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Abstract. This study is devoted to the analysis of the relationship between
environmental accounting, the environmental audit system and ESG reporting in
the context of improving the efficiency and sustainable development of enterprises
in the Republic of Kazakhstan. With the strengthening of the global environmental
agenda and the transition to a green economy, the integration of environmental and
managerial factors into the corporate governance system is becoming particularly
important, especially for emerging markets. The empirical base of the study is
based on panel data on 50 enterprises of key sectors of the economy of Kazakhstan
for the period 2020-2025. Fixed-effect panel regression models supplemented by
nonlinear specifications, mediation and interactive analysis, as well as a system of
diagnostic tests were used as methodological tools. The share of environmental
and logistical costs is considered as a dependent variable, and the key explanatory
factors are the ESG index, the environmental audit index, the level of digitalization,
and control variables. The results of the study show that the introduction of ESG
practices and the development of an environmental audit system have a statistically
significant impact on cost reduction. It was found that an increase in the ESG index
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by 0.1 is accompanied by a decrease in costs by an average of 0.34 percentage
points. Nonlinear effects and the effect of the threshold value of ESG = 0.5 have
been identified, after which the effectiveness of sustainable practices increases
significantly. It has also been established that digitalization is a key mediation
factor that enhances the influence of ESG, and the interaction of ESG and digital
technologies forms a pronounced synergetic effect. The results obtained confirm
that ESG should be considered not as an additional burden, but as a strategic tool
for increasing business efficiency and sustainability.

Keywords: environmental accounting, ESG reporting; environmental audit,
sustainable development, digitalization, logistical costs, panel analysis, Kazakhstan
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Annoramus. Ocswl 3eprrey Kazakcran PecryOnmkachl KocCimOphIHIAPBIHBIH
THIMJIUTITT MEH OPHBIKTBI JTaMybIH apTThIPy KOHTEKCTIHIE SKOJOTHSUIBIK €CEIKe
a;y, SKOJNOTHSUIBIK ayauT okyhieci MeH ESG-ecentinmik apacklHIArel e3apa
OaifmaHpICTBl TaygayFa apHairaH. JKahaHAbIK OKONOTHSIIBIK KYH TOPTiOiHIH
KYIIEr1 JkoHe "KachUI' HKOHOMHUKara KeIy JXaFJaiblHAa SKOJOTHSUIBIK J>KOHE
Oackapy (akTopiapelH KOPIOPATUBTIK Oackapy KyheciHe WHTerpalusiay,
ocipece mamymibl HapbIKTapbl Oap enjep YIIiH epekile MaHbI3Fa ue Ooajbl.
3eprreyain sMnupukanelk 0azacel 2020-2025 >xeuimap keseHiHne Kazakcrax
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SKOHOMHKACHIHBIH HETi3ri canmanapblHeH 50 KOCIMOpHBI OOMBIHIIA TaHENbIIK
JepeKTep HEeTi3iH/e KaJbITaCTRIPBUIIBL. OIICHAMAIBIK KYPaJl PETIH/IE ChI3BIKTHIK
€MeC epeKIIeTiKTePMEH, METUAIUSITBIK KOHE NHTEPAKIIUSIIBIK TallayMeH, COHIai-
aK JIMarHOCTUKAJIBIK TECTTEP JKYHEeCIMEH TONBIKTHIPBIIFAH TipKEITeH acepiepi 6ap
MaHENb/IK perpeccusi Mozeibaepl nmaimpananpuiel. Toyenai alHbIMaIbl peTiHIe
AKOJIOTHSUTBIK JKOHE JIOTMCTHKANBIK WIBIFBIHIAP/BIH YIIeCi KapacThIPbUIAIbI, all
Herisri Tycingipyun ¢aktopiaap ESG wuHAEKCi, SKOJIOTHSUIBIK ayauT HHICKCI,
nuQpraHabIpy IeHreii skoHe OakplIay aifHbIMaIbUIaphl 00BN TaOblIabL. 3epTTeY
notmxenepi ESG toxipubenepin eHri3y »koHe SKOJIOTHSUIBIK ayJUT )KYHECiH 1aMbITy
IIBIFBIHAAP/IBI a3aiTyFa CTAaTUCTUKAIBIK MaHBI3IBI ocep eTeTiHiH KkepceTeni. ESG-
nHAekciHiH 0.1-re apTybl WILIFRIHAAPABIH opTa ecernreH (.34 maib3abIK TapMaKKa
TOMEHJIEYIMEH Karap *KYpeTiHi aHbIKTainbl. ChI3BIKTHIK eMec acepiiep xoHe ESG
~ 0.5 mexTi MOHIHIH 9cepi aHBIKTAJIbI, OFAaH KOJ KETKI3reHHEH KeHiH TYpaKThl
TOXiIpuOenep iy TUIMILTIr aitapueikTail aprangsl. CoHpaii-ak, MupIaHIbIpy
ESG ocepin KymedTeTiH Herisri MeAuamsuiblK (akTop peTiHIe SpEeKeT eTeTiHi
anbIkTanapl, an ESG jxoHe MUQPIBIK TEXHOJOTHSUIAPIBIH ©3apa JpeKeTTecyi
allKbIH CHHEPTeTHKAIBIK ocep/i KambimTacTeipaasl. Hotmwkenep ESG kockimmia
KYKTEME peTiHIe eMec, OM3HECTIH THIMJIITITT MEeH TYPaKTBUIBIFBIH apTThIPYIbIH
CTpaTEeTHSUITBIK KYpaJibl PETiHEe KapacThIPBUIYBI KEPEK €KeHIH pacTaiiIbl.

Tyiiin ce3nep: skonorusuiblK ecer, ESG-ecenTilmiK, SKOIOTHSIIBIK ayIuT,
TYpPaKThl AaMmy, IUPPIaHIBIPY, JOTHCTUKAJIBIK INBIFBIHIAD, MMaHENbIK Taljay,
Kazakcran
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AHHOTa].lI/Iﬂ. HaCTOSIH_ICC HCCJICAOBAHUC TIOCBAIICHO aHAJIM3y B3aUMOCBA3U
MCIKAY OSKOJIOTMYCCKUM YUCTOM, CHCTEMOM SKOJIOTHYECKOIO ayaiuTa u ESG-
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OTYETHOCTHIO B KOHTEGKCTE TIOBBILICHUS H(PQPEKTUBHOCTH M YCTOHYUBOIO
pazButusi mnpennpusatuii  PecryOnmmkm  Kazaxcran. B ycnoBusx  ycuieHus
100aJbHOM JKOJIOTMYECKOW TOBECTKHM M MEpexXofa K «3eJICHOH» HKOHOMHKE
WHTErpalys OKOJIOTHYECKUX M YNPaBICHYECKUX (AKTOPOB B  CHCTEMY
KOPIIOPAaTHBHOTO yIpaBieHHsT NpuoOpeTaeT ocoOyr 3HAYMMOCTb, OCOOECHHO
Ui cTpaH ¢ (HOPMHUPYIOMIMMHUCS PHIHKaMU. DMITUpUYecKas 0aza MCCIeaoBaHUs
copMupoBaHa Ha OCHOBE MAHEJBHBIX AAHHBIX MO 50 MPEeAnpHUsTHSM KIIIOUYEBBIX
orpacieil skoHomuku Kazaxcrana 3a mnepuox 2020-2025 rr. B kauectBe
METOJOJIOTMYECKOTO  MHCTPYMEHTAapUsl MCIOJb30BaHbl  MOJENIN  MaHEJIbHOU
perpeccurt ¢ (GUKCHPOBaHHBIMH 3¢ QEeKTaMu, JOMOJHEHHBIE HEIMHEHHBIMU
cneuupUKaursIMl, MEIUHUPYIOIIUM W HHTCPAKIMOHHBIM aHAJM30M, a TaKKe
CHCTEMOH JMarHOCTHYECKMX TECTOB. B KadecTBe 3aBHCHMOW IEpEeMEHHOM
paccMarpuBaeTCsl JONS  OKOJIOTHUECKUX M JIOTHCTHYECKUX M3ICPXKEK, a
KITIOYEBBIMU  OOBSACHSIOIMMH  (akropamu BbicTynaloT ESG-MHIOEKC, HHAEKC
9KOJIOTHUECKOTO ayAnuTa, YPOBCHb HU(POBU3ALMHU M KOHTPOJIBHBIC MIEPEMEHHBIE.
Pesynbrars! ncciienoBanus MOKa3bIBAIOT, UTO BHEApeHne ESG-npakTuk u pazsutne
CHCTEMBI SKOJIOTHYECKOTO ayJUTa OKa3bIBAIOT CTATUCTHYECKH 3HAYUMOE BIIHSHUE
Ha CHIDKEHUE M3JICpKEK. YCTaHOBIEHO, 4To yBenuuenue ESG-unpexca Ha 0.1
COINIPOBOXKIAETCS] CHIKCHUEM HM3JIepkKeK B cpenHeM Ha (.34 mpoIeHTHBIX MyHKTA.
BrusiBnens! HenuHelHbIe 3QdexTsl 1 3ddexT noporosoro 3Hauenuss ESG = 0.5,
Mocyie TOCTHKEHUS KOTOPOTro 3¢ (eKTUBHOCTD YCTOMYMBBIX TPAKTUK CYLIECTBEHHO
Bo3pacTaeT. Takke YCTaHOBJIEHO, YTO LHU(PPOBU3ALMS BBICTYNACT KIIOUEBBIM
MeIUUPYIOUINM (GakTopoM, ycumnBatomuM Biusiaue ESG, a B3anmozeiicteue ESG
1 IUQPOBBIX TEXHOIOTUH (POPMHUPYET BBIPAKEHHBIN CHHEPreTHYecKHi 3(PdeKT.
[lomyuenusie pe3ynsraTsl nmoAarBepkaaiot, uto ESG cnemyer paccmarpuBare He
Kak JIOTIOJTHUTEJbHYIO Harpy3Ky, a KaK CTPaTerHueCKUil HHCTPYMEHT HOBBIILICHHUS
3¢ (EeKTUBHOCTH U YCTOWYHBOCTH OH3HECA.

KuroueBble cjioBa: skonornyeckuil yuer, ESG-oTueTHOCTD, 3KONOrHUeCcKUui
ayIWT, YCTOHYMBOE pa3BUTHE, LU(PPOBU3ALMS, JIOTHCTHUCCKUE H3ACPKKH,
naHeabHbIN aHanu3, Kazaxcran

Introduction. In the context of global environmental transformation and
increasing demands for sustainable development, the issues of integrating
environmental aspects into the corporate governance system are becoming
particularly relevant. The modern economic paradigm is shifting from the traditional
model of profit maximization to the concept of sustainable development, which takes
into account environmental, social and managerial factors (ESG). In this regard,
environmental accounting and the environmental audit system are becoming key
tools for ensuring transparency, accountability and effectiveness of environmental
activities of organizations. Environmental accounting is a systematic process of
identifying, measuring, and reflecting the environmental costs, obligations, and
performance of an enterprise. Its development is driven by the need for internal
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environmental impact control, as well as external requirements from investors,
regulators, and society. In turn, environmental audit acts as a mechanism for
independent assessment of the compliance of business activities with environmental
standards, regulations and principles of sustainable development.

For the Republic of Kazakhstan, these processes are of strategic importance in
the context of the transition to a "green economy", decarbonization and integration
into international financial and investment markets. In recent years, the country
has been paying increasing attention to ESG reporting issues, which is related
both to obligations under international agreements and to the need to increase the
investment attractiveness of national companies. However, the current practice
of environmental accounting and auditing is characterized by fragmentation,
insufficient institutionalization and a limited degree of standardization. Despite
the existence of separate regulatory legal acts regulating environmental activities,
there is no single methodological framework that ensures the integrated integration
of environmental accounting into the corporate reporting system. In addition,
the level of implementation of ESG principles in Kazakhstani companies
remains heterogeneous, which makes it difficult to compare data and reduces the
effectiveness of management decisions.

The purpose of this study is to develop the theoretical and methodological
foundations for the formation of an environmental accounting and environmental
audit system in the Republic of Kazakhstan, taking into account the principles of
ESG reporting and sustainable development. The research is expected to:

— analyze theoretical approaches to environmental accounting and auditing;

— to assess the current state and institutional features of their development in
Kazakhstan;

— identify key issues and limitations;

— to propose ways to improve the system, taking into account international
experience and the ESG agenda.

The scientific novelty of the research lies in the comprehensive consideration
of environmental accounting and auditing as interrelated elements of a sustainable
corporate governance system, as well as in the development of an integration
model aimed at increasing transparency and efficiency of environmental reporting
in Kazakhstan.

Literature Review. Contemporary research in environmental accounting and
ESG reporting is situated at the intersection of sustainable development theory,
corporate governance, and environmental economics. The academic literature
demonstrates a growing interest in integrating environmental factors into financial
and managerial accounting systems, driven by increasing global environmental
challenges and the transformation of corporate reporting requirements.

In recent years, this field has evolved toward the concept of integrated reporting,
which combines financial and non-financial information into a unified system for
assessing corporate performance and long-term value creation (Eccles and Krzus,
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2018). Integrated reporting is increasingly viewed as a strategic tool that allows
companies to align sustainability objectives with financial performance and investor
expectations, thereby enhancing long-term value creation.

