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Abstract. The transition to sustainable industrial development increases the
importance of environmental, social, and managerial factors in the economy's
structural modernisation. The aim of the study is to identify sectoral differences in
the ESG transformation of Kazakhstan’s key industries and to determine priority
areas for their modernization. The empirical basis consists of official statistical
data, materials from the Kazakhstan Stock Exchange, and regulatory documents for
2015-2025. The analysis used 2025 indicators for the mining, manufacturing, and
energy sectors. We propose a method for creating an industry-specific ESG profile
without combining indicators into a single rating. The Environmental component
captures environmental protection costs and environmental investments; the
Social component covers wages, their dynamics, and occupational safety; and
the Governance component covers ESG disclosure, environmental monitoring,
and sustainable financing mechanisms. Significant heterogeneity in industry
ESG transformation has been identified. In the energy sector, environmental
investments accounted for 87.9% of environmental expenditures and 11.08% of
capital investments; in the manufacturing industry, they accounted for 35.2% and
0.18%, respectively; in the mining sector, they accounted for 9.8% and 0.52%,
respectively. Despite the highest wages, the real wage index in the mining sector
was 98.4%, compared to 102.5% in the manufacturing industry and 104.4% in the
energy sector. The results substantiate the need for a differentiated ESG policy:
for the extractive industry, technological environmental investments are a priority;
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for the manufacturing industry, green innovations, deepening of processing,
and digitalisation are priorities; for the energy sector, decarbonization, energy
efficiency, and infrastructure renewal are key. The proposed approach makes it
possible to account for sector-specific features when developing instruments of
state regulation and investment policy, and when assessing the sustainability of
structural transformations in the national economy.
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AHHoTanus. TypaKTbl @HEPKACINTIK JaMy¥Fa KOy SKOHOMHUKaHBI KYPBUTBIMIBIK
YKAHFBIPTY/IBIH OKOJIOTHSJIBIK, QJICYMETTIK )KoHE OacKapy (pakTopiIapbIHbIH MAHBI3bIH
apTThIpaabl. 3epTTeyniH MakcaThl-KasakcTaHHBIH 0a3anblK canaitapbiHbiH ESG-
TpaHcHOpPMAMACHIHBIH CaNaJIbIK aibIPMAIIBUIBIKTAPBIH aHBIKTAY >KOHE OJIap.bl
KAHFBIPTYAbIH OacklM OarbITTapblH aHKbBIHAAY. OMIMPHUKAIBIK HETI3l pecMu
CTaTUCTHUKAJBIK Jepekrep, KazakcTan Kop OMp:KachIHBIH MaTepuangapbl >KoHE
2015-2025 xputnapra apHalFaH HOPMAaTUBTIK KyKaTTap Kypanbl. Kepcerkimrepi
OipeiHFail peiiTuHTKe OipikTipMel cananblk ESG-OeiiHiH KadblTacThIpy 9fici
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yceiHBUIIEL. Environmental - KOMITOHEHT TaOWFATTHI KOpFay WIBIFBIHAAPHI MEH
AKOJIOTHSUTBIK WHBECTUIUSIAPABl CUMATTalbl; Social-KOMIOHEHT — IKaaksl,
OHBIH HaKThI TUHAMHUKACHI )KOHE OHIIPICTIK Kayirnci3nik; Governance-KOMIIOHEHT —
ESG-aknaparTsl amnry, SKOJOTHSIBIK MOHUTOPUHT JKOHE TYPAKTHI KapPKbUIAHIBIPY
tetiktepi. Canansik ESG-TpancdopManusicbIHbIH alTapiabIKTall TeTeporeHIiIir
AHBIKTAJIBI. DHEPreTHKaga SKOJOTHSUIBIK MHBecTHnHsiap TaOWFaTThl KOpray
IIBIFBIHAAPEIHBIH 87,9% — W koHe Kypaeni cameiMuapiabie 11,08%—., eHmey
eHepkaciOiHae Tuicinme 35,2 xone 3,18% -,, Tay-keH eHuipiciHme 9,8 xoHe
0,52% -. kypansl. EH KoFapbl allakblFa KapamacTaH, eHIIpyLIi CEKTOPIaFbl
HaKkThl kamakel wHIekci 98,4%, enaey eHepkociOinmeri 102,5% xoHe
sHepreTukanarsl 104,4% xkypansl. Hotmxenep capananran ESG casicaTbiHBIH
KOKETTUTITH HeTi3fel/Ii: eHMIpYIIi caia YIIH TEeXHOJOTHSUIBIK SKOJIOTHSIIBIK
WHBecTunmsinap, eHJEy calachl YIIH — JKachbUl WHHOBAIUSUIAp, OHICY/I
TEepPEeHICTY JKoHEe U PIaHABIPY, DHEpreTHKa YIIiH — JeKapOOHHU3aIus, SHEPTUS
THIMJILTIT %KoHE UHPPAKYPBUTBIMIBI )KaHAPTY 0ACHIMIIBIKKA He€. ¥ CBIHBLUIFaH TOCLT
MEMJICKETTIK perTey, HBeCTUIIUSIIBIK cascaT KypalJapbiH 93ipiiey ®KoHe YITTHIK
SKOHOMHKAHBIH KYPBUIBIMJBIK ©3T€PICTepiHIH TYPaKTBUIBIFBIH Oarajay Ke3iHJe
caJallbIK €peKINeTiKTep/Ii eCKepyre MyMKIH/IIK Oeperi.

