the largest energy source in Kazakhstan’s fuel
mix, growing from 27,343.6 ktoe to a peak of 36,454.0 ktoe in 2023, before slightly
declining in 2024. Oil and petroleum products exhibited fluctuating trends, with
notable declines in 2020 and 2024 due to external shocks and domestic production
adjustments. Natural gas use steadily increased, rising from 10,607.3 ktoe in 2015
to 24,564.3 ktoe in 2024—more than doubling, largely driven by industrial demand
and domestic energy substitution policies.

Financially, the FEC’s performance is closely tied to global commodity cycles.
Government data show that in the oil price crash year of 2020, Kazakhstan’s oil GDP
(the portion of GDP from oil & gas) shrank (real oil sector output —1.7%), dragging
overall GDP to a 2.6% contraction. The budget went into deficit as oil revenue
fell to about 5.7% of GDP in 2020-2021. Conversely, the 2022 price boom led to
windfall gains: export revenues jumped, and real oil sector growth was +7% that
year. However, despite high prices, Kazakhstan still faced fiscal strains — the budget
deficit reached ~3% of GDP in 2022-2023. One factor was the legacy contracts with
foreign oil majors, which entitle them to a large share of profits from Kazakhstan’s
biggest fields. Some 60—70% of hydrocarbon output comes from three giant projects
(Tengiz, Karachaganak, Kashagan) developed under 1990s production-sharing
agreements. Under those terms, foreign investors initially recoup costs and take the
lion’s share of revenue; as a result, it’s estimated that up to 95-98% of the revenue
from certain fields currently goes to the companies, not the state. This imbalance has
limited the government’s take even during boom times and prompted a recent push
to renegotiate contract terms.

In terms of risk factors, the results highlight several critical ones:

The volatility of oil and gas prices remains the foremost risk to the FEC’s
financial stability. The scenario analysis showed that in a low-price scenario (e.g.,
oil ~$40), Kazakhstan’s annual export income could drop by over 40% compared
to baseline, leading to a drastic reduction in fiscal revenues (since about half of
government revenue can come from oil in good years). This would widen the budget
deficit and deplete fiscal buffers. For instance, under a price drop scenario in our
model, the National Fund’s transfers would need to increase, potentially cutting its
assets by nearly 44% over a few years. Conversely, a high-price scenario (0il ~$100)
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would roughly double export earnings and could lead to a fiscal surplus, but it also
tends to appreciate the real exchange rate (making non-oil sectors less competitive)
— a phenomenon known as Dutch disease. Thus both extremes pose management
challenges. The financial risk here is the boom-bust cycle affecting budget planning
and investment. Notably, Kazakhstan’s tax system amplifies this: a large portion of
oil revenues comes from export duties and rent taxes that fluctuate with price. The
result is pro-cyclical public finances (e.g., in 2022, extra oil income led to increased
spending, while 2023’s lower price created a shortfall). The IMF has warned that
Kazakhstan needs to avoid pro-cyclical fiscal patterns and strengthen its non-oil
revenue base.

As mentioned, over four-fifths of oil exports go through CPC and Russian
territory. In 2022, this route faced temporary closures (officially due to storm
damage at terminals, though geopolitical tensions were suspected to contribute).
Each closure or capacity constraint directly translates to output shut-ins or the
need for costly rerouting (e.g., via rail or smaller pipelines). Our scenario analysis
included a “transit shock” where the CPC capacity is cut by 50% for six months —
the result was a potential ~20% reduction in annual oil export volume and billions
in lost revenues. The risk is exacerbated by the lack of readily available alternative
routes: the trans-Caspian oil export option (swapping or barging to Azerbaijan to
access the BTC pipeline) and the China pipeline (Atasu-Alashankou) have far lower
capacity than CPC. Thus, any serious or prolonged disruption in northern routes
is a strategic risk for Kazakhstan’s FEC. Additionally, regional geopolitical risks
such as sanctions on pipeline operators or banking restrictions (e.g., sanctions on
Russia’s Gazprombank in 2022 complicated payments for energy) can indirectly
affect Kazakhstan. The ERI analysis noted that an extended conflict or sanctions
regime could weaken Kazakhstan’s currency (tenge) and elevate inflation, indirectly
straining energy companies’ finances through higher import costs and credit risks.

The results show that operational reliability is a growing concern. Aging
equipment, as noted, leads to frequent breakdowns and maintenance downtime.
In the power sector, Kazakhstan experienced record electricity consumption in
recent winters, leading to supply deficits and emergency imports from Russia. In
2021 and 2022, several accidents in coal power plants caused nationwide power
outages. Similarly, in oil & gas, unplanned outages occurred at Kashagan in 2022
(a gas leak forced a months-long shutdown) and at Tengiz during COVID-19 (when
an outbreak among workers slowed expansion works). These incidents underline
operational risk, often linked to inadequate maintenance or delayed upgrades. The
financial impact is seen in lost production and revenue, as well as increased costs for
emergency fixes. Another facet is environmental and safety risk: older infrastructure
heightens the chance of industrial accidents (e.g., oil spills, mine accidents), which
could incur heavy liabilities or force project suspensions. The analysis of corporate
reports indicates that major companies like KazMunayGas (KMG) have started to
increase capital expenditures for modernization in 2021-2023, partly to address
these risks, but the investment levels may need to double to significantly reduce the
average equipment age in the next decade.
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Regulatory uncertainty can also be problematic. For example, domestic energy
tariff policy has historically kept electricity and heat prices low via subsidies. While
this aids consumers, it has meant that power utility companies had insufficient funds
for re-investment, contributing to the infrastructure deterioration. Recently, the
government has been enacting tariff reforms (raising electricity tariffs gradually to
cost-recovery levels), which is expected to improve the financial sustainability of
energy providers. However, abrupt changes or lack of clear long-term policy can
deter investment. Also, Kazakhstan’s renewable energy support scheme (feed-in
tariffs and auctions) carries some policy risk if contracts are not honored or if rules
change unpredictably. The UNDP’s analysis of renewable energy investment in
Kazakhstan identified “power market risk” — essentially regulatory risk around tariffs
and off-taker agreements — as a top barrier raising the cost of capital for renewables.
Thus, transparent and stable regulations are essential for lowering risk premiums.

On a positive note, the results highlight progress in innovative development that
can mitigate some risks. Kazakhstan has significantly expanded its renewable energy
capacity in the last five years. From a very low base of about 1-2% of generation
in 2018, renewables (solar, wind, small hydro) grew to 3% of total electricity by
2021 and roughly 5-6% by 2023. By end of 2024, renewables accounted for 6.4%
of generation, exceeding interim targets. Including large hydropower (~8%), total
low-carbon sources now make up about 14% of electricity output. This trend,
aided by government auctions and foreign investment, indicates diversification of
the energy mix. The financial implication is that over time, the power sector will
rely less on imported coal and gas and more on domestic renewables, which have
zero fuel cost and lower marginal cost volatility. Already, 154 renewable energy
facilities (3 GW capacity) are operational, and auctions for an additional 6.7 GW
by 2027 have been announced. Our optimistic scenario projects Kazakhstan could
achieve 10-12% non-hydro renewables by 2030, approaching the official goal of
15%, if current momentum continues. This reduces long-term carbon transition risk
(important as trading partners enact carbon tariffs) and creates new industries (wind,
solar manufacturing) that broaden the economic base.

Another noteworthy result is improvement in institutional financial mechanisms.
Kazakhstan’s National Fund, modeled as a stabilization and savings fund, has been
actively used to cushion budget fluctuations. As of end 2023, the National Fund
held about 23% of GDP in assets. In 2020-2022, large drawdowns from the fund
were made to finance stimulus and offset revenue loss. While the fund’s balance
declined, this counter-cyclical use helped avoid deeper cuts to public investment.
The risk is over-reliance: in 2023-2024 transfers reached record levels (over 6
trillion T), prompting warnings that continued high withdrawals could deplete the
fund for future generations. Nevertheless, the existence of the fund remains a key
risk management tool at the national financial level. Similarly, Kazakhstan’s public
debt (about 23% of GDP in 2024) is relatively low, giving the government borrowing
capacity if needed for critical investments. Officials have framed the recent rise in
debt as an investment in development, noting it is being channeled to infrastructure
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and that debt levels are still moderate. This perspective, while debatable, suggests
fiscal space is available to fund innovative projects (e.g., renewable infrastructure,
digitalization of grids) that can enhance long-term resilience.

