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Abstract. Relevance of the study. In Kazakhstan, digital transformation is
declared one of the systemic priorities of public administration and sustainable
development; however, in the green economy there remains a gap between strategic
low-carbon development goals and the actual practices of applying digital solutions.
The insufficient level of digitalization of financial instruments of state regulation
limits the effectiveness, transparency, and accountability of environmental policy,
complicates monitoring of target indicators, reduces the quality of interagency
coordination, and increases transaction costs for both the state and business. At the
same time, key regulatory mechanisms - tax incentives, subsidies, budget financing
of environmental measures, and the national emissions trading system - operate
largely at a low or medium level of digital maturity. This results in fragmented data,
incompatibleinformationsystems,and more complex verification ofthe environmental
effects of implemented measures. Purpose of the study. To conduct a comprehensive
assessment of the digital maturity of financial instruments regulating Kazakhstan’s
green economy, identify institutional and technological barriers to digitalization,
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and substantiate priority directions and architectural solutions for implementing
digital financial instruments that enhance the effectiveness and controllability of
environmental policy.esearch methods. The study employs institutional analysis,
international comparative analysis, content analysis, trend analysis, and SWOT
analysis, enabling an integrated assessment of digital transformation, systematization
of barriers, and identification of global best practices. Results of the study. The
hypothesis that the potential of digital financial instruments significantly exceeds
their actual level of use in Kazakhstan due to technological fragmentation and
institutional misalignment was tested. The findings confirmed the hypothesis and
demonstrated the need to develop an integrated digital platform for green finance,
incorporating MRV 4.0, an ESG registry, automated verification mechanisms, and
blockchain-based issuance of green bonds. Practical significance. The results can be
used to develop a national roadmap for the digitalization of environmental regulation,
modernize financial incentives for sustainable development, and improve the quality
of public decision-making in the green economy.

Keywords: digitalization, green economy, financial instruments, ESG, MRY,
state regulation
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Aunnotauusi. 3epmmeyoiy oszexminici. Kazakcranaa nudpislk Tpanchopmanus
MEMJIEKETTIK 0acKkapy MEH TYPaKTbl JaMyObIH XYHeNik O0achIMABIKTapbIHBIH Oipi
peTiHae alKpIHAAIFaHBIMEH, JKAachll JKOHOMHKA CalachblHAa TOMEHKOMIpTEKTI
JaMy JKOHIHJIETl CTPaTeTHSUIBIK MakcarTap MeH IUQPIBIK IIeNiMIepai HaKThI
KOJIIaHy TKipHOECiHIH apachblHa ajIIaKThIK cakTaiyaa. MeMIIeKeTTIK peTTeyain
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KapKbUIBIK KYpalAapblH HU(PIaHABIPY NEHIeHiHIH >KETKUTIKCI3AIrT IKOMOTHSUTBIK
CasiCaTTBIH HOTHIKEJIUIIIH, AlIBIKTHIFBIH JKOHE €CENTUIINH INEKTEHIl, MaKCaTThl
WHAWKATOpJIApFa KOJI KETKi3yAi MOHUTOPUHITEY/l KUBIHIATabl, BEAOMCTBOAPAIIBIK
y#JiecTipy canachlH TOMEHAETE I KOHE MEMIICKET IeH OM3HEC YILiH TPaH3aKIHSUTBIK
WBIFBIHAAPABl  apTThipanbl. COHBIMEH Karap, pPeTTeydiH Heri3ri TeTikrepi -
CAIBIKTBIK JKEHUITIKTEp, cyOcuausiay, TaOMFaTTBl KOpFay ic-IIapayiapblH
OIOKETTIK KapKbUIAHIBIPY YKOHE IIBIFAPBIHABUIAD CayAaChIHBIH YITTHIK KYHeci -
KeOiHe nu(PIBIK KETUTYAiH TOMEH HeMece opTa JeHreinae xymbic icteiini. byn
JepeKTepIiH ObITHIPAaHKBUIBIFBIHA, aKIMAPATTHIK KOHTYPJIApIbIH YHJIecTeyiHe jKoHe
iCKe achIpBUIBII KATKaH IIapajapAblH SKOJOTHUSIIBIK 9CEpiH BepH(UKalusIayabIH
KYpIeJeHyiHe anbill Kenedi. 3epmmeyoiy maxcamol. Ka3akCTaHHBIH KachLT
9KOHOMHKACHIH PETTEYAET1 KapKbUIBIK KYpalaapablH HUQPIBIK KETUTy AeHreliHe
KemieHAi Oaramay Kyprizy, UMGPIaHIBIPYAbIH HHCTHUTYLHOHAJIBIK O KOHE
TEXHOJOTUSUIBIK ~KeAepriiepiH aHbIKTay, COHAal-aK SKOJOTUSUIIBIK CasicaTTbIH
TUIMITNT MeH OacKapbUIyblH apTTBIPAThIH LUQPIBIK KapKbUIBIK Kypalgapabl
EHri3yre apHajraH OachbIM OaFbITTap MEH apXUTEKTYPaJblK LICHIIMICPAl HEri3aey.
3epmmey adicmepi. IHCTUTYUMOHANIBIK TalAay, XaJbIKapajblK CalbICTHIPMAJIbI
Tangay, KOHTEHT-Tanaay, TpeHA-Tanaay koHe SWOT-tanmay KongaHbUIABL.
Byn Tocinmep mmdpaslk TpaHchOpMalMAHBI KelleHIi Oaraiayra, Keaepruiepai
KyHeneyre j>koHe oJeMIIK Y3IiK ToxipuOenephi >KMHaKTayFa MYMKIHIIK Oepi.
3epmmey namuoicenepi. TeXHONOTHSIIBIK (parMeHTAPIBIK IEH HHCTUTYLIMOHAIIBIK
yinecneyminik cannapbiHan Kazakcrannarbl TUQPIBIK KapKbUIBIK KypangapAblH
oneyeTi onapAbpl HaKThl MaiijanaHy JeHIeHiHeH enoyip JKOFapbl AEreH THIIoTe3a
Tekcepingi. Horwxkenep rumoresansl pactaabl koHe MRV 4.0, ESG-peectp,
aBTOMATTaH/ABIPbUIFAaH BepU(UKAIMS TETIKTEpi jKoHE OJNIOKYEHH HETi3iHAe JKachul
oOnuranysiap MWbIFapy MOIYJiH KAMTHTBIH JKAaChUT KApXKbIHBIH KEIIeHA1 [H(PIIBIK
1aTGOPMaCHIH KaJBIITACTHIPY KAXKETTIT1H KOPCETTI. [Ipakmuxanvlx Mayui30b11618bL.
Hotmxenep 3KONOTHSIBIK pETTEYAl LUQPPIAHABIPYABIH YITTBIK KOJI KapTachlH
o3ipieyse, TYpakThl AaMyAbIH KapKbUIBIK BIHTAIAHABIPYIAPbIH KAHFBIPTYIA JKOHE
JKachlJl SKOHOMHUKA CalachIHAAaFbl MEMJICKETTIK LICIIIMIEPAiH canacklH apTThIpyaa
KOJIIAHBLTYbl MYMKIH.

Tyiiin ce3nep: uudpnanabipy, *Kacbll SKOHOMHUKA, KapKbUIBIK Kypainap, ESG,
MRYV, MEMIICKETTIK peTTey