Tyiiin ce3aep: ESG, KypbUIBIMIBIK KaHFBIPTY, ©HEPKACII, Tay-KeH ©HAIpici,
OHJIEY OHEPKACiOi, JHEPTeTHKA, TYPAKTHI laMy
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AnHoranusi. Ilepexon K yCTOMYMBOMY THPOMBILUIEHHOMY Pa3BHTHIO
MOBBIIACT 3HAYCHHE OSKOJOTMYECKUX, COLMAJBbHBIX W  YHPABICHYECKUX
(akTOpOB CTPYKTYpPHOH MOJCpHHM3alMM S3KOHOMHKH. Llenp uccinenoBanus —
BBISIBUTH OTpacieBbie pasznuuusi ESG-tpancdopmanmm 06a3oBbIX oTpacieit
Kazaxcrana u ompenenuTh NPUOPUTETHBIC HAMPABICHHUS HX MOACPHHU3ALMH.
OMOHUPUYECKYI0 OCHOBY COCTaBHJIM OQHUIMAIbHBIC CTATHCTHYECKHUE JaHHbBIC,
Mmarepuanbsl Kaszaxcranckoit (oHmoBol OHpXHM M HOPMATHBHBIE JOKYMEHTHI
3a 2015-2025 rr. MexoTpaciieBoi aHalu3 OpoBenEH Mo mnokaszarensm 2025 r
Ui TOPHOIOOBIBaOIEeH, 00pabaThiBalOIel MPOMBILUICHHOCTH W 3HEPIETUKH.
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[Ipennioxen meron hopmuposanus orpacieBoro ESG-npoduins 6e3 o6benunenns
nokaszaresied B eAMHBIM peHTHHT. Environmental-KOMIIOHEHT XapakTepu3yeT
MPUPOAOOXPAHHBIEC 3aTPAThl U HKOJIOTHYECKHE HHBECTULNH; Social-KOMIIOHEHT —
3apaboTHYIO TIIaTy, €€ peanbHyI0 AMHAMHUKY U IPOM3BOICTBCHHYIO O€3011aCHOCTH;
Governance-kOMIOHEHT — packpeitue ESG-undopmannu, skojgoruyeckuit
MOHHUTOPHHI M MEXaHU3MBbl YCTOMYMBOrO (D)UHAHCHPOBAHMs. YCTaHOBJICHA
CylIecTBEHHAast HEOAHOPOAHOCTh oTpacieBoit ESG-Tpancdopmarun. B sHepreruke
9KOJIOTUYECKUE WHBECTHLHHU cocTaBmin 87,9% NpUPOAOOXpaHHBIX 3aTpaT U
11,08% xanuTadbHBIX BIOKEHHH, B 00palaThIBalOMICH NPOMBIIIICHHOCTH —
35,2 u 3,18%, B ropHogoOsIBaromieit — 9,8 u 0,52% coorBeTcTBeHHO. HecmoTps
Ha HamOoJsiee BBICOKYIO OIUIATy TPyZAa, MHICKC PeajbHOH 3apaOOTHOM IiaThl B
noOwIBarolieM cekrtope cocraBun 98,4%, mporus 102,5% B oOpabarsiBaroreit
npombiienHocTn u 104,4% B osHepretuke. Pesynsrarbl  000CHOBBIBAIOT
HeoOxomumocTh auddepentupoantoir ESG-monmutuku: 1mas  qoObIBaroIen
OTpacid MNPUOPUTETHBI  TEXHOJIOTMYECKHE  HSKOJIOTHYECKHE WHBECTHLNH,
i oOpabarbiBaroliel — 3enéHble MHHOBAaLMHM, yDIyOneHue mepepaboTku u
uupOBU3ALMS, U SHEPreTUKU — JeKapOOoHU3alus, sHepro3pQekTuBHOCTD U
oOHOBJIeHHEe MH(pacTpyKTyphl. llpeanokeHHBIH MOAXOM MO3BOJISIET YUHTHIBATH
OTpacieBylo CHEHU(UKY NpH pPa3padOTKe HHCTPYMEHTOB TOCYIAPCTBEHHOIO
peryaupoBaHusi, HWHBECTHULHUOHHOW TOJWUTHKK UM  OIEHKE YCTOHYMBOCTU
CTPYKTYPHBIX IPe0Opa30BaHNii HAMOHATBHON SKOHOMHUKHU.

KuaroueBbie cinoa: ESG, cTpykTypHas MOAepHHU3alusi, MPOMBIIIIEHHOCTS,
rOpPHOJOOBIBAIOMINN CEKTOp, 0OpadarbiBaromiasi MPOMBILIJICHHOCTb, 3HEPIeTHKA,
YCTOMUMBOE pa3BUTHE, 3€IEHBIC WHBECTHLMH, KOPIOPATUBHOE YIpaBlICHHE,
Kazaxcran

Introduction. Structural modernisation increasingly extends beyond resource
reallocation and manufacturing growth. Technological innovation, climate
regulation, sustainable finance, and non-financial reporting requirements are
reshaping industrial competitiveness. Consequently, Environmental, Social, and
Governance (ESG) factors have evolved from investment risk assessment tools
into components of industrial, technological, and investment policies.

Research demonstrates the relationship between ESG performance and
technological innovation. Improved ESG practices can reduce financial
constraints and stimulate green innovation, while technological advances enhance
environmental performance (Zhang et al., 2024; Yang et al., 2024). These
effects vary across industries and depend on technological capabilities. Digital
transformation similarly improves carbon performance through green innovation,
particularly in technology-intensive manufacturing (Li et al., 2024).

Mining industries face specific ESG challenges related to emissions, resource
consumption, occupational safety, community relations, and corporate governance,
despite their strategic importance for the energy transition (Fikru et al., 2024).
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Sectoral differentiation is particularly relevant to Kazakhstan. In 2025,
industrial output reached KZT 62.6 trillion, with mining accounting for 44.3% and
manufacturing for 49.1%, jointly representing over 93% of industrial production
(Bureau of National Statistics, 2026). Industrial enterprises also generated 94.5%
(KZT 768.9 billion) of national environmental protection expenditures totalling
KZT 813.3 billion.

However, environmental expenditure levels do not necessarily indicate
technological modernisation. Distinguishing current environmental costs from
capital investments is essential for evaluating structural transformation. Similarly,
the social dimension of ESG requires assessing real wages, occupational safety,
value-added distribution, and human capital. At the same time, governance
indicators should reflect environmental monitoring, disclosure, integrated permits,
and Best Available Techniques (BAT).

The study aims to identify sectoral differences in ESG-driven structural
modernisation of Kazakhstan's economy and determine transformation priorities
for mining, manufacturing, and energy. The research systematises ESG influence
mechanisms, develops comparable sectoral indicators, evaluates environmental
and social performance, examines governance institutions, and identifies
differentiated transformation models. The scientific novelty lies in developing
sector-specific ESG profiles rather than aggregate ratings. This approach accounts
for technological differences and prevents compensation between fundamentally
distinct indicators: higher wages cannot offset insufficient environmental
investment. In contrast, substantial environmental expenditures do not necessarily
reflect technological modernisation.

Literature Review. The contemporary understanding of Environmental, Social,
and Governance (ESG) is gradually expanding beyond the traditional boundaries
of corporate finance and investment analysis. A growing body of research treats
ESG as a driver of technological innovation, a mechanism for alleviating financial
constraints, and a factor shaping corporate development models.

Using a sample of companies, Zhang et al. (2024) show that stronger ESG
performance positively influences both the quantity and quality of green
innovations. The authors identify three principal mechanisms underlying this
relationship: resource allocation, managerial improvements, and innovation-
related capabilities.

Cabaleiro-Cervino and Mendi (2024) show that aligning innovation strategies
with ESG practices can simultaneously influence both innovation-related and non-
innovation performance indicators. This finding suggests that ESG should not be
viewed merely as an external constraint on production activities but rather as an
integral component of strategic management aimed at promoting technological
development.

Yang et al. (2024) identify a positive relationship between green technological
innovation and ESG performance in manufacturing enterprises. Their findings
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further indicate that market-based environmental regulatory instruments can
strengthen this relationship, with reductions in carbon intensity as one underlying
mechanism.