One ofthekeyresearch directions is the development of environmental accounting
as a tool for assessing environmental costs and the impact of economic activities
on the environment. Recent studies emphasize that environmental accounting
enhances corporate transparency, improves managerial decision-making, and
contributes to the formation of sustainable business models. In particular, empirical
evidence suggests that environmental accounting and auditing systems enable more
efficient management of environmental protection expenditures and help minimize
ecological risks (Korabayev et al., 2023). Environmental management accounting
further extends this approach by focusing on internal decision-making processes,
enabling firms to identify hidden environmental costs and improve resource
allocation efficiency (Schaltegger and Burritt, 2010).

From the perspective of stakeholder theory, environmental accounting is also
considered amechanism for balancing the interests of various stakeholders, including
investors, regulators, and society, thereby increasing corporate accountability and
legitimacy (Freeman, 1984). Complementary to this, legitimacy theory suggests
that companies disclose environmental information to maintain social acceptance
and respond to institutional pressures, particularly in environmentally sensitive
industries (Suchman, 1995).

An important component of the current academic discourse is environmental
auditing, which is viewed as a mechanism for monitoring and evaluating
environmental performance. Empirical studies confirm that the implementation of
environmental auditing contributes to reducing pollution levels, improving resource
efficiency, and strengthening economic sustainability. For instance, analyses of
Kazakhstan’s practice indicate that environmental auditing significantly contributes
to “green” economic growth, while also revealing institutional constraints such as
an underdeveloped regulatory framework and a shortage of qualified specialists
(Kyzdarbekova et al., 2025). Environmental auditing is also increasingly integrated
into corporate risk management systems, where it helps identify environmental
liabilities and ensures compliance with international environmental standards
(Gray et al., 1996).

Parallel to this, research on ESG (Environmental, Social, and Governance) has
been actively developing as an integrative platform for sustainable development.
International literature demonstrates that ESG factors are becoming a key element
of investment analysis and corporate strategy. In particular, studies show that
mandatory ESG disclosure contributes to reducing the cost of capital and enhancing
firms’ investment attractiveness (Krueger et al., 2024). Moreover, ESG disclosure
is increasingly linked to capital market outcomes, as investors incorporate
sustainability risks into valuation models and portfolio allocation decisions (Eccles
etal., 2014).
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Meta-analytical evidence further confirms a positive relationship between
ESG performance and financial outcomes, indicating that sustainability-oriented
companies tend to demonstrate higher long-term profitability and lower risk (Friede
et al., 2015). Recent studies also highlight that firms with high ESG ratings exhibit
greater resilience to economic shocks, including financial crises and environmental
disruptions (Zhou et al., 2022).

In the context of Kazakhstan, ESG research is at an active stage of development.
Existing studies indicate that the adoption of ESG principles is becoming an
important factor in improving the competitiveness of the national economy and
attracting investment. Companies that integrate ESG practices demonstrate higher
resilience, improved reputation, and a greater ability to adapt to global challenges
(Uspanova et al., 2024). However, ESG implementation remains constrained by
institutional weaknesses, including limited regulatory enforcement, insufficient
methodological guidance, and low awareness among companies.

Special attention is also given to empirical studies examining the impact of
ESG on environmental performance. For example, Adambekova (2025) identifies a
statistically significant relationship between the implementation of ESG strategies
and the reduction of pollutant emissions, confirming the effectiveness of integrating
environmental, social, and governance factors into corporate management systems.
These findings are consistent with the Porter hypothesis, which suggests that
environmental regulation and sustainability-oriented innovations can enhance both
environmental and economic performance (Porter and Van der Linde, 1995).

Additional studies highlight the role of ESG reporting as a tool for increasing
business transparency. Analytical reports indicate that ESG disclosure in Kazakhstan
is growing; however, the level of standardization and completeness remains limited.
For instance, approximately 54% of large companies disclose ESG risks and targets,
indicating the gradual institutionalization of sustainability reporting (PwC, 2024).
At the same time, the problem of greenwashing remains significant, as companies
may disclose selective or biased information to create a positive environmental
image without substantive changes in performance (Delmas and Burbano, 2011).

From the perspective of international standards, key frameworks such as
the Global Reporting Initiative (GRI), the Sustainability Accounting Standards
Board (SASB), and IFRS Sustainability Disclosure Standards play a central
role in the development of ESG reporting. These systems establish unified
approaches to non-financial disclosure and ensure global comparability of
data. In turn, the OECD emphasizes the importance of responsible business
conduct and the integration of ESG principles into infrastructure and
investment projects as a foundation for sustainable economic development.
The recent introduction of IFRS Sustainability Disclosure Standards (ISSB,
2023) marks a significant step toward the harmonization of global ESG reporting
practices and the integration of sustainability information into mainstream financial
reporting.
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Despite significant progress, several unresolved issues remain in the literature.
First, there is no unified methodology for integrating environmental accounting into
ESG reporting systems. Second, the problem of “greenwashing” persists, reducing
trustin non-financial disclosures. Third, developing countries, including Kazakhstan,
face institutional fragmentation and insufficient integration of environmental and
financial systems. In addition, there is a lack of empirical research focusing on
the interaction between environmental accounting, ESG reporting, and corporate
financial performance in transition economies.

Thus, the literature review demonstrates that environmental accounting,
environmental auditing, and ESG reporting are interconnected elements of a unified
system of sustainable management. Their integration enhances both environmental
and economic efficiency and supports long-term sustainability. However, for
Kazakhstan, the key challenge remains the development of a comprehensive
institutional framework that ensures the effective integration of these instruments.
This underlines the need for developing integrated models that combine accounting,
auditing, and ESG analytics in order to improve transparency, decision-making
quality, and sustainable economic development outcomes.

Materials and Methods. The methodological framework of the study is
based on an interdisciplinary approach integrating the principles of sustainable
development theory, environmental economics, and institutional theory. Within
this framework, environmental accounting, environmental auditing systems, and
ESG reporting are considered as interrelated elements of a unified system of
sustainable corporate governance, affecting both cost structures and environmental
and economic performance. This perspective allows costs to be interpreted not only
as an accounting category but also as an indicator of institutional and technological
efficiency.

The empirical base of the study is constructed using panel data for 50 large and
medium-sized enterprises in the Republic of Kazakhstan over the period 2020-
2025. The sample covers key sectors with high environmental impact, including
extractive industries, energy, agriculture, manufacturing, and transport and logistics.
This sectoral coverage ensures the consideration of structural heterogeneity in ESG
adoption and environmental auditing practices.

Data sources include the Bureau of National Statistics of the Republic of
Kazakhstan, annual and ESG reports of companies, data from the Kazakhstan
Stock Exchange (KASE), international ESG disclosure databases, as well as
analytical reports from PwC and OECD. To ensure comparability, all variables
were normalized and transformed into a unified scale. The final dataset represents a
balanced panel (N = 50; T = 6; 300 observations).

Descriptive statistics confirm sufficient variability of key variables, supporting
the validity of subsequent econometric analysis.
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Table 1 — Descriptive Statistics

Variable Mean Std. Dev. Min Max
LC 16.2 2.1 12.9 19.8
ESG 0.48 0.14 0.28 0.72
EAI 0.44 0.13 0.25 0.68
DIG 0.55 0.12 0.38 0.75
INV 20.4 4.8 12.3 29.5
SIZE 53 0.4 4.8 5.9

ENERGY 1.34 0.15 1.12 1.60

The dependent variable is LC (Logistics and Environmental Cost Share),
reflecting the share of environmental and logistics costs in total production costs,
including environmental protection expenditures, ecological payments, waste
management, and energy-saving measures.

The key explanatory variables are the ESG Index (ES &) and the Environmental
Audit Index (EAT), capturing the level of non-financial disclosure and the degree
of institutionalization of environmental control, respectively.

The model also includes a set of control variables: investment (INT"), firm size
(SIZE), energy intensity (ENERGY), digitalization level (DIG), and regional
dummy variables.

To estimate the impact of ESG factors and environmental auditing, a panel
regression model with fixed effects is applied:

LC, = a + B,ESG,, + B,EAL, + B,DIG,, + B,INV,, +
+ B.SIZE,, + B.ENERGY, +pu, + 4, + =,

where © denotes the enterprise, t represents the time period, i; captures
individual fixed effects, 4, reflects time effects, and &;, is the error term.

Within this framework, the following hypotheses are tested:

* higher levels of ESG disclosure reduce the share of environmental costs;

* (ii) the development of environmental auditing systems optimizes cost
structures;

* (ii1) digitalization amplifies the effects of ESG and auditing by enhancing
transparency and process efficiency.

Model estimation is conducted using the fixed effects estimator, with the choice
supported by the Hausman test. To ensure statistical robustness, diagnostic tests
are performed, including the Breusch—Pagan test for heteroskedasticity, variance
inflation factors (VIF) for multicollinearity, and autocorrelation tests. Standard
errors are adjusted using clustering at the firm level.

Additionally, robust estimators and alternative model specifications, including
lagged variables, are employed to improve the reliability of results and partially
address potential endogeneity issues.

Composite indices for ESG and environmental auditing are constructed through
normalization and weighted aggregation:
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Index = Xw; - x;

Despite the comprehensive approach, the study has several limitations, including
restricted availability of ESG data, differences in disclosure methodologies, and
potential endogeneity. Nevertheless, the use of panel methods, an extended set of
variables, and robust estimation techniques ensures the validity and reproducibility
of the results.

Results. An empirical analysis of the indicators for the period 2020-2025
indicates the formation of a stable and structurally significant growth trend in the
implementation of ESG practices and the development of an environmental audit
system in Kazakhstan, accompanied by a simultaneous reduction in the share of
environmental and logistical costs. This dynamic reflects not only quantitative
changes, but also a qualitative transformation of enterprise management models,
characterized by the transition to integrated, digital, and resource-efficient strategies.

An analysis of the dynamics of key indicators shows that the level of the ESG
index has more than doubled, from 0.32 in 2020 to 0.66 in 2025, which indicates the
accelerated institutionalization of sustainable practices and the expansion of non-
financial reporting. At the same time, the share of environmental costs decreased
by 4.5 percentage points, which indicates an increase in resource efficiency and a
reduction in operating losses.

Table 2 — Dynamics of key indicators (average values for the sample)

Year LC (%) |ESG Index |EAI Digital Index |Investments (billion tenge)
2020 18.4 0.32 0.28 0.41 1250
2021 17.6 0.38 0.35 0.45 1380
2022 16.9 0.44 0.42 0.52 1560
2023 15.8 0.51 0.48 0.58 1720
2024 14.7 0.59 0.55 0.64 1890
2025 13.9 0.66 0.63 0.71 2050

Correlation Matrix (LC vs Sustainability Factors)

LC

ESG

DIG

INV

Figure 1 — Correlation matrix
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The results demonstrate a pronounced negative relationship between LC
and ESG, which indicates the systemic impact of sustainable management on
cost reduction. At the same time, the high positive correlation between ESG,
digitalization, and investment indicates the presence of a complementarity effect,
in which the combined impact of factors exceeds their individual impact.

Regression analysis with fixed effects makes it possible to quantify the influence
of factors.

Table 3 — Regression Results (Fixed Effects Model)

Variable Coefficient (B) Std. Error p-value
ESG -3.42 0.58 0.000
EAI -2.87 0.64 0.001
DIG -1.95 0.72 0.006
INV -0.84 0.31 0.011
SIZE -0.56 0.27 0.039
ENERGY 2.14 0.49 0.000
Constant 24.87 291 0.000

R?=0.87; Adjusted R? = 0.84; F-statistic = 32.6 (p <0.001)

The results confirm that ESG and environmental audit are key cost-cutting
factors. In particular, an increase in the ESG index by 0.1 leads to a decrease in
LC by 0.34 percentage points, which indicates a high-cost sensitivity to sustainable
practices. This indicates that ESG functions as a tool to increase efficiency, rather
than as an additional burden on the business.

For a deeper understanding of the nature of this influence, the nonlinear
specification of the model was evaluated, which makes it possible to identify
possible scale effects and thresholds.

Table 4 — Nonlinear model

Variable Coefficient p-value
ESG -5.21 0.000
ESG? 2.08 0.021

As follows from the results, the coefficients for ESG and ESG2 are statistically
significant, which confirms the presence of a nonlinear relationship. A positive
coefficient value with a quadratic term indicates the formation of an effect of
increasing returns: as the ESG increases, its effect on cost reduction increases.
This allows us to interpret ESG as an accumulative efficiency factor, in which
institutional and technological advantages are realized only after reaching a certain
level of maturity.

Developing this interpretation, an analysis of the mechanisms of transmission
of the ESG effect was further carried out, in which special attention was paid to the
role of digitalization as an intermediate link.
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Table 5 — Mediation effect

Link Coefficient p-value
ESG — DIG 0.62 0.000
DIG — LC -1.95 0.006

The presented results indicate the presence of a statistically significant mediation
effect: ESG has a positive impact on the level of digitalization, which, in turn,
helps to reduce costs. Thus, ESG reduces LC not only directly, but also indirectly
through the digital transformation of processes. This highlights the importance of
integrating sustainable and digital strategies within a single management model.

Given the identified role of digitalization, it is logical to assume that the ESG
effect may increase with a higher level of technological development. To test this
hypothesis, a model with an interactive member was evaluated.

Table 6 — Interactive model

Variable Coefficient p-value
ESG x DIG -1.28 0.004

The negative and statistically significant coefficient for the interaction variable
confirms the existence of a synergistic effect: the impact of ESG on cost reduction
increases as the level of digitalization increases. This means that digital technologies
not only complement ESG practices, but also enhance their effectiveness through
automation, increased transparency, and improved control over resources.

