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Abstract 
Global climate governance increasingly depends on transparent, consistent, and verifiable carbon 
accounting systems capable of supporting international mitigation efforts and corporate 
decarbonization strategies. As multinational corporations expand their operations across jurisdictions 
with differing regulatory expectations, the need for harmonized carbon accounting frameworks has 
become more urgent. Existing methodologies including the Greenhouse Gas (GHG) Protocol, ISO 
14064 standards, and newer mandatory disclosure regimes provide structured approaches for 
quantifying and reporting emissions, yet diverge in their scopes, boundaries, verification requirements, 
and treatment of value chain emissions. These variations create reporting inconsistencies, hinder 
comparability, and increase compliance burdens for global enterprises managing multi-regional carbon 
footprints. This paper provides a detailed comparative analysis of the GHG Protocol, ISO 14064, and 
emerging regulatory frameworks such as the EU Corporate Sustainability Reporting Directive (CSRD), 
the U.S. SEC climate disclosure rules, and anticipated frameworks under the International 
Sustainability Standards Board (ISSB). The discussion highlights methodological alignment and 
divergence across emissions categorization, data quality thresholds, assurance expectations, and 
treatment of Scope 3 value chain emissions areas where multinational corporations face the greatest 
technical and governance challenges. The study further examines how the lack of global harmonization 
affects enterprise-level carbon strategy, including risk management, investment planning, and supply 
chain decarbonization. Finally, the paper proposes a harmonization pathway grounded in common 
definitional baselines, interoperable reporting structures, and cross-standard verification protocols. 
These recommendations aim to support multinational corporations seeking consistent, scalable, and 
regulatory-compliant carbon accounting systems while enhancing global comparability and market 
transparency in emissions reporting. 

 
Keywords: Carbon accounting, GHG protocol, ISO 14064, climate disclosure, Multinational 
corporations, regulatory harmonization 

 

Introduction 
1. Foundations and context  

1.1 Global Drivers of Carbon accounting (300 words) 
Carbon accounting has become a central pillar of corporate sustainability disclosure due to 
accelerating regulatory, investor, and market pressures shaping how multinational firms 
quantify greenhouse-gas (GHG) emissions [1]. Governments increasingly integrate climate-
policy targets with corporate reporting mandates, pushing businesses to measure emissions 
across full value chains to align with national decarbonization pathways [2]. Financial 
markets also play a critical role, as institutional investors use emissions data to evaluate 
climate-transition risk, assess portfolio exposure, and determine long-term valuation 
trajectories [3]. Credit-rating agencies, insurers, and risk analysts now incorporate carbon 
metrics into scenario analyses and risk-scoring systems, elevating the materiality of accurate 
carbon accounting for enterprise resilience [4]. 
In parallel, global supply chains are undergoing extensive transformation, with multinational 
buyers demanding verifiable emissions disclosures from suppliers to satisfy procurement 
criteria and ensure compliance with emerging border-adjustment mechanisms [5]. Companies 
are further motivated by competitive advantages associated with transparency, as carbon-
efficient operations attract customers seeking  

http://www.marketingjournal.net/
https://www.doi.org/10.33545/26633329.2025.v7.i2e.313


International Journal of Research in Marketing Management and Sales  http://www.marketingjournal.net 

~ 426 ~ 

low-footprint products and services [6]. Industry coalitions 
and voluntary initiatives such as sectoral climate pathways 
and science-based emissions-reduction frameworks 
reinforce the expectation that organizations quantify 
emissions comprehensively and consistently [7]. 
Technological advancement contributes another strong 
driver: digital monitoring systems, IoT sensors, and AI-
enabled analytics make emissions measurement more 
precise while lowering reporting burdens [8]. These tools 
support real-time tracking, enhance verification integrity, 
and strengthen auditability of carbon data. Corporate 
governance expectations have also shifted, as boards 
increasingly view carbon exposure as a strategic risk 
influencing market access, investor trust, and regulatory 
positioning [9]. The convergence of these global forces has 
elevated carbon accounting from a niche environmental 
activity to a mainstream financial and operational 
requirement, establishing the foundation for harmonized 
disclosure across all multinational sectors [10]. 
 
1.2 Evolution from Voluntary to Mandatory Disclosure 
(300 words): The shift from voluntary emissions reporting 
to mandatory carbon disclosure represents one of the most 
significant transformations in global sustainability 
governance. Early carbon accounting efforts were primarily 
driven by voluntary initiatives, corporate social-
responsibility programs, and selective investor interest [3]. 
Over time, however, the growing recognition that climate-
related risks have direct financial consequences prompted 
regulators to step in, establishing standardized disclosure 
requirements and tightening expectations across industries 
[1]. This regulatory expansion accelerated as governments 
adopted long-term climate pledges and recognized that 
consistent corporate emissions data was essential for 
national-level tracking and policy enforcement [4]. 
Several jurisdictions introduced mandatory GHG reporting 
frameworks for large emitters, energy-intensive sectors, and 
publicly listed companies, linking emissions disclosure to 
compliance, financial reporting, and market-surveillance 
functions [6]. The integration of carbon metrics into 
financial-market policies further strengthened this transition, 
as stock exchanges and securities regulators began requiring 
climate-risk disclosure to enhance market transparency and 
protect investors [7]. Simultaneously, international standards 
bodies developed climate-reporting guidelines aiming for 
comparability and harmonization, reinforcing the 
expectation that emissions reporting be consistent, audited, 
and decision-useful [9]. 
Multinational corporations also experienced increasing 
pressure from global supply chains. Large buyers, 
particularly in manufacturing, technology, and consumer 
goods, started requiring carbon data from suppliers as part 
of procurement, due-diligence, and life-cycle assessment 
processes [2]. Voluntary platforms nonetheless played a 
continued role in bridging capability gaps, offering 
methodologies and tools that helped firms prepare for future 
regulatory alignment [5]. 
As carbon disclosure frameworks matured, the emphasis 
shifted from mere reporting toward the integration of carbon 
data into corporate strategy, risk management, and financial 
planning [8]. This evolution from voluntary to mandatory 
disclosure reveals a growing global consensus: carbon 
accounting is no longer optional but a key mechanism 
linking environmental performance with financial 
accountability, regulatory compliance, and global market 
access [4]. 
 