A distinct stream of research focuses on the shift from end-of-pipe solutions,
which treat pollutants after they are generated, to pollution prevention at the
source through production-process modifications. Empirical studies suggest that
ESG mechanisms can encourage a shift in green innovation toward source control,
thereby promoting changes in production technologies themselves (Zhang et al.,
2024).

This distinction is particularly important for analysing industrial modernisation
in Kazakhstan. When an enterprise increases its operating expenditures on
filtration systems, waste treatment, and compensation for environmental damage,
it may improve compliance with environmental regulations without fundamentally
transforming its underlying production technology. Structural modernisation,
however, occurs when investments lead to changes in energy sources, production
processes, raw material composition, processing intensity, or resource management
systems.

In the manufacturing sector, green production development is also closely
linked to digitalisation. Existing research indicates that intelligent manufacturing
and digital technologies can enhance ESG performance by improving transparency,
increasing resource efficiency, stimulating green innovation, and optimising
supply chains.

The situation in the mining industry is more complex. The global energy
transition is increasing demand for certain mineral resources while simultaneously
intensifying concerns about the environmental and social consequences of
extraction activities. Consequently, the ESG performance of mining companies
is increasingly determined not only by emissions levels but also by water
consumption, land reclamation, occupational safety, engagement with local
communities, and transparency in corporate governance.

Thus, the sector-specific characteristics of ESG factors can be conceptually
represented as follows:

ESG; =f(E.5.G. T;)

where Ej, 5, and Gj represent the environmental, social, and governance
dimensions of industry i, respectively, while Ti denotes its technological
characteristics.

The technological dimension is particularly important because it explains
why identical quantitative ESG indicators may have different economic and
structural implications across industries. Accordingly, ESG performance should
be interpreted within each sector's technological and institutional context rather
than assessed exclusively through standardised aggregate indicators.

OROAE] 580




ISSN 1991-3494 5.2026

Materials and Methods. This study's methodological framework uses
a comprehensive approach to assessing the structural and technological
modernisation of Kazakhstan's industrial sector, incorporating environmental,
social, and governance (ESQG) criteria. The study covers 2015-2025, while the
primary cross-sectoral analysis uses 2025 data, reflecting differences in publication
frequency and the level of detail in official statistical information. For indicators
reflecting long-term structural changes, dynamic analysis is employed where
comparable time-series data are available.

The empirical foundation of the study comprises official statistical publications
of the Bureau of National Statistics of the Republic of Kazakhstan, data from
the Ministry of Ecology and Natural Resources of the Republic of Kazakhstan,
analytical reports of the Kazakhstan Stock Exchange (KASE), regulatory and
legal documents concerning environmental regulation and sustainable finance,
and findings from international studies addressing ESG transformation, green
innovation, and industrial modernization (Cabaleiro-Cerviio & Mendi, 2024;
Fikru et al., 2024; Li et al., 2024; Yang et al., 2024).

The study focuses on three major industrial sectors: mining and quarrying;
manufacturing; and electricity, gas, steam, hot water, and air conditioning supply. In
addition, selected comparative assessments incorporate indicators related to water
supply, wastewater management, and waste treatment. We selected these sectors
because of differences in capital intensity, environmental impacts, technological
characteristics, and socioeconomic operating conditions.

The research methodology involves developing comparative sectoral ESG
profiles that combine quantitative environmental and social indicators with a
qualitative assessment of institutional corporate governance mechanisms. The
environmental (E), social (S), and governance (G) dimensions are examined
separately, without artificially aggregating them into a single composite index.

The environmental dimension (E) is assessed using indicators of environmental
protection expenditures and investment activity. The first indicator measures the
share of capital investment in environmental protection within total environmental
protection expenditures:

eIV

E ;= E‘lﬁ X 100 (1)
where I represents fixed capital investment in environmental protection
in industry \(i\); C™" denotes total environmental protection expenditures in
industry \(i\), including current environmental protection expenditures and capital
investments, provided that their statistical accounting is comparable.
The second indicator measures the environmental investment intensity of the
industry:
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1
where 17! represents the total volume of fixed capital investment in the

respective industry. In addition, the analysis examines growth rates of capital
investment and industrial production volume indices, allowing comparison of
investment activity with changes in industrial output.

The social dimension (S) is assessed using average monthly nominal wages, the
real wage index, the share of employee compensation in gross value added, and
occupational injury indicators. To assess relative wage levels across industries, the
following coefficient is calculated:

WR. = Ww;

1

)

""?BIZ'IJ nomy

where W; - cpenn represents the average monthly wage of employees in
industry i, and Waganomy denotes the average monthly wage across Kazakhstan's
economy. A coefficient greater than one indicates that the industry's average wage
exceeds the national average, whereas a value below one indicates a relatively
lower wage level.

The governance dimension (G) is analysed using a qualitative institutional
approach. The assessment considers the development of ESG disclosure practices,
environmental permitting mechanisms, the implementation of Best Available
Techniques (BAT), automated emissions monitoring systems, the application of
the green taxonomy, and the development of sustainable finance infrastructure,
including financial instruments and information resources provided by the
Kazakhstan Stock Exchange (KASE). The decision not to construct a hypothetical
quantitative governance index is justified by the lack of standardised sectoral data
needed to ensure comparability of corporate governance assessments. Similarly,
environmental and social indicators are not aggregated using arbitrarily assigned
weighting coefficients. In the final stage, a comparative cross-sectoral analysis
identifies differences in environmental investment activity, social characteristics,
and institutional readiness for ESG transformation. The findings are subsequently
used to determine priorities for the structural and technological modernisation of
Kazakhstan's key industrial sectors, taking into account sustainable development
requirements.

Thus, the proposed methodology provides a comprehensive yet differentiated
assessment of industrial ESG dimensions while maintaining transparent
calculations and acknowledging the limitations of available statistical data.

Results. Assessing the dynamics of environmental protection expenditures
constitutes an important stage in examining the financial and economic
mechanisms underlying environmental sustainability and the implementation of
ESG principles in Kazakhstan. The volume and composition of environmental
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protection expenditures reflect how public authorities and business entities address
environmental challenges by moderising production processes, introducing
resource-efficient technologies, and reducing the adverse environmental impacts
of economic activities. Analysing these indicators makes it possible to identify
major trends in environmental financing, assess the consistency of investment
priorities, and evaluate changes in the financial resources allocated to the economy's
environmental modernisation.

During 2020-2025, environmental protection expenditures in Kazakhstan
exhibited uneven dynamics, highlighting the need to examine their changes in
relation to prevailing economic conditions, environmental regulatory requirements,
and government policy priorities. To identify key trends and assess the scale of
financing allocated to environmental protection measures, Table 1 presents the
dynamics of these expenditures over the study period.

