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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

For citations: Assanova Zh., Baimukhanova S., Konysbaeva G.  Environmental 
accounting, esg reporting and digitalization: impact on cost reduction and 
sustainable development (using the example of Kazakhstan). Scientific journal 
of pedagogy and economics, 2026. —  No.2. —  Р. 554-570. DOI: https://doi.
org/10.32014/2026.2518-1467.1174

©Асанова Ж.1*, Баймуханова С.1, Конысбаева Г.2, 2026.
1Әл-Фараби атындағы Қазақ ұлттық университеті, Алматы, Қазақстан; 

2 І. Жансүгіров атындағы Жетісу университеті, Талдықорған, Қазақстан. 
E-mail: asanovazanna549@gmail.com

ЭКОЛОГИЯЛЫҚ ЕСЕП, ESG-ЕСЕПТІЛІК ЖӘНЕ ЦИФРЛАНДЫРУ: 
ШЫҒЫНДАРДЫ ТӨМЕНДЕТУГЕ ЖӘНЕ ОРНЫҚТЫ ДАМУҒА 

ӘСЕРІ (ҚАЗАҚСТАН МЫСАЛЫНДА)

Асанова Жанна — PhD докторант, Әл-Фараби атындағы Қазақ ұлттық университеті, Алматы, 
Қазақстан,
E-mail: asanovazanna549@gmail.com, ORCID: https://orcid.org/0000-0001-8244-9677;
Баймуханова Сария — э.ғ.д., профессор, Әл-Фараби атындағы Қазақ ұлттық университеті, 
Алматы, Қазақстан, 
E-mail:sariya.Baymukhanova@gmail.com, ORCID: https://orcid.org/0000-0002-9128-4891;
Қонысбаева Гульвира — э.ғ.м., І. Жансүгіров атындағы Жетісу университеті, Талдықорған, 
Қазақстан,
E-mail: konysbayeva.gulvira@mail.ru, ORCID: https://orcid.org/0000-0002-7104-7522.

Аннотация. Осы зерттеу Қазақстан Республикасы кәсіпорындарының 
тиімділігі мен орнықты дамуын арттыру контекстінде экологиялық есепке 
алу, экологиялық аудит жүйесі мен ESG-есептілік арасындағы өзара 
байланысты талдауға арналған. Жаһандық Экологиялық күн тәртібінің 
күшеюі және "жасыл" экономикаға көшу жағдайында экологиялық және 
басқару факторларын корпоративтік басқару жүйесіне интеграциялау, 
әсіресе дамушы нарықтары бар елдер үшін ерекше маңызға ие болады.  
Зерттеудің эмпирикалық базасы 2020-2025 жылдар кезеңінде Қазақстан 
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экономикасының негізгі салаларының 50 кәсіпорны бойынша панельдік 
деректер негізінде қалыптастырылды. Әдіснамалық құрал ретінде сызықтық 
емес ерекшеліктермен, медиациялық және интеракциялық талдаумен, сондай-
ақ диагностикалық тесттер жүйесімен толықтырылған тіркелген әсерлері бар 
панельдік регрессия модельдері пайдаланылды. Тәуелді айнымалы ретінде 
экологиялық және логистикалық шығындардың үлесі қарастырылады, ал 
негізгі түсіндіруші факторлар ESG индексі, экологиялық аудит индексі, 
цифрландыру деңгейі және бақылау айнымалылары болып табылады. Зерттеу 
нәтижелері ESG тәжірибелерін енгізу және экологиялық аудит жүйесін дамыту 
шығындарды азайтуға статистикалық маңызды әсер ететінін көрсетеді. ESG-
индексінің 0.1-ге артуы шығындардың орта есеппен 0.34 пайыздық тармаққа 
төмендеуімен қатар жүретіні анықталды. Сызықтық емес әсерлер және ESG 
≈ 0.5 шекті мәнінің әсері анықталды, оған қол жеткізгеннен кейін тұрақты 
тәжірибелердің тиімділігі айтарлықтай артады. Сондай-ақ, цифрландыру 
ESG әсерін күшейтетін негізгі медиациялық фактор ретінде әрекет ететіні 
анықталды, ал ESG және цифрлық технологиялардың өзара әрекеттесуі 
айқын синергетикалық әсерді қалыптастырады. Нәтижелер ESG қосымша 
жүктеме ретінде емес, бизнестің тиімділігі мен тұрақтылығын арттырудың 
стратегиялық құралы ретінде қарастырылуы керек екенін растайды.

Түйін сөздер: экологиялық есеп, ESG-есептілік, экологиялық аудит, 
тұрақты даму, цифрландыру, логистикалық шығындар, панельдік талдау, 
Қазақстан
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Аннотация. Настоящее исследование посвящено анализу взаимосвязи 
между экологическим учетом, системой экологического аудита и ESG-
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отчетностью в контексте повышения эффективности и устойчивого 
развития предприятий Республики Казахстан. В условиях усиления 
глобальной экологической повестки и перехода к «зеленой» экономике 
интеграция экологических и управленческих факторов в систему 
корпоративного управления приобретает особую значимость, особенно 
для стран с формирующимися рынками. Эмпирическая база исследования 
сформирована на основе панельных данных по 50 предприятиям ключевых 
отраслей экономики Казахстана за период 2020–2025 гг. В качестве 
методологического инструментария использованы модели панельной 
регрессии с фиксированными эффектами, дополненные нелинейными 
спецификациями, медиирующим и интеракционным анализом, а также 
системой диагностических тестов. В качестве зависимой переменной 
рассматривается доля экологических и логистических издержек, а 
ключевыми объясняющими факторами выступают ESG-индекс, индекс 
экологического аудита, уровень цифровизации и контрольные переменные. 
Результаты исследования показывают, что внедрение ESG-практик и развитие 
системы экологического аудита оказывают статистически значимое влияние 
на снижение издержек. Установлено, что увеличение ESG-индекса на 0.1 
сопровождается снижением издержек в среднем на 0.34 процентных пункта. 
Выявлены нелинейные эффекты и эффект порогового значения ESG ≈ 0.5, 
после достижения которого эффективность устойчивых практик существенно 
возрастает. Также установлено, что цифровизация выступает ключевым 
медиирующим фактором, усиливающим влияние ESG, а взаимодействие ESG 
и цифровых технологий формирует выраженный синергетический эффект. 
Полученные результаты подтверждают, что ESG следует рассматривать не 
как дополнительную нагрузку, а как стратегический инструмент повышения 
эффективности и устойчивости бизнеса.

Ключевые слова: экологический учет, ESG-отчетность, экологический 
аудит, устойчивое развитие, цифровизация, логистические издержки, 
панельный анализ, Казахстан

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 of the key research 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 a mechanism 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 
et al., 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 
trust in 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 5.3 0.4 4.8 5.9
ENERGY 1.34 0.15 1.12 1.60

The dependent variable is  (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 ( ) and the Environmental 
Audit Index ( ), 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 ( ), firm size 
( ), energy intensity ( ), digitalization level ( ), and regional 
dummy variables.

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

where  denotes the enterprise,  represents the time period,  captures 
individual fixed effects,  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;
•	 (iii) 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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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

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 (β) 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 2.91 0.000

R² = 0.87; Adjusted R² = 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
ESG² 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 × 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 20–22
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 -1.87 0.008

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 a number of studies where digital technologies are considered in isolation, 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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