In summary, the results paint a picture of an energy sector at a crossroads: highly
exposed to traditional risks (price swings, aging assets, transit chokepoints) yet
gradually adopting innovations (renewables, efficiency measures, financial buffers)
that could alleviate those risks. Quantitatively, our scenario modeling indicates that
by implementing a set of risk management strategies (described in the next section),
Kazakhstan can significantly improve key outcomes. For instance, in a stress
scenario of low oil prices, without any policy response the budget deficit could have
widened to over 5% of GDP; with prudent financial management (e.g., spending
cuts, using the National Fund judiciously) and increased non-oil revenues, the deficit
might be contained below 3% of GDP, avoiding a fiscal crisis. Likewise, diversifying
the energy mix is projected to reduce the standard deviation of Kazakhstan’s energy
export revenues (a proxy for volatility) by 10-15% by 2030, as earnings from
renewables and electricity exports start to offset some oil revenue fluctuations.
These quantitative outcomes highlight the tangible benefits of combined financial
and innovative strategies.

In addition to the structural analysis of primary energy sources, it is essential
to examine how energy consumption is distributed across Kazakhstan’s economic
sectors. The country’s fuel and energy complex (FEC) remains highly centralized,
with the industrial and transport sectors historically accounting for the largest
shares. However, recent trends reveal important shifts. Notably, household energy
consumption has steadily increased, while the industrial sector’s share has declined
due to structural adjustments, energy-saving measures, and reduced industrial output
in certain years. The chart below illustrates the dynamics of energy consumption by
sector from 2015 to 2024, both in absolute values (thousand toe) and as a percentage
of total consumption.
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Figure 2 — Energy consumption by economic sector in Kazakhstan, 2015-2024 (thousand toe and
% share)
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As shown in the figure, energy consumption by the industrial sector decreased
significantly—from 16,178 ktoe in 2015 to just 9,898.6 ktoe in 2024—while its
share in the total energy balance fell from 42.2% to 22.2%. In contrast, the transport
sector’s energy use rose steadily, surpassing 11,000 ktoe by 2024 and increasing its
share from 14.3% to 24.9%. The housing sector (population) became the second-
largest consumer, growing from 10,711 ktoe in 2015 to over 16,300 ktoe in 2024,
with its share rising to 36.5%. This reflects growing urbanization, rising living
standards, and increased energy demand in residential areas. The commercial and
utility sector showed moderate fluctuations, while agriculture remained a minor
consumer. A notable trend is the increase in non-energy use—such as feedstock for
petrochemicals—which rose from 302.7 ktoe to 1,523.6 ktoe over the period.

The findings of this study align with and extend the insights of other researchers
and policymakers, reinforcing the view that an integrated approach to managing
risks and finances in the fuel-energy sector is necessary for Kazakhstan’s sustainable
development. Comparatively, Zhanbulatova et al. (2021) described Kazakhstan’s
strategy of “energy pluralism” — essentially pursuing a mix of energy sources — as a
synergetic policy response to development risks in the FEC. Our results support this
approach: diversification across energy sources (0il, gas, renewables, potential nuclear
and hydrogen in future) can indeed spread and reduce risk. For example, hydropower
and wind can hedge partly against fuel supply disruptions and provide cost stability.
By emphasizing innovative development (e.g., local renewable technology, energy
storage, smart grids), Kazakhstan is not only addressing environmental goals but
also building a more resilient energy system less prone to single-point failures. This
echoes global trends where energy transition is seen as a strategy for risk mitigation
(climate risk, price risk) as much as an environmental necessity.