1.3 Problem Statement: Fragmentation across Standards 
(300 words): Despite significant progress in climate 
reporting, global carbon accounting remains fragmented 
across multiple standards, methodologies, and regulatory 
frameworks, creating complexity for multinational 
corporations. The coexistence of various disclosure systems 
such as the GHG Protocol, ISO standards, national reporting 
schemes, and sector-specific guidance results in inconsistent 
measurement approaches and divergent boundary 
definitions [1]. These inconsistencies complicate cross-
border comparability, making it difficult for organizations to 
develop unified emissions baselines or integrate carbon data 
into consolidated financial reporting [3]. 
Differences in scope definitions, emission-factor databases, 
and organizational-boundary rules lead to varying emissions 
totals for the same operations, undermining confidence in 
reported figures and limiting their usefulness for investors 
and regulators [6]. Moreover, emerging regulatory 
frameworks often adopt hybrid or modified versions of 
existing standards, creating additional layers of complexity 
for multinational firms operating in multiple jurisdictions [5]. 
This fragmentation increases compliance burdens, as 
companies must reconcile multiple reporting timelines, 
assurance expectations, and data-management requirements 
[7]. 
The absence of harmonized carbon-accounting principles 
also limits the effectiveness of climate-policy instruments. 
Carbon taxes, emissions-trading systems, border-adjustment 
mechanisms, and sustainability-linked financing rely on 
accurate, comparable emissions data to function equitably 
[2]. When methodologies diverge, firms may face 
inconsistent carbon costs across markets, altering 
competitive dynamics and potentially enabling regulatory 
arbitrage [9]. 
Fragmentation also poses challenges for internal corporate 
governance. Boards and executive teams require 
comparable, decision-ready carbon metrics to evaluate 
transition risks, allocate capital, and design decarbonization 
strategies [8]. When reporting frameworks are misaligned, 
strategic planning becomes more uncertain, and long-term 
investment decisions may lack consistent analytical 
foundations [4]. 
Ultimately, the current landscape underscores the need for 
harmonized global carbon-accounting frameworks that 
enable consistency, comparability, and auditability across 
multinational operations. Addressing this fragmentation is 
essential to establish a coherent global system capable of 
supporting climate policy, financial transparency, and 
corporate transition strategies [6]. 

 

2. Deep-dive overview of major carbon accounting 

standards  

2.1 GHG Protocol Principles, Structure, and Corporate 

Adoption (350 words) 
The Greenhouse Gas (GHG) Protocol remains the most 
widely adopted global framework for carbon accounting, 
forming the foundational architecture for how corporations 
measure, classify, and report emissions across their 
operations. Its influence stems from its emphasis on 
standardization, comparability, and transparency, enabling 
organizations to quantify emissions using consistent 
methodological principles that support decision-useful 
climate disclosure [6]. Central to the GHG Protocol is its 
division of emissions into three scopes, which distinguish 
between direct operational emissions, purchased energy-
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related emissions, and value-chain emissions originating 
upstream and downstream of corporate activities [8]. This 
structure ensures that companies adopt a comprehensive 
approach to emissions measurement rather than limiting 
disclosure to controllable sources alone. 
The GHG Protocol also incorporates accounting principles 
relevance, completeness, consistency, transparency, and 
accuracy that guide firms in establishing meaningful 
organizational and operational boundaries [10]. These 
principles promote high-quality reporting and reduce 
variability in disclosures, making them suitable for 
integration into corporate environmental-management 
systems. Another defining feature is the standardized use of 
emissions factors that enable the conversion of activity data 
into CO₂-equivalent figures using recognized scientific 
methodologies [9]. This simplifies corporate adoption and 
facilitates the comparability of emissions disclosures across 
sectors and jurisdictions. 
Companies have increasingly incorporated GHG Protocol 
guidance into annual sustainability reports, corporate risk 
analyses, and procurement requirements as stakeholders 
demand stronger climate transparency [11]. The Protocol also 
plays a foundational role in climate-risk governance, serving 
as the core emissions-measurement system used by 
investors, credit-rating agencies, and procurement platforms 
seeking to assess long-term exposure to climate-related risks 
[14]. Many voluntary and regulatory disclosure systems 
including industry ESG frameworks and national emissions-
reporting mandates use the GHG Protocol as their 
methodological base, further reinforcing its pervasive 
adoption [12]. As multinational firms expand their climate-
strategy commitments, the GHG Protocol provides the 
necessary measurement stability to support science-aligned 
targets, emissions-reduction planning, and climate-transition 
forecasting [16]. 

 

2.2 ISO 14064 Standardization, Verification, and 
Certification (350 words): ISO 14064 offers a parallel yet 
complementary approach to carbon accounting, 
emphasizing internationally standardized measurement, 
verification, and certification processes. As part of the ISO 
14000 environmental-management family, ISO 14064 
provides structured requirements for quantifying 
organizational emissions, conducting project-level carbon 
assessments, and implementing third-party validation 
mechanisms designed to strengthen the credibility of 
corporate reporting [7]. Unlike the GHG Protocol’s 
guidance-based model, ISO 14064 is formulated as a 
certifiable standard, enabling organizations to demonstrate 
conformity through accredited verification processes that 
reinforce trust among regulators, investors, and supply-
chain partners [13]. 
ISO 14064-1 defines requirements for organizational-level 
emissions inventories, prescribing detailed procedures for 
boundary setting, data collection, estimation methodologies, 
uncertainty assessment, and reporting formats [6]. This 
standardization reduces methodological ambiguity and 
allows for robust, repeatable measurement systems that can 
be externally validated. ISO 14064-2 focuses on emission-
reduction projects, providing a recognized framework for 
assessing reductions and removals, which is particularly 
relevant for companies pursuing offsetting programs or 
participating in carbon-credit markets [15]. Meanwhile, ISO 
14064-3 governs verification and validation, outlining 
processes for independent assurance that enhance 