3epmmey Kazaxcman Pecnyonukacol £ vlivimocone sco2apol OLiM MUHUCTPIICIHIH
Fouoim  komumemi  Kaporcolianovipamoin AP26100603  «)Kacwin 3xoHoMuKarsl
KOO0y MakcamvlHOd MeMIeKemmiK KapiiCuLIblK pemmey KYpaioapbin 23ipiey MeH
KONOAHYOblH UHHOBAYUSIBIK 20ICMEPL» SPAHMMBIK HCOOACHL ASCHIHOA OPLIHOALObL.
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AnHoTamms. AxmyarvHocmb  ucciedosanus. B Kaszaxcrane umdpoas
TpaHcopMaIus 3asiBlieHa KaK OJIMH M3 CHCTEMHBIX TIPUOPHTETOB TOCYAapCTBEHHOTO
VIPAaBICHUS W YCTOWYMBOIO PAa3BUTHs, OJHAKO B cdepe 3eIEHOH 3SKOHOMHUKH
COXPAHSIETCS Pa3pPhIB MEXKy CTPATETHUECKUMHU LIEJISIMA HU3KOYITIEPOIHOTO PA3BUTHS
U peallbHbIMU TMpPaKTHKaM{ NpUMeHeHHs IU(POBBIX pemieHni. HemocraTouHslit
ypOBEeHb  IU(POBH3ALUK  (UHAHCOBBIX  HHCTPYMEHTOB  TOCYIapCTBEHHOTO
PEryJlIMpOBaHUs OTPAaHUYMBAET PE3YJIbTaTUBHOCTb, IPO3PAYHOCTh U MOJOTYETHOCTH
SKOJIOTUYECKOM IOJIMTUKY, 3aTPYyIHSET MOHMTOPHHI JIOCTUXKECHMS LIEJIEBBIX
HMHJMKAaTOpPOB, CHMKAET KAYECTBO MEKBEIOMCTBEHHOW KOOPAMHALMM M ITOBBIIIAET
TpaH3aKLIMOHHBIE W3ICPKKU JUIsi TocyaapcTBa W OuzHeca. [Ipw 3TOM KIrOYeBBIE
MEXaHHM3MbI PETYIIMPOBAHUS - HAJIOTOBBIC JIbIOTHI, CYOCHUANPOBAaHUE, OIOKETHOE
(uHAaHCUpOBaHUE TNPHUPOJOOXPAHHBIX MEPONPHUSATHH W HalMOHAJbHAas CHCTEMa
TOPIOBJIHM BbIOpOCAaMH - (PYHKIMOHUPYIOT MPEUMYIIECTBEHHO INPH HU3KOM HIIH
Cpe/iHeM ypoBHE I(POBOI 3peNOCTH, YTO MPUBOIHUT K PparMEeHTAPHOCTH AAHHBIX,
HECOBMECTHMOCTH HWH(OPMAIIMOHHBIX KOHTYPOB M YCJIOXHSET BepH(UKAIHIO
sKkosioruueckoro 3ddekra peamusyembix Mep. [lens uccredosanus. IlpoBectH
KOMIUIEKCHYIO ~ OLEHKY IU(PPOBO 3penocTd (PUHAHCOBBIX HMHCTPYMEHTOB
peryaupoBaHus 3e1€HOM ASKOHOMUKM KaszaxcraHa, BBIIBUTh MHCTUTYLIMOHAJIbHBIE
U TEXHOJIOTHYECKHE Oapbepbl IUPPOBHU3ALINY, & TAKXKe 000CHOBATh MPUOPHUTETHEIE
HaNpaBleHUsT W  APXHUTEKTYpHBbIE pEUICHUS s BHEApPEHHS LUPPOBBIX
(PMHAHCOBBIX WHCTPYMEHTOB, OOCCIICUMBAIOIIMX MOBBIIICHHE 3(PPEKTUBHOCTH U
YIPaBISIEMOCTH SKOJOTHYECKOW MOMUTUKUA. Memoowl uccredosanus. IlpumeHeHb!
WHCTUTYIIMOHAJIBHBIM aHAIN3, MEXAYHAPOAHbIA CPAaBHUTEIbHBIN aHAIU3, KOHTCHT-
aHaynu3, TpeHa-aHamu3z W SWOT-aHanu3, 4TO MO3BOJNIMIO KOMIUIEKCHO OLIEHUTH
IUpPOBYIO TpaHCHOPMAIIHIO, CUCTEMATU3UPOBATh Oapbepbl U JIyUIINE MHUPOBHIC
MPaKTUKH. Pe3ynomamol ucciedosanus. llpoBepena rumoresa o ToM, 4TO HOTEHIHAI
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UUpPOBBIX (PUHAHCOBBIX HMHCTPYMEHTOB CYIICCTBEHHO TIPEBBIIIACT YPOBEHb
ux (akTuueckoro mcnonb3oBaHMs B Kazaxcrane BCIEACTBHE TEXHOJIOTMYECKOM
(parMEeHTapHOCTH W HMHCTHTYLMOHAIBHOW HECOINIaCOBAaHHOCTU. Pe3yibTarsl
MOATBEPIMIIN TUIIOTE3Y M MOKa3aJld HEOOXOJUMOCTh (POPMUPOBAHUS KOMIICKCHOM
uupoBoit TiaThopmbl 3eNEHBIX GUHAHCOB, BKItodaronieii MRV 4.0, ESG-peectp,
ABTOMATHU3MPOBaHHbIE MEXaHW3MbI BEpU(HUKAIIMK M BBITYCK 3€NEHBIX OONUTAINHA
Ha Oasze OmokueiiHa. [Ilpaxkmuueckas 3uauumocmy. Pe3ynbTarsl MOTYT OBITH
HCTIOJIb30BaHbl TIPH Pa3pabOTKe HAMOHAJIBHOW JTOPOKHOM KapThl HU(PPOBH3ALUH
9KOJIOTUYECKOTO  PEeTyIHPOBaHMS, MOJIEPHU3AMKH  (UHAHCOBBIX  CTUMYJIOB
YCTOWYMBOTO PAa3BUTHSI M IMOBBILICHHM KayecTBa TOCYAapCTBEHHBIX PEUICHUU B
cepe 3en€HON IKOHOMUKHU.

KioueBble cioBa: nudpoBu3amms, 3eieHas OSKOHOMHUKA, (DUHAHCOBBIC
nHcTpyMmeHThl, ESG, MRV, rocynapcTBeHHOE perynupoBaHue

Hccnedosanue evinonneno 8 pamkax epanmoeozo npoekma Komumema nayku
Munucmepcmea uayku u evicuteco oopasosanus Pecnyonuxu Kasaxcman HUPH
AP26100603 «Hnnosayuonrvle Memoodsvl cO30aAHUsL U NPUMEHEHUS UHCIMPYMEHMOG
20CY0apCmeeHH020 (UHAHCOB020 De2YIUPOBAHU 8 YENsIX NO00EPICKU 3eleHOl
9KOHOMUKUY.

Introduction. The rapid development of the green economy and the intensifying
global shift toward decarbonization are creating new requirements for state regulatory
systems, where digital financial instruments are beginning to play a key role. The
transition to low-carbon development is impossible without enhanced transparency,
accuracy, and efficiency of financial flows directed toward environmental projects.
However, traditional mechanisms of state regulation - such as tax incentives, subsidies,
budgetary financing, public grants, and investment programs - demonstrate limited
effectiveness in the context of digital transformation, insufficient integration with
ESG standards, and low data-processing capacity (OECD, 2023: 18). In Kazakhstan,
this issue is particularly pronounced: the country lacks a unified digital ecosystem
for assessing carbon risks, monitoring green investments, and verifying the targeted
use of public funds (Nazarov, 2022: 44).

International experience shows that the implementation of digital financial
instruments - digital subsidies, tax platforms, blockchain registries of carbon projects,
digital green bonds, and automated emission-monitoring systems - significantly
improves the transparency of state regulation and reduces transaction costs (World
Bank, 2021: 53). Digital mechanisms for supporting sustainable finance have
become especially effective in the EU, South Korea, and Canada, where government
platforms are integrated with corporate ESG reporting and carbon-pricing systems
(Lee, 2020: 112).

Despite several initiatives in Kazakhstan - such as the introduction of the National
Emissions Trading System, the development of digital public-service platforms,
and the creation of a regulatory framework for green finance - a systemic problem
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persists: the lack of digitalization of key financial instruments of state regulation that
are intended to stimulate green projects (Aitmykhambetova, 2021: 67). Fragmented
datasets, the absence of end-to-end digital verification of emissions and risks, and
weak integration between regulators and financial institutions form institutional
barriers to the development of the green economy (Baimenov, 2022: 91).

Thus, an objective problem situation exists: the potential of digital financial
instruments to stimulate the green economy significantly exceeds their current level
of implementation, reducing the effectiveness of state regulation and slowing down
the decarbonization process. The purpose of this study is to develop a theoretical
and methodological foundation and identify mechanisms for implementing digital
financial instruments of state regulation in Kazakhstan’s green economy, taking into
account international experience, digitalization risks, and sustainable-development
requirements.

Materials and Methods. The materials used in this study include regulatory
and legal documents of the Republic of Kazakhstan in the fields of environmental
regulation and digital economy, strategic state programs (the National Decarbonization
Plan, the Concept for Transition to a Green Economy, Digital Kazakhstan), reports
of international organizations (OECD, 2023; World Bank, 2021), UNDP analytical
reviews (2021), as well as scientific publications by domestic and foreign researchers
devoted to the digitalization of public administration, green finance, and sustainable
development instruments (Aitmykhambetova, 2021; Nazarov, 2022). Additional
sources include data on the operational activities of the European Union Emissions
Trading System (EU ETS), national carbon markets, and digital emissions-monitoring
platforms in OECD countries.

The methodological framework is based on a comprehensive interdisciplinary
approach combining institutional analysis, methods of the digital economy,
environmental modeling, and comparative studies. At the first stage, a structural—
logical analysis was conducted, allowing the systematization of existing types of
digital financial instruments of state regulation - digital subsidies, tax platforms,
blockchain registries of carbon projects, green bonds, and ESG-reporting platforms
(OECD, 2020: 45). This stage made it possible to form a typology of instruments and
identify factors influencing their effectiveness in the context of the green economy.

At the second stage, institutional analysis was applied to assess the barriers to
implementing digital tools in Kazakhstan’s system of state regulation. This involved
the author’s interpretation of regulatory acts, procedural analysis, administrative
constraints, and digital gaps between government agencies and financial institutions
(Baimenov, 2022: 94).

The third stage relied on methods of international comparative analysis, enabling
the comparison of digitalization practices of financial mechanisms for the green
economy in the EU, South Korea, Canada, and Kazakhstan. Particular attention was
paid to carbon-pricing approaches, digital emission-monitoring systems, regulatory
platforms for environmental reporting, and the structural features of state support
instruments (Lee, 2020: 112; World Bank, 2021: 87).
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At the fourth stage, economic and statistical methods were used - content analysis,
trend analysis, and expert evaluation. Content analysis was applied to classify
studies and international reports reflecting the maturity of digital tools for green
finance (UNDP, 2021: 21). Trend analysis made it possible to identify the dynamics
of digitalization in environmental regulation in Kazakhstan and to determine the
development tendencies of state financing tools for green projects (Zhusupova,
2020: 52).

At the final stage, SWOT analysis was employed to identify the strengths and
weaknesses of the current model of digitalization in state regulation, as well as to
assess opportunities and risks associated with the implementation of digital financial
instruments in Kazakhstan’s green economy. The obtained results form a theoretical
basis for developing recommendations and mechanisms for integrating digital
financial instruments into the national regulatory framework.

Results and Discussion. The study produced a set of results that made it possible
to assess the current level of digitalization of financial instruments of state regulation
in Kazakhstan’s green economy, identify systemic barriers, and determine promising
directions for the implementation of digital solutions.

The first result relates to the evaluation of the digital maturity of key financial
instruments of state regulation, including tax incentives, subsidies, budgetary
financing, green bonds, and carbon-regulation mechanisms. The analysis of
regulatory documents, digital platforms of government agencies, and international
practices (OECD, 2023; UNDP, 2021) made it possible to classify digitalization
levels ranging from “low” to “high,” with Kazakhstan scoring only 1.5-3.2 out of 5
OECD maturity points compared to 3.7—4.6 in OECD countries.

Table 1. Digital Maturity Level of Financial Instruments of State Regulation in Kazakhstan’s Green
Economy (with digital indicators)

Financial | Current Level of |Key identified | Digital | MRV Digital | Estimated
instrument | status digital- | limitations reports | accuracy |coverage |cost
ization (%) (%) (%)
Tax applied Low no digital 18% |35% 22% ~28-32
incentives | selectively monitoring bln KZT
platform
Subsidies | functioning | Medium | weak 46% 58% 41% ~15bin
for EE automation KZT
projects
Budget applied Medium | fragmented 52% | 60% 48% ~ 12 bin
financing datasets KZT
Green being Medium-— | no ESG registry | 67% 71% 54% ~ 5-7 bin
bonds introduced | High KZT
National |functioning |Medium |outdated MRV | 49% 55% 43% ~20-25
ETS bln KZT
Grants in | functioning | Low weak reporting | 24% 38% 29% ~ 10 bin
ecology KZT

Note — compiled by the authors.
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The results show that none of the financial instruments in Kazakhstan has
reached a high level of digitalization; most fall within the “low” and “medium”
categories. This underscores the relevance of developing an integrated digital
platform for state regulation of the green economy, similar to the systems
used in the EU and the Republic of Korea (Lee, 2020: 118).

The second major result concerns the analysis of existing institutional and
infrastructural barriers hindering the adoption of digital financial instruments.
Based on content analysis of regulatory documents, expert reports, and
international studies, the key groups of barriers were identified.

Table 2. Digital Maturity Level of Financial Instruments of State Regulation in
Kazakhstan’s Green Economy

Financial instrument Current status | Level of digitalization Key identified
limitations
Tax incentives for green | applied selectively |Low no digital monitoring
projects platform
Subsidies for energy- functioning Medium weak automation of data
efficient projects verification
Budget financing of green | applied Medium fragmented data between
programs agencies
Green bonds being introduced | Medium-high absence of a unified
digital ESG registry
National Emissions functioning Medium outdated MRV system,
Trading System (ETS) limited integration
Government grants in functioning Low weak digitalization of
ecology reporting

Note — compiled by the authors

The analysis of digital maturity indicators for the financial instruments of state
regulation in Kazakhstan’s green economy reveals substantial heterogeneity in the
development of digital solutions, as well as significant systemic constraints that
impede the effective implementation of environmental policy.

To begin with, instruments exhibiting a low level of digitalization include tax
incentives for green projects and government grants in the environmental sector.
The primary challenges concern the absence of specialized digital platforms for
monitoring tax incentives and the weak digitalization of reporting under grant
programs. These deficiencies reduce the transparency of support mechanisms,
complicate data verification, and increase the risk of misallocation or inefficient use
of funds.

Subsidies for energy-efficient projects, budgetary financing, and the National
Emissions Trading System (ETS) demonstrate a medium level of digitalization.
Although these mechanisms are formally operational, their digital effectiveness
remains constrained by weak integration of ministerial databases, low levels of process
automation, and outdated procedures for monitoring, reporting, and verification
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(MRV). Fragmentation of data across governmental agencies significantly reduces
the timeliness of administrative decision-making and hinders the targeted allocation
of financial resources.

The highest - medium-to-high - level of digitalization is observed in the area of
green bonds. However, the further development of this instrument is constrained by
the absence of a unified digital ESG registry capable of verifying the environmental
significance of projects, monitoring issuer compliance, and preventing greenwashing.
This limitation critically restricts the potential for scaling up the green finance market
and attracting private investment.

Summarizing the table’s results, it can be noted that none of the key financial
instruments of state regulation has reached a high level of digital maturity, which
confirms the fragmented nature of digitalization in Kazakhstan’s green economy.
The challenges are primarily associated with technological and organizational
constraints, the lack of an integrated national digital infrastructure, and insufficient
interoperability among regulators, financial institutions, and market participants.

The findings highlight the need for a systematic digital transformation of green
financing mechanisms, including the introduction of MRV 4.0, the establishment
of digital ESG registries, the automation of subsidies and tax incentives, and the
development of integrated digital platforms for state regulation.

Table 3. Key Barriers to Digitalizing Financial Instruments in the Green Economy

Barrier group Characteristics Consequences

Regulatory absence of digital regulations, outdated slowdown in the introduction of
reporting procedures digital services

Technological weak integration of departmental databases, | unreliability of emissions data
absence of MRV 4.0

Institutional insufficient coordination among the Ministry | reduced regulatory effectiveness

of Finance, Ministry of National Economy,
and business associations

Financial limited funding for green-economy lack of scalable solutions
digitalization

Human resources | shortage of ESG analysts and digital finance | poor quality of project
specialists management

The analysis of the key barriers to digitalizing financial instruments of
Kazakhstan’s green economy demonstrates that the existing constraints are systemic
and multilayered, spanning regulatory, technological, institutional, financial,
and human-capital domains. Such a combination of factors significantly slows
the implementation of digital solutions and reduces the effectiveness of state
environmental policy.

The analysis of the key barriers to digitalizing financial instruments of
Kazakhstan’s green economy demonstrates that the existing constraints are systemic
and multilayered, spanning regulatory, technological, institutional, financial,
and human-capital domains. Such a combination of factors significantly slows
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the implementation of digital solutions and reduces the effectiveness of state
environmental policy.

To begin with, regulatory barriers are associated with the absence of modern
digital regulations and the continued reliance on outdated reporting procedures. This
slows the introduction of digital services, complicates data-exchange processes, and
impedes the automation of environmental project monitoring. Insufficient adaptation
of legislation to the digital environment generates a high level of administrative
barriers for market participants.

Technological barriers are the most critical. Weak integration of departmental
databases and the absence of MRV 4.0 lead to low reliability of emissions data. This
is confirmed by the fact that the average accuracy of MRV processes in Kazakhstan
is only 55%, whereas in EU countries employing MRV 4.0 this figure reaches 85—
92%. The insufficient level of automation in emissions monitoring creates risks of
data distortion, prevents accurate accounting of carbon flows, and complicates the
implementation of carbon pricing mechanisms.

Institutional barriers manifest in weak coordination between the Ministry of
Finance, the Ministry of National Economy, sectoral agencies, and the business
community. The absence of a unified digital architecture and harmonized data-
exchange procedures diminishes the manageability of green projects and undermines
the effectiveness of state policy. Such fragmentation of institutional interaction
prevents the creation of an integrated digital platform for regulation.

Financial barriers are expressed through limited funding for the digitalization
of the green economy. Funding shortages hinder the development of scalable IT
solutions, slow the introduction of digital technologies, reduce the quality of digital
infrastructure, and constrain opportunities for modernizing MRV systems, ESG
reporting, and green-finance platforms.

Human-capital barriers include a shortage of specialists in ESG analytics, big-
data analysis, and digital finance. The lack of qualified experts lowers the quality of
project management, restricts the potential for implementing digital solutions, and
prevents the formation of competent managerial structures in the green economy.

Summarizing the data presented in the table, it can be concluded that technological
and institutional barriers are the most significant, as they simultaneously affect
data accuracy, regulatory transparency, and the quality of public expenditures.
These constraints pose systemic risks for the digital transformation of the green
economy and require comprehensive reform of the regulatory, organizational, and
technological foundations of state regulation.

The results confirm the need to introduce an integrated model for assessing the
readiness of the state system, based on SWOT analysis, which will make it possible
to identify strategic directions for digitalization and enhance the effectiveness of
Kazakhstan’s environmental policy.
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Strengths (S)

Political support for the green economy
(Nazarov, 2022: 37);

Functioning of the national emissions trading
system (ETS) as a platform for primary carbon
regulation;

Weaknesses (W)

Lack of a unified digital system for monitoring
green investments;

Fragmentation of data across agencies;

Low level of digitalization of subsidies and tax

incentives.
Development of digital public services and

integration of databases

Opportunities (0)

Integration of a next-generation MRV Threats (T)

platform; High technological risks;
Issuance of digital green bonds; Cybersecurity risks to financial flows;

Connection to international ESG registries. Low digital maturity of some public authorities.

Figure 1 — Summary Analytical Result (SWOT Analysis)

Based on the study, three key conclusions can be made:

1. There is a lack of high-level digitalization, with an overall readiness index of
only =~ 2.4 out of 5.

2. Systemic technological and institutional barriers hinder implementation.

3. There is a strong need for an integrated digital platform that improves data
verification accuracy from the current 55% to at least 80—85%.

The findings demonstrate that the digitalization of Kazakhstan’s financial
instruments for regulating the green economy is still at an early stage and is
characterized by fragmentation and limited technological integration. Despite
the existence of a regulatory framework, political commitment to low-carbon
development, and initial steps toward digitalization of the public sector, the regulatory
system still lacks the level of digital maturity required for effective functioning under
growing environmental challenges and international obligations.

1. Comparison of Kazakhstan’s Digital Maturity Indicators with International
Practice.

A comparison of the levels of digitalization of Kazakhstan’s financial regulatory
instruments with those of OECD, EU, and East Asian countries reveals significant
differences both in institutional logic and in the technological foundations of
environmental policy. In OECD countries, digital public platforms are widely used
to automate tax incentives, subsidies, carbon pricing, and environmental monitoring
(OECD, 2020: 52). For example, in EU countries, next-generation digital MRV
(Monitoring, Reporting, Verification) platforms operate actively, integrated with
national carbon registries and banking systems. These solutions enable governments
to rapidly verify emissions data, track the effectiveness of subsidies, and prevent

manipulation in ESG reporting.
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The findings show that similar tools in Kazakhstan have been implemented only
partially, which explains the low levels of digital maturity and weak integration
between tax and financial mechanisms for promoting green projects. These
conclusions are consistent with Baimenov’s findings (2022: 101), who also notes the
fragmentation of governmental digital services in the environmental sector.

2. Data Fragmentation and Institutional Inconsistency.

The conducted SWOT analysis confirmed that one of the key weaknesses of
Kazakhstan’s digitalization model is data fragmentation and the absence of a unified
digital space forregulators. Separate databases of the Ministry of Ecology, the Ministry
of Finance, energy companies, and financial institutions function autonomously,
which significantly reduces the accuracy and reliability of environmental indicators.

Comparative international evidence shows that high levels of digitalization are
achieved through the creation of integrated digital ecosystems. For example, South
Korea operates a unified digital platform for environmental finance that connects
data from banks, companies, government agencies, and independent verifiers (Lee,
2020: 117). Kazakhstan currently lacks such infrastructure, which is also confirmed
in studies by Nazarov (2022: 48).

3. Technological Limitations: Absence of MRV 4.0 and Digital ESG Registries.

The results reveal substantial lag in digital emissions monitoring and green
investment tracking in Kazakhstan. The current MRV system does not meet modern
requirements: automated sensors, loT solutions, blockchain integration, and end-to-
end digital verification are absent, while many processes rely on manual inputs.

In contrast, MRV 4.0 is the core of digital green-economy systems internationally
(World Bank, 2021: 87). It ensures continuous emissions analysis, reduces corruption
risks, and prevents data falsification.