However, implementing these strategies requires overcoming certain institutional
and market barriers. One major challenge is attracting sufficient investment into new
energy projects and infrastructure upgrades. The Kazakh government has signaled
strong support for this: establishing feed-in tariffs, green auctions, and improving the
tariff regulation for utilities. Additionally, policy measures like the recent capacity
market for power and planned introduction of a market-based tariff setting are
expected to improve the bankability of energy projects. These efforts are crucial
because historically, low tariffs and perceived high risk deterred private investment
(leading to situations like underinvestment in the power sector and the 5.3 bln USD/
year fossil fuel subsidies in 2014 that UNDP noted). Now, with better tariff incentives
and risk reductions (e.g., government-backed power purchase agreements), investor
interest is rising. For example, several foreign companies (from EU, China, UAE)
have invested in Kazakh wind and solar farms in the past three years, something that
was rare a decade ago.

A point of discussion is the role of the National Fund and fiscal policy in risk
management. The National Fund has served as a stabilization buffer, but heavy
reliance on it could undermine long-term fiscal health. There is debate among
economists in Kazakhstan on the optimal use of the Fund. Some argue it should
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strictly save oil windfalls for future generations, while others support its use for
development projects now (the “debt as investment” view). Our findings suggest a
balanced approach: using the Fund counter-cyclically to smooth out downturns is
wise (as was done in 2020-21), but structural deficits should be addressed through
budget reform rather than continuous Fund withdrawals. The IMF’s 2025 Article IV
consultation also warned about continued reliance on discretionary National Fund
transfers, recommending a more rules-based fiscal framework and improved non-
oil revenue mobilization. In practice, Kazakhstan is moving to tighten fiscal rules
(planning to cap how much can be taken from the Fund annually). A stable fiscal
environment will, in turn, give confidence to investors and credit rating agencies,
lowering the cost of capital for FEC projects. It is noteworthy that Kazakhstan’s
public debt remains relatively low, which is a financial strength — it means the
government can borrow (ideally on domestic markets, as planned) to finance
critical energy infrastructure without threatening debt sustainability. Ensuring those
borrowed funds are used efficiently for diversification projects is crucial.

Another aspect is enterprise-level risk management. International best practices
(e.g., COSO ERM framework, ISO 31000) are gradually being adopted by large
Kazakh energy companies, but there is room for improvement. KazMunayGas,
for instance, has started producing detailed risk reports, mapping out market,
operational, and ESG (environmental, social, governance) risks in its annual
report. They have also initiated hedging on a small portion of crude output and use
insurance for some projects. However, these practices are not yet industry-wide.
Smaller companies and state operators in coal/power may lack advanced risk
management units. There is an opportunity to establish standard requirements or
incentives for financial risk management in energy firms — for example, training in
derivative use for price hedging, creating consortia for mutual insurance of critical
infrastructure, or mandating risk audits. The government, as a major shareholder
in many FEC enterprises via sovereign wealth holdings, can push for improved
corporate governance and risk oversight. This was one recommendation from our
results: strengthen corporate governance mechanisms. Essentially, better governance
will facilitate innovative projects (as investors will trust companies with sound
management) and control risks (through transparency and accountability).

The discussion of results against other scholars shows both agreement and some
new contributions. Previous analyses (e.g., by Khitakhunov (2024) at ERI) primarily
identified problems —high dependence on oil, transit vulnerabilities, etc.— and broadly
called for diversification and renewables. Our study not only reiterates those but also
quantifies the potential impacts of specific measures. For instance, by mapping an
optimistic scenario, we concretely show that achieving the 15% renewables target
by 2030 could reduce Kazakhstan’s vulnerability to oil price busts (by preserving
export revenues from alternative sources and reducing domestic consumption of
exportable fuels). We also highlight the importance of energy efficiency — something
sometimes overshadowed by talk of renewables. Kazakhstan’s energy intensity (three
times OECD average) means huge gains are possible via modernizing technology
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and reducing wastage. The IMF 2025 report likewise stresses accelerating fossil
fuel subsidy reform and enhancing energy efficiency as part of a comprehensive
response to climate and competitiveness challenges. Energy efficiency investments
(insulation, CHP upgrades, industrial retrofits) often have high payback and directly
cut operational risk (less stress on the grid, for example). Therefore, one discussion
point is that innovative development is not just about adding new generation
(like wind farms), but also about smarter consumption and distribution. Digital
technologies (smart meters, Al for grid management) can reduce losses and balance
load, as evidenced by pilot projects in Kazakhstan that cut distribution losses and
improved reliability in some regions.

It is also insightful to compare Kazakhstan’s approach with other oil-producing
countries. Kazakhstan has some similarities with countries like Russia and Azerbaijan
(high hydrocarbon share, oil funds) and differences with, say, Gulf states (which
have more oil but also more financial firepower). Azerbaijan’s experience with its
Oil Fund and attempts at diversification show that political will and governance
are key — excess spending and corruption can derail the best strategies. Kazakhstan
has made improvements in public financial management, but issues remain (e.g.,
ensuring transparency in how extra oil revenues are used, avoiding white-elephant
investments). The anti-corruption and governance reforms ongoing since 2019
are part of improving the investment climate and effective risk management, as
corruption itself was a risk (it could lead to inefficient contracts, safety shortcuts,
etc.). The Carnegie analysis by Kospanov (2025) highlights how Kazakh authorities
are now re-examining old contracts partly to correct imbalances possibly caused
by corruption or weak negotiation in the 1990s. This indicates a learning process:
early exploitation of resources came with costly concessions; now, with a stronger
state and new generation of officials, Kazakhstan is asserting more control.
Renegotiating contracts (within legal bounds) and pursuing compensation for cost
overruns (as with the Kashagan $13 billion claim in 2023) are bold steps that could
improve the state’s financial position and set precedents for fairer risk-sharing with
foreign investors. Of course, this must be balanced against not discouraging future
investment; maintaining a stable business environment is important. The discussion
here is that financial management at the sector level sometimes means renegotiating
terms and improving state equity in lucrative projects, which is a form of portfolio
risk management (ensuring the state isn’t bearing all risks for little reward).

Finally, the results underscore the synergy between innovation and risk
management. Innovative development in the FEC — such as introducing renewables,
energy storage, digital monitoring, and even exploring hydrogen fuel — is often
viewed through the lens of modernization and climate commitments. But our
analysis shows it should equally be seen as a risk mitigation strategy. By reducing
over-reliance on any single energy resource or route, innovation inherently spreads
risk. For example, if Kazakhstan develops green hydrogen in the future, that could
open a new export revenue that does not correlate with oil price fluctuations, thereby
stabilizing income. The low-carbon transition, often deemed a risk to oil-dependent
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economies, can also be an opportunity to hedge against the decline of fossil fuels. In
this light, Kazakhstan’s updated NDC and carbon neutrality pledge by 2060 can be
interpreted not just as environmental altruism but as a long-term risk management
framework. The IEA’s analysis of Kazakhstan recommends modernizing energy
infrastructure and phasing out fossil subsidies urgently, to meet climate goals and
ensure resilience— essentially tying together risk reduction (less waste, less emissions
risk) with innovation (new tech, clean energy) (Akhigbe et al., 2024). The discussion
concurs that Kazakhstan should press ahead with these reforms. The trade-offs
(like short-term cost of transition, potential social impacts of higher tariffs) need
to be managed through careful policy (e.g., targeted support for vulnerable groups
alongside tariff hikes).

In conclusion, comparing our results with existing opinions reveals broad
agreement that diversification, sound financial management, and innovation are the
pillars for reducing Kazakhstan’s FEC risks. Our contribution provides a more detailed
roadmap and quantification for these pillars. Potential weaknesses or criticisms of our
approach may include the uncertainty of scenarios (e.g., one could argue we assume
renewables will indeed be integrated smoothly, which depends on grid upgrades and
storage — an area Kazakhstan must invest in). Additionally, some might point out that
as long as oil and gas remain profitable, there will be political temptation to delay
diversification (the so-called resource curse of complacency in boom times). This is
avalid concern: e.g., after the 2000s oil boom, diversification initiatives slowed. The
current government appears aware of this, hence the insistence on innovation even
when oil prices are decent. Ensuring consistent policy commitment is key — a matter
beyond pure economic analysis, touching on governance and public administration.