transparency and reduce risks of misreporting. 
Corporations adopt ISO 14064 to strengthen internal 
governance, improve audit readiness, and align with 
procurement and regulatory requirements emphasizing 
third-party-verified emissions data [9]. Certification provides 
an additional layer of assurance often required in industries 
with high carbon-exposure, where accurate emissions 
quantification is central to regulatory compliance and 
market credibility. ISO 14064 also supports harmonization 
across multinational operations by ensuring uniform 
methodologies can be implemented across subsidiaries, 
suppliers, and project portfolios operating under different 
regulatory regimes [11]. 
The emphasis on assurance makes ISO 14064 particularly 
valuable as emerging regulations increasingly require 
verified emissions data to substantiate disclosures and 
support climate-risk assessments [14]. As organizations scale 
their climate commitments, ISO 14064 strengthens the 
integrity and reliability of carbon-accounting systems, 
pairing methodological rigour with globally recognized 
certification pathways [16]. 
 

 
 

Fig 1: “Global Carbon Accounting Standards Landscape and 
Regulatory Overlaps.” 

 

2.3 Emerging Regulatory Frameworks (ISSB/IFRS S2, 

CSRD/ESRS, SEC Climate Rule) (200 words) 
Emerging regulatory frameworks are reshaping global 
carbon accounting by introducing mandatory, standardized 
climate-related disclosure requirements that build upon but 
also diverge from existing voluntary systems. The 
International Sustainability Standards Board (ISSB), 
through IFRS S2, establishes globally aligned climate-
disclosure rules emphasizing financially material climate 
risks, standardized emissions reporting, and integration with 
traditional financial statements [6]. IFRS S2 mandates 
detailed Scope 1, 2, and 3 disclosures, structured 
governance reporting, and climate-scenario analysis, 
significantly raising global consistency expectations [12]. 
The EU’s Corporate Sustainability Reporting Directive 
(CSRD), supported by the European Sustainability 
Reporting Standards (ESRS), extends beyond financial 
materiality by incorporating double materiality requiring 
firms to report not only on how climate issues affect 
financial performance but also how corporate activities 
impact society and the environment [15]. This broadens 
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carbon-accounting obligations and imposes extensive due-
diligence and assurance requirements. 
Meanwhile, the U.S. SEC Climate Rule strengthens 
domestic disclosure obligations by standardizing climate-
risk reporting and requiring emissions disclosure where 
material, linking climate exposure directly to investor-
protection objectives [9]. Collectively, these frameworks 
illustrate a regulatory shift: carbon accounting is evolving 
from voluntary transparency to enforceable, comparable, 
and audit-ready disclosure setting the stage for detailed 
methodological comparison in subsequent sections [11]. 

 

3. Comparative methodological analysis  

3.1 Boundary Setting: Organizational, Operational, and 
Value-Chain Levels (300 words): Boundary setting is one 
of the most consequential methodological steps in carbon 
accounting, influencing how emissions are attributed, 
aggregated, and disclosed across multinational operations. 
The GHG Protocol provides flexible organizational-
boundary approaches equity share, financial control, and 
operational control allowing companies to select the 
structure that best aligns with their governance and 
reporting needs [14]. ISO 14064 emphasizes consistency in 
boundary definitions but adopts a more standardized 
approach, requiring clearly documented inclusion rules and 
emphasizing verification-friendly structures across 
organizational units [17]. 
Operational boundaries further delineate which emission-
producing activities are included in the inventory. Under the 
GHG Protocol, operational boundaries classify emissions 
into Scopes 1, 2, and 3, enabling organizations to 
distinguish between direct, energy-related, and value-chain 
emissions [19]. ISO 14064 also requires comprehensive 
inclusion of direct and indirect emissions; however, it places 
greater emphasis on methodological transparency, 
uncertainty assessments, and the justification of excluded 
sources, which strengthens auditability [16]. 
Value-chain boundary setting represents the most complex 
dimension. The GHG Protocol’s Scope 3 Standard identifies 
fifteen upstream and downstream categories, ranging from 
purchased goods to product end-of-life treatment, 
encouraging suppliers and customers to serve as integrated 
contributors to emissions disclosure [21]. In contrast, ISO 
14064 adopts a more principles-based value-chain approach, 
allowing companies to determine relevance based on 
materiality, influence, and estimation feasibility [22]. 
Emerging regulatory frameworks such as ISSB/IFRS S2 and 
CSRD reinforce mandatory boundary definitions. IFRS S2 
requires consistent organizational boundaries aligned with 
financial-reporting structures, while CSRD’s double-
materiality requirement broadens value-chain expectations 

considerably, including impacts beyond traditional financial 
exposures [24]. These evolving requirements highlight 
increasing global pressure for standardized boundary-setting 
approaches that support comparability and assurance across 
jurisdictions [18]. 