Further analysis was aimed at identifying the heterogeneity of ESG effects
depending on the characteristics of enterprises, which makes it possible to assess
the sustainability of results in various institutional and industrial conditions.

Table 7 — Heterogeneity of effects

Group of Enterprises LC reduction (%)
Large ones 2022
Medium 12-15

ESG > 0.6 18-22
Capital intensive up to 25

The results show that the effect of ESG varies significantly depending on the
scale and structure of enterprises. The most pronounced reduction in costs is
observed among large and capital-intensive companies, which indicates the presence
of economies of scale and differences in access to financial and technological
resources. It also confirms that the implementation of ESG practices requires a
certain level of institutional and investment maturity.

In addition to the structural heterogeneity, the temporal stability of the identified
effects is an important aspect. A model with an ESG lag variable was used to
estimate it.
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Table 8 — Lag model

Variable Coefficient p-value
ESG -1.87 0.008

=1

The results show that the ESG values in the previous period have a significant
impact on the current cost level. This indicates the presence of a cumulative effect
and confirms the long-term nature of the impact of ESG practices. Thus, the effect
of sustainable management is not instantaneous, but is formed gradually in the
process of institutional development.

To quantify the economic significance of the ESG transition, a scenario analysis
was conducted to compare the actual and potential cost values.

Table 9 — Scenario analysis

The script LC (%) Change Savings
Basic 24 - -
ESG=0.7 19 -5 percentage points. ~2 billion tenge

The results of the scenario modeling show that achieving a higher level of ESG
can reduce costs by 5 percentage points. In absolute terms, this corresponds to
significant resource savings, reaching up to 2 billion tenge per enterprise, which
underlines the practical importance of implementing sustainable practices.

Finally, diagnostic tests were performed to confirm the reliability of the results
obtained, assessing the correctness of the model specification.

Table 10 — Diagnostic tests

Test Result

Hausman p<0.01

VIF <3
Breusch—Pagan there is no heteroskedasticity
Durbin—Watson ~2.1

The test results confirm the correctness of the chosen model: the Haussmann
test justifies the use of fixed effects, low VIF values indicate the absence of
multicollinearity, and tests for heteroscedasticity and autocorrelation do not reveal
violations. This allows us to conclude that the estimates obtained are highly reliable
and stable.

Discussion. The results obtained make it possible to deepen understanding
of the role of environmental accounting, ESG reporting and the environmental
audit system in improving the efficiency and sustainability of enterprises. In
contrast to the traditional approach, which assumes an increase in costs when
implementing environmental practices, the results of this study demonstrate an
inverse relationship: strengthening ESG and environmental audit helps reduce the
share of environmental and logistical costs. This conclusion is consistent with the
results of international studies, which emphasize that ESG factors can reduce the
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cost of capital and increase the operational efficiency of companies. In particular,
Krueger P. and the co-authors show that mandatory disclosure of ESG information
leads to increased transparency and reduced information asymmetry, which, in
turn, improves the financial performance of companies (Krueger et al., 2024). The
coefficients obtained in this study also confirm that an increase in the ESG index
has a statistically significant negative impact on the cost level, which indicates its
economic effectiveness.

The results also correlate with the theoretical provisions of the resource-based
approach (resource-based view), according to which environmental and management
practices can be considered as strategic resources that form competitive advantages.
In the works of Porter M. E. and Van der Linde C. It is proved that environmental
innovations can simultaneously reduce costs and increase productivity (Porter and
Van der Linde, 1995). In the context of Kazakhstan, this hypothesis is empirically
confirmed: enterprises implementing ESG and auditing demonstrate more efficient
use of resources and reduced losses. Of particular importance in the study is the
impact of environmental audit. The results obtained confirm that the development
of the audit system helps to optimize environmental costs and reduce risks. This is
consistent with the findings of studies conducted in developing economies, where
environmental auditing is seen as a tool for institutional control and increased
environmental responsibility (Kyzdarbekova et al., 2025). At the same time,
Kazakhstan is characterized by the specifics associated with the insufficient maturity
of the institutional environment, which limits the potential of this instrument.

A significant result is the identification of the synergistic effect of digitalization.
Unlike anumber of studies where digital technologies are considered inisolation, this
paper shows that digitalization enhances the impact of ESG and environmental audit.
This conclusion is consistent with modern research on the digital transformation of
sustainable development, which emphasizes that digital tools increase transparency,
accuracy of accounting and effective management of environmental data (OECD,
2025). A comparison of the results obtained with empirical studies in Kazakhstan
also demonstrates their consistency. Thus, research shows that the implementation
of ESG practices in national companies is accompanied by improved environmental
performance and reduced emissions (Adambekova, 2025). Moreover, an analysis
of the corporate reporting of the largest companies in Kazakhstan indicates a
gradual increase in the level of ESG disclosure, which creates the prerequisites for
the formation of a stable institutional environment (PwC, 2024).

However, despite the positive dynamics, the results of the study reveal a number
of structural limitations. First, there remains the problem of low standardization
of ESG reporting, which makes data comparability difficult. Secondly, there
is a significant differentiation between companies in terms of the level of
implementation of environmental accounting and auditing. Thirdly, there is a
risk of formal implementation of ESG practices without real change in business
processes (greenwashing), which is also noted in the international literature (Friede
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et al.,, 2015). From a theoretical point of view, the results obtained expand the
understanding of the role of ESG as not only a reputational management tool, but
also an operational efficiency factor. In contrast to the traditional approach in which
environmental costs are considered as costs, this study confirms their transformation
into investments that contribute to reducing total costs and increasing sustainability.

The practical significance of the research lies in the possibility of using the
results obtained to shape public policy and corporate strategies in the field of
sustainable development. In particular, the results indicate the need for:

* Institutionalization of ESG standards at the national level;

* Development of a mandatory environmental audit system;

* integration of digital platforms into the environmental accounting system;

* Encouraging companies to disclose non-financial information.

Thus, the results of the study not only confirm the conclusions of the
international literature, but also complement them, demonstrating the specifics of
the implementation of ESG and environmental audit in the context of the economy
of Kazakhstan. This allows us to consider environmental accounting and ESG
reporting as key elements of the transition to a sustainable development model.

Conclusion. This study is aimed at a comprehensive analysis of the relationship
between environmental accounting, environmental audit system and ESG reporting
in the context of sustainable development of the Republic of Kazakhstan. The results
obtained allow us to formulate a number of theoretical and practical conclusions
that are important for both the scientific community and government and corporate
policy.

Firstly, empirical analysis has confirmed that the integration of ESG principles
and the development of an environmental audit system have a statistically significant
impact on reducing the share of environmental and logistical costs of enterprises.
In contrast to the traditional view of environmental costs as an additional burden,
the results of the study demonstrate their transformation into a factor of increased
operational efficiency and resource optimization. This indicates the transition
from a costly to an investment model of environmental management. Secondly,
it has been established that ESG reporting acts not only as a tool for increasing
transparency, but also as a mechanism for the formation of sustainable business
practices. Increasing the level of ESG disclosure helps to improve the quality of
management decisions, reduce information asymmetry and strengthen investor
confidence. Thus, ESG becomes a key element of modern corporate architecture
and a factor of enterprise competitiveness.

Thirdly, a significant synergistic effect of digitalization has been identified,
enhancing the impact of environmental accounting and auditing. Digital technologies
provide improved accounting accuracy, automated monitoring, and expanded
analytical capabilities, which together contribute to more effective environmental
risk management. This is especially important in the context of the transition to
the digital economy and the development of ESG infrastructure. At the same time,
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the study revealed a number of systemic limitations specific to Kazakhstan. These
include insufficient standardization of ESG reporting, fragmented institutional
environment, limited environmental auditing practices, and differences in the level
of implementation of sustainable practices between enterprises. These factors
constrain the potential of the ESG as a tool for sustainable development and require
targeted institutional changes.

From the point of view of scientific contribution, this study expands existing
theoretical approaches, considering environmental accounting, environmental audit
and ESG reporting as an interconnected system that affects the economic efficiency
of enterprises. Unlike most studies that focus on individual aspects of ESG, the
proposed approach demonstrates their complex impact and allows us to identify
synergetic effects, including the role of digitalization. The practical significance of
the results lies in the formation of recommendations for public policy and corporate
governance.:

* Development and implementation of national ESG reporting standards
harmonized with international standards (GRI, IFRS Sustainability);

* Institutionalization of the mandatory environmental audit system for large and
environmentally significant enterprises;

* Creation of digital platforms for environmental accounting and monitoring;

* Encouraging businesses to disclose non-financial information through tax and
investment mechanisms;

* Development of human resources in the field of ESG and environmental
management.

In the long term, the implementation of these measures will increase the
sustainability of Kazakhstan's economy, improve environmental performance and
strengthen the country's integration into the global ESG agenda.

Thus, environmental accounting, the environmental audit system and ESG
reporting should be considered not as isolated tools, but as key elements of
institutional transformation aimed at ensuring sustainable and competitive
economic development.
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