Future research could build on this work by conducting stress tests at the company
level (how would KMG or KEGOC fare under various shocks) or evaluating social
implications (how to retrain workforce from fossil industries to new sectors, as part
of just transition). But from a macro and sectoral perspective, this discussion affirms
that Kazakhstan’s path forward lies in managing what it cannot control (global
markets) by fortifying what it can control (financial buffers, domestic reforms, and
innovation). The results and comparisons demonstrate that with prudent strategies,
Kazakhstan can turn its fuel-energy complex from a source of vulnerability into a
foundation for stable and innovative growth.

Conclusion. In summary, the research findings lead to several key conclusions
regarding financial and risk management strategies for Kazakhstan’s fuel and energy
complex under conditions of innovative development:

1. Reducing over-reliance on oil and gas is critical for mitigating risk. This includes
diversifying the energy mix (greater development of renewable energy, hydro, and
potentially nuclear) and diversifying export routes and markets. A more balanced
energy portfolio will lower vulnerability to commodity price swings and transit
disruptions, enhancing energy security. In practice, this means sustained support
for renewables (to reach the 15% by 2030 target and beyond) and investment in
alternative export infrastructure (e.g. Caspian routes, LNG or value-added products)
should be strategic priorities.
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2. Effective financial management requires maintaining and prudently using
stabilization mechanisms like the National Fund and keeping public debt at sustainable
levels. The government should continue to refine fiscal rules to avoid pro-cyclical
spending — saving more in boom times and drawing down in lean times, within
limits. This smoothing will protect critical investments in innovation even during
downturns. Additionally, improving non-oil revenue (tax reforms, widening the tax
base) will reduce the budget’s sensitivity to oil price shocks. By enhancing fiscal
discipline and transparency (e.g., limiting off-budget expenditures and discretionary
fund transfers), Kazakhstan can ensure that it has the financial resilience to support
long-term innovative projects irrespective of external volatility.

3. Both at the national and corporate level, adopting systematic risk management
is necessary. This includes scenario planning (as used in this study) to inform
decision-making, the use of hedging instruments to manage price risk for oil exports,
adequate insurance coverage for infrastructure, and regular stress-testing of key
energy companies and projects for various risk factors. The creation of integrated risk
management units within major energy companies and better corporate governance
will help identify and respond to risks early . For example, the government and KMG
could explore hedging a portion of oil output to secure minimum price levels, and
power companies should plan for contingency fuel supplies and reserve margins to
handle extreme peaks or outages. Adopting international standards (ISO 31000) and
seeking independent audits of risk management systems can further professionalize
this aspect.

4. Invest in Innovation and Infrastructure Modernization: Innovative
development should be leveraged as a risk mitigation tool. Investments in upgrading
aging infrastructure (power plants, grids, pipelines) will reduce operational failures
and energy losses, directly addressing one of the sector’s prominent internal risks.
Furthermore, embracing new technologies — such as smart grid management, digital
monitoring of pipeline integrity, and advanced drilling and recovery techniques —
can improve efficiency and reduce costs, strengthening financial performance. The
government’s focus on cleaner energy (e.g., distributed solar, energy storage pilot
projects) and energy efficiency programs should continue, as they not only pursue
climate goals but also improve the robustness of the energy supply. In essence,
modernization efforts (many of which qualify as innovative developments) are
investments into the long-term stability and productivity of the FEC. These efforts
will require significant capital; thus, public-private partnerships and attracting
foreign direct investment into these projects will be important, supported by the
improved financial and regulatory environment.

Overall, the integration of sound financial management with proactive risk
mitigation and innovative growth forms the cornerstone of a sustainable strategy
for Kazakhstan’s fuel and energy complex. By following the outlined strategies
— diversifying energy sources and revenues, maintaining financial safeguards,
institutionalizing risk management, and modernizing infrastructure through
innovation — Kazakhstan can enhance its energy security and economic resilience.
These measures will enable the FEC to continue as a driving force in the national
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economy, while progressively reducing its exposure to external shocks and paving
the way for a transition to a more diversified, technologically advanced energy
sector. The practical implication is that policymakers and industry leaders should
treat innovation not as a separate agenda but as an integral part of risk management,
and vice versa, thereby ensuring that the sector’s evolution in coming decades is both
sustainable and secure.
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