 

3.2 Emissions Categorization: Scope 1-3 Alignment and 
Differences (300 words): Emissions categorization remains 
a core methodological element in all major carbon-
accounting frameworks, yet differences persist in structure, 
granularity, and implementation. The GHG Protocol offers 
the most widely used categorization through the Scope 1, 
Scope 2, and Scope 3 model, distinguishing direct emissions 
from owned or controlled sources, indirect emissions from 
purchased electricity or energy, and broad value-chain 
emissions that often represent the majority of a company’s 
carbon footprint [15]. This tripartite model enables firms to 
identify hotspots across operations and supply chains and 
forms the backbone of corporate climate strategies. 
ISO 14064 aligns closely with the Protocol’s categorization 
but uses different terminology, referring to “direct GHG 
emissions,” “energy indirect GHG emissions,” and “other 
indirect GHG emissions” [17]. While the structure is broadly 
compatible, ISO emphasizes methodological justification 
and documentation rigor, requiring companies to clearly 
define estimation approaches, data sources, and 
assumptions. This verification-oriented emphasis increases 
consistency during audit procedures and supports 
certification processes [20]. 
Regulatory frameworks further expand categorization 
expectations. IFRS S2 mandates granular Scope 1-3 
disclosures with specific attention to materiality and 
investor relevance [23]. CSRD/ESRS extends these 
expectations by integrating double-materiality principles, 
requiring categorization of emissions not only by 
operational boundaries but also by societal impact 
dimensions, influencing how Scope 3 categories are 
prioritized and reported [16]. 
Sectoral differences also influence categorization choices. 
Heavy industries often exhibit dominant Scope 1 emissions, 
whereas technology, consumer goods, and financial sectors 
face substantially larger Scope 3 exposures tied to 
purchased goods, transportation, product use, or financed 
emissions [21]. These variations complicate harmonization 
efforts and elevate the need for cross-framework 
comparability. Ultimately, while convergence exists in the 
high-level structure, significant methodological divergence 
persists in category definitions, reporting granularity, and 
materiality assessment, reinforcing the importance of 
standardized classification across global reporting regimes 
[18]. 

 
Table 1: Comparative Classification of Emissions Categories across Frameworks 

 

Category GHG Protocol ISO 14064 IFRS S2 (ISSB) ESRS (CSRD) 

Direct Emissions 

Scope 1 - Emissions from 
owned or controlled sources 
(fuel combustion, industrial 

processes, company 
vehicles). 

Direct GHG Emissions - 
Emissions from sources 

owned or controlled by the 
organization. 

Requires disclosure of 
direct emissions aligned 
with Scope 1 boundaries. 

Mandatory reporting of 
direct GHG emissions 
under ESRS E1 with 

sector-specific 
granularity. 

Energy Indirect Emissions 
Scope 2 - Emissions from 

purchased electricity, steam, 
heating, and cooling. 

Energy Indirect GHG 
Emissions - Emissions from 

energy imported or 
consumed by the company. 

Requires Scope 2 
disclosure with market- 

and location-based 
methods where available. 

Requires Scope 2 
reporting following 

standardized activity and 
emissions-factor rules. 

Other Indirect Emissions 
(Value Chain) 

Scope 3 - Fifteen categories 
covering upstream and 
downstream emissions 

Other Indirect GHG 
Emissions - Indirect 

emissions not covered in 

Requires disclosure of 
material Scope 3 

categories aligned with 

Mandatory reporting 
under double-materiality, 
including upstream and 
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(procurement, logistics, use 
of products, end-of-life, 

etc.). 

energy, determined based on 
relevance and materiality. 

investor relevance. downstream impacts. 

Boundary Approach 

Organizational boundaries 
determined by equity share, 

financial control, or 
operational control. 

Requires explicit 
justification of boundaries 

and documentation suitable 
for verification. 

Boundaries aligned 
strictly with financial 
consolidation rules. 

Boundaries include 
financial, operational, and 

impact-oriented 
requirements. 

Categorization Flexibility 
High flexibility relevance 

and materiality-driven. 

Moderate flexibility must 
satisfy verification 

requirements. 

Medium flexibility 
materiality defined 
through financial 

relevance. 

Low flexibility double-
materiality and mandatory 
disclosure create broader 

coverage. 

Granularity of Categories 
Most granular 15 Scope 3 

subcategories. 
Principles-based rather than 

category-based. 

Requires detailed 
breakdown of Scope 1-3 

when material. 

Requires detailed 
subcategories defined by 

ESRS E1 and sector 
standards. 

Verification Orientation 
No prescribed assurance 

requirement. 
Strong assurance framework 

(ISO 14064-3). 

Increasingly tied to 
financial-statement 

assurance. 

Mandatory limited 
assurance, moving toward 

reasonable assurance. 

 

3.3 Methods for Activity Data, Emissions Factors, and 
Verification (200 words): Activity-data collection 
represents the foundation of carbon-accounting accuracy, 
determining how reliably emissions are quantified across 
facilities and supply chains. The GHG Protocol encourages 
the use of primary data wherever feasible, especially for 
high-materiality activities such as fuel consumption, energy 
use, and logistics processes [20]. ISO 14064 provides stricter 
requirements for data-quality assessment, mandating 
completeness checks, uncertainty analysis, and traceability 
documentation to support verification processes [22]. 
Emissions-factor selection represents another 
methodological divergence. While both frameworks rely on 
recognized scientific databases, the GHG Protocol typically 
references IPCC guidelines and region-specific conversion 
factors, whereas ISO 14064 requires organizations to 
document factor sources, assumptions, and calculation 
boundaries in more detail to facilitate auditability [17]. 
Verification requirements differ notably. ISO 14064 
explicitly codifies validation and verification processes 
through ISO 14064-3, offering structured pathways for 
third-party assurance [19]. The GHG Protocol provides 
verification guidance but does not prescribe certification 
mechanisms. Emerging regulatory frameworks including 
IFRS S2 and CSRD move toward mandatory limited or 
reasonable assurance, increasing the need for robust 
verification-friendly methodologies across all data and 
factor selections [24]. 