The absence of a digital ESG registry is also a key obstacle to the development of
green bonds and sustainable finance. In the EU and Canada, such registries verify the
environmental significance of projects, ensure transparency of financial flows, and
protect investors from “greenwashing.” Kazakhstan currently does not have such a
mechanism.

4. Gap Between Political Commitment and Digital Implementation.

Despite strong political support for the green economy, the digital transformation
of financial instruments is progressing slowly. The adoption of regulatory documents
is not accompanied by the development of digital infrastructure or automation
mechanisms, creating a gap between strategic goals and operational implementation.

UNDP (2021: 23) reaches similar conclusions, noting that the primary challenge
in Central Asian countries is the gap between declarative environmental initiatives
and the digital capabilities needed to implement them.

5. Opportunities for Digital Transformation: The Potential of a Platform-Based
Model

Despite the identified barriers, the findings indicate a high potential for digitalizing
green finance in Kazakhstan. Based on international experience, the following
promising directions can be outlined:
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- implementation of an integrated digital platform for state regulation of the
green economys;

- creation of a national ESG registry for companies and investors;

- digitalization of tax incentives, subsidies, and grants through automated
services;

- development of digital green bonds using blockchain technologies;

- implementation of MRV 4.0 and digital emissions-control systems.

These directions correspond to global trends described by Porter & Kramer (2011:
65) and Allen & Gu (2022: 224), where digital finance is emphasized as a foundation
for sustainable economic growth and effective state regulation.

6. Strategic Risks of Digitalization

The discussion also revealed several risks that must be considered when
implementing digital financial instruments:

1. high cybersecurity risks in the exchange of environmental and financial data;

2. insufficient domestic expertise in ESG analytics, big data, and digital finance;

3. technological dependence on foreign solutions;

4. the need for large-scale investment in digital infrastructure;

5. risks of social inequality arising from the digital divide.

These risks support the conclusions of OECD (2023: 64), which emphasizes that
digital transformation of environmental policy requires robust cybersecurity, human-
capital development, and state investment.

The discussion of the results confirms that Kazakhstan is at a critical stage of
the digital transformation of its green economy. Although the governance structure
and regulatory framework have already been established, the actual digitalization of
financial instruments is progressing slowly, remains systemically and technologically
constrained, and lacks sufficient institutional coordination.

The implementation of a digital platform-based regulatory model, along with
the introduction of MRV 4.0 and ESG registries, can become strategic drivers for
accelerating the transition to a green economy and enhancing the effectiveness of
state regulation.

Conclusion. The results of the study confirm the existence of a significant gap
between Kazakhstan’s strategic priorities for transitioning to a green economy and
the actual level of digitalization of financial instruments used in state regulation.
Most of the mechanisms currently in use - tax incentives, subsidies, budgetary
financing, and the national emissions trading system- operate at low or medium
levels of digital maturity, which reduces transparency, effectiveness, and the speed
of decision-making in environmental policy.

The analysis revealed systemic technological and institutional barriers that hinder
the implementation of digital financial solutions. The most critical among them are the
absence of a unified digital data space, outdated MRV procedures, weak integration
of governmental digital platforms, and insufficient coordination among regulators.
These barriers create risks of unreliable environmental data, reduce the effectiveness
of green-project incentives, and constrain the development of sustainable finance.

The comparison with international best practices demonstrated a high potential for
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the digital transformation of financial instruments in Kazakhstan. The introduction of
digital ESG registries, MRV 4.0, platform-based solutions for distributing subsidies
and tax incentives, as well as the use of blockchain technologies for green bonds, can
provide a qualitative breakthrough in state regulation.

The formation of an integrated digital platform model for regulating the green
economy is a key prerequisite for improving the effectiveness of public policy. Such
a model should unite regulators, financial institutions, businesses, and third-party
verifiers, ensuring transparency of financial flows, automation of data analysis, and
increased investor confidence.

The obtained results can be used for the following purposes:

— by government bodies when developing a digitalization roadmap for the green
economy;

—by the Ministry of Ecology and the Ministry of Finance to modernize mechanisms
of tax incentives, subsidies, and financing of environmental projects;

— by financial institutions in creating digital products in the field of green finance
(digital green bonds, ESG assessment tools, MRV solutions);

— by analytical centers for a comprehensive assessment of Kazakhstan’s readiness
to transition to a platform-based environmental regulation model;

— by developers of digital ecosystems for designing the architecture of a national
digital system for sustainable development.
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