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Abstract: The netzero cut of carbon emissions has become a strategic goal being followed by companies in many
countries of the world, although the coherence of carbon credit markets has been undermined owing to over-counting,
inconsistent reporting, complexity of wverification, and conwvoluted verification processes. Traditional monitoring and
reporting systems are usually not designed to see in real-time, which compromises inter-stakeholder trustworthiness and
challenges the effectiveness of the carbon offset programs. The essay explores how the blockchain technology can be
applied to improve the integrity of carbon credit verification system. Through decentralized registries, along with smart
contracts and tokenisation of carbon credits, blockchain may offer tampernresistant traceability and automated
issuance and automatic retirement of existing credits, in conjunction with supporting the interoperability of disparate
registries. The article is an interdisciplinary case study on blockchainfounded climate platforms and a review of
corporate netzero reporting; it provides a conceptual framework that aims at enhancing the accountability in netzero
commitments by blockchain integration. Blockchain implementations have found empirically that werification
timelines can be significantly reduced, credit ownership can be transparent and compliance with investor and consumer
confidence in corporate sustainability disclosures can be boosted. Due to the acceleration process of the global climate,
the paper ends with the identification of the basic implications of policy, the scale-specific issues, and potential
mechanisms of mainstream integration of blockchain technology into the system to implement the market of carbon
operations.
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[. INTRODUCTION

The emerging trend of international climate crisis alarm has forced nations, companies and agencies into
ambitious netzero pledges in which the 2015 Paris and the subsequent COPs talks act as the milestones
of determining the targets in emission cut-offs. Corporations have been the most appropriate access point
into this turn especially because they have imbalance in the contribution to green house gas (GHG)
emission not only through the boast of their ability to mobilize finance but also technology and
innovation at the scale. To reach net-zero, however, this would take a combination of internalisation of
emissions as well as external offset systems, and in this case, the latter is still the terrain where the carbon
credits which some of the gravest threats to credibility and accountability continue to be still remain. The
application of a metric ton of CO 2 not emitted, avoided or removed into the atmosphere (the tradable
carbon credits) has become the backbone of voluntary and compliance markets but in most cases has
been compromised by structural flaws including the counting-twice,atty,and inconsistency of the
standards of the verification and fraud. Such cases have emerged indicatively through a number of studies
and investigative reports which show that credits have been granted to projects on the promise of non-
delivery or even worse, and that the same credit has been assigned to other different registries thus eroding
the trust of the investors and regulators as well as the masses in general. In this respect, companies are
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not only becoming under scrutiny concerning the legitimacy of such claims of climate, but also
greenwashing as a tactic is used to undermine the very process of decarbonization. Openness, efficiency
and adequate verification procedures have thus become and are becoming irresistible components of
plausible netzero pathways and current paper-based or disconnected web systems are not to it. In this
respect, blockchain technology has become an enabling technology of WeChat to an extent that it has
provided quality, decentralized and transparent mechanisms that can radically transform the issuance,
verification and trading of carbon credits. In contrast to the classical centralized registries, blockchain
uses distributed registers with all the transactions being stored indefinitely, with no ability to change it,
and available to all legitimate stakeholders. This establishes the source of truth as one and the likelihood
of manipulations, duplication or unresolvable claims is significantly decreased. The automation is also
enhanced by smart contracts (computer-based agreement that can be self-executable via the blockchain)
as credits can be emitted when a specified condition is met or redeemed when used in such a way that
the resale of credits or illegal circulation of credits are avoided. This is further complemented with
tokenization of carbon credits such that a single credit is represented by a unique digital token that is
easily traceable, can be held in fractional amounts, and can be cross-market interoperable. This has proved
to be especially useful in a carbon economy that is growing more globalized with companies, governments,
and third party registries having to coordinate inter-border and inter-system. In addition, the use of
blockchain can be combined with more expansive Environmental, Social, and Governance (ESG)
demands like the improvement of the corporate disclosure operations, trust in the investors and provide
consumers with the power to make informed decisions a product/service and a certified carbon footprint
and so on. Being an area of implementation, blockchain carbon credit verification is therefore, at this
point, relatively young with limited pilot schemes but incredibly low mainstream adoption. It has been
already established that tokenization of carbon credits like the IBM Climate Ledger, Toucan Protocol and
KlimaDAQO have been proven to work within small scales, but questions of scale, interoperability,
regulatory acceptance and energy efficiency are still compelling factors. The climate action use of
blockchain has also been accused of the sustainability paradox of blockchain networks by the
environmental footprint of certain blockchain networks, and especially networks that employ energy-
intensive proof-of-work mechanisms. In addition, inter-state standards are yet to be agreed to regarding
blockchain integration and failure of the voluntary carbon market offers hindrances to the broad
adoption. These constraints put a high profile on the necessity of the strict scholarly examination of the
technological, economical and policymaking problems of blockchain-based systems of carbon credit. The
condition associated with the paper is fulfilled through the adequate discussion of the ways in which
blockchain can increase the level of transparency of the corporate netzero commitments and its
application in addressing the issue of verification gap, fraud, and traceability. The proposed study can be
used to make theoretical contributions and address practical challenges in the integration of blockchain
within an ecosystem of carbon credits using the hybrid approach of case study on corporate sustainability
reporting and the conceptual mindfulness of the blockchain check. One hopes that the research results
can offer policymakers an evidence-based insight into how digital innovations can offer climate
governance with new possibilities, corporations with viable actions they can take to be more responsible
about their netzero pledges, and researchers with the starting point by a more comprehensive analysis of
how how blockchains-mediated environmental markets can work. Finally, the paper places blockchain in
context not as a technical proposal, but as a governance tool, which would re-instigate incentives, re-
establish trust and get the world to net-zero faster. By so doing, it also intends to enable in bridging the
disparity between aspirational corporate climate assurances and measurable, open, and reliable actions
required to actualize such assurances.

II. RELEATED WORKS

Carbon credit market and corporate sustainability research has increased significantly in the last twenty
years, but still the questions of credibility, verification and transparency are still on the agenda of the
academic and policy discussions. Conventional carbon markets, both mandatory and voluntary, are
accused of having divided governance and inconsistent standards resulting in issues of double counting,
overstated baselines and dubious additionality of projects [1]. Researchers have been saying that these
inefficiencies undermine the environmental soundness of offsets and undermine the credibility of
corporate net-zero pledges [2]. The issue of monitoring, reporting and verification (MRV) has been well
researched and available literature suggests delays in validation, use of third party auditors with different
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standards and lack of real time control [3]. As noted in a number of studies, carbon credits have been hit
by geographical and registry fragmentation where the regional registries work in siloes thus at the costs of
interoperability and facilitating fraud [4]. In reaction, the new literature has suggested implementing
digital technologies, including blockchain, artificial intelligence, and Internet of Things (IoT) sensors, to
work out the processes of MRV and make them more confident in the schemes of emissions trading [5].
Particularly blockchain has emerged as a promising solution due to its decentralized structure,
immutability and the capability to offer audit trails that can be tampered with [6]. Recent literature by
Andoni et al. discussed blockchain applications in the energy sector and came to the conclusion that
decentralized ledgers would help to fundamentally transform transparency and trust functions in carbon
markets [7]. On the same note the research of pilot projects including the IBM Climate Ledger and the
Energy Web Foundation has shown how smart contracts can be used to automatically issue and retire
carbon credits in the event of predefined conditions of emission reduction being met thereby minimizing
human error and manipulation [8]. Several papers have also discussed the tokenization of carbon credits,
in which a credit is embodied as a distinct digital asset on a blockchain, as one way of enhancing liquidity,
fractional ownership, and the efficiency of cross-border trade [9]. Empirical case studies such as those of
Toucan Protocol and KlimaDAQO give a clearer understanding of how blockchain can incorporate
voluntary carbon credits into decentralized finance (DeFi) platforms, which widens participation and
accessibility [10]. However, critical scholarship cautions that techno-optimism needs to be approached
with criticality because, until blockchain systems can be scaled, governance models, and their
environmental impact, even in the scale of large-scale application, must be considered [11]. One motif in
the literature is the sustainability paradox: blockchain may make carbon credits more traceable, although
some blockchain networks, notably those using proof-of-work consensus, are energy-intensive and thus
may negate the climate objectives they are intended to promote [12]. Scholars have thus advocated the
use of energy-efficient consensus algorithms like proof-of-stake or permissioned blockchains that can be
adapted to environmental regulation [13]. In addition to technical design, interdisciplinary researchers
focus on the need to incorporate blockchain in more comprehensive ESG reporting and disclosure
systems, which implies that blockchain-enabled MRV may be used to complement such frameworks as
the Task Force on Climaterelated Financial Disclosures (TCFD) and the Global Reporting Initiative
(GRI) [14]. Moreover, the policy aspect has also been given a lot of focus and researchers have suggested
that regulators develop standardized common standards in blockchain-based carbon markets to support
interoperability, legalization of tokenized credits, and safeguarding against fraudulent schemes [15].
Collectively, the associated literature presents a cohesive image of the potentiality of blockchain in carbon
credit checks: as much as it provides a channel through which a company can become more transparent,
lessen fraud, and improve corporate netzero responsibility, its practical performance will be tied to
technological advancement, industry integration, and adherence to sustainability goals at local and global
levels.

III. METHODOLOGY

3.1 Research Design

The study adopts a mixed-method research design, integrating comparative case study analysis,
blockchain system simulation, and conceptual modeling to explore the role of blockchain in enhancing
carbon credit verification. This design ensures triangulation between empirical insights, technological
feasibility, and governance frameworks. The approach follows prior digital MRV studies that emphasize
hybrid evaluation of environmental data integrity and technological governance [16].

3.2 Study Scope and Context

The research focuses on corporate net-zero strategies across three major sectors—Energy, Aviation, and
Manufacturing—since these industries are the largest issuers and users of carbon credits. Additionally,
three blockchain platforms—Ethereum, Hyperledger Fabric, and Polygon—were selected for analysis due
to their prominence in enterprise applications and climate-related pilots.

Table 1: Sectoral and Blockchain Scope of Study

Sector Emission Context Relevance to Carbon Credits Blockchain Platform
Studied
Energy High  fossil  fuel | Major purchaser of offsets to meet | Ethereum-based pilots
dependency net-zero
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Aviation Hard-to-abate Heavy reliance on carbon credits | Hyperledger Fabric
emissions for compliance

Manufacturing | Process-related Use of both compliance and | Polygon initiatives
emissions voluntary credits

3.3 Data Collection and Case Analysis

Case studies were drawn from corporate sustainability reports, blockchain pilot platforms (IBM Climate
Ledger, Toucan Protocol, KlimaDAQO), and policy documents. A total of 30 corporate disclosures (10 per
sector) were analyzed to extract data on credit verification practices, transparency levels, and adoption of
digital tools. Parallelly, