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Abstract

Contemporary ESG (Environmental, Social, and Governance) regulation creates costs and risks for
businesses, which are associated with the stringency of requirements. This article demonstrates that
the key source of these problems is the fragmentation of legal regulation, the inconsistency of
reporting standards, and the methodological heterogeneity of ESG indices. Based on a comparative
legal analysis of eight jurisdictions (the US, EU, China, India, Brazil, Russia, South Africa, and
Kazakhstan), three models of ESG regulation are identified: prescriptive, market-oriented, and state-
centralized. It is shown that extraterritorial pressure (CBAM, CSDDD) and internal regulatory
conflicts (for example, in the US) greatly increase compliance costs, especially for developing
economies. High divergence in corporate ESG ratings (up to 50-60%) has been empirically confirmed,
making global indices of limited applicability for regulatory purposes. In response to these identified
issues, a country-specific ESG index, integrated into a closed-loop feedback management system, has
been proposed. A two-tier methodology has been developed: calculating a company index (taking
into account regulatory burden, extraterritorial pressure, and adaptability) and aggregating it into a
country index based on macrostatistics with the possibility of transitioning to Big Data aggregation,
including the use of digital SaaS platforms for managing production and environmental data. The
results can be used by national regulators to improve the comparability of ESG data and differentiate
government support measures.

Keywords: ESG regulation; fragmentation; compliance costs; ESG indices; extraterritoriality;
Kazakhstan; closed-loop governance system

1. Introduction

In recent years, ESG regulation has become a key factor determining strategic business
development. Growing requirements for non-financial disclosure, a tightening climate agenda, and
pressure from investors and financial markets are all creating a new reality for corporations. However,
as practice shows, the implementation of ESG principles is associated not only with expected benefits
(reduced cost of capital, improved risk management, and enhanced reputation), but also with
significant costs. These costs are particularly exacerbated in the context of global regulatory
fragmentation, when companies are forced to simultaneously comply with incompatible
requirements from various jurisdictions, adapt reporting to multiple standards, and interpret
conflicting signals from ESG ratings.

The problem with this study is that modern national ESG regulation itself is becoming a source
of regulatory and compliance risks for businesses. Inconsistency between legal regimes (e.g., the EU's
prescriptive model and the US market-oriented model), the multiplicity of reporting standards (GRI,
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SASB, ISSB, ESRS), and the methodological heterogeneity of ESG indices (for example, discrepancies
between MSCI, Sustainalytics, and S&PGlobal reach 50-60%) create a zone of permanent uncertainty
for companies. At the national level, this problem is compounded by the imbalance of existing
entrepreneurship support programs. For example, an analysis of Kazakhstan's "Business Roadmap
2025" [1] showed that 50% of indicators relate to the economic block, 31% to the managerial block
(primarily access to financing), and environmental indicators are completely absent. This structure
does not incentivize businesses to consider environmental factors and creates additional barriers to
entry into markets with strict ESG requirements. The purpose of this study is to identify the key
challenges that modern ESG regulation creates for business, analyze the legal and institutional factors
that give rise to them, and assess the potential of ESG indices as feedback mechanisms capable of
reducing the resulting regulatory uncertainty. The proposed applied task is the development of a
country-specific ESG index adapted to the specifics of the economy.

The main hypothesis of the study is that the key challenges in implementing ESG principles for
business stem not so much from the strictness or scope of requirements, but from the fragmentation
of legal regulation, the inconsistency of ESG reporting standards, and the methodological
heterogeneity of ESG indices. All of this leads to increased compliance costs, reduced data
comparability, and increased risks of formal ESG compliance (greenwashing). Three sub-hypotheses
are proposed within the main hypothesis:

- Sub-hypothesis 1 (regulatory). Fragmented ESG legislation forces companies operating in
multiple jurisdictions to adapt their ESG reporting to incompatible requirements, increasing
administrative and financial costs;

- Sub-hypothesis 2 (index). ESG indices and ratings used as tools for assessing business
sustainability do not always reflect the true quality of companies’ ESG practices due to differences in
methodologies, indicator weights, and regulatory assumptions.

To test these hypotheses, the following research questions were formulated:

- RQ1. How do the specifics of ESG legislation in different jurisdictions shape the main
challenges for businesses in implementing ESG principles?

- RQ2. Which elements of ESG legal regulation (mandatory nature, detail, control mechanisms,
and accountability) have the greatest impact on ESG compliance costs for companies?

- RQ3. How does the inconsistency of ESG reporting standards reduce data comparability and
complicate investment and management decision-making for businesses?

- RQ4. To what extent can ESG indices and ratings be considered as feedback tools between
regulators, investors, and businesses, and what are the limitations of their practical application?

- RQ5. How can a country-specific ESG index be developed by adapting existing ESG indices to
minimize regulatory and compliance risks for businesses when adopting international ESG
standards?

The research's scientific novelty lies in its synthesis of legal, institutional, and methodological
(index) analysis of ESG issues, linking macro-regulatory trends with micro-behavioral business
responses. Unlike most studies, which focus either on comparing standards or on the financial
consequences of ESG, this study demonstrates that fragmentation is an independent source of risk,
not reducible to rigidity.

2. Materials and Methods
2.1. Methodological Approach

This interdisciplinary study integrates approaches from economics, law, and management to
analyze the fragmentation of ESG regulation and its implications for business. To achieve the study's
objectives and test the hypotheses, a combination of complementary methods was used.

1. Comparative legal analysis forms the core of the study, addressing research questions RQ1
and RQ?2. This method allowed us to systematize and compare ESG legislation in eight jurisdictions:
the US, EU, China, India, Brazil, Russia, South Africa, and Kazakhstan. The choice of jurisdictions
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was based on their combined economic weight (over 80% of global GDP), which allowed us to
identify regulatory decisions that determine global compliance costs. The inclusion of BRICS
countries ensured representativeness of emerging economies. The analysis focused on parameters
such as mandatory requirements, the materiality principle, and sanctions mechanisms. The results of
this analysis formed the basis for a typology of ESG regulation models and conclusions regarding the
fragmentation of the legal framework [2,3].

2. Institutional analysis was used to interpret business behavior in the context of emerging ESG
institutions. Drawing on neo-institutional economic theory, we consider regulatory requirements and
reporting standards as formal institutions that create the "rules of the game" [4]. It was found that the
fragmentation of these institutions generates high transaction costs associated with ESG compliance
[5,6]. This approach was applied to explain business behavior (sub-hypothesis 3).

3. Content analysis and comparative analysis of standards (Content Analysis & Benchmarking)
were applied to address RQ3 and RQ4. The method included a detailed structured comparison of
key ESG disclosure standards (GRI, SASB/ISSB, TCFD, ESRS) and the methodologies of leading ESG
ratings (MSCI, Sustainalytics, S&P Global CSA) [7,8]. This approach made it possible to objectively
demonstrate the incomparability of data at the level of initial requirements and identify
methodological gaps leading to discrepancies in the assessments of the same company by different
agencies.

4. To answer RQ5, we propose an analytical calculation of a country-specific ESG index
integrated into a closed-loop feedback control system. A two-tier methodology was developed:
calculating a company index and aggregating it into a country index based on macrostatistics. This
qualitative method enabled an in-depth study of the ESG agenda formation process in the context of
catch-up development and the strong influence of external standards [9]. The analysis was based on
the results of the previous fieldwork stage of the study, which included a survey of 99 SMEs [1], as
well as a structural analysis of indicators of government entrepreneurship support programs [10].
This allowed us to identify the institutional unpreparedness of the national system for external
pressure and justify the need to develop a national ESG index.

5. Descriptive Analysis was used to systematize and visually present secondary data, including
companies' financial indicators, their ESG ratings, and data on their export structure. While
establishing strict cause-and-effect relationships is not the goal of this study, identifying and
visualizing key trends and divergences (for example, the asymmetry in ESG rating coverage) allowed
us to build an evidence base for discussion.

The use of this pool of methods ensured methodological triangulation, allowing us to compare
legal norms, reporting standards, market-based valuation tools, and actual corporate practices to
enhance the validity and reliability of the study's findings.

2.2. Data sources and Regulatory Framework

The empirical and normative basis of the study consists of four interrelated sets of sources,
selected to ensure the relevance, reliability, and comprehensiveness of the analysis for each of the
jurisdictions under consideration.

1. Legal framework and regulatory documents.

Key legal acts and regulatory documents for the analyzed jurisdictions are systematized in Table
1. The selection was based on the following criteria: (a) legal significance (law, regulation, directive),
(b) direct impact on ESG information disclosure or ESG risk management, and (c) applicability to
public companies and/or financial institutions. This set of sources was used for comparative legal
analysis and typology of ESG regulation models.
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Table 1. Key regulatory sources of ESG regulation.

Country Legislative and regulatory documents
The U.S. Securities and Exchange Commission's Climate Disclosure Rule (SEC Climate
Disclosure Rule, drafted 2022-2024); the Names Rule (2023); the Department of Labor's
USA  ESG regulation (DOL, 2022, revised 2025); California's SB 253 (GHG Disclosure) and SB
261 (Climate Risk Disclosure); the Environmental Protection Agency's GHGRP
(methane rule); and initiatives by the NASDAQ and NYSE.
Corporate Sustainability Reporting Directive (CSRD); EU Taxonomy Regulation;

Elgﬁi)?n Sustainable Finance Disclosure Regulation (SFDR); European Financial Reporting
Standards (ESRS); EU Green Bonds Regulation (2023/2631).
ESG Disclosure Guidelines for Financial Institutions (2022); State Council Green
China Finance Directives of the People's Republic of China; Non-financial Disclosure
Requirements of the China Securities Regulatory Commission (CSRC); National Green
Taxonomy.
Companies Act 2013 (CSR obligations); Securities and Exchange Board of India (SEBI)
India requirements — Business Responsibility and Sustainability Report (BRSR); Bombay

Stock Exchange (BSE) initiatives.
Resolutions of the Commission for Valorous Mobility (CVM), including Resolution 59
Brazil (2021/2023); B3 exchange requirements; Central Bank regulations on environmental
and social risk management.

National development goals up to 2030; Taxonomy of "green" and adaptation projects
(RF Government Resolution No. 1587); Bank of Russia recommendations on disclosure

Russia of non-financial information; methodological recommendations of the Ministry of

Economic Development on ESG reporting.

. Johannesburg Stock Exchange (JSE) integrated reporting requirements; King IV Code
South Africa S . - o

of Corporate Governance application practices; official recognition of ISSB standards.

The concept of transition to a "green economy"; the Environmental Code of the
Republic of Kazakhstan (2021); draft national "green" taxonomy; requirements of the
Kazakhstan

Agency for Regulation and Development of the Financial Market for the disclosure of
ESG information by financial institutions; KASE initiatives on sustainable bonds.

An analysis of these regulations allows us to assess the degree of mandatory regulation, the level
of disclosure detail, the presence of sanctions mechanisms, and the level of harmonization of
requirements. A comparison of these parameters serves as the empirical basis for testing Sub-
Hypothesis 1 on regulatory fragmentation.

2. International and National Reporting Standards.

The second set of sources, presented in Table 2, includes framework standards for ESG
information disclosure. Their analysis is necessary to answer RQ3, related to data comparability.

Table 2. Use of International ESG Reporting Standards.

Standard Status and Application by Jurisdiction

Integrated into the EU regulatory framework through the ESRS; in Russia
Global Reporting and Kazakhstan, these are advisory guidelines; for the USA, India, Brazil,
Initiative (GRI Standards) and South Africa, this is a market standard; for China, it is used in

parallel with national standards.

International Official recognition or implementation (South Africa, Brazil); strategic
Sustainability Standards rapprochement (EU, USA); observation position (China, India); limited
Board (ISSB - IFRS 51/S2) influence (Russia, Kazakhstan).
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Task Force on Climate- Used as a basic climate framework in the US, EU, Brazil, and Japan;
related Financial recommended by regulators in Russia and Kazakhstan; integrated into
Disclosures (TCFD) ISSB standards.
Carbon Disclosure Used by global corporations to disclose climate and water risks; used by
Project(CDP) investors as an additional source of data verification.

A comparative analysis of the standards was conducted based on the following criteria: coverage
of thematic blocks (E, S, G), level of metric detail, verification requirements, and the concept of
materiality. The identified differences confirm the methodological heterogeneity of reporting and
explain the discrepancies in ESG ratings.

3. ESG ratings, indices, and corporate reporting.

The third set of sources (Table 3) provides an empirical test of subhypothesis 2 on the
methodological divergence of ratings. The analysis includes data from MSCI ESG Ratings,
Sustainalytics ESG Risk Ratings, and S&P Global CSA.

Table 3. Main sources of rating and index data.

Category Sources

Moscow Exchange Sustainable Development Index (MSCI) ESG Research;

Rating agencies
Sustainalytics; S&P Global (CSA); FTSE Russell; Refinitiv ESG Scores.

International
i Dow Jones Sustainability Index; MSCI ESG Leaders Indexes; FTSE4Good.
indices

MESI; Kazakhstan Stock Exchange (KASE) "Responsibility and Sustainability";

National indices ,
Indice de Sustentabilidade Empresarial (B3 ISE).

4. Academic and industry literature, statistical data.

The fourth block (Table 4) was used to form a theoretical and empirical basis for interpreting the
identified institutional contradictions. It includes publications in journals indexed in Scopus and Web
of Science, analytical reports from international organizations (UNEP FI, OECD, World Bank), as well
as data from the Bureau of National Statistics of the Republic of Kazakhstan and the results of primary
surveys published in [1].

Table 4. Academic and industry literature, statistical data.

Type of source Methodological role in the study

Academic articles ~ Analysis of the impact of ESG on company value, institutional features of
(Scopus / WoS) regulation, and the risks of stranded assets

Kazakhstani and

Russian national =~ Evaluation of national regulatory models and business adaptation strategies

studies
Oruets! United Nations Environment Programme Finance Initiative (UNEP FI),
Reports from the United Nations Environment Programme Finance Initiative
International (UNEP FI) reports, Principles for Responsible Investment (UN PRI), the

regulatory reports  Organization for Economic Cooperation and Development (OECD), and the
World Bank were used to verify/confirm institutional changes and formalize

disclosure requirements
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Industry Statistical data on the prevalence of ESG ratings, industry distributions, and

analytical reviews rating dynamics

. . .. Data from national statistical services, central banks, and stock market regulators
Official statistics .
on the volume of green bonds, investment structure, etc.

Using such a pool of sources allowed for data triangulation, increasing the reliability of
conclusions. For example, the company's stated ESG practices (reporting) were compared with the
independent assessment of a rating agency and the regulatory requirements of its country of
incorporation, as well as its main product markets.

2.3. Limitations of the Study

Despite the study's commitment to comprehensiveness, it has a number of methodological and
practical limitations that must be considered when interpreting its findings.

1. Limitations Related to Data and Comparability.

The key issue analyzed in the study is also its limitation. The lack of a unified metric, differences
in data collection and processing methods among rating providers, and the prevalence of qualitative,
difficult-to-verify information in corporate reports create "noise" in the empirical analysis [7].
Furthermore, ESG reporting in developing countries (including Kazakhstan) is often published with
a significant lag, limiting the ability to quickly assess regulatory effects. Analysis of corporate
practices inevitably focuses on large public companies, while the problems of small and medium-
sized businesses, which are subject to indirect regulatory pressure through supply chains, remain in
the shadows [2].

2. Methodological Limitations.

The study largely establishes correlations and logical connections rather than strict cause-and-
effect relationships. It is difficult to empirically separate the costs caused by regulatory fragmentation
specifically from those associated with the general tightening of requirements [3]. The development
of proposals for the country index (RQ5), although based on an analysis of best practices, inevitably
contains an element of normative judgment and expert opinion. The selection of eight jurisdictions is
representative, but does not exhaust the entire spectrum of regulatory models (for example, countries
in Southeast Asia were left out of the analysis).

3. Dynamic Constraints.

The field of ESG regulation is evolving exponentially. New laws, standards, and court decisions
are constantly emerging, so even at the time of publication, some specific conclusions regarding the
legislation of individual countries may require updating. The study focuses on identifying persistent
structural problems (fragmentation, inconsistency) that are expected to remain relevant, but specific
examples may become outdated [11].

Recognizing these limitations provides a framework for the correct interpretation of the results
and identifies directions for further research.

3. Results
3.1. ESG Legislation as a Source of Business Risks

The legislation of the selected jurisdictions (USA, EU, China, India, Brazil, Russia, South Africa,
and Kazakhstan) was analyzed using six key criteria reflecting the nature of regulatory pressure on
business:

1. mandatory requirements (from voluntary recommendations to mandatory regulations with
sanctions);

2. materiality principle (financial, dual, or strategic materiality);

3. sanctions mechanism (administrative fines, litigation risks, market consequences);

4. extraterritoriality (extension of regulations to foreign companies and supply chains);

5. internal fragmentation (the presence of conflicting requirements within the country);
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6. convergence with international standards.

This structured approach allows us not only to classify country-specific ESG regulation models
(directive, market-oriented, and state-centralized), but also to empirically identify which specific
legislative elements generate the greatest compliance costs and regulatory risks for businesses.
Ultimately, this comparative analysis allows us to quantify the degree of fragmentation in the global
ESG landscape, identify asymmetries of pressure on companies in developing economies (including
Kazakhstan), and justify the need for feedback tools such as the proposed ESG index.

USA.

A key feature of ESG regulation in the US is the lack of a unified federal ESG law: regulatory
pressure is generated through the interaction of multiple actors—the SEC, EPA, the judiciary, states,
and market institutions—creating an "unprecedented compliance paradox” for businesses [12,13].
Experts estimate that "the current trajectory of state and national policy suggests protracted
fragmentation and confusion, leaving companies to operate in an increasingly complex patchwork of
state-level regulations” [12].

At the federal level, in March 2024, the SEC narrowly adopted rules to standardize the disclosure
of climate risks and greenhouse gas emissions by public companies [14]. However, the rules were
immediately challenged by a coalition of ten states, and on March 15, 2024, the Fifth Circuit Court of
Appeals imposed an administrative stay. On April 4, 2024, the SEC voluntarily suspended the rules
pending litigation, preventing the rules from ever taking effect [15]. On March 27, 2025, the SEC voted
to drop its defense of the rules in court, and in July 2025, it filed a report declining to say whether it
would enforce the rules if upheld by the court, citing the need for future commission deliberations.
[16,17] The Eighth Circuit, which consolidated the lawsuits, stayed the case in April 2025, leaving the
fate of federal regulation in the United States uncertain [15].

At the subnational level, California passed SB 253 (mandatory disclosure of Scope 1-3 emissions
for companies with revenues >$1 billion) and SB 261 (disclosure of climate-related financial risks for
companies with revenues >$500 million) in October 2023. Unlike SEC rules, these laws apply to both
public and private companies [18]. On November 18, 2025, the Ninth Circuit Court of Appeals
temporarily stayed enforcement of SB 261 but refused to stay SB 253 [19]. The appeal hearing took
place on January 9, 2026, and SB 261 remains on hold, while SB 253 remains in effect [20]. The
California Air Resources Board (CARB) proposed an initial reporting deadline for SB 253 of August
10, 2026 [21].

In parallel, a number of states (Texas, Florida) have passed anti-ESG laws. Texas's SB 13 (2021)
required state pension funds and contractors to exclude companies that "boycott" fossil fuels. On
February 5, 2026, a federal court found SB 13 unconstitutional under the First and Fourteenth
Amendments, ruling that the law violated free speech and was unconstitutionally vague [22]. This
decision marked the second time a federal court has struck down a state anti-ESG law [23].

Environmental regulation and extraterritorial pressure share a similar picture. The
Environmental Protection Agency (EPA) administers the Greenhouse Gas Reporting Program
(GHGRP, 40 CFRPart 98). However, in September 2025, it is already proposing to repeal the program
for most source categories, which is estimated to jeopardize $77.5 billion in CCUS investments and
$30 billion in tax revenues [24,25]. Although some senators have called on the EPA to withdraw the
proposal, its fate remains uncertain [25]. Furthermore, businesses face extraterritorial pressure: the
EU CSRD and CBAM mechanisms extend European standards to US companies operating in the EU
[17]. At the same time, US federal authorities are exerting counter-pressure, including through
legislative initiatives (e.g., the PROTECTUSAAct of 2025) aimed at protecting US companies from
extraterritorial demands [17].

ESG enforcement. The SEC consistently holds companies accountable for greenwashing and
unfair ESG practices. In November 2022, Goldman Sachs Asset Management paid a $4 million fine;
in September 2023, DWS Investment Management Americas, Inc. — $19 million; in October 2024,
Wisdom Tree Asset Management, Inc. — $4 million; and in November 2024, Invesco Advisors, Inc.
— $17.5 million for overstating the share of ESG-integrated assets under management [26]. In August
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2025, the SEC indicted the co-founder of Aspiration Partners for fraudulently defrauding
environmental services revenues totaling over $300 million [27]. These measures create additional
compliance risks for businesses related to the accuracy of disclosed information.

Thus, it can be argued that the American market-oriented model is characterized not only by a
multiplicity of requirements, but also by their increasing inconsistency and potential conflict. This
confirms subhypothesis 1 on fragmentation as a key source of compliance risks.

European Union.

The analysis shows that the European Union's ESG regulation is a directive (or rather, a
directive-centralized) model, which in 2025-2026 underwent a significant transformation towards
simplification and a reduction in the administrative burden. In response to criticism of excessive
regulatory complexity, the European Commission unveiled the Omnibus I package on February 26,
2025, aimed at reducing administrative costs by a target of 25% for all companies and 35% for small
and SMEs [28,29]. The expected annual savings from the CSRD reform are estimated at €4.4 billion,
with total savings across all omnibus initiatives amounting to approximately €11.9 billion per year
[28,30].

In the context of corporate reporting, the CSRD Directive (2022/2464) requires mandatory
disclosure of non-financial information based on the dual materiality principle. Under the proposed
Omnibus I amendments (Amending Directive (EU) 2026/470, published on 26 February 2026), the
scope of the CSRD has been significantly narrowed [31]. Mandatory reporting is retained only for
companies with more than 1,000 employees and an annual turnover exceeding €450 million, which
removes from the scope of the directive approximately 80% of the companies previously covered by
it [30,32]. Listed SMEs are completely excluded from the scope of the CSRD. CSRD reporting will
apply for financial years beginning on 1 January 2027, and the deadline for transposition for Member
States is set for 19 March 2027 [33]. Large public interest companies remaining within the scope of
the directive are required to report for the 2025 and 2026 financial years [34]. The European
Sustainability Reporting Standards (ESRS) were completely revised in 2025; ESRS 2.0, although not
yet finalized, proposes a reduction in mandatory indicators by approximately 60-70%, the
elimination of voluntary disclosures, and a simplification of the reporting process. Implementation
of ESRS 2.0 for companies subject to the CSRD is scheduled for 1 January 2027, with the possibility of
early application from 1 January 2026. EFRAG is developing a voluntary reporting standard for
companies with fewer than 1,000 employees, which will also serve as a protective mechanism
("shield") limiting information requests from SMEs in supply chains [28,29].

Financial regulation is subject to the SFDR 2019/2088, which is undergoing reform. On 20
November 2025, the European Commission published the legislative proposal "SFDR 2.0"
(COM/2025/841 final) [28]. Key changes include the abandonment of the "Article 8" and "Article 9"
categories in favor of three mandatory financial product categories: "Transition," "ESGBasics,” and
"Sustainable,” each with an investment threshold of 70% [30,35]. The proposal aims to simplify the
regime, eliminate market confusion, and reduce the risks of greenwashing.

The Taxonomy Regulation 2020/852 establishes criteria for environmentally sustainable
economic activity. From 1 January 2022, the requirements apply to large companies with more than
500 employees, and from 2025, to all companies falling under the CSRD [32]. Delegated Regulation
(EU) 2026/73 of 4 July 2025 simplifies the reporting of information within the taxonomy [36].
Companies are exempt from disclosing activity-based data if they account for less than 10% of
revenue, investments, or operating expenses. Taxonomy obligations remain limited to the largest
companies (over 1,000 employees and €450 million in turnover), but other companies may report
voluntarily [28].

The Due Diligence Directive (DDD) 2024/1760 entered into force on 25 July 2024. Omnibus I
significantly relaxed its requirements [32]. The application thresholds have been raised from 1,000
employees and €450 million in turnover to 5,000 employees and €1.5 billion in turnover, and the due
diligence obligation is now risk-based [31]. The obligation to develop transition plans for climate
change mitigation and the harmonized civil liability regime at EU level have been completely
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removed from the directive [31,33]. The transposition deadline for Member States is set for 26 July
2028, and companies will be required to comply with the rules from July 2029 [33].

The cross-border carbon regulation mechanism entered the compliance phase on 1 January 2026,
covering imports of cement, fertilizers, aluminum, hydrogen, iron, and steel [37]. Importers
importing 50 or more tons of goods per year are required to declare their embedded emissions and
submit the corresponding number of CBAM certificates [38]. The certificate price is linked to the price
of EUETS allowances (~€70-100 per ton of CO,). The first declaration and certificate submission must
be made by September 30, 2027, for emissions during 2026 [38].

Thus, the European ESG regulation model, while retaining its prescriptive nature and the
principle of dual materiality, has undergone significant simplification. For businesses, the key risk
remains not so much the EU's internal requirements as the extraterritorial pressure—large
companies.

China.

In 2025, China's ESG regulatory system made a qualitative transition from conceptual
framework development to practical implementation, making sustainable development an element
of mandatory corporate compliance. Unlike the market-oriented US model, the Chinese model
represents a state-centralized model in which the ESG agenda is integrated into achieving the goals
of carbon neutrality by 2060 and an "ecological civilization" [39].

A key event in the field of information disclosure in 2024-25 was the formation of a unified
national system of sustainability disclosure standards (CSDS). In November 2024, the Ministry of
Finance of the People's Republic of China, together with eight departments, issued the Core
Corporate Sustainability Reporting Standards (Trial Version), which laid the foundation for the
unification of ESG reporting requirements [40,41]. In September 2025, the Implementation Guide for
these standards was issued, establishing specific requirements for value chain boundaries, data
preparation, and internal control. Finally, on December 25, 2025, Disclosure Standard No. 1 - Climate
was published, covering governance, strategy, risk and opportunity management, as well as metrics
and targets (including Scope 1-3 emissions) [42]. The national standards are developed based on the
ISSB framework, but represent an independent Chinese system, implying a phased implementation:
from voluntary to mandatory, from qualitative to quantitative requirements, from large public
companies to SMEs [40,43]. By 2030, a unified national system of sustainable disclosure standards is
planned to be fully formed [41,44].

In parallel, the Shanghai, Shenzhen, and Beijing stock exchanges, under the leadership of the
CSRC, have introduced mandatory reporting requirements. 2025 marked the first real reporting
period, with companies preparing reports by the deadline of April 30, 2026 [45]. By 2025, the number
of companies publishing sustainability reports reached 1,869, accounting for approximately 70% of
the total market capitalization [46]. In March 2025, the CSRC adopted revised Disclosure
Management Measures for Listed Companies, which took effect on July 1, 2025, and explicitly require
the publication of sustainability reports [47,48].

An important feature of the Chinese approach is the implementation of the double materiality
principle, which requires companies to disclose both the impact of ESG factors on their financial
position (financial materiality) and the company's impact on the environment and society (impact
materiality) [41]. Unlike the European CSRD, where compliance with one criterion is sufficient, the
Chinese approach is closer to requiring both types of materiality simultaneously. Moreover, China,
unlike the ISSB, which focuses exclusively on financial materiality, has opted for a broader approach
[49]. National exchanges also require listed companies to use the dual materiality principle when
identifying and disclosing sustainable themes [49].

On March 21, 2025, the Ministry of Ecology and Environment expanded the national emissions
trading system (ETS) to the steel, cement, and aluminum industries, incorporating approximately
1,500 new enterprises and bringing its coverage to approximately 60% of the country's total
greenhouse gas emissions [45]. Mandatory monthly reporting and data verification were introduced
for new participants. Furthermore, in April 2025, the Standing Committee of the National People's

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0608.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2026 d0i:10.20944/preprints202606.0608.v1

10 of 45

Congress of China introduced a draft Environmental Code, which consolidates all environmental
legislation into a single structured system, including mandatory ESG clauses in contracts and
penalties of up to five times the damage [50]. On January 1, 2026, continuous digital emissions
monitoring regulations came into effect, providing for legal liability for falsifying environmental
data.

Chinese exporters face growing extraterritorial pressure. The EU's CBAM mechanism (since
2026) requires Chinese suppliers of steel, cement, and aluminum to disclose their carbon footprints.
Simultaneously, the Uyghur Forced Labor Prevention Act (UFLPA) in the US resulted in the inclusion
of 144 Chinese companies on the restriction list as of early 2026. China responded by ratifying two
ILO conventions on forced labor in 2025. Domestic sanctions for environmental violations include
administrative fines of up to five times the damages, daily penalties, suspension of operations, and
criminal liability for executives [50]. The CSRC also set a maximum fine for disclosure violations of
100,000 yuan [47].

Thus, the Chinese ESG regulation model, while maintaining its state-centralized nature and
strategic focus on carbon neutrality, has transitioned to mandatory compliance. The key risk for
businesses is the need to simultaneously comply with rapidly tightening domestic requirements
(CSDS, expanded ETS, Environmental Code) and extraterritorial pressure from the EU (CBAM) and
the US (UFLPA). This confirms sub-hypothesis 1 on fragmentation: even with formal centralization
of regulations within a country, businesses face conflicting requirements from different global
regulators.

India.

The analysis shows that ESG regulation in India is a hybrid of a state-centralized and directive
model, in which the Securities and Exchange Board of India (SEBI) plays a key role, consistently
expanding mandatory requirements for non-financial information disclosure. The basic reporting
format—Business Responsibility and Sustainability Reporting (BRSR)—is based on nine National
Guidelines for Responsible Business Conduct (NGRBC) and is mandatory for the top 1,000 listed
companies (by market capitalization) from 2022 [51]. BRSR includes approximately 140 indicators
(mandatory Essential indicators and voluntary Leadership indicators) and is integrated into the
company's annual report. In 2023, SEBI implemented BRSRCore, a standardized set of nine key
performance indicators (KPIs) designed to improve the validity, comparability, and reliability of ESG
data [52]. Under SEBI Circular No. SEBI/HO/CFD/CFD-PoD-1/P/CIR/2025/42 dated 28 March 2025,
companies were given the option to choose between “assessment” (as per Industry Standards Forum)
and “assurance” for BRSRCore and supply chain disclosures. The assurance implementation
schedule remains phased: in 2026, for the top 500 listed companies, and by 2027, for all top 1000 listed
companies [52]. For supply chain disclosures, SEBI has set a materiality threshold for supply chain
partners of 2% or more of a company's purchases or sales, with the option to limit disclosures to 75%
of total transaction volume [53]. Mandatory supply chain disclosures have been deferred by one year
during the transition period: voluntary reporting for the top 250 companies from 2026, and voluntary
assessment/assurance from 2027 [54]. For 2026, reporting for the previous year remains optional,
while reporting for the current year is voluntary [55].

SEBIl is actively working to update the BRSR standards to harmonize and align with global ESG
norms. In February 2025, SEBI formed a study group with the Shakti Sustainable Energy Foundation
and auctusESG to identify gaps in the current framework and propose necessary changes to comply
with IFRSS1 and S2. This follows the endorsement of IFRS by the International Organization of
Securities Commissions (IOSCO), which called on its 130 member jurisdictions to adopt IFRSS1 and
S2 [56]. The update to the BRSR is planned to introduce more detailed disclosures on sustainability
risks, climate impacts, and Scope 3 emissions, which are currently missing. A key recommendation
is to adopt ISSB (IFRSS1/S2) as the baseline standard for financial materiality and GRI for impact
materiality, which will enable the BRSR to achieve “deemed compliance” — a status where
international standards are recognized as fulfilling domestic requirements [57]. SEBI has consistently
held companies accountable for disclosure violations. In March 2026, SEBI imposed a fine of 3.8
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million (approximately $45,600) on CoffeeDayEnterprises and related parties for financial
misrepresentations and disclosure violations [58]. In January 2026, SEBI fined eight entities Z8 crore
(approximately $960,000) for failing to disclose information to exchanges on a timely basis. In March
2026, SEBI imposed its largest-ever fine of 385 crore (approximately $10.2 million) on DLF and related
parties for fraud and unfair trading practices in an initial public offering [59]. While these sanctions
do not yet relate directly to ESG reporting, they demonstrate SEBI's growing ability to impose
significant financial penalties. As experts note, ESG distortions are already triggering shareholder
lawsuits, SEBI enforcement actions, and promoter liability in India.

Thus, the Indian ESG regulation model, unlike the EU and somewhat similar to China,
demonstrates a consistent strengthening of mandatory disclosure and data verification requirements
while maintaining flexibility during the transition period. The key risk for companies is the need to
comply with increasingly stringent domestic BRSRCore and supply chain requirements while
simultaneously adapting to global harmonization with ISSB standards. This points less to
fragmentation than to an ongoing process of regulatory convergence, which creates additional
transition and compliance costs for businesses.

Brazil.

Brazil's ESG regulatory system is a hybrid model with a high degree of coordination between
the Securities and Exchange Commission (CVM) and the Central Bank (BACEN), ensuring a low level
of internal fragmentation. A key distinguishing feature is the phased implementation of mandatory
sustainability financial disclosure requirements based on the ISSB standards, while simultaneously
developing a national green taxonomy and a carbon market.

ESG disclosure and ISSB adoption have undergone significant changes since 2021. In December
2021, the CVM adopted Resolution No. 59, which entered into force in January 2023 and included
disclosure of ESG practices, greenhouse gas emissions, and materiality assessment methods in the
mandatory Information Form, while maintaining the "practice or explain" principle [60]. In October
2023, the CVM issued Resolution No. 193, making Brazil the first country in the world to formalize
in national law the voluntary application of IFRS S1 and S2 standards developed by the International
Sustainability Standards Board (ISSB), starting in fiscal year 2024. Following the completion of the
translation and adaptation of the ISSB standards by the Brazilian Committee on Sustainability
Standards (CBPS), in October 2024, the CVM adopted Resolutions No. 217, 218 and 219, which made
the application of CBPS Technical Provisions No. 01 (IFRS S1) and No. 02 (IFRS S2) mandatory for all
public companies, investment funds and securitization companies for fiscal years beginning on or
after January 1, 2026. Companies could voluntarily apply the new standards starting as early as fiscal
year 2025 [61]. For the first years of mandatory application, the possibility of providing reports with
a reasonable level of confidence (reasonable assurance) according to ISSB standards was established.
The CVM also introduced additional requirements: from January 1, 2025, public companies are
obliged to apply the Technical Guide OCPC 10 (Opticial Técnico OCPC 10 - Créditos de Carbono) for
accounting of carbon credits [62].

In September 2021, the National Monetary Council adopted Resolution No. 4.943 and amended
the risk management rules for financial institutions, adding social, environmental, and climate risks
to their governance structure and stress testing procedures.[62] The main requirements were to be
implemented on December 1, 2022. Law No. 15.042 of December 11, 2024, established the Brazilian
Greenhouse Gas Emissions Trading System (SBCE), which established requirements for the
monitoring, reporting, and verification of Scope 1-3 emissions and laid the foundation for a regulated
carbon market in the country [63].

As part of the green taxonomy and the fight against greenwashing, the Interministerial
Committee of the Brazilian Sustainable Taxonomy (CITSB), chaired by the Ministry of Finance, was
created in March 2024 by Decree No. 11.961. On August 25, 2025, the CITSB approved the final
technical reports of the Brazilian Sustainability Taxonomy (TSB), covering eight economic sectors
(including agriculture, extractive and manufacturing industries, energy, construction, and
transportation). On October 31, 2025, in the lead-up to COP30, the federal government issued Decree
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No. 12.705, which formally established the TSB as an instrument of the federal executive power and
a reference point for the direction of credit lines, guarantees, and investment monitoring [64]. The
taxonomy is based on a three-tier system that verifies the contribution of an activity to
environmental/social objectives, the absence of significant harm to other objectives, and compliance
with minimum social and environmental safeguards. Regarding greenwashing, in December 2022,
the CVM adopted Resolution No. 175, which established requirements for the nomenclature of

"o

investment funds using terms related to ESG, "green," "sustainable,” and similar terms, requiring full
compliance with methodological criteria and the disclosure of reports on ESG results [65]. ANBIMA
also established additional rules for funds with the suffix "Sustainable Investment".

In terms of enforcement, the CVM and BACEN have powers to supervise compliance with ESG
requirements. Violations may be subject to administrative fines, as well as lawsuits for false
disclosure. In August 2025, the CVM updated its supervisory rules to provide for sanctions, including
fines and other enforcement measures, and to assess the risks of misleading investors.

Thus, the Brazilian model demonstrates a systematic transition from soft "comply or explain”
principles to mandatory ISSB-based disclosure from 2026. It is also notable for the early inclusion of
ESG risks in financial sector regulation and the world's first official adoption of a sustainability
taxonomy at the federal decree level. The main compliance risk for businesses is related to the need
to adapt to rapidly changing requirements for verifiable reporting and the need to prepare for an
ever-widening range of sustainability obligations, which generally confirms the hypothesis of the
emergence of fragmentation costs —both domestically and globally.

Russia.

The Russian ESG regulation system is a state-centralized model, where the key drivers are
national economic policy goals and industrial modernization. Unlike the market-oriented US model,
the impetus for the development of the ESG agenda in Russia is driven by state institutions, and
regulation is hybrid —a combination of directive strategic documents and voluntary non-financial
reporting standards.

The fundamental act for climate regulation and carbon reporting is Federal Law No. 296-FZ "On
Limiting Greenhouse Gas Emissions" (which entered into force in 2022), which establishes the
obligation for regulated organizations to submit annual greenhouse gas emissions reports. Starting
in 2025, the range of regulated organizations has been expanded: reporting is required not only for
large enterprises with emissions exceeding 150,000 tonnes of CO, equivalent per year, but also for
medium-sized enterprises with volumes of 50,000 tonnes or more. Emissions reports for 2025 must
be submitted from January 1 to July 1, 2026 [66]. Amendments providing for the creation of an expert
council under the authorized federal body will come into force on September 1, 2026.

In December 2025, the Bank of Russia published a draft regulation that requires issuers on the
first and second quotation lists to disclose approximately 30 basic non-financial indicators in their
annual reports, including greenhouse gas emissions, water, and energy consumption [67]. The data
must be provided in machine-readable XBRL format. The new regulation will come into force on
October 1, 2026 [68]. In August 2025, the Bank of Russia also approved the Code of Responsible
Investment, which requires investors to disclose ESG reporting, although non-compliance does not
yet entail fines [69].

In June 2025, Rosstandart approved the national standard GOST R72157-2025 "Sustainable
Development of Organizations. Guidelines for Diagnostics of Organizations' Activities in Achieving
Sustainable Development Goals" (Order No. 585-st of June 19, 2025), with an effective date of July 1,
2025 [70]. At the same time, the EPS rating (Ecology — Personnel — State) continues to develop; in 2025,
it received the status of a national standard and was enshrined in regional legislation in 38 regions,
covering 47 assessment criteria. Also in December 2025, the government approved the Business
Public Capital Standard (BPS) — Resolution No. 2230 of December 30, 2025, defining voluntary
principles and indicators for business contribution to national projects. According to preliminary
data, more than 1,000 companies have submitted applications for BPS compliance assessment [71].
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As part of the green taxonomy and financing, Government Resolution No. 1587 approves criteria
for sustainable development projects (including "green"). In October 2025, the government updated
the taxonomy, expanding and detailing the project classification and adding new areas. In 2025, the
sustainable development financing market grew by 27%.

Russian exporters face the extraterritorial pressure mechanism of the CBAM (EU), which,
starting in 2026, requires disclosure of the carbon footprint of steel, aluminum, cement, and fertilizer
supplies. In May 2025, Russia formally requested consultations with the EU at the WTO regarding
the CBAM. Meanwhile, most large Russian companies continue to use international GRI standards
(88% of 1,005 companies), SASB, and TCFD, along with national recommendations. Thus, the Russian
model also demonstrates a shift from voluntary principles to more stringent and structured
regulation, while maintaining a hybrid nature. The main compliance risk for businesses is associated
with the need to simultaneously comply with domestic requirements (including the new reporting
standard, ECG rating, and the SOC) and adapt to extraterritorial pressure from the EU (CBAM),
which confirms the hypothesis of additional costs of fragmentation.

South Africa.

The ESG regulatory system in South Africa is a hybrid model, combining government regulation
with the strong influence of market institutions, primarily the Johannesburg Stock Exchange (JSE)
and corporate governance standards. A key distinguishing feature is the institutionalization of
sustainability principles through the King Code of Corporate Governance and the JSE listing
requirements, complemented by mandatory climate legislation.

The new King V Code of Corporate Governance in South Africa, published on 31 October 2025,
replaces King IV and applies to financial years beginning on 1 January 2026. King V retains the
"apply-and-explain" principle but introduces a more standardized approach to disclosure using the
mandatory Disclosure Framework [72]. The Code enshrines the principle of double materiality,
requiring companies to disclose both the impact of ESG factors on their business and their impact on
the environment and society [73]. Although King V is formally advisory in nature, its principles are
embedded in the JSE listing rules, making them binding on listed companies.

In January 2025, the JSE updated its Sustainability Disclosure Guidance to align with IFRS S1
and S2 developed by the International Sustainability Standards Board (ISSB) [74]. The new guidance
simplifies the reporting process, introduces a requirement to disclose financial materiality (financial
risks and opportunities related to sustainability), and sets out a phased implementation schedule.
From 2026, listed companies are required to disclose compliance with the ISSB standards or provide
a full explanation for deviations. Regional asset managers are already considering this requirement
as a key factor in investment screening.

The President of South Africa signed the Climate Change Act No. 22 of 2024 on 23 July 2024. The
Act came into force on 17 March 2025, although a number of provisions (sections 12-30) will be
implemented later as secondary legislation is developed [75]. The Act establishes South Africa's first
legally binding greenhouse gas emissions reduction regime, introducing a national emissions
pathway, sectoral targets, carbon budgets for large emitters and mitigation plans. The established
sanctions include criminal liability (a fine of up to 5 million ZAR or imprisonment for up to 5 years
for a first conviction, up to 10 million ZAR or up to 10 years for a second conviction), as well as
personal liability of directors for failure to take reasonable steps to prevent violations ([76]. The law
maintains the existing environmental regulations (National Environmental Management Act -
NEMA, Greenhouse Gas Emissions Reporting Regulations) and supplements them with new
enforcement mechanisms, including inspector orders and personal liability of officials.

South African exporters face extraterritorial pressure through the EU Cross-Border Carbon
Management (CBAM), which from 2026 requires disclosure of the carbon footprint of steel,
aluminum, cement, and fertiliser supplies [77].

Thus, the South African ESG regulation model combines voluntary corporate governance
principles (King V) with mandatory JSE requirements (ISSB-compliant reporting) and strict climate
legislation (Climate Change Act). The main compliance risk for businesses is related to the need to
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simultaneously comply with internal regulations and adapt to extraterritorial pressures. This
confirms the hypothesis that fragmentation is a key source of costs.

Kazakhstan.

A historical analysis suggests that Kazakhstan's ESG regulation system is a hybrid model in its
infancy, combining elements of a state-centralized model with market initiatives from the financial
sector. A key feature is the centralized nature of regulation, the absence of uniform mandatory non-
financial reporting standards for the non-financial sector, and the low level of engagement of small
and medium-sized businesses in the ESG agenda [78,79].

The state's strategy for achieving carbon neutrality by 2060 and the 2013 Concept for the
Transition to a "Green Economy" provide long-term guidelines for sustainable development [80]. The
2021 Environmental Code of the Republic of Kazakhstan established requirements for environmental
monitoring, emissions reporting, and the implementation of best available technologies,
strengthening the environmental component of ESG regulation [81]. The Code incorporates the
"polluter pays and corrects" principle and provides for mandatory environmental reporting for
Category I and II enterprises.

The Agency for Regulation and Development of the Financial Market (ARFMR) of Kazakhstan
has developed three key documents: a Roadmap for the Implementation of ESG Principles, a
Roadmap for Raising Awareness, and a Guide to Disclosing ESG Information for Banks and Other
Financial Institutions [82]. Effective January 1, 2025, ESG information disclosure became mandatory
for all financial institutions in Kazakhstan—second-tier banks, insurance companies, investment
funds, and organizations engaged in certain types of banking operations. Financial institutions are
required to develop a sustainable development policy, an environmental and social risk management
policy, a procedure for disclosing information on sustainable development, and other internal
documentation. ARFMR is also implementing requirements for the integration of ESG principles and
reporting for the banking sector. For companies in the non-financial sector, the requirements remain
primarily advisory, although methodological recommendations have been developed by the
Ministry of Ecology and Natural Resources and the Atameken National Chamber of Entrepreneurs
[1,78].

The AIFC, which operates under a separate legal framework, plays a key role in developing the
sustainable finance market. The AIFC Green Finance Centre developed a green taxonomy in 2021,
defining criteria for classifying environmentally sustainable projects. The taxonomy sets
requirements for projects eligible for green financing and serves as the basis for issuing green bonds
and other sustainable financial instruments. By 2025, the volume of green bonds issued and placed
with the support of the AIFC exceeded $650 million [83]. Approximately 70% of all green bonds and
loans issued in Kazakhstan were supported by the Green Finance Centre.

Kazakhstan is actively integrating into international ESG initiatives. In 2023, the Export Credit
Agency of Kazakhstan became an affiliate member of the Zero Emissions Export Credit Alliance
(NZECA), confirming its commitment to supporting carbon neutrality by 2050, with interim targets
for 2030 [84]. The country also participates in the OECD Working Group on Export Credits, which
facilitates the implementation of international best practices. Kazakhstan is transitioning to
harmonized ESG reporting with IFRS S1 and S2 standards, as part of a strategy to increase
transparency and competitiveness in global markets. With the support of the UNDP and the OECD,
workshops are being held for Kazakh companies on the implementation of international standards
for sustainable disclosure.

The European Union remains Kazakhstan's largest trading partner, accounting for 37% of the
country's total exports in 2024. The aluminum, fertilizer, and iron industries are most sensitive to
CBAM. At the same time, China has become the second largest export partner of Kazakhstan, with a
share of 18.9% in 2024 [85]. Thus, Kazakhstani exporters face a dual system of external pressure: the
European direction requires formalized carbon reporting and decarbonization, while the Chinese
direction is strengthening its focus on supply security and price efficiency. To manage these
challenges, Kazakhstan is consulting with the EU and preparing national systems for monitoring and

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0608.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2026

15 of 45

verifying its carbon footprint. A structural analysis of the indicators of the "Business Roadmap 2025"
and the "Concept for the Development of SMEs in the Republic of Kazakhstan until 2030" shows that
they completely lack environmental indicators [10]. This configuration does not encourage businesses
to take ESG factors into account, creating the risk of unpreparedness for foreign counterparties'
requirements to disclose their carbon footprint. A survey of entrepreneurs revealed a negative
correlation between willingness to invest in sustainable development and willingness to invest in
business (r =-0.225), indicating that ESG factors are perceived as an additional burden rather than a
stimulating one [1]. Thus, with formal centralization of regulation, businesses face fragmentation of
signals between government expectations and global markets, confirming subhypothesis 1 regarding
regulatory fragmentation as a key source of costs.

A summary of the ESG regulation models based on the criteria of the analytical framework is
presented in Table 5.

Table 5. Summary characteristics of ESG regulation models according to the criteria of the analytical

framework.
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Each of the US, EU, and Chinese models examined develops its own approach to ESG: the US
through market mechanisms, the European through directive legislation, and the Chinese through
state-centralized planning and national strategic priorities. However, for businesses operating in the
global economy, these models are not alternatives: companies are forced to comply with all three (or
a combination of them) simultaneously, entering a zone of conflicting obligations and incompatible
requirements. It is this contradiction, revealed through a comparative legal analysis, that becomes a
key source of regulatory, compliance, and strategic risks.

3.2. Key Types of ESG Risks for Business in the Context of Global Regulatory Fragmentation

Thus, the global fragmentation of ESG regulation generates four interrelated categories of risks
for business. Regulatory risks arise from the divergence of requirements between jurisdictions.
Companies are forced to monitor and adapt to the conflicting regulations of the EU, the US, and
China. Exterritorial mechanisms — CBAM (from 2026), CSDDD (after Omnibus I—for companies with
>5,000 employees and €1.5 billion in turnover, transposition until 2028), and California's SB 253/SB
261 laws (although partially suspended by the courts) —create asymmetric pressure on third-country
suppliers. 57% of surveyed companies cited compliance complexity as a key challenge, and 83%
expect further cost increases [86].
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Compliance risks are associated with the multiplicity of reporting standards. Today, there are
over 600 ESG data disclosure mechanisms in place worldwide [86]. Kazakhstani companies
simultaneously use GRI, TCFD, and voluntary national standards, leading to multi-tasking and an
increase in errors. The study [87] introduces the concept of "penalty zones™ after exceeding a
threshold of 2-3 standards, a company's market value begins to decline. Insufficient digitalization
(only 8% of companies publish machine-readable databooks) exacerbates the risk of incomplete
compliance.

Reputational risks are exacerbated by methodological divergence in ESG ratings. Discrepancies
between MSCI, Sustainalytics, and S&P Global reach 50-60%, even for the largest issuers [7]. The
inconsistency of assessments itself is becoming a source of mistrust: investors suspect data
manipulation. At the same time, regulators are intensifying the fight against greenwashing. The risk
of greenwashing is particularly high in countries without national verification standards.

Investment risks manifest themselves in the increased cost of capital for companies with
inconsistent ESG ratings. Over 60% of institutional investors recognize the divergence of standards
as a significant risk to corporate governance. Research confirms that differences in ESG ratings
significantly impact access to capital, forcing investors to incorporate a premium for uncertainty [88].

As a systemic conclusion, it can be stated that all four risk categories are in a mutually reinforcing
loop. Regulatory fragmentation increases compliance costs, distorting signals to investors and, when
incidents occur, leading to disproportionately strong reputational reactions. Formally impeccable
compliance can coexist with high reputational and investment risks if it is not accompanied by real
changes in corporate practices. This justifies the need for national feedback instruments that can
reduce uncertainty and improve data comparability.

3.3. ESG Indices and Ratings as a Feedback Mechanism in the Social Governance System

Modern ESG regulation represents a complex socio-economic system in which a multiplicity of
regulators, standards, and jurisdictions generates effects similar to those studied in control theory
(CAT) and system dynamics. Researchers are increasingly applying control theory to the analysis of
sustainable development, climate policy, and corporate reporting, emphasizing that social systems
share the same key characteristics of complex adaptive systems: nonlinear responses, multiple
feedback loops, time lags, and high sensitivity to external disturbances [89,90].

Within this approach, we propose that ESG regulation can be decomposed as a classical control
system, where:

The control object is the business whose sustainability practices and indicators are the subject of
regulation;

The regulator is national governments, supranational bodies, and financial regulators that shape
policy;

The governing mechanism is a set of legal norms, reporting standards, economic incentives, and
sanctions;

Disturbing influences are exogenous factors: geopolitical shocks, climate crises, market
conditions, and extraterritorial regulations of other jurisdictions [91].

The system's output is the actual level of ESG maturity of a business, economic resilience, and
progress toward achieving climate goals.

According to control theory, two main modes of operation for such systems are distinguished:
open-loop (disturbance control) and closed-loop (deviation control). An analysis of the global ESG
architecture allows us to classify it as a system that operates predominantly in open mode (Figure 1).
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Figure 1. State ESG regulation system as an open-loop adaptive control system.

The regulator reacts to external disturbances—international obligations, public pressure, or
environmental disasters. In response, new laws and standards are adopted, and businesses adapt,
often following the logic of minimizing compliance risks and formal conformity. However, a key
characteristic of an open system is the lack of operational measurement of the resulting deviation—
the regulator does not receive a standardized signal about the extent to which the actual state of the
business (output Y) corresponds to the sustainability targets (setpoint R). Policy adjustments occur
episodically, with a significant time lag, and are based on qualitative assessments rather than
quantitative deviation data. Information asymmetry between business and the state, exacerbated by
data fragmentation, critically reduces the adaptability of regulation and provokes strategies of
symbolic conformity. Fundamentally, similar problems are also identified in works [92,93].

Yes, it could be said that ESG disclosures, ISSB, CSRD, TCFD, SASB, and MSCI/Refinitiv ratings
are all attempting to create a standardized feedback signal. The problem, however, is not so much
the complete absence of a signal, but rather the low comparability, time lag, manipulation,
fragmentation, and weak verifiability of this data.

Unlike open-loop systems, closed-loop control systems using negative feedback possess
fundamental advantages under uncertainty. They demonstrate robustness—the ability to maintain
stability in the face of parametric deviations and incompleteness of the object's model; adaptability —
automatic adjustment to changes in the external environment and the object's internal properties; and
disturbance compensation — the ability to counteract the influence of uncontrollable factors without
the need for their precise measurement.[94] In the context of ESG, these properties are critically
important: the socio-economic system is characterized by high volatility, numerous uncontrollable
factors, and behavioral adaptation by businesses. Deviation-based management can ensure self-
correction of the course and prevent systemic failures [95]. Based on the principles of control theory,
the structure of a closed-loop ESG control system should include two additional functional elements
(Figure 2):

A measurement unit is a key element missing from the current model (see Figure 1). It should
ensure the collection, verification, and aggregation of data on the actual ESG status of a business into
a standardized and comparable signal.

The comparison element calculates the error signal (mismatch) e =R — Y, where R is the target
state (setpoint), and Y is the actual, measured state.
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Figure 2. Closed-loop ESG control system with deviation feedback

Thus, a theoretical and management analysis suggests that the existing ESG regulation
architecture operates primarily in an open-loop mode, lacking a stable feedback channel on the actual
state of the entity. This leads to information asymmetries, increased transaction costs, and strategies
of formal compliance. Closing the control loop through the implementation of a measurement
module based, for example, on standardized ESG indices can improve the robustness, adaptability,
and effectiveness of the regulatory system, which is particularly relevant in the context of global
fragmentation and extraterritorial pressure.

The developed concept of a deviation-closed ESG governance system presupposes the existence
of stable and methodologically valid feedback channels between the entity (business) and the
regulator (government, supranational bodies). However, the development of such feedback loops
faces a fundamental challenge: the impact of ESG regulation is multidimensional, nonlinear, and
transboundary, and its results are expressed in hundreds and thousands of heterogeneous
indicators—from carbon intensity and energy efficiency to social risks, corporate governance
indicators, and supply chain requirements. Under these conditions, regulators face the task of
compressing and aggregating information for management decision-making [2,7].

Unlike technical systems, where feedback measures one or a few strictly defined deviations, in
a social system, the effects of regulation are distributed across several interconnected circuits. First,
there is the micro level —the response of individual companies, changes in their costs, investment
structure, and reporting strategies. Second, there is the meso level —industry shifts, the redistribution
of market shares, and the emergence of new business models. Third, there is the macro level —the
impact of ESG policies on GDP, employment, trade flows, and financial stability [96,97]. Finally, there
is the transboundary level —the extraterritorial impact of regulations, shaping regulatory competition
and the effects of carbon leakage [98]. Effective feedback should take into account not individual
indicators, but their systemic interrelationships at all these levels. In the theory of complex systems
management, the problem of processing multidimensional data is solved through the aggregation of
indicators, dimensionality reduction, clustering, and the use of machine learning methods. In the
field of ESG, similar approaches are also actively being researched. Empirical studies show that a
large number of ESG metrics are correlated with each other and can be reduced to latent factors using
factor analysis or principal component methods [7]. The use of neural networks allows us to identify
implicit nonlinear relationships between ESG indicators and financial results, and clustering methods
allow us to identify groups of companies or industries with similar ESG profiles, which facilitates
regulatory targeting, including the use of digital SaaS platforms for managing industrial and
environmental data [99,100].
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However, for public administration systems, the interpretability of results is critical. Unlike
technical systems, where the control device may use complex mathematical algorithms, in a social
system, decisions are made by people, and the output signal must be understandable to market
participants and regulators. In this context, ESG indices offer several advantages. They ensure
integrity by aggregating multidimensional indicators into a single metric; comparability, enabling
cross-industry and international comparisons; communicability, being understandable for
businesses, investors, and society; and regulatory applicability, as they can be integrated into
oversight and incentive mechanisms. From a control theory perspective, an index can act as a sensor
of the integral deviation of the system's state from the target parameters of sustainable development,
transforming an open system into a closed one based on deviation: a measurable output signal is
generated, the possibility of corrective action becomes available, and regulatory adaptability is
ensured.

Nevertheless, existing index systems also have serious limitations. They are primarily oriented
toward investors, not regulators; Their methodological heterogeneity generates "noise" and reduces
the reliability of the deviation signal [7,8]. Moreover, they weakly take into account the
macroeconomic consequences of regulation and are practically inapplicable to small and medium-
sized enterprises (SMEs). For SMEs, which form the backbone of developing countries' economies,
collecting data on hundreds of indicators required by large rating agencies is associated with
disproportionately high costs. As researchers rightly note, the adaptation of international standards
should take into account the principle of proportionality, embedded, for example, in the European
CSRD: for SMEs, a set of 20-25 key indicators is optimal, ensuring a balance between the
comprehensiveness of the assessment and the administrative burden [10].

Figure 3 presents the proposed framework illustrating the process of aggregating
multidimensional ESG data into an integrated feedback signal. The first stage involves collecting
primary data (reports, emissions inventories, surveys). The second stage involves data normalization
and verification. The third stage involves data compression using dimensionality reduction methods
(factor analysis, PCA) and clustering companies into industry and size groups. The fourth stage
involves the formation of an integrated index, which is fed into the comparison element of the
management system. This pipeline allows for the transformation of a complex, multidimensional
picture of a business's state into a signal suitable for regulatory decision-making.

Data flow from companies

v

1. Collection and verification
v

2. Normalization
t

3. Dimensionality reduction (factor analysis, PCA)
v

4, Clustering by industries/sizes
v

5. Formation of the integral index Ym
v

6. Comparison element e= R-Ym

Figure 3. Schematic diagram of aggregation of multidimensional ESG data into an integral feedback signal.
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Given the high dimensionality of data, the incomplete accounting of disturbing factors, the
cross-border nature of regulation, and the need for human interpretation, ESG indices appear to be
an optimal feedback mechanism, as they combine mathematical compression of information,
aggregation of complex effects, transparency for the regulator, and the possibility of international
harmonization. At the same time, to improve regulatory suitability, indices must be adapted to the
national institutional environment, take into account the specifics of the economic structure, and
include a module for assessing harmonization with key trading partners (which is especially
important for developing countries). Only under these conditions can indices fulfill the function of
an integrating element of a closed-loop ESG management system, ensuring the resilience and
adaptability of the social system in the face of external uncertainty.

In accordance with the logic of a closed-loop control system, such an index is intended to serve
as an integral indicator of the deviation of the socio-economic system from the target parameters of
sustainable development (Figure 2). Unlike market ratings, which measure the attractiveness of
companies to investors, a country ESG index should become an element of government regulation,
allowing for the diagnosis of both the failure to achieve goals and the risks of overregulation.

The objectives of creating a country ESG index are determined by the specifics of the identified
problems and the following characteristics.

First, to reduce regulatory uncertainty by standardizing requirements for the disclosure and
assessment of ESG information. The lack of uniform mandatory standards leads to companies
independently choosing reporting methodologies, and the regulator lacks the tools to verify and
compare data. An index built on a transparent and regulatory methodology creates a unified "frame
of reference" for all market participants.

Second, improving data comparability for businesses, investors, and the government. The
asymmetry in coverage of global rankings and methodological divergence make it impossible to
objectively compare companies even within the same industry. A country index using standardized
indicators and aggregation methods bridges this gap.

Third, supporting businesses during the adaptation period by providing clear benchmarks for
improvement, not just recording violations. A study [1] showed that 49.5% of entrepreneurs are
willing to disclose non-financial information only under legislative regulation, indicating the need
for formalized yet predictable rules.

Fourth, ensuring feedback within the governance system: the index should record deviations
between the actual state of a business and sustainable development targets, allowing regulators to
promptly adjust policies (tighten or soften requirements) and thereby offset both underregulation
and the risk of overregulation [98].

The functions of a country ESG index stem from its stated objectives and can be structured as
follows (Table 6):

The measurement function involves collecting, verifying, and aggregating multidimensional
ESG data into an integrated indicator suitable for comparison over time and across entities.

The guidance function sets a "trajectory” for business development: by understanding the index
structure and indicator weights, companies can prioritize investments and risk management.

The communication function ensures a common language for interaction between businesses,
investors, the government, and society, reducing transaction costs associated with searching for and
interpreting information.

The regulatory function involves integrating the index into government support and oversight
mechanisms: differentiation of tax incentives, access to subsidies, and stock exchange listing
requirements.

The adaptive function allows for tracking the impact of regulatory changes on business and
macroeconomic dynamics, ensuring flexible policy adjustments without harsh “shock” transitions.
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Table 6. Objectives and functions of the country ESG index.
Target Function Instrumental Target
embodiment
Reducing regulatory Measuring Unified methodology, Reducing regulatory
uncertainty normatively enshrined uncertainty
Improving data Measuring, Unified indicators, Improving data
comparability communicative standardized comparability
aggregation
Business support during the Orienting Publishing the index Business support
adaptation period structure, open data during the adaptation
period
Providing feedback in Regulatory, adaptive Integration into Providing feedback in
management government support management
mechanisms,
monitoring of
deviations

The place of a country's ESG index in a closed-loop governance system is determined by its
inclusion in a feedback loop (Figure 2). In this system, the regulator sets sustainable development
targets (R), and the entity (business), influenced by regulatory measures (U), shapes the actual state
(Y). The index serves as a measuring unit, converting multidimensional data into a signal Ym. The
comparison element calculates the deviation e = R — Ym and transmits it to the regulator. Based on
the magnitude and dynamics of this deviation, the regulator adjusts policy —tightening or softening
requirements, and redistributing incentives. Without such a measuring unit, the system remains
disconnected, responding only to external disturbances (crises, international pressure) and lacking
the ability to self-correct in a timely manner [2].

For Kazakhstan, where extraterritorial pressure creates a dual system of requirements (European
formalized norms and Chinese supply security requirements), the index becomes a tool for
harmonizing disparate external signals. It allows companies to see how their current practices align
with both international standards and national priorities, while regulators can assess whether policies
are creating excessive burdens that reduce competitiveness in alternative markets. Thus, the country
ESG index is being implemented not as another rating, but as a functional element of public
governance, ensuring the resilience and adaptability of the socioeconomic system in the face of global
fragmentation.

3.4. Identification of Conceptual Requirements for the Index in the Logic of Control Theory

A country-specific ESG index, integrated into a closed-loop management system, serves as an
integral indicator of the socioeconomic system's deviation from sustainable development targets.
However, for government regulation purposes, it is crucial that this index reflect not only the degree
of convergence with global benchmarks but also the risks associated with the disproportionate pace
of regulatory tightening —both lagging (underregulation) and ahead (overregulation), which could
reduce competitiveness and trigger capital outflow. Consequently, a country-specific ESG index
should be constructed not as a "rating tool for image," but as an adaptive regulatory indicator of
balanced development.

From the perspective of automatic control theory and system dynamics, such an index should
possess six key properties. Detectability is the ability to detect significant changes in the behavior of
the managed entity, including shifts in the emission structure, investment flows, and the level of
compliance costs. Robustness is resistance to methodological distortions, noise in the source data and
time fluctuations, which is especially important in conditions of imperfect primary reporting [7].
Comparability is ensuring cross-country and cross-sector comparability, allowing the regulator to
position the national system relative to key trading partners and competitors [8]. Timeliness is
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minimizing the time lag between changes in real processes and their reflection in the index;
otherwise, the feedback loses its responsiveness and does not allow for the prevention of the
accumulation of deviations. Symmetry of assessment is taking into account both underregulation and
overregulation; Most existing indices are constructed on the principle of “the higher the better,” while
for the regulator, a U-shaped relationship is important: insufficient regulation leads to environmental
and social risks, while excessive regulation leads to a decline in competitiveness and carbon leakage
[98]. Interpretability for the regulator — the result must be understandable to decision-makers and
suitable for incorporation into policy adjustment mechanisms (tax incentives, subsidies, reporting
requirements).

Empirical studies in recent years confirm that most existing ESG ratings focus primarily on
investment attractiveness rather than on the systemic sustainability of the economy, and demonstrate
high divergence of assessments between providers, which reduces their regulatory suitability [7,8].
Moreover, they practically do not take into account the risk of regulatory preemption - a phenomenon
in which excessive and premature tightening of ESG requirements increases business costs, reduces
export competitiveness and can provoke the transfer of production to jurisdictions with a more
lenient regime [98]. In the literature, this effect is described as carbon leakage and is considered an
important counterintuitive result of strict climate policy. Therefore, the requirements for a country
index must include a harmonization assessment block - the degree of compliance of national
regulations with the regulatory regimes of key trading partners, as well as a macroeconomic block
reflecting the impact of ESG policy on GDP dynamics, the cost of capital and investment activity
[96,97].

Table 7 systematizes the conceptual requirements for a country ESG index as a gauge of integral
deviation, indicating the empirical justification for each requirement and the implications for index

design.
Table 7. Conceptual requirements for the country ESG index as a gauge of integral deviation.
Requirement Content Empirical Implications for index
justification / source design
Detectability = Recording significant changes  Berg et al., 2022 Using dynamic weights,
in emissions, investments, taking into account
and compliance costs threshold values
Robustness ~ Robustness to methodological Berg et al., 2022; Application of
biases and data noise Gibson Brandon et  dimensionality reduction
al., 2021 methods (PCA), clustering
Comparability Cross-country and cross-  Gibson Brandon et Harmonization with ISSB,
industry comparability al.,, 2021 use of common metrics (e.g.
carbon intensity)
Timeliness Minimum time lag between  Christensen etal., Implementation of digital
process changes and their 2021 reporting, use of high-
reflection frequency data
Symmetry of Accounting for both Dechezleprétre et al.,  Introduction of the U-
assessment underregulation and 2022 shaped scale, the regulatory
overregulation load index
Interpretability ~ Clarity for decision makers  Pastor et al., 2021 Simple structure, open

methodology, visualization

Accounting for

Alignment with key trading Dechezleprétre et al.,

Comparison block with

harmonization partners' standards 2022 regulatory regimes of the
EU, USA, China
Macroeconomic  Reflection of the impact of =~ Krueger et al., 2021; Inclusion of macro
integration ESG policies on GDP, cost of ~ Zhang et al., 2022 indicators (capital

capital, and investment
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expenditure, export
dynamics)

Therefore, a country-specific ESG index, aiming to be an element of a closed-loop governance
system, must go beyond traditional sustainability ratings. It must not simply rank companies or
countries, but rather generate a signal about the deviation of the actual development trajectory from
the target, taking into account both environmental and social risks, as well as the risk of loss of
competitiveness. Such an index becomes a tool for balancing sustainable development and economic
efficiency, allowing regulators to make timely policy adjustments, avoiding both dangerous lags and
excessive pressure on businesses.

In the context of building a closed-loop ESG regulatory management system, international index
methods serve as a reference input—an external benchmark against which a country can evaluate its
own position. However, the vast majority of such indices were developed for other purposes:
comparing countries based on environmental performance, the degree of achievement of the
Sustainable Development Goals (SDGs), or the stringency of climate policy. They are rarely focused
on diagnosing the regulatory architecture and practically do not consider the risk of overregulation
Or macroeconomic consequences.

Among the most authoritative international methods is the Environmental Performance Index
(EPI), developed by the Yale Center for Environmental Law & Policy, which aggregates more than
40 indicators across 11 categories (environmental health, ecosystem viability, and climate policy). The
EPI captures the outcome —the actual state of the environment—but does not allow for an assessment
of either the regulatory structure or the cost of achieving this outcome [30]. The SDG Index, created
under the auspices of the UN, measures countries' progress toward the SDGs using over 100
indicators. However, it does not establish links between policy and outcome, and its regulatory
framework (global targets) may not align with a country's priorities.

A different approach is implemented in the OECD's Environmental Policy Stringency Index
(EPS), which assesses the stringency of environmental policies through price and non-price
instruments (taxes, standards, and trading systems). This is one of the few indices that measures the
intensity of regulation rather than outcome. However, it is limited to the environmental component,
does not cover social and governance aspects, and does not consider macroeconomic impacts or
harmonization with trading partners [96]. Climate Action Tracker (CAT) assesses the alignment of
national policies with the goals of the Paris Agreement, assigning categorical ratings (from "critically
insufficient" to "compatible with 1.5°C"). Despite its high relevance to the climate agenda, CAT has a
narrow focus, does not provide a quantitative, integrated assessment, and does not capture the risk
of excessive tightening. Finally, the World Bank's Worldwide Governance Indicators (WGI) measure
institutional quality (voting rights, political stability, government effectiveness, etc.), but are not
specialized in ESG and do not reflect the dynamics of regulatory changes in this area [101]. A
systematization of these methods (Table 2) shows that international indices capture a country's
position, set targets, and ensure international comparability, but do not measure the optimality of a
country's ESG legislation, do not take into account the risk of anticipatory regulation, and do not
integrate macroeconomic consequences. This is insufficient for public administration purposes.
Comparative characteristics of international ESG regulation indices are presented in Table 8.

Table 8. Comparative characteristics of international ESG regulation indices.

Index Measurement Direction of Accounting for Taking macro Accounting for
type measurement regulatory effectsinto  harmonization
intensity account
EPI Resultative Ecological state No No No
SDG Index Resultative Achieving the Partially Partially No
Sustainable

Development Goals
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OECD EPS  Political The severity of Yes Partially No
environmental policy

Climate  Trajectory ~Compliance with the Yes No Yes (climate)

Action Paris Agreement

Tracker

WGI Institutional Quality of Indirectly No No
management

While international indices assess countries, corporate ESG ratings (MSCI, Sustainalytics, S&P
Global CSA) are designed to assess the sustainability of individual companies. However, it is here
that methodological heterogeneity is most evident. Studies have documented discrepancies between
ratings for the same issuer that reach 50-60%. These discrepancies are due to differences in the set of
indicators, weights, interpretation of materiality, data sources, and whether the company's
environmental impact or only financial risks are considered.

An empirical illustration of these discrepancies using 10 global companies from various sectors
(Table 9) confirms this thesis. For technology companies (Microsoft, Meta), the discrepancies between
MSCI (AAA) and Sustainalytics (low risk) may be small, but for energy companies (BP) or tobacco
companies (British American Tobacco), the range of ratings is significant. The case of Lloyds Banking
Group is particularly illustrative: in 2024-2025, Sustainalytics records a sharp improvement (a risk
reduction from 19.0 to 12.4), while S&P Global CSA shows a deterioration (a drop from 59 to 51), and
MSCI maintains a stable "AA" rating. This divergent trend demonstrates that methodological
differences lead to inconsistent conclusions about the company's actual progress.

Table 9. Divergence of corporate ESG ratings: dynamics and types of discrepancies.

Company Sector MSCI Sustainalytics S&P Global CSA Nature of the
ESG  ESG Risk (0- (0-100) discrepancy/key observation
(AAA- 100)
CCO)
Microsoft Technologies AAA 2023:14,6 (low) 2023: 82 Consistently high ratings;
(stable) 2024: 13,9 2024: 84 improvement across all three
2025: 13,2 2025: 85 agencies
Lloyds Finance  2023: 2023:24,9 (high) 2023: 55 Mixed dynamics:
Banking AA 2024:19,0 2024: 59 Sustainalytics records a sharp
Group 2024: (average) 2025: 51 improvement, S&P Global - a
AA  2025:12,4 (low) deterioration, MSClI is stable
2025:
AA
NatWest Finance 2022: 2022: 17,4 2022: 61 Consistency of trends,
Group AA 2023:19,8  2023:51 (decline) different amplitude: both
2023:  (worsening) 2024: 57 agencies show deterioration
AA 2024:17,7  2025: 63 (height) in 2023 and improvement by
2024: 2025: 14,6 2025, but the scale of
AA  (improvement) fluctuations is higher for S&P
2025:
AA
China Real estate 2021-22: 2021-22:16,0 S&PGlobal data Different sensitivity to
Overseas BB 2022-23:16,1 appeared in 2024: progress: MSCI records a
Land & 2022-23:  2024:13,7 inclusion in the gradual improvement
Investment BBB 2025:13,9 Sustainabi- (BB—A), Sustainalytics
2024-25: lityYearbook consistently rates the
A company as low risk, S&P
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“noticed” the company only
at a late stage

BP Energy 2022: 2022: 28,3 2022: 65 Consensus trend (worsening),
BBB (average) 2023: 63 but varying levels: All three
2023: 2023: 29,1 2024: 60 agencies show deterioration
BBB 2024: 30,5 (high) 2025: 58 due to carbon loading, but
2024: BB 2025:31,2 absolute values and risk
2025: BB categories differ
Source: https://www.msci.com/data-and-analytics/sustainability-solutions/esg-ratings,

https://www .sustainalytics.com/corporate-solutions/esg-solutions/esg-risk-ratings?utm_source=chatgpt.com,

https://www.spglobal.com/sustainable1/en/csa/methodology?utm_source=chatgpt.com.

The following conclusions can be drawn from the corporate ESG ratings assessment:

Consistency occurs, but is not the rule — only for companies with exceptionally high standards
(Microsoft) do the ratings from the three agencies move in the same direction;

Different trends (Lloyds) demonstrate that agencies can simultaneously interpret the same
corporate changes as both improvement (Sustainalytics) and deterioration (5&P Global);

Different amplitudes (NatWest) demonstrate that even with agreement on the trend direction,
the scale of changes can vary significantly, which is critical for investor threshold filters;

Different sensitivity to progress (China Overseas) illustrates the problem of "blind spots": some
agencies record improvements in governance, while others do not.

3.5. Methodological Principles for Adapting International Standards to the Specifics of the State

Developing an ESG index for a country requires not mechanically copying existing international
systems (MSCI, Sustainalytics, S&P Global), but rather critically adapting them to the country's
institutional, economic, and regulatory specifics. As demonstrated previously, global ESG ratings
suffer from methodological divergence, asymmetric coverage, and inapplicability to small and
medium-sized enterprises (SMEs). Meanwhile, European standards (ESRS) and the EU taxonomy,
despite their high level of detail, are focused on large corporations and do not take into account the
specifics of developing economies with a commodity-based focus. Therefore, the development of a
country index should be based on a system of methodological principles that ensure a balance
between international comparability and local applicability.

The principle of proportionality is the first and key one. It implies differentiating the
requirements for the disclosure and assessment of ESG data depending on the company's size,
industry affiliation, and available resources. The European Directive (CSRD)[102] enshrines the
principle of proportionality, allowing for simplified reporting for SMEs.

The double materiality principle adopted in the European system requires the disclosure of both
the impact of ESG factors on a company's financial position (financial materiality) and the company's
impact on the environment and society (impact materiality).

The principle of relying on existing administrative data minimizes the additional burden on
businesses and increases the verifiability of indicators.

The principle of harmonization with international standards ensures the comparability of
companies in global capital markets and compliance with external regulators' requirements. Brazil
and South Africa demonstrate successful examples of the gradual convergence of national systems
with the ISSB. For Kazakhstan, this means that the index methodology must be compatible with
IFRSS1 and S2, as well as with the TCFD recommendations, which are already used by large
exporters. However, complete replication of standards is not required: it is sufficient to ensure the
ability to transform data into the ISSB format for companies seeking to attract foreign capital.

The principle of openness and verification requires that the index methodology (the system of
indicators, weights, and aggregation algorithms) be publicly available and subject to independent
audit. The lack of transparency in commercial rating methodologies is one of the reasons for their
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low regulatory suitability. For a country index, regular data publication, the ability to replicate
calculations by third-party experts, and an external audit of data quality are essential.

Thus, the proposed methodological principles form the basis for constructing a country-specific
ESG index that does not replicate existing systems, but adapts their best elements to realities. The
combination of proportionality, dual materiality, reliance on existing data, harmonization with
international standards, and openness allows for the creation of a tool capable of acting as an integral
deviation sensor in a closed-loop management system, ensuring both a reduction in regulatory
uncertainty and an increase in the competitiveness of national businesses in global markets.

3.6. Development of an Algorithm for a Country ESG Index

In accordance with the formulated requirements and methodological principles, the country
ESG index should be constructed as a two-tier system that simultaneously assesses the sustainability
of individual companies (micro level) and the aggregate state of the economy (macro level). This
architecture ensures the performance of measurement, guidance, and regulatory functions.

At the first level, the company index (I.) is calculated, which represents an integrated assessment
of the ESG maturity of a specific economic entity. This index is the primary measurement signal,
generated based on corporate reporting, environmental data, and the results of independent
verification.

At the second level, the integrated country development index (In) is formed by aggregating
individual indices and macroeconomic indicators. This index acts as a sensor of the integrated Ym
deviation in a closed-loop control system. This two-tier structure allows:

- to ensure comparability of companies within industries and across sectors;

- to identify systemic imbalances (e.g., the lag of SMEs or the raw materials sectors);

- monitor the dynamics of ESG maturity over time;

- differentiate regulatory measures (tax incentives, access to government support) based on
individual company indices.

The company index should reflect not only traditional ESG components but also take into
account factors identified during the study: regulatory asymmetry, compliance costs, extraterritorial
pressure, and business adaptability to changing conditions. Unlike commercial ratings focused on
investment attractiveness, the proposed index is constructed as a two-way instrument: an increase in
most indicators improves the assessment, but an increase in regulatory burden, conversely, lowers
the index, signaling the risk of overregulation and loss of competitiveness.

The integrated Ifirm index is presented as a weighted sum of standardized indicators grouped
by functional blocks:

Tfirm = WE'E+WS'S+WG'G_WR'R+Wext'Eext+WA'AIﬁrm, (1)

where:

E is the environmental block (indicators that improve the sustainability profile);

S is the social block;

G is the corporate governance and innovation block;

R is the regulatory burden block (included with a negative sign);

Eext is the exterritorial pressure block (reflects the company's ability to operate in foreign
markets);

A is the adaptability block (dynamic transformation indicators).

The wk weights satisfy the condition }wi=1 and are determined expertly, taking into account
national policy priorities, industry specifics, and business scale. For small and medium-sized
businesses, the principle of proportionality is applied: the set of indicators is reduced, and the weights
can be redistributed toward the social block and adaptability.

For each block, an expanded list of 15 potential indicators was compiled based on international
standards (GRI, SASB, ISSB, TCFD, ESRS), national legislation, and the regulatory risks identified in
the study. Each indicator was assessed according to three criteria:
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- relevance to the industry (high - 3, medium - 2, low - 1);

- frequency of use in international standards (3 — present in all major standards, 2 —in some, 1 -
rare);

- Impact on compliance risks and costs (3 — direct impact on permits, fines, and market access; 2
—indirect; 1 — minimal).

The total score determined the priority for inclusion in the final set. The ranking results for each
block are presented below.

The expanded list and ranking of indicators for the environmental block (E) are presented in
Table 10. The selection was conducted taking into account the specifics of GRIStandards (2021); TCFD
(2017); ISSBIFRSS1/S2 (2023); ESRS (2023); OECD Environmental Performance Reviews (2022).

Table 10. Ranking of indicators of the environmental block (E).

# Indicator Relevance Frequency in Impact on Sum
standards risks

1 Carbon intensity (Scope 1+2) 3 3 3 9

2 Energy intensity of products 3 3 3 9

3 Dynamics of greenhouse gas emissions 3 3 2 8

4 Volume of discharged polluted water/treatment 3 2 3 8

efficiency

5  Number of environmental violations/fines 2 8

6  Availability of an integrated environmental 3 1 3 7
permit

7 Water use (volume of water withdrawal per unit 3 2 2 7

of production)
8 Emissions of pollutants (5O,, NO,, dust) per unit 3 2 2 7
of production

9  The share of renewable energy in the energy 2 2 2 6
balance

10 Investments in environmental protection (% of 2 2 2 6
revenue)

11 Area of reclaimed land (for mining companies) 3 1 2 6

12 Waste generation (volume per unit of output) 3 2 2 7

13 Share of recycled waste/recycling rate 2 2 1 5

14 Costs of eliminating accumulated environmental 2 1 2 5
damage

15 Availability of an environmental management 2 3 2 7

system (ISO 14001)
Source: https://www.globalreporting.org/standards/, https://www .sustainalytics.com/,

https://www. ifrs.org/news-and-events/updates/issb/2023/issb-update-october-2023/, https://xbrl.efrag.org/e-
esrs/esrs-set1-2023.html, https://www.oecd.org/.

Based on the overall rating (8-9 points), indicators 1-5 and 6 (integrated permitting as a critical
condition for legality) are included in the final set. Additionally, for large companies and exporters,
the share of renewable energy (#9) and pollutant emissions (# 8) may be taken into account, but they
are not included in the basic version of the index to avoid overloading the model.

An extended list of social indicators based on GRI (400 series), SASB (standards for the mining
and metallurgical industries) is given in Table 11.
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Table 11. Ranking of social block indicators (S).
# Indicator RelevanceFrequencyImpactSum
in on
standards risks
1 Lost Injury Frequency Rate (LTIFR) 3 3 3 9
2 Investments in personnel training and development (% of 3 2 2
payroll)
3 Share of local content in procurement 3 2 3 8
4 Transparency of social policy (presence of policies, reporting) 2 3 2 7
5  The proportion of women on the board of directors and in 3 2 7
top management
6  Investments in social infrastructure (education, healthcare) 3 1 2 6
7 Average salary relative to industry level 2 2 2 6
8 Share of employees covered by collective agreements 2 2 1 5
9 Staff turnover (%) 3 2 2 7
10 Having a human rights and due diligence policy in place in 2 3 2 7
the supply chain
11 Percentage of employees who have completed occupational 3 2 2 7
safety training
12 Gender Equality Index 2 2 1 5
13 Number of social conflicts/strikes 2 1 3 6
14 The share of vacancies filled by local residents (regional 3 1 2 6
aspect)
15 Availability of programs to support indigenous peoples and 3 1 2 6
local communities
Source: https://www.globalreporting.org/media/zauil2g3/public-fags-universal-standards.pdf,
https://sasb.ifrs.org/archive/standard-setting/, https://www.worldbank.org/en/projects-

operations/environmental-and-social-framework.

The final set includes the indicators with the highest scores: LTIFR (# 1), share of local content (#
3), as well as investment in human capital (# 2), and transparency of social policy (# 4). For large
companies, the proportion of women in management (# 5) and human rights policy (# 10) may be
added.

The management block (Table 12) includes traditional indicators of corporate governance, as
well as an indicator of innovation activity, substantiated by empirical studies showing that formal
investments in science do not always correlate with real innovations [103,104]. Therefore, it is
proposed to use performance indicators (patents, new products, implemented technologies) as a key
indicator of innovation.

Table 12. Ranking of management block indicators (G).

# Indicator RelevanceFrequency ImpactSum
in on
standards risks

1 Proportion of independent directors on the board 3 3 3 9

2 Level of information disclosure (availability of ESG report, 3 3 3 9
verification)

3 Innovative activity (patents, R&D results, new technologies) 3 2 3

4 The presence of an anti-corruption and compliance control 3 3 3 9

policy
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5 Separation of the roles of the chairman of the board and the 2 2 2 6
CEO
6 The proportion of women on the board of directors 2 2 1 5
7 The presence of a code of corporate ethics 2 3 2 7
8 Supply Chain Disclosure (Scope 3) 2 3 2 7
9 The presence of a sustainable development committee under 2 2 2 6
the council
10 Frequency of board meetings 1 2 1 4
11 Availability of internal audit and risk management 2 3 2 7
12 Transparency of the management remuneration system 2 2 2 6
13 Having an anti-money laundering (AML) policy 2 2 2 6
14 Implementation of digital ESG data management systems 2 1 2 5
15 Participation in international ESG initiatives (UNGC, TCFD) 2 2 2 6
Source: https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/09/g20-oecd-principles-of-

corporate-governance-2023_60836fcb/ed750b30-en.pdf,
https://www.globalreporting.org/media/zauil2g3/public-fags-universal-standards.pdf,  https://www.ifrs.org/,
https://doi.org/10.1080/13662716.2010.530839, DOI: 10.1257/jel.52.2.375.

The final set includes indicators 1, 2, 3, and 4 as those with the highest scores and the greatest
impact on company sustainability. The innovation activity indicator (# 3) is introduced as a
performance measure reflecting long-term competitiveness.

The regulatory burden (R) block reflects the costs associated with compliance with ESG
requirements and is included in the index with a negative sign (Table 13). The indicators were
selected based on an analysis of compliance costs in various jurisdictions [2,86].

Table 13. Ranking of regulatory burden indicators (R).

# Indicator Relevance Frequency Impact Sum
in on
standards risks

1 Share of ESG compliance costs in revenue 3 2 3 8
2 Number of mandatory reporting requirements (number of 3 1 2 6
regulators)
3 Costs for external audit and verification of ESG data 2 2 6
4 Fines and penalties for violation of ESG requirements 3 1 3 7
(annual)
5 Time spent on preparing reports (man-hours) 2 1 1 4
6 Number of requests from regulators 2 1 1 4

For practical implementation, a single integrated indicator—the share of compliance costs in
revenue (# 1) —is sufficient. This indicator encompasses the majority of costs and is easily measurable.
Fines (# 4) can be included as a separate adjustment factor.

The extraterritorial pressure block (Eex) includes indicators reflecting the degree of integration
of the company into markets with high ESG requirements (EU, USA) and its readiness to meet these
requirements (Table 14) [98].

Table 14. Ranking of indicators of extraterritorial pressure (EextEext).

# Indicator Relevance Frequencyin Impacton Sum
standards risks

1 Share of exports to the EU/CBAM countries 3 2 3 8

2 Availability of ISSB/CSRD certificates of conformity 2 3 3 8
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3 Share of exports to China 3 1 2 6
4 Participation in cross-border supply chains 2 2 2 6
5 Availability of a due diligence system for suppliers 2 2 2 6

The final set includes the share of exports to the EU (No. 1) and the presence of certificates of
conformity (No. 2) as the most significant.

The next block, the adaptability block (A), includes dynamic indicators reflecting the company's
ability to transform in response to changes in the regulatory and market environment [98].

Table 15. Ranking of adaptability indicators (A).

# Indicator Relevance Frequencyin Impact on Sum
standards risks
1  Rate of decline of carbon intensity (annual rate) 3 2 3 8
2 Investments in transformation (% of capital 3 2 2 7
expenditures on modernization)
3 ESG Rating Dynamics (Year-on-Year) 2 2 2 6
4 The rate of implementation of new reporting 2 1 2 5
standards
5 The share of employees who have undergone 2 1 2 5

retraining in ESG competencies

The final set includes the rate of carbon intensity reduction (No. 1) and transformation
investments (# 2).

Based on the ranking, a final set of indicators was formed for calculating the company's index
(Table 16). The indicators are normalized to the range [0,1], taking into account the direction of
influence. Min-max normalization is used for quantitative indicators; for binary indicators, 0 or 1 is

used.
Table 16. Final indicators for calculating the company index.
Block Indicator Type Direction Data source
E Carbon intensity (Scope 1+2) Quantitative reverse Environmental reporting,
emissions register
E Energy intensity of products Quantitative reverse Corporate reporting,
statistics
E  Dynamics of GHG emissions (year- Quantitative straight Environmental reporting
on-year)
E Volume of discharged polluted  Quantitative reverse Environmental reporting
water/treatment efficiency
E Number of environmental Quantitative reverse Reports, regulator data
violations/fines
E Availability of an integrated Binary straight Environmental Code
environmental permit
S Lost Injury Frequency Rate (LTIFR) Quantitative reverse Occupational safety
reporting
S Share of local content in procurement Quantitative straight Corporate reporting
S Investments in personnel training andQuantitative straight Corporate reporting
development (% of payroll)
S Transparency of social policy Binary straight Open data

(presence of policies, reporting)
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G Proportion of independent directors Quantitative straight Annual reporting
on the board

G Level of disclosure (ESG report, Binary straight Open data
verification)

G Innovative activity (patents, R&D Quantitative straight Corporate reporting

results, new technologies)
G The presence of an anti-corruption Binary straight Corporate reporting
and compliance control policy
R Share of ESG compliance costs in  Quantitative reverse (enters Management reporting
revenue with the — sign)
Eex  Share of exports to the EU/CBAM  Quantitative straight Customs statistics
countries

Eext Availability of ISSB/CSRD certificates ~ Binary straight Corporate reporting
of conformity

A Rate of decline of carbon intensity Quantitative straight Environmental reporting
(annual rate)

A Investments in transformation (% of Quantitative straight Corporate reporting

capital expenditures on
modernization)

Each quantitative indicator xij is normalized according to the formula:
xj' = (xi—miny) / (maxj-min;) (direct direction), 2)
or
xj' =1 - (x~min) / (maxj—miny) (reverse direction), 3)

For binary indicators: 1 — presence of the indicator, 0 — absence.

For each block, an intermediate index is calculated as a weighted average of the normalized
indicators (the weights within the block are expected to be determined expertly through statistical
processing of the data from the selected companies in the next stage of the study).

For SMEs, we believe it is rational to use a reduced set of indicators (excluding those that are
difficult to calculate).

For large companies and financial institutions, index calculation should be accompanied by
mandatory external data verification (reporting audit). If significant discrepancies are identified, the
index may be adjusted downwards using penalty coefficients. For SMEs, spot checks may be
permitted.

The integrated country ESG index In should represent an aggregated feedback signal in a closed-
loop sustainable development management system. Unlike the Ifirm corporate index, which assesses
individual companies, the country index aggregates information on the state of the entire economy,
its compliance with climate and social goals, and the degree of regulatory harmonization with key
external markets. The INFindex should be based on macro-level data already collected by
government agencies through statistical, tax, customs, and environmental reporting. This reduces the
additional burden on businesses and improves the verifiability of indicators.

1. Country Index Structure and Data Sources
The country index In is constructed as a weighted combination of five functional blocks reflecting
various aspects of the country’s sustainable development:

In= (l)l 'Imacro+(l)2 'Icorp+(])3'Iharm+q)4'1comp+q)5'lsoc, (4)

where:

Imacro — macroeconomic sustainability block (the impact of ESG policies on GDP, investment, and
employment);

Leorp — aggregated corporate block (weighted average index of companies);
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Iharm — harmonization block (compliance of national standards with the requirements of key
partners);

Lcomp — compliance costs block (the share of business expenditures on ESG compliance in GDP);

Lsoc — social block (employment, inequality, local content).

In this case, only the Imacro block is used as the basis for the initial calculation; it can be initially
used without considering the other four blocks.

The following data sources should be used for the calculation:

- statistical reports — GDP, fixed capital investment, export structure, employment, emissions;

- environmental reports — greenhouse gas emissions, environmental protection expenditures;

- tax reports — share of compliance costs, investments in "green" projects (if such codes are
allocated);

customs statistics — export volumes to countries with high ESG requirements (EU, UK);

- registries and supervisory data (ARFMR, KASE) — number of companies disclosing non-
financial reports, availability of verified ESG reports.
2. Calculation Algorithm

Step 1. Normalization of indicators. Each quantitative indicator xj is normalized to the range
[0,1], taking into account the direction of influence. The minj and maxj values are determined by the
reference period (e.g., 3-5 years) and can be revised every 2-3 years.

Step 2. Aggregation of blocks. Intermediate block indices are calculated as weighted averages of
the normalized indicators:

Imacro = ZWmacro,j'Xj’, Icorp:ZWcorp/j'Xj', and so on. (5)

Step 3. Formation of the country index. The final index In is calculated using the formula given
in the section above.

The weights ¢k (sum = 1) are determined expertly and can be adjusted based on the results of
the pilot calculation. At the initial stage, it is proposed to use equal weights (¢ =0.2), with subsequent
refinement based on a correlation analysis with macroeconomic indicators (e.g., GDP growth rate,
cost of capital).

Step 4. Visualization and interpretation. The In value in the range [0.1] allows tracking the
dynamics of a country's ESG maturity. An increase in the index indicates progress in sustainable
development, while a decrease indicates the accumulation of deviations. The regulator uses In as a
signal for policy adjustments: if I.<R (where R is the target level), a tightening of incentives may be
necessary; if compliance costs increase excessively (negative contribution of the Icomp block),
requirements may be relaxed or deferred.

3. Qualitative Assessment of Index Sensitivity

To test the index's performance and ability to reflect significant changes, a qualitative sensitivity
assessment was conducted. Three scenarios were considered:

An increase in the share of exports to the EU by 10 percentage points (e.g., due to diversification).
This increases Inarm, which, given fixed weights, increases In by 0.02-0.03. However, if compliance
costs (Lomp) simultaneously increase, this effect may be offset. Sensitivity to this parameter is critical
for export-oriented sectors.

The introduction of mandatory ESG reporting for SMEs leads to an increase in the share of
companies disclosing data (Icrp), but may cause a temporary increase in compliance costs (Icomp).
The resulting change in In depends on the ratio of weights. The proposed algorithm allows one to
assess whether the positive effect of increased transparency outweighs the negative effect of
increased costs. Stricter country emissions requirements reduce carbon intensity (improves Imacro), but
may increase business costs (Icomp). The index will show positive dynamics only if the environmental
benefits outweigh the increase in costs, which is consistent with the idea of balanced regulation.

Thus, the index is sensitive to key parameters and allows regulators to assess the tradeoffs
between environmental efficiency and competitiveness.

4. Development based on Big Data technologies and accounting for data incompleteness.
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The algorithm proposed above is based on macro-aggregated indicators that are already
available today. However, to more accurately reflect the real state of business, it is advisable to move
to a model in which the country index is formed by aggregating individual Ifirm company indices
using big data processing technologies. This approach allows:

- to take into account industry and regional disparities;

- to ensure greater sensitivity to changes at the micro level;

- use machine learning methods to predict and detect anomalies.

BigData-based aggregation algorithm:

1. Data collection — automated collection of corporate reporting, tax authority data,
environmental registries, and unstructured data (e.g., media mentions, audit results) using APIs and
ETL systems.

2. Calculation of individual Ifirm indices for all companies for which data is available. For large
and national companies —based on verified financial statements; for SMEs —based on a simplified set
of indicators and, where necessary, statistical estimates.

3. Omission handling — for companies that have not submitted financial statements, the
following methods are proposed:

- imputation (replacing omissions with industry averages or values for similar-sized companies);

- extrapolation based on tax data (for example, if a company does not disclose emissions but its
activities fall into the high-carbon sector, an industry coefficient is used);

- benchmarking — using data from peer companies, taking into account adjustment factors.

4. Aggregation — calculation of the weighted average index

IcorpBD = ZIﬁrm,i'Vi / ZVi, (6)

where

Viis the revenue of company i. A company's weight is proportional to its economic significance.

5. Integration with macroeconomic blocks — Icorpsp is substituted into the national index formula
in place of the aggregated corporate block.

The proposed architecture allows for data incompleteness to be taken into account at all stages,
while maintaining the index's representativeness. Importantly, even if a significant portion of SMEs
lack reporting, the index can be calculated based on available data using statistical methods, making
it resilient to information gaps.

4. Discussion

The study aimed to identify the structural problems that modern ESG regulation creates for
businesses and to develop mechanisms to mitigate them. The focus was on the underlying hypothesis
that the key source of costs and risks is not so much the rigidity of requirements, but rather the
fragmentation of legal regulation, the inconsistency of reporting standards, and the methodological
heterogeneity of ESG indices. The results obtained generally support this hypothesis and allow for a
number of theoretical and practical conclusions.

A comparative legal analysis of eight jurisdictions (the US, EU, China, India, Brazil, Russia,
South Africa, and Kazakhstan) identified three stable models of ESG regulation: prescriptive, market-
oriented, and state-centralized. As well as combinations of these. These models differ in their sources
of initiative, the degree of mandatory requirements, materiality principles, and enforcement
mechanisms. Subhypothesis 1 (regulatory), which holds that fragmented legislation forces companies
operating in multiple jurisdictions to adapt their reporting to incompatible requirements, has
received empirical support. The most striking example is the situation in the United States, where
companies face conflicting federal SEC rules, strict California climate laws (SB 253, SB 261), and anti-
ESG legislation in states such as Texas. Intra-country regulatory conflicts are exacerbated by the
active role of the court system, which can suspend regulatory actions. The European Union, by
contrast, exhibits low internal fragmentation but high regulatory intensity and extraterritorial
pressure, which creates a different cost profile for businesses—related to detailed reporting,
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mandatory audits, and supply chain due diligence. Multinational companies, especially those from
developing countries, are forced to simultaneously comply with several incompatible regimes,
leading to exponentially higher compliance costs, as confirmed by both industry reports and our
analysis.

An analysis of the extraterritorial impact of ESG standards revealed that the CBAM, CSDDD,
EUDR, and other EU regulations are creating a "Brussels effect," extending European standards to
global supply chains. For Kazakhstan, whose economy is 46.7% export-oriented to the EU, this creates
dual pressures: the European direction demands formalized reporting and decarbonization, while
the Chinese direction (with an export share of 18.3% in 2024) demands security of supply and price
efficiency. This regulatory and strategic asymmetry complicates the development of a unified ESG
strategy for national companies and justifies the need for a national index tool capable of accounting
for multi-vector external pressures.

Subhypothesis 2 (index-based), stating that ESG indices and ratings do not always reflect the
actual quality of ESG practices due to differences in methodologies, received convincing empirical
support. An analysis of the discrepancies between MSCI, Sustainalytics, and S&PGlobal ratings for
global companies revealed both divergent trends (e.g., for Lloyds Banking Group, Sustainalytics
records improvement, while S&PGlobal records deterioration) and different amplitudes within a
consistent trend, as well as different sensitivities to progress. These findings are consistent with
studies showing high rating divergence and complement them with an analysis of the specifics of
emerging markets.

In response to the identified problems, this paper proposes a conceptual and practical
mechanism — a country-specific ESG index integrated into a closed-loop management system. Using
the framework of automatic control theory, the need for a transition from an open-loop system
(disturbance-based control) to a closed-loop system (deviation-based control) is substantiated, where
the index functions as an integral feedback sensor. Based on this approach, methodological principles
for adapting international standards to national specifics (proportionality, dual materiality, reliance
on existing data, harmonization with the ISSB, openness, and verification) are formulated. A two-tier
algorithm is developed: calculating the Ifirm company index (including non-traditional blocks of
regulatory burden, extraterritorial pressure, and adaptability) and aggregating it into the national In
index based on macrostatistical data, with the possibility of subsequently transitioning to BigData
aggregation. Qualitative sensitivity scenarios and a step-by-step implementation roadmap are
proposed.

The theoretical contribution of the study lies in the synthesis of legal, institutional, and systemic-
management analysis of ESG regulation. Unlike most studies, which focus either on comparing
standards or on the financial consequences of ESG, this study demonstrates that fragmentation is an
independent source of risk, not reducible to the stringency or scope of requirements. The typology of
three regulatory models and the identification of mechanisms of extraterritorial pressure complement
the theory of transaction costs and institutional economics as applied to sustainable development.
Applying principles of control theory to the social system of ESG regulation opens a new avenue for
interdisciplinary research.

The practical significance lies in the fact that the proposed country ESG index methodology can
be used by government agencies to develop sustainable development monitoring systems, improve
the comparability of ESG data, and enhance government business support mechanisms. For
companies, the study's results are of practical value in adapting to diverse international ESG
reporting requirements, managing compliance costs, and mitigating greenwashing risks. For
investors and financial institutions, the developed approaches can be used to assess the reliability of
ESG ratings and comparatively analyze the sustainability of companies and national economies.
Furthermore, the study's results can be used in the development of national non-financial reporting
standards and digital ESG monitoring platforms.

The limitations of the study relate to the incompleteness of public ESG data for Kazakhstani
companies, which limited the possibility of a comprehensive empirical verification of the index
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calculations using real data. Furthermore, a qualitative sensitivity assessment requires further
quantitative verification using econometric models. Due to the highly dynamic regulatory
environment (the constant emergence of new EU directives, legal challenges in the US), some of the
findings may require updating. The study also emphasizes risks and costs, while the potential long-
term benefits of standard harmonization (reduced cost of capital, increased investment
attractiveness) were not the subject of a detailed analysis.

Further research areas include: (1) a quantitative assessment of compliance costs for Kazakhstani
companies by sector; (2) econometric testing of the relationship between regulatory fragmentation
and investment activity; (3) development of a digital platform for automated collection and
aggregation of ESG data based on the proposed algorithm; (4) a comparative analysis of the
effectiveness of national ESG indices in countries with similar institutional structures (e.g., in the
EAEU or Latin America). The obtained results and the proposed index can serve as a basis for a pilot
implementation in Kazakhstan and subsequent scaling to other developing economies.

5. Conclusions

This study aimed to identify the structural problems that modern ESG regulation creates for
businesses and to develop mechanisms to mitigate them, using Kazakhstan as an example. The focus
was on the main hypothesis that the key source of costs and risks is not so much the rigidity of
requirements as the fragmentation of legal regulation, inconsistency in reporting standards, and the
methodological heterogeneity of ESG indices. The results confirm this hypothesis and allow us to
formulate the following key conclusions.

First, a comparative legal analysis of eight jurisdictions (USA, EU, China, India, Brazil, Russia,
South Africa, and Kazakhstan) revealed three stable models of ESG regulation: prescriptive
(mandatory), market-oriented (hybrid), and state-centralized (strategic). Each model generates a
specific profile of compliance costs and strategic risks. The most severe regulatory fragmentation is
observed in the United States, where companies are forced to simultaneously comply with conflicting
federal regulations, state laws (such as California's climate laws), and anti-ESG legislation. The
European Union, by contrast, is characterized by low internal fragmentation but high regulatory
intensity and extraterritorial pressure, creating costs for businesses associated with detailed reporting
and due diligence obligations in global supply chains. For multinational companies, especially those
in developing countries, simultaneously complying with incompatible regimes leads to an
exponential increase in compliance costs.

Secondly, the extraterritorial impact of ESG standards, primarily through the CBAM, CSDDD,
and other EU regulations, creates a "Brussels effect," extending European standards to global markets.
For Kazakhstan, whose economy is oriented toward exports to the EU (46.7% in 2024) and China
(18.3%), a dual system of external pressures is emerging: the European direction demands formalized
reporting and decarbonization, while the Chinese direction demands supply security and price
efficiency. This regulatory and strategic asymmetry complicates the development of a unified ESG
strategy for national companies and justifies the need for a national index instrument capable of
accounting for the multi-vector nature of external demands.

Third, the methodological heterogeneity of ESG indices and ratings leads to divergence in
ratings for the same company, reaching 50-60%. Examples of global companies (Lloyds Banking
Group, NatWest, China Overseas Land & Investment) demonstrate multidirectional dynamics,
varying amplitudes, and varying sensitivities to progress. This makes global ratings unsuitable for
national regulation purposes and confirms the need to develop a national index method.

Fourth, strengthening formal ESG requirements without standardization encourages businesses
to formally implement and strategically "greenwash" indicators.

Fifth, to overcome the identified problems, a country-specific ESG index integrated into a closed-
loop management system is proposed. Using the framework of automatic control theory, the need to
transition from an open-loop system (response to disturbances) to a closed-loop system (deviation
control) is substantiated, where the index functions as an integral feedback sensor. A two-tier
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algorithm is proposed: calculating the IfirmIfirm company index (including non-traditional blocks of
regulatory burden, extraterritorial pressure, and adaptability) and aggregating it into the national
InIn index based on macrostatistics, with the possibility of subsequently transitioning to BigData
aggregation. A qualitative sensitivity assessment confirmed the viability of the proposed approach.
Practical recommendations are addressed to three groups of stakeholders. For businesses, it is
advisable to invest early in systems for collecting and verifying ESG data, especially for Scope 3
emissions, and prepare for parallel reporting across different jurisdictions. For Kazakhstan's
regulators, it is necessary to adopt a national non-financial reporting standard based on the proposed
index methodology, ensure its mandatory application for national and large companies and financial
institutions, and integrate the index into government support mechanisms (differentiation of tax
incentives and access to subsidies). For international standard-setters, it is essential to consider the
asymmetry in coverage of emerging markets and the principle of proportionality in the further
harmonization of global standards.
Future research areas include: quantitative assessment of compliance costs for Kazakhstani

companies by sector; econometric testing of the relationship between regulatory fragmentation and
investment activity; development of a digital platform for automated collection and aggregation of
ESG data based on the proposed algorithm; and a comparative analysis of the effectiveness of
national ESG indices in countries with similar institutional structures. The results obtained and the
proposed index can serve as the basis for a pilot implementation in Kazakhstan and subsequent

scaling to other developing economies.
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Abbreviations

The following abbreviations are used in this manuscript:

ESG Environmental, Social, and Governance

CBAM Carbon Border Adjustment Mechanism

CSDDD Corporate Sustainability Due Diligence Directive
CSRD Corporate Sustainability Reporting Directive
ESRS European Sustainability Reporting Standards
SFDR Sustainable Finance Disclosure Regulation

ISSB International Sustainability Standards Board
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IFRS International Financial Reporting Standards

GRI Global Reporting Initiative

SASB Sustainability Accounting Standards Board

TCFD Task Force on Climate-related Financial Disclosures
CDP Carbon Disclosure Project

MSCI Morgan Stanley Capital International

CSA Corporate Sustainability Assessment

SEC U.S. Securities and Exchange Commission

EPA Environmental Protection Agency

GHGRP Greenhouse Gas Reporting Program

DOL U.S. Department of Labor

CARB California Air Resources Board

CSRC China Securities Regulatory Commission
CSDS Chinese Sustainability Disclosure Standards
ETS Emissions Trading System

UFLPA Uyghur Forced Labor Prevention Act

SEBI Securities and Exchange Board of India

BRSR Business Responsibility and Sustainability Reporting

NGRBC National Guidelines on Responsible Business Conduct

KPIL Key Performance Indicator

10SCO International Organization of Securities Commissions

CVM Comissdo de Valores Mobiliarios (Brazilian Securities Commission)

BACEN Central Bank of Brazil

CBPS Brazilian Committee on Sustainability Standards

SBCE Brazilian Emissions Trading System

CITSB Interministerial Committee of the Brazilian Sustainable Taxonomy
TSB Brazilian Sustainability Taxonomy

OECD Organisation for Economic Co-operation and Development

UNEPFI  United Nations Environment Programme Finance Initiative

UN PRI United Nations Principles for Responsible Investment

JSE Johannesburg Stock Exchange

NEMA National Environmental Management Act

ARDFM Agency for Regulation and Development of the Financial Market (Kazakhstan)

AIFC Astana International Financial Centre
KASE Kazakhstan Stock Exchange

NZECA Net-Zero Export Credit Agencies Alliance
SMEs Small and Medium-Sized Enterprises
GDP Gross Domestic Product

SaaS Software as a Service

XBRL eXtensible Business Reporting Language
GHG Greenhouse Gas

CO, Carbon Dioxide
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