Table 1 — Dynamics of Environmental Protection Expenditures in Kazakhstan, 2020-2025

Year Environmental Protection Expenditures, KZT billion | Change from Previous Year, %
2020 384.0 -

2021 417.0 +8.6

2022 4445 +6.6

2023 610.3 +37.3

2024 456.1 -25.3

2025 813.3 +78.3

Source: Calculated based on data from the Bureau of National Statistics of the Republic of
Kazakhstan.

In 2025, environmental protection expenditures were more than twice as
high as in 2020. However, these expenditures were highly volatile, reflecting the
implementation of large-scale investment projects and shifts in the composition of
environmental expenditures.

Therefore, changes in total environmental protection expenditures alone cannot
provide sufficient evidence of a continuous improvement in ESG performance.
Changes in the expenditure structure are particularly significant. In 2025, of
the total KZT 813.3 billion allocated to environmental protection, KZT 376.6
billion was capital investment, while KZT 436.7 billion was current expenditure.
Thus, capital investment constituted 46.3% of total environmental protection
expenditures (Bureau of National Statistics, 2026). Compared with 2024,
expenditures on technology-related environmental measures increased sharply.
Spending on energy-saving technologies and energy-efficiency improvements rose
from approximately KZT 4.3 billion to KZT 127.5 billion. In contrast, expenditures
associated with renewable energy sources reached KZT 179.3 billion (Bureau
of National Statistics, 2026). These developments indicate a gradual shift in the
environmental dimension of ESG, moving from predominantly compensatory
environmental expenditures toward investments that could alter the technological

characteristics of production.
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The most substantial differences become evident when examining the sectoral
structure of environmental investments.

Table 2 — Investment and Environmental Indicators of Kazakhstan's Key Industrial Sectors,

2025
Indicator Mining and | Manufacturing | Electricity, Gas
Quarrying and Heat Supply
Industrial production index, % 109.5 107.1 102.6
Fixed capital investment, KZT billion 3,348.8 2,981.3 2,226.1
Investment volume index, % of 2024 88.8 139.0 161.8
Total environmental protection expenditures, 178.5 269.1 280.7
KZT billion
Environmental capital investment, KZT billion 17.4 94.8 246.6
Environmental investment as a share of total 9.8 352 87.9
environmental protection expenditures, %
Environmental investment as a share of total 0.52 3.18 11.08
sectoral fixed capital investment, %
Source: Authors' calculations based on data from the Bureau of National Statistics of the Republic

of Kazakhstan.

Comparative analysis of Kazakhstan's key industrial sectors reveals substantial
differences in environmental modernisation, particularly in the balance between
current expenditures and capital investment. Three sector-specific transformation
models can be identified, reflecting different levels of environmental investment
intensity and integration into technological development.

Predominantly current environmental expenditures characterise mining and
quarrying. In 2025, the fixed capital investment volume index declined to 88.8%
of the previous year's level. Environmental protection expenditures totalled
KZT 178.5 billion, including only KZT 17.4 billion in capital investment. Thus,
approximately 90% represented current expenses, while environmental investment
accounted for just 0.52% of total sectoral capital investment. This indicates
limited investment intensity in environmental modernisation, although individual
enterprises may implement large-scale projects.

Manufacturing demonstrates a more balanced transformation model. In
2025, industrial output rose 7.1%, while real fixed capital investment grew 39%.
Environmental expenditures reached KZT 269.1 billion, including KZT 94.8 billion
(35.2%) in capital investment, equivalent to 3.18% of total sectoral investment.
These indicators suggest stronger integration of environmental objectives into
industrial modernisation.

Manufacturing offers opportunities for structural transformation through
deeper raw material processing, production digitalisation, and green technologies.
Integrating these approaches can increase value added, improve resource efficiency,
and reduce dependence on raw material exports. However, investment growth
alone does not guarantee environmental improvements without coordinated
industrial and environmental policies.
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The electricity, gas, and heat supply sector demonstrates the strongest
investment-oriented environmental transformation. In 2025, fixed capital
investment increased by 61.8%, while environmental expenditures reached KZT
280.7 billion. Of this amount, KZT 246.6 billion (87.9%) represented capital
investment, accounting for 11.08% of total sectoral investment.

This indicates substantial environmental modernisation efforts but does not
necessarily confirm a transition to low-carbon energy. Investment effectiveness
should also be assessed through emissions, energy intensity, generation
technologies, and resource efficiency, since high expenditures may reflect
accumulated infrastructure modernisation needs.

Overall, the sectors demonstrate distinct ESG transformation models: mining
remains predominantly expenditure-oriented, manufacturing combines production
growth with moderate environmental investment, and energy exhibits the highest
capital investment intensity. These differences justify sector-specific ESG policies
reflecting technological conditions and environmental risks.

Beyond environmental performance, the social dimension of ESG reflects how
modernisation affects employment quality, wages, occupational safety, and human
capital. Digitalisation and technological change increase workforce competency
requirements, while productivity growth does not necessarily translate into
improved working conditions or remuneration.

In 2025, Kazakhstan's average monthly nominal wage reached KZT 443.3
thousand, although substantial sectoral differences persisted. Table 3 compares key
labour indicators to assess the social consequences of structural and technological
modernisation across industrial sectors.

Table 3 — Social and Labour Characteristics of Kazakhstan's Key Industrial Sectors, 2025

Indicator Mining and | Manufacturing |Electricity, Gas
Quarrying and Heat Supply

Average monthly nominal wage, KZT 949,524 545,747 469,729

Ratio to the national average wage 2.14 1.23 1.06

Nominal wage index, % 109.6 114.2 116.4

Real wage index, % 98.4 102.5 104.4

Compensation of employees as a share of |22.5 27.2 43.1

sectoral gross value added, %

Source: Compiled and calculated by the authors based on data from the Bureau of National Statistics
of the Republic of Kazakhstan.

The comparative analysis of Kazakhstan's key industrial sectors reveals
substantial differences in wages, real income dynamics, and labour compensation
shares in gross value added (GVA). These findings highlight the importance
of assessing ESG social performance through multiple indicators, not nominal
remuneration alone.

Mining and quarrying recorded the highest average monthly wages in 2025,
more than double the national average. However, the real wage index reached
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only 98.4%, indicating a 1.6% decline in purchasing power. Thus, high nominal
remuneration does not necessarily improve employee welfare.

Manufacturing wages exceeded the national average by 23%, while real
earnings increased by 2.5%. Combined with production and investment growth,
these trends suggest relatively favourable social developments, although further
assessment of productivity, employment structure, and wage disparities is required.

The electricity, gas, and heat supply sector recorded lower nominal wages than
mining but achieved the strongest real wage growth of 4.4%. This coincided with
substantial investment activity, although additional econometric analysis is needed
to establish a causal relationship between investment and wage growth.

Labour compensation accounted for 22.5% of GVA in mining, 27.2% in
manufacturing, and 43.1% in energy. Despite the highest wages, mining had the
lowest compensation share, reflecting differences in capital intensity and value-
added structures. Although this indicator does not independently measure social
equity, it complements wage-based assessments of labour's participation in
economic value distribution.

Overall, wage levels, purchasing power dynamics, and compensation shares
show different sectoral patterns, confirming the need for a multidimensional ESG
assessment that incorporates remuneration, productivity, and working conditions.

Occupational health and safety represents another essential social indicator,
particularly in capital-intensive industries with hazardous production processes.
In Kazakhstan, 2,328 occupational accidents were recorded in 2025, representing
a 5.8% annual decline. Official statistics reported 255 injured workers in
manufacturing and 130 in mining and quarrying (Bureau of National Statistics of
the Republic of Kazakhstan, 2026).

Despitethe overallimprovement, occupational risksremainsignificant. However,
absolute injury figures cannot provide objective intersectoral comparisons without
accounting for employment levels and production characteristics. Therefore, a
relative occupational injury rate is proposed for comparative ESG assessment,
calculated as follows:

N:’
IR; = = X 1000

L
B

where I R, - ko represents the occupational injury rate in industry \(i\), expressed
as the number of injured workers per 1,000 employees; N, - denotes the number
of employees injured in occupational accidents in industry i; and L, - represents
the average annual number of employees in the respective industry.

The relative occupational injury rate improves intersectoral comparability,
although comprehensive social sustainability assessment should also consider
fatalities, lost working time, occupational diseases, and preventive measures.
Digital technologies, including robotics, remote equipment control, the Industrial
Internet of Things (IIoT), and intelligent monitoring, can reduce occupational risks
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while improving productivity and operational safety. However, their effectiveness
depends on technological reliability, employee competencies, and occupational
risk management.

Thus, digital modernisation can generate economic and social benefits
simultaneously. Incorporating occupational safety indicators into sector-specific
ESG assessments enables consideration of technological transformation's effects
on working conditions and human capital.

Unlike environmental and social indicators, the governance dimension (G)
reflects institutional mechanisms supporting transparency, investment efficiency,
and compliance with sustainability requirements. It encompasses corporate
governance, ESG disclosure, environmental regulation, technological monitoring,
and sustainable finance. These mechanisms operate at governmental, financial
market, and corporate levels.

In Kazakhstan, governance infrastructure developed further in 2025. On June
9, the Kazakhstan Stock Exchange (KASE) launched its ESG Data Platform,
providing centralised access to corporate sustainability reports, ESG bond
information, methodological guidance, and educational resources (KASE, 2025).
The platform improved information accessibility and transparency, building
on previously established reporting recommendations rather than introducing
mandatory ESG disclosure for all enterprises. Its effectiveness depends on data
completeness, comparability, reliability, and practical use in investment decisions.

Another important mechanism is implementing Best Available Techniques
(BAT) and integrated environmental regulation. By the end of 2025, BAT
implementation measures covered 21 major industrial enterprises, while 22
applications for integrated environmental permits were under review. Automated
emissions monitoring systems operated at 87 enterprises, including 81 transmitting
data to the authorised government agency (Ministry of Ecology and Natural
Resources of the Republic of Kazakhstan, 2026).

These developments indicate a transition towards technology-oriented
environmental regulation, encouraging equipment modernisation, process
improvements, and systematic monitoring. Digital environmental control increases
data traceability and reduces information asymmetry. For capital-intensive
industries, integrating BAT requirements into long-term investment programs is
particularly important.

The national green taxonomy is another governance instrument that links
environmental priorities with sustainable financing. Established by Government
Resolution No. 996 of December 31, 2021, and amended by Resolution No. 215
of April 8, 2025, it defines criteria for projects eligible for green bonds and loans
(Government of the Republic of Kazakhstan, 2025). Priority areas include energy
efficiency, resource conservation, pollution reduction, climate mitigation, and
adaptation.

However, taxonomy compliance does not automatically guarantee
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environmental effectiveness, which depends on project selection, technical
implementation, capital utilisation, and outcome monitoring.

Overall, Kazakhstan's governance transformation combines ESG information
disclosure, technology-oriented environmental regulation, and sustainable
investment classification. These mechanisms strengthen institutional conditions
for industrial modernisation but do not ensure uniform effectiveness across sectors.

Synthesising the environmental, social, and governance findings reveals
substantial intersectoral differences in environmental expenditure structures,
investment intensity, real wages, value-added distribution, and institutional
modernisation. These differences demonstrate the limitations of universal
ESG ratings, which may obscure variations in capital intensity, technological
characteristics, and environmental risks.

Accordingly, the study proposes a sector-specific ESG typology comparing
environmental, social, and governance -characteristics without combining
heterogeneous indicators into a single composite score. The resulting matrix
identifies distinct transformation models and modernisation priorities for mining,
manufacturing, and energy, as presented in Table 4.

Table 4 — Sector-Specific Characteristics of ESG Transformation in Kazakhstan's Key
Economic Sectors

capital expenditure

Dimension Mining and Quarrying Manufacturing Energy Sector

E: Nature of High resource intensity Varies considerably | High carbon and energy
environmental and environmental across subsectors intensity

impact pressures

E: Share of Low relative to current Moderate Very high
environmental expenditures

E: Main priority

Pollution prevention and
resource efficiency

Green technologies
and circularity

Decarbonization and
modernisation of
generation capacity

S: Wage levels

Significantly above the
national average

Above the national
average

Relatively close to the
average industrial wage
level

conditions and skills
transition

and shortages of
technical personnel

S: Real wage Decline Increase Stronger increase
dynamics in 2025
S: Main risk Hazardous working Occupational safety | Obsolescence of skills

and infrastructure

intensity

G: Key mechanism | BAT, environmental Supply chain Tariff and investment
monitoring, and ESG standards and ESG | mechanisms and BAT
disclosure reporting

Technological Automation and reduced | Advanced processing | Low-carbon generation,

priority resource and energy and Industry 4.0 power grids, and energy

storage

Source: Developed by the authors.

The integrated sectoral ESG matrix reveals substantial differences in
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how environmental, social, and governance factors influence structural and
technological modernisation across Kazakhstan's key industries. These differences
reflect sector-specific production technologies, capital intensity, environmental
pressures, investment structures, and value-added generation, confirming the need
for differentiated ESG transformation strategies.

Mining and quarrying require a transition from expenditure-oriented
environmental  compliance  towards  investment-driven  technological
modernisation. In 2025, environmental capital investment accounted for less than
10% of total environmental protection expenditures, indicating the predominance
of current operating costs.

Priority measures include electrifying and automating mining equipment to
reduce technological losses and emissions, introducing closed-loop water systems,
processing industrial waste, and restoring disturbed land. Digital environmental
monitoring can improve transparency and risk management. These measures
should be combined with deeper mineral processing and domestic value-chain
development to reduce resource intensity and dependence on raw material exports.

Manufacturing demonstrates opportunities to integrate ESG principles with
technological innovation and economic diversification. In 2025, fixed capital
investment increased by 39% in real terms, industrial output grew by 7.1%, and
environmental capital investment represented 35.2% of environmental protection
expenditures.

Key priorities include deeper raw material processing, resource-efficient and
low-waste technologies, recycling, industrial automation, the Industrial Internet
of Things, digital twins, energy-efficient equipment, and supply chain traceability.
These innovations can improve productivity, increase value added, and reduce
environmental impacts. Consistent with Yang et al. (2024), green technological
innovation and reduced financial constraints can strengthen corporate ESG
performance. Therefore, manufacturing ESG transformation should support
structural diversification and international competitiveness through coordinated
industrial and environmental policies.

The electricity, gas, and heat supply sector demonstrates the strongest
environmental investment orientation, with capital investment accounting for
87.9% of environmental protection expenditures in 2025. However, this indicator
may reflect accumulated infrastructure modernisation needs rather than an
established low-carbon development model.

Priority areas include replacing carbon-intensive generation facilities,
upgrading electricity and heating networks, reducing technical losses, expanding
renewable energy, introducing energy storage and flexible generation capacity,
and implementing digital demand-side management.

The energy sector's ESG transformation requires coordinating environmental
investment with governance mechanisms. Long investment cycles and regulated
operating conditions necessitate predictable regulation, appropriate cost-recovery
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mechanisms, and long-term investment incentives. Assess effectiveness through
emissions intensity, energy efficiency, supply reliability, and infrastructure
flexibility rather than investment volumes alone.

Overall, three distinct ESG modernisation models emerge: mining prioritises
resource efficiency and cleaner production; manufacturing focuses on green
innovation, deeper processing, and diversification; and energy emphasises
infrastructure renewal, decarbonisation, and power system flexibility. These
findings substantiate the need for sector-specific ESG policies aligned with
technological conditions, investment requirements, and long-term structural
development objectives.

These pathways can be summarised as follows:

Mining and Quarrying

Environmental Compliance — Resource Efficiency — Cleaner Technologies

Manufacturing
Innovation — Advanced Processing — Green Competitiveness

Energy Sector
Infrastructure Modernisation — Decarbonization —Energy System Flexibility

The identified differentiation confirms that mechanically applying a uniform
set of ESG indicators across industries is methodologically inappropriate.

Despite common sustainable development principles, performance indicators
for structural and technological modernisation should reflect specific production
processes, resource consumption patterns, and sectoral environmental risks.

For example, the share of renewable energy in the generation mix is directly
relevant to the electricity sector. At the same time, more informative indicators
for mining include specific energy and water consumption, mineral recovery
rates, the extent of land reclamation, and industrial waste-management efficiency.
For metallurgical production, priority indicators include specific pollutant and
greenhouse gas emissions per tonne of output, the energy intensity of technological
processes, the share of recycled raw materials, and the degree of processing. In
mechanical engineering, relevant indicators include production equipment energy
efficiency, automation levels, innovation activity, enterprise digital maturity, and
supply chain sustainability. Therefore, the development of sector-specific ESG
key performance indicators (KPIs) should be based on technological relevance,
quantitative measurability, and the ability to assess actual modernisation outcomes.

The synthesis of the research findings provides a basis for distinguishing between
economy-wide and sector-specific priorities for the structural and technological
modernisation of Kazakhstan's economy. Economy-wide priorities establish the
institutional, organisational, and economic conditions for ESG transformation,
including improved sustainable financing mechanisms, the development of digital
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monitoring infrastructure, increased corporate governance transparency, incentives
for technological innovation, and enhanced workforce training systems.

At the same time, sector-specific priorities must reflect the particular
characteristics of production processes, environmental pressures, capital
investment structures, and labour relations. The proposed approach involves
coordinating three interrelated objectives: improving technological efficiency,
reducing adverse environmental impacts, and ensuring positive socioeconomic
outcomes from modernisation. The selection of specific instruments should
therefore be determined not only by the availability of investment resources but
also by their capacity to generate measurable structural, environmental, and social
improvements.

Based on the identified sectoral differences, a matrix of priority ESG
modernisation measures has been developed, systematising the key technological
transformations, implementation mechanisms, and expected outcomes for
Kazakhstan's major economic sectors.

Table 5 — Matrix of Priority Areas for Structural and Technological ESG Modernisation in
Kazakhstan's Key Economic Sectors

Sector / Area Priority Measures Expected Outcomes

Mining and Quarrying | Resource conservation, automation, Reduced resource intensity and
waste recycling, environmental environmental impacts
monitoring

Manufacturing Advanced processing, digitalisation, Higher value added
low-waste technologies, energy and improved green
efficiency competitiveness.

Energy Sector Modernisation of generation facilities Reduced carbon intensity
and networks, renewable energy, energy |and increased power system
storage, digital management flexibility

Cross-Sectoral ESG reporting, green taxonomy, Greater transparency and

Governance sustainable finance, BAT implementation | improved investment

effectiveness

Social Modernization | Occupational safety, workforce Improved employment quality
upskilling, development of digital and greater human capital
competencies resilience

Note: Developed by the author based on the research findings.

The analysis identifies common priorities for ESG modernisation across
Kazakhstan's industrial sectors, including technological renewal, digital
environmental monitoring, occupational safety, and transparent sustainability
reporting. However, implementation approaches differ according to sector-specific
technological and investment characteristics.

Mining requires deeper raw material processing, improved resource efficiency,
and increased environmental investment. Manufacturing should prioritise green
technologies, higher-value-added production, and technological competitiveness.
The energy sector faces substantial capital requirements for modernising generation
facilities, electricity networks, and low-carbon infrastructure.
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Consequently, modernisation effectiveness depends not only on investment
volumes but also on how they are allocated to productivity growth, environmental
improvements, and social sustainability. The governance dimension (G) is
particularly important because it connects environmental objectives with
investment planning, resource allocation, monitoring, and performance evaluation.

Weak governance mechanisms, including insufficient ESG disclosure, unclear
responsibilities, inadequate performance indicators, and limited independent
verification, may reduce investment effectiveness and increase greenwashing risks.

In Kazakhstan, the KASE ESG Data Platform and national green taxonomy
create opportunities to improve corporate transparency, standardise sustainable
investment criteria, and reduce information asymmetry. However, their
effectiveness depends on data reliability, methodological consistency, regular
updates, and independent verification.

Therefore, governance improvements should prioritise comparable sector-
specific ESG indicators and monitoring of actual investment outcomes. Key
indicators include greenhouse gas emissions per unit of output, energy and water
intensity, waste recycling rates, occupational injuries, and environmental capital
investment.

The corresponding indicators can be expressed as follows:

Co,, E W
ESGgp ={—(—i5i=i R

2 '2'Q wiIR; CAPEX ..}

where €0, represents greenhouse gas emissions expressed in carbon dioxide
equivalents per unit of output; E/Q denotes the energy intensity of production;
W/Q represents water intensity; R,,.is the proportion of recycled waste; \(IR\) is the
occupat; CAPEX ESG denotes environmental capital investment. The proposed
indicator system does not constitute a composite index. Instead, it provides
complementary criteria for monitoring the environmental, social, and investment-
related outcomes of modernisation.

Practical application requires considering sector-specific technologies, using
comparable measurement units, and applying consistent calculation methodologies.
Particular importance should be attached to shifting the emphasis from
assessing absolute environmental protection expenditures toward evaluating the
effectiveness of invested capital. This approach involves comparing environmental
capital investment with observed changes in emissions intensity, energy and
water consumption, waste generation and recycling volumes, and occupational
safety indicators. For an accurate assessment of investment effectiveness, it is
also necessary to account for the time lag between capital expenditure and the
realisation of environmental benefits, since major technological projects may take
several years to complete. Consequently, improvements in governance mechanisms
should focus on establishing a transparent and measurable management system
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for structural and technological modernisation that aligns investment decisions
with sector-specific ESG priorities. Such a system can improve the justification
and allocation of capital resources, strengthen investor confidence, and create
the institutional conditions needed to shift from a predominantly expenditure-
oriented environmental protection model to one focused on achieving specific
technological, environmental, and socioeconomic outcomes.

Discussion. The findings confirm that Environmental, Social, and Governance
(ESG) factors influence structural and technological modernisation differently
across Kazakhstan's industrial sectors. These differences reflect environmental
expenditure structures, production technologies, capital intensity, value-added
distribution, and institutional governance mechanisms. Consequently, ESG
assessment should consider not only expenditure volumes but also their investment
orientation and technological outcomes.

The first finding concerns sectoral differences in environmental expenditure
structures. In 2025, environmental capital investment accounted for 87.9% of
environmental protection expenditures in the energy sector, compared with
35.2% in manufacturing and less than 10% in mining. This indicates distinct
environmental modernisation models, ranging from current expenditure-oriented
compliance to investment-driven technological renewal.

Although capital investment creates opportunities for equipment modernisation
and resource-efficient technologies, it does not automatically guarantee
environmental improvements. Similarly, current expenditures may support
effective environmental protection. Therefore, assess investment structures
alongside actual changes in emissions, energy intensity, water consumption, and
productivity.

The second finding highlights differences in social performance. Despite the
highest nominal wages, mining recorded a real wage index of 98.4% in 2025, while
real wages increased by 2.5% in manufacturing and 4.4% in energy. Differences in
employee compensation shares in gross value added further demonstrate variations
in income distribution.

These results confirm that nominal wages alone cannot adequately measure
ESG social performance. A comprehensive assessment should incorporate real
earnings, occupational safety, employment quality, and workforce development.
Digitalisation and automation can improve productivity and reduce occupational
risks but also increase demand for new competencies, making retraining and
human capital development essential.

The third finding concerns institutional governance. Kazakhstan's development
of integrated environmental permitting, Best Available Techniques (BAT),
automated emissions monitoring, ESG disclosure infrastructure, and green
taxonomy strengthens the institutional foundations of sustainable industrial
development.

However, these mechanisms do not automatically produce environmental or
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social improvements. Their effectiveness depends on integrating ESG requirements
into corporate investment strategies, risk management, and performance evaluation.
Transparent, comparable, and verifiable indicators are necessary to assess actual
outcomes, reduce information asymmetry, and prevent formal compliance and
greenwashing.

The fourth finding demonstrates the importance of sector-specific ESG
assessment. Consistent with Zhang et al. (2024) and Yang et al. (2024), the
effects of ESG factors and green innovation depend on industry characteristics,
technological capabilities, and financial resources.

For mining, priority indicators include resource efficiency, technological
losses, land reclamation, and extraction-related environmental impacts. For
manufacturing, relevant criteria include processing depth, energy intensity,
secondary raw material utilisation, and green innovation. For energy, carbon
intensity, infrastructure efficiency, generation technologies, and power system
flexibility are particularly important.

Accordingly, ESG assessment should combine standardised indicators that
ensure intersectoral comparability with industry-specific criteria that reflect
technological and environmental differences. Universal composite ratings may
obscure these characteristics and weaken investment decision-making.

The study's scientific significance lies in extending ESG assessment beyond
environmental expenditure and formal reporting to an integrated analysis of
investment orientation, technological performance, social sustainability, and
institutional governance. This approach considers ESG transformation as a
potential driver of resource efficiency, industrial diversification, higher value
added, and long-term economic resilience.

Nevertheless, the findings are comparative and analytical rather than causal.
Establishing the direct effects of ESG factors on structural modernisation requires
further econometric analysis and enterprise-level empirical evidence.

Conclusion. This study identified sector-specific ways environmental, social,
and institutional governance factors influence the structural and technological
modernisation of Kazakhstan's key economic sectors. The findings indicate
that ESG principles are becoming increasingly important in shaping investment
priorities, upgrading production infrastructure, and improving mechanisms for
sustainable industrial development. However, the nature and intensity of ESG
transformation vary considerably by production technology, sectoral capital
intensity, and investment allocation patterns.

The analysis established that industrial enterprises accounted for 94.5% of
Kazakhstan's total environmental protection expenditures in 2025, although
the composition of these expenditures differed substantially across sectors. The
electricity sector showed the strongest investment orientation, with environmental
capital investment accounting for 87.9% of total environmental protection
expenditures and 11.08% of total fixed capital investment. The corresponding
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figures were 35.2% and 3.18% in manufacturing, compared with 9.8% and 0.52%
in mining and quarrying. These differences reflect distinct financing structures
for environmental modernisation and highlight the importance of distinguishing
current environmental expenditures from investments that could drive technological
transformation.

The assessment of the social dimension of ESG also revealed heterogeneous
sectoral outcomes. Although mining and quarrying maintained the highest
absolute wage levels, exceeding the national average by more than twofold,
real wages declined in 2025. By contrast, manufacturing and the energy sector
recorded positive real wage dynamics. These findings confirm the need for a
comprehensive assessment of the social outcomes of modernisation that considers
not only wage levels but also purchasing power, occupational safety, professional
skills development, and employment quality.

The study further established that the development of environmental regulatory
mechanisms characterises the institutional governance dimension of ESG in
Kazakhstan, the implementation of Best Available Techniques, the expansion of
integrated environmental permitting, the digitalisation of emissions monitoring,
improvements in the national green taxonomy, and the development of ESG
disclosure infrastructure at the Kazakhstan Stock Exchange. These instruments
create favourable conditions for greater investment transparency, improved
corporate governance, and closer alignment between environmental requirements
and technological development objectives. However, their effectiveness depends
on how fully ESG criteria are incorporated into investment decisions and whether
the resulting environmental and socioeconomic outcomes can be objectively
measured.

The study's principal scientific contribution is justifying a differentiated
approach to structural and technological ESG modernisation across key economic
sectors. For mining and quarrying, the priority is to shift from predominantly
current environmental protection expenditures toward increased investment in
resource-efficient technologies, production automation, and advanced processing
of mineral raw materials. In manufacturing, the main directions include adopting
green innovation, digitalisation, circular production models, and a greater share
of higher-value-added products. For the energy sector, key priorities include
modernising capital-intensive infrastructure, gradually decarbonising electricity
generation, improving energy efficiency, and ensuring reliable energy supply.

Based on these findings, the study proposes a methodological approach to
assessing ESG transformation that combines standardised sustainable development
principles, sector-specific performance indicators, and technologically oriented
modernisation instruments. This approach accounts for differences in environmental
impacts, investment requirements, and production processes, providing a more
robust assessment of structural changes than applying universal ESG criteria alone.

In conclusion, Kazakhstan's structural and technological modernisation should
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integrate common ESG principles with sector-specific technological characteristics
and measurable investment outcomes. This approach can shift environmental
management from a compliance- and expenditure-oriented model to an
investment- and innovation-driven model of sustainable industrial development.
Such a transition should focus on improving resource efficiency, expanding higher-
value-added production, developing human capital, and strengthening the national
economy's long-term competitiveness.

References

Bureau of National Statistics of the Republic of Kazakhstan (2026a) O zatratakh na okhranu
okruzhayushchei sredy v Respublike Kazakhstan za 2025 god [Environmental protection
expenditures in the Republic of Kazakhstan in 2025]. (in Russ)

Bureau of National Statistics of the Republic of Kazakhstan (2026b) Ob investitsiyakh v
osnovnoi kapital v Respublike Kazakhstan za 2025 god [Investment in fixed capital in the Republic
of Kazakhstan in 2025]. (in Russ)

Bureau of National Statistics of the Republic of Kazakhstan (2026c) Osnovnye pokazateli
po trudu v Respublike Kazakhstan za 2025 god [Key labour market indicators in the Republic of
Kazakhstan in 2025]. (in Russ)

Bureau of National Statistics of the Republic of Kazakhstan (2026d) Osnovnye pokazateli raboty
promyshlennosti Respubliki Kazakhstan za 2025 god [Main indicators of industrial performance in
the Republic of Kazakhstan in 2025]. (in Russ)

Bureau of National Statistics of the Republic of Kazakhstan (2026¢) Schet zatrat na okhranu
okruzhayushchei sredy za 2025 god [Environmental protection expenditure account for 2025]. (in
Russ)

Bureau of National Statistics of the Republic of Kazakhstan (2026f) Uroven proizvodstvennogo
travmatizma v Kazakhstane za 2025 god [Occupational injury rates in Kazakhstan in 2025]. (in
Russ)

Bureau of National Statistics of the Republic of Kazakhstan (2026g) Valovoi vnutrennii produkt
metodom dokhodov za 2025 god [Gross domestic product by the income approach for 2025]. (in
Russ)

Cabaleiro-Cervifio G., and Mendi P. (2024) ESG-driven innovation strategy and firm performance.
Eurasian Business Review, 14. — P. 137—185. https://doi.org/10.1007/s40821-024-00254-x (in Eng)

Fikru M.G., Brodmann J., Eng L.L., and Grant J.A. (2024) ESG ratings in the mining industry:
Factors and implications. The Extractive Industries and Society, 20. — Article 101521. https://doi.
org/10.1016/j.exis.2024.101521 (in Eng)

Kazakhstan Stock Exchange (2018) Metodika sostavleniya otcheta po kriteriyam ekologichnosti,
sotsialnoi otvetstvennosti i korporativnogo upravleniya [Methodology for preparing reports on
environmental, social, and corporate governance criteria]. (in Russ)

Kazakhstan Stock Exchange (2025) ESG Data Platform. (in Eng)

LiJ., Ji L., Zhang S., and Zhu Y. (2024) Digital technology, green innovation, and the carbon
performance of manufacturing enterprises. Frontiers in Environmental Science, 12. — Article
1384332. https://doi.org/10.3389/fenvs.2024.1384332 (in Eng)

Ministry of Ecology and Natural Resources of the Republic of Kazakhstan (2026) Itogi
ekologicheskogo regulirovaniya i kontrolya za 2025 god [Results of environmental regulation and
control for 2025]. (in Russ)

Republic of Kazakhstan (2021) Klassifikatsiya (taksonomiya) «zelenykh» proektov,
podlezhashchikh finansirovaniyu cherez «zelenye» obligatsii i «zelenye» kredity [Classification
(taxonomy) of green projects eligible for financing through green bonds and green loans, as amended
in 2025]. (in Russ)

Yang J., Zuo Z., Li Y., and Guo H. (2024) Manufacturing enterprises move towards sustainable

OROAE] 596




ISSN 1991-3494 5.2026

development: ESG performance, market-based environmental regulation, and green technological
innovation. Journal of Environmental Management. — 372 p. — Article 123244. https://doi.
org/10.1016/j.jenvman.2024.123244 (in Eng)

Zhang H., Lai J., and Jie S. (2024) Quantity and quality: The impact of environmental, social,
and governance performance on corporate green innovation. Journal of Environmental Management.
— 354 p. — Article 120272. https://doi.org/10.1016/j.jenvman.2024.120272 (in Eng)

597 @ ® &



Publication Ethics and Publication Malpractice in the journals of the Central Asian
Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the journals of the Central Asian Academic Research CenterLLP
implies that the described work has not been published previously (except in the form of an abstract
or as part of a published lecture or academic thesis or as an electronic preprint, see http:/www.
elsevier. com/postingpolicy), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form,
in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another
language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The Central Asian Academic
Research Center LLP follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics. org/files/ u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers
will be chosen in such a way that there is no conflict of interests with respect to the research, the
authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the Central Asian Academic
Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor and
safeguard publishing ethics.

Requirements for articles design for publication in the journal are available on
the websites:
www: nauka-nanrk.kz
ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print)

http://www.bulletin—science.kz/index.php/en

Managing Editor: A.Shormakova
Editors: D.S. Alenov, M.Konyrbekov
Computer layout: G.D. Zhadyranova

Signed for print: October 15, 2026
Format: 70x90 1/16. 26.5 printed
sheets. Order No. 5.

«Central Asian Academic Research Centery LLP
Anmamei, llesuenxo k-ci, 28