 

3.4 Disclosure Formats, Audit Expectations, and 

Reporting Frequencies (200 words) 
Disclosure formats vary significantly across frameworks but 
increasingly converge toward standardized reporting 
structures emphasizing comparability. The GHG Protocol 
supports narrative disclosure through sustainability reports, 
CDP submissions, or integrated reports, allowing flexibility 
in format and presentation [15]. ISO 14064 reporting adopts a 
more prescriptive structure, requiring detailed inventory 
documentation, methodological explanations, uncertainty 
analysis, and verification statements, making it inherently 
assurance-ready [22]. 
Emerging regulatory frameworks introduce more rigid 
disclosure expectations. IFRS S2 requires disclosures 
aligned with financial reporting cycles, integrating 
emissions data with governance, strategy, and risk-
management narratives [23]. CSRD/ESRS mandates digital, 
machine-readable reporting using the European Single 
Electronic Format, expanding transparency and facilitating 

regulatory oversight [16]. 
Audit expectations are likewise escalating. While voluntary 
frameworks historically relied on self-declared data, 
regulators increasingly require third-party assurance, with 
CSRD mandating limited assurance and signaling future 
progression toward reasonable assurance [21]. Reporting 
frequency also converges toward annual disclosure, with 
interim updates required for material changes in certain 
jurisdictions [18]. 
Collectively, these shifts reveal tightening global 
expectations: standardized, assured, and finance-integrated 
carbon reporting. This methodological comparison sets the 
stage for analyzing regulatory convergence and divergence 
in subsequent sections. 
 

4 Global regulatory harmonization pressures 

4.1 Overlap Between Voluntary Standards and 
Mandated Disclosures (250 words): There is substantial 
conceptual and methodological overlap between voluntary 
carbon-accounting standards such as the GHG Protocol and 
ISO 14064 and emerging mandatory disclosure 
requirements issued by regulatory bodies. This overlap 
reflects years of reliance on voluntary frameworks by 
corporations, investors, and auditors to structure emissions 
measurement and reporting practices [22]. Mandatory 
systems like IFRS S2 and CSRD draw heavily from the 
GHG Protocol’s emissions-scope architecture, its boundary-
setting principles, and its approach to value-chain 
quantification, making the Protocol an implicit foundation 
for regulatory alignment [25]. ISO 14064 similarly informs 
audit requirements and verification procedures, as regulators 
increasingly emphasize assurance-ready reporting formats 
[24]. 
Both voluntary and mandatory frameworks prioritize 
transparency, consistency, and comparability, requiring 
companies to document estimation methodologies, disclose 
organizational boundaries, and provide sufficient 
information for users to evaluate data quality [26]. This 
shared emphasis supports convergence across global 
markets by reducing methodological discrepancies, 
lowering implementation barriers, and enabling corporations 
to leverage existing emissions-inventory systems for 
regulatory compliance. 
Additionally, overlap exists in governance-related 
disclosure elements. Both voluntary frameworks and formal 
regulatory systems require reporting on climate-risk 
governance, management oversight, and integration of 
emissions metrics into strategic decision-making [29]. As a 
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result, organizations that have adhered to voluntary 
standards for years already possess many of the capabilities 
needed to comply with mandatory reporting regimes. 
However, while overlap provides a foundation, it also masks 
deeper divergences that complicate multinational reporting 
efforts, especially around value-chain expectations, 
materiality definitions, and assurance requirements [27]. This 
dynamic sets the stage for exploring areas of divergence that 
create structural challenges for global harmonization [30]. 

 

4.2 Divergence in Scope 3, Materiality, Sector Rules, and 
Verification Demands (250 words): Despite extensive 
overlap, major divergences remain across voluntary and 
mandatory carbon-accounting frameworks, particularly 
regarding Scope 3 expectations, materiality assessments, 
sector-specific rules, and verification demands. Scope 3 
emissions represent the most contentious area of divergence. 
The GHG Protocol provides broad guidance across fifteen 
categories but allows flexibility in relevance determination, 
whereas mandatory frameworks such as CSRD and IFRS S2 
require more prescriptive disclosure when Scope 3 
emissions are material to investors or societal impacts [23]. 
This creates inconsistencies in reporting depth, boundary 
setting, and supplier-data expectations across jurisdictions. 
Materiality definitions also diverge. Voluntary systems 
generally use “relevance” to determine whether to include 
categories or sources, while mandatory frameworks apply 
specific financial-materiality thresholds (IFRS S2) or 
double-materiality concepts (CSRD) that incorporate 
environmental and societal impact materiality [28]. These 
distinctions significantly alter reporting scope for 
multinationals operating across regions with different 
disclosure philosophies. 
Sector-specific rules introduce another layer of divergence. 
Regulatory frameworks often include sectoral technical 
screening criteria, performance benchmarks, and emissions-
factor requirements that exceed the general guidance of 
voluntary frameworks [24]. For example, emissions 
calculations for energy, heavy manufacturing, and transport 
sectors may be subject to specific regulatory mandates that 
go beyond GHG Protocol flexibility [29]. 
Verification and assurance also differ widely. ISO 14064 
includes structured assurance pathways, while the GHG 
Protocol does not prescribe verification. Mandatory 
frameworks increasingly require limited or reasonable 
assurance, significantly raising the rigor and audit depth 
required for compliance [22]. These divergences collectively 
increase methodological complexity, making harmonized 
reporting challenging for multinational firms [30]. 

 

4.3 Risks of Misalignment: Double Reporting, Data 

Fragmentation, and Audit Complexity (300 words) 
The lack of full harmonization across voluntary and 
regulatory carbon-accounting frameworks generates 
multiple operational, financial, and governance risks for 
multinational corporations. One of the most significant risks 
is double reporting, which occurs when companies must 
produce separate emissions inventories or disclosure 
packages for different jurisdictions, even though the 
underlying data stems from the same operational activities 
[27]. Divergent scope requirements, inconsistent boundary 
definitions, and variation in mandatory reporting templates 
amplify this issue, forcing firms to maintain parallel 
reporting structures that strain internal resources and 
increase compliance costs [22]. 

Data fragmentation represents another critical risk. As 
companies attempt to meet varied expectations across GHG 
Protocol, ISO 14064, IFRS S2, CSRD, and national 
regulatory schemes, emissions data becomes dispersed 
across departments, systems, and external partners [30]. 
Fragmentation undermines data governance, reduces 
accuracy, and increases the likelihood of inconsistencies 
appearing across publicly disclosed reports. These 
discrepancies can raise concerns among investors, auditors, 
and regulators, potentially exposing firms to reputational or 
compliance risks [29]. 
Audit complexity is an equally important challenge. 
Mandatory frameworks are trending toward assurance 
requirements, yet assurance criteria differ across regions and 
standards. ISO 14064’s emphasis on verification does not 
directly align with IFRS S2’s financial-materiality 
orientation or CSRD’s digital-reporting and double-
materiality requirements [28]. Multinationals therefore face a 
patchwork of assurance guidelines requiring different 
evidence standards, sampling techniques, and verification 
statements. This misalignment increases audit costs, 
lengthens audit timelines, and creates room for 
interpretational disputes during assurance reviews [23]. 
Collectively, these risks highlight the structural challenges 
facing global corporations attempting to comply with 
overlapping yet non-identical carbon-accounting 
frameworks. Without unified internal systems that 
consolidate data sources, harmonize methodologies, and 
streamline verification workflows, multinationals risk 
operational inefficiencies and regulatory vulnerabilities [24]. 

 

5 Corporate harmonization architecture 

5.1 Unified Carbon-Ledger Systems and Internal Data 
Governance (300 words): A unified corporate carbon-
ledger system provides the backbone for harmonizing 
disclosure across diverse voluntary and mandated 
frameworks. Such a ledger acts as a single source of truth, 
integrating emissions data from operational sites, 
subsidiaries, and supply-chain partners into a consolidated 
platform that supports multi-standard reporting requirements 
[28]. By centralizing data flows, companies eliminate 
inconsistencies arising from fragmented spreadsheets, siloed 
departmental systems, and inconsistent supplier reporting 
channels. Carbon-ledger systems further standardize data 
inputs by applying predefined taxonomies, emissions-factor 
libraries, and boundary rules that correspond with the GHG 
Protocol, ISO 14064, IFRS S2, and ESRS categories, 
reducing methodological drift across reporting regimes. 
Robust internal data governance is essential for maintaining 
ledger integrity. Governance structures define ownership, 
escalation pathways, quality-control processes, and audit 
trails that ensure each emissions figure can be traced back to 
its underlying activity data [29]. Clear governance protocols 
also minimize classification errors, especially across Scope 
3 categories where ambiguity is common. Technology 
architectures supporting unified ledgers typically 
incorporate role-based access controls, automated validation 
checks, and digital documentation systems that reduce 
human error and strengthen verification readiness [31]. 
Another critical advantage of unified ledgers is their ability 
to support forward-looking modeling. Carbon pricing 
scenarios, emissions-reduction forecasting, and regulatory-
readiness assessments can be run more efficiently using 
harmonized data streams, enhancing strategic clarity. In 
multinational contexts, the ledger accommodates 
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jurisdiction-specific reporting taxonomies, enabling firms to 
produce IFRS S2-aligned or CSRD-aligned outputs using 
the same underlying dataset. This reduces duplicative work 
while ensuring consistency across disclosures submitted to 
regulators, investors, and procurement platforms [32]. 
Ultimately, unified carbon-ledger systems allow 
multinational enterprises to streamline compliance, reduce 
reporting complexity, and produce assured, audit-ready 
disclosures aligned with diverse carbon-accounting 
expectations [35]. 

 

5.2 Cross walking GHG Protocol, ISO 14064, and 

Regulatory Standards (250 words) 
Cross walking refers to the analytical process of mapping 
the requirements of different carbon-accounting frameworks 
to ensure alignment and avoid methodological conflicts. The 
GHG Protocol provides the conceptual foundation for most 
emissions categories, while ISO 14064 introduces 
verification-ready documentation requirements and 
structured assurance pathways. Meanwhile, IFRS S2 and 
ESRS introduce mandatory governance, scenario, and 

financial-materiality disclosure expectations that extend 
beyond voluntary standards [30]. 
To operationalize cross walking, firms must map Scope 1, 2, 
and 3 categories to equivalent ISO terminology and identify 
where regulatory frameworks require deeper granularity or 
different boundary justifications. IFRS S2’s financial-
materiality lens and ESRS’s double-materiality 
requirements often demand additional indicators not 
required by voluntary systems, such as climate-impact 
metrics or sector-specific performance indicators [33]. Cross 
walking reveals these differences early, enabling firms to 
adjust data-collection processes and avoid misalignment. 
Cross walking also facilitates consistent verification. ISO 
14064-3 assurance procedures can be linked to IFRS S2’s 
audit expectations, ensuring companies provide 
documentation, uncertainty assessments, and data-tracing 
evidence suitable for both standards. By establishing a 
unified mapping tool, organizations ensure that a single 
dataset can generate multiple compliant outputs, reducing 
reporting costs and maintaining methodological coherence 
across global jurisdictions [28]. 

 
Table 2: Crosswalk Mapping: GHG Protocol vs ISO 14064 vs IFRS S2/ESRS Requirements (Condensed Version) 

 

Element GHG Protocol ISO 14064 IFRS S2 ESRS (CSRD) 

Emissions Categories 
Scope 1-3 (15 Scope 3 

categories) 
Direct / Energy Indirect / 

Other Indirect 
Scope 1-3 (material) 

Mandatory Scope 1-3 
under double materiality 

Boundary Setting 
Equity / Financial / 
Operational control 

Verification-ready 
documented boundaries 

Financial consolidation 
boundary 

Financial + impact-based 
boundaries 

Materiality Relevance-based Verification significance Financial materiality Double materiality 

Scope 3 Requirements Flexible, relevance-driven Principles-based Required when material 
Fully mandatory, 

detailed 

Assurance Optional ISO 14064-3 verification Linked to financial audit 
Mandatory limited 

assurance 

Reporting Format Flexible formats 
Structured verification-ready 

report 
Standardized financial-cycle 

reporting 
Digital structured 
reporting (ESEF) 

 

5.3 Digitalization and Automation: AI, MRV Systems, 
and Carbon-Data Platforms (250 words) 
Digitalization plays a transformative role in harmonized 
carbon accounting by reducing manual data burdens, 
improving accuracy, and strengthening assurance readiness. 
AI-enhanced systems automate the categorization of activity 
data, detect anomalies, and assign emissions factors based 
on established taxonomies aligned with multiple 
frameworks [34]. Machine-learning models can estimate 
missing supplier data, identify inconsistencies in Scope 3 
submissions, and support predictive modeling of emissions 
under carbon-pricing scenarios, ensuring data remains 
decision-useful for strategy and compliance [31]. 
Measurement, Reporting, and Verification (MRV) systems 
form the backbone of automated compliance. Modern MRV 
tools integrate IoT sensors, energy-management platforms, 
enterprise resource-planning (ERP) systems, and 
procurement databases into streamlined reporting workflows 
[28]. These systems reduce the need for manual reconciliation 
and enhance traceability, a critical requirement for both 
ISO-aligned verification and regulatory assurance 
expectations. 
Centralized carbon-data platforms provide preconfigured 
modules aligned with GHG Protocol categories, ISO 
requirements, and regulatory disclosure templates. They 
enable firms to export IFRS S2-ready, ESRS-ready, and 
supply-chain reporting formats using the same underlying 
dataset, reducing inconsistencies and strengthening audit 
integrity [35]. Digital platforms also support automated audit-
trail generation, capturing timestamps, activity-source 
details, and factor-selection logic required during assurance 

reviews [32]. 
Ultimately, digitalization ensures that harmonized carbon-
accounting processes remain scalable, accurate, and 
adaptable to evolving regulatory requirements, enabling 
multinational firms to manage increasingly complex 
reporting landscapes with greater efficiency and 
transparency [29]. 
 
5.4 Supply-Chain Integration and Scope 3 Data 
Consolidation (200 words): Supply-chain integration 
remains one of the most challenging aspects of harmonized 
carbon accounting due to fragmented supplier capabilities 
and inconsistent methodologies. Harmonization requires 
companies to build standardized supplier-reporting 
templates aligned with GHG Protocol Scope 3 categories 
while ensuring compatibility with ISO’s verification 
demands and CSRD’s double-materiality emphasis [30]. 
Firms increasingly use digital supplier portals, shared 
emissions-factor libraries, and automated data-validation 
engines to improve data consistency and reduce reporting 
gaps [33]. 
Scope 3 data consolidation also demands structured 
governance and contractual expectations. Procurement 
teams must embed climate-data requirements into supplier 
agreements, establishing reporting timelines, audit-support 
obligations, and quality-control standards [28]. Advanced 
supplier-engagement programs including training, 
emissions-factor guidance, and capacity-building enhance 
data quality and reduce uncertainty. 
Integrated supply-chain data ensures that downstream 
disclosures align with corporate-level inventories, reducing 
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risks of inconsistency across regulatory submissions. By 
harmonizing supplier pathways, firms ultimately strengthen 
the credibility, completeness, and auditability of Scope 3 
emissions a cornerstone of emerging regulatory frameworks 
[35]. 
 

 
 

Fig 2: Unified Corporate Carbon Ledger Architecture for Cross-
Standard Reporting. 

 

6 Strategic, financial, and governance implications 

6.1 Carbon Data in Enterprise Risk Management and 

Investment Decision-Making (250 words) 
Carbon data has become a central input in enterprise risk 
management (ERM) as organizations increasingly recognize 
that emissions exposure carries financial, operational, 
regulatory, and reputational implications. Effective ERM 
frameworks now integrate carbon metrics into risk registers, 
scenario analyses, and capital-allocation models, allowing 
firms to quantify how carbon pricing, supply-chain 
disruptions, or regulatory tightening may influence future 
earnings and asset valuations [33]. Incorporating carbon data 
into ERM also enhances the visibility of transition risks 
such as technology shifts, customer-preference changes, or 
the emergence of low-carbon competitors which can 
materially impact long-term business performance [35]. 
Investment decision-making similarly depends on reliable 
carbon insights. Project evaluations increasingly require 
sensitivity testing based on emissions intensity, projected 
reductions, and exposure to future carbon costs. Firms adopt 
internal carbon prices to guide investment choices, ensuring 
that high-emission projects reflect true long-term risks and 
potential regulatory liabilities [36]. Carbon-adjusted return 
metrics are used to reassess capital expenditures, enabling 
companies to prioritize investments aligned with expected 
policy trajectories and investor expectations. 
Banks, insurers, and asset managers also depend on 
corporate carbon data to assess creditworthiness, determine 
risk premiums, and evaluate resilience under climate-stress 
scenarios [38]. As these financial institutions integrate 
emissions metrics into lending and underwriting models, 
companies without robust carbon data face increased 
capital-access barriers. Collectively, the integration of 
carbon data into ERM and investment processes strengthens 
decision-making quality and positions firms for regulatory 
alignment across emerging reporting frameworks [40]. 

 

6.2 Implications for Board Governance, Audit 

Committees, and Oversight (250 words) 
Boards play a pivotal role in overseeing carbon accounting, 
ensuring that emissions disclosures, governance 
mechanisms, and risk-management processes align with 
strategic objectives [34]. As climate disclosures become 
mandatory, boards are increasingly expected to understand 
methodological differences across GHG Protocol, ISO 
14064, IFRS S2, and ESRS frameworks to ensure accurate, 
defensible reporting [35]. Oversight responsibilities extend to 
approving boundary-setting decisions, reviewing 
assumptions used in emissions estimation, and ensuring that 
carbon data is integrated into financial and operational 
planning [36]. 
Audit committees are particularly affected by rising 
assurance expectations. They must evaluate whether carbon 
data is verifiable, supported by auditable evidence, and 
consistent with financial-reporting structures [37]. The 
expansion of limited and reasonable assurance requirements 
under new regulatory regimes places additional pressure on 
committees to ensure adequate internal controls, 
documentation practices, and data-governance systems. In 
many companies, carbon reporting is transitioning from 
sustainability departments to joint sustainability-finance 
oversight models, reflecting its increased financial relevance 
[38]. 
Boards also face strategic oversight demands. Carbon 
metrics influence corporate reputation, investor engagement, 
access to sustainable finance instruments, and long-term 
organizational competitiveness [39]. Ensuring the accuracy, 
completeness, and comparability of emissions data becomes 
a governance priority that directly affects strategic resilience 
and risk mitigation [40]. As regulatory frameworks evolve, 
strong board engagement remains critical to avoid 
compliance risks, ensure cross-jurisdictional alignment, and 
maintain organizational credibility across capital markets 
[41]. 

 

6.3 Investor Expectations, Valuation Signals, and 

Competitive Advantage (200 words) 
Investor expectations around carbon transparency are 
rapidly shifting, with institutional investors increasingly 
seeking standardized, decision-ready emissions data to 
assess transition risks and long-term resilience [42]. Investors 
rely on carbon metrics to evaluate exposure to tightening 
climate regulation, potential future carbon costs, and the 
credibility of decarbonization roadmaps. Companies that 
provide granular, harmonized disclosures across major 
frameworks are viewed as more reliable, reducing perceived 
risk and improving access to capital [43]. 
Carbon performance is also becoming a valuation signal. 
Firms demonstrating emissions reductions, low-carbon 
innovation, or credible transition plans often receive 
preferential financing terms, inclusion in sustainability-
linked indices, or improved market perception [44]. 
Conversely, inconsistent or incomplete reporting raises 
concerns about governance quality and transition readiness, 
affecting valuation multiples. 
Competitive advantage increasingly depends on harmonized 
carbon accounting. Companies that streamline reporting 
across GHG Protocol, ISO 14064, IFRS S2, and ESRS can 
reduce compliance burdens, strengthen audit readiness, and 
deliver superior transparency key differentiators in global 
markets [45]. 
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Fig 3: Future State of Global Carbon Accounting Harmonization: 
Digital MRV Ecosystem. 

 

7. Conclusion 

7.1 Summary of Findings (200 words) 
This article examined the accelerating convergence of 
global carbon-accounting standards and the challenges faced 
by multinational corporations operating across overlapping 
voluntary and mandatory frameworks. The analysis showed 
that although the GHG Protocol, ISO 14064, IFRS S2, and 
ESRS share significant methodological foundations 
particularly in emissions categorization, boundary setting, 
and transparency principles substantial divergences persist. 
These include variations in Scope 3 requirements, 
materiality definitions, sector-specific rules, verification 
pathways, and disclosure formats. Such fragmentation 
creates operational burdens for global companies, increasing 
risks of double reporting, data inconsistency, and audit 
complexity. 
The article also highlighted the central importance of 
unified carbon-ledger systems and internal data governance 
for harmonizing reporting across frameworks. 
Digitalization, AI-driven MRV tools, and automated data-
management platforms were shown to be critical enablers 
for achieving scalable, audit-ready carbon accounting. 
Integration of supplier data, Scenario-based modeling, and 
cross walking methodologies further position multinationals 
to comply with diverse regulatory regimes while enhancing 
decision-usefulness. Finally, the broader strategic 
implications were outlined: carbon data now plays a pivotal 
role in enterprise risk management, governance oversight, 
and investor valuation signals making harmonized carbon 
accounting not simply a compliance exercise but a core 
driver of competitive advantage and organizational 
resilience. 

 

7.2 Future Outlook for Regulatory Convergence (150 
words): Global regulatory convergence in carbon 
accounting is likely to accelerate as climate-policy 
frameworks mature and markets increasingly demand 
interoperable standards. IFRS S2 is positioned to emerge as 
a globally dominant baseline for financially material climate 
disclosures, while ESRS may shape broader sustainability 
standards emphasizing double materiality. Over time, 
jurisdictions are expected to align boundary definitions, 
assurance requirements, and Scope 3 metrics to reduce 
reporting burdens and enhance comparability. International 

bodies will continue working toward integrating carbon data 
into financial reporting systems, further blurring the lines 
between environmental and economic disclosure. Digital 
MRV ecosystems supported by real-time emissions 
monitoring, standardized taxonomies, and automated 
reporting pipelines will likely serve as the backbone of 
future harmonization. Although fragmentation will not 
disappear completely, the structural movement toward 
interoperability suggests increasing clarity and consolidation 
over the next regulatory cycle. 

 

7.3 Policy and Corporate Recommendations (150 words) 
Policy makers should prioritize harmonizing reporting 
expectations, aligning definitions of materiality, and 
adopting interoperable taxonomies that reduce burden on 
multinationals. Regulators should also promote phased 
assurance requirements and support digital MRV 
infrastructure development to ensure scalable compliance. 
Creating cross-jurisdictional working groups will accelerate 
coordination and minimize conflicting rules. 
Corporations should adopt unified carbon-ledger systems, 
embed strict internal governance, and implement automated 
MRV tools to ensure accuracy and auditability. 
Strengthening supplier-engagement programs, integrating 
carbon data into ERM and investment processes, and 
crosswalking internal frameworks against IFRS S2 and 
ESRS are essential steps. Boards and audit committees 
should expand oversight capabilities, ensuring that carbon 
accounting is aligned with strategy, financial reporting, and 
risk management. These combined actions will position 
organizations for regulatory readiness, investor confidence, 
and long-term competitive advantage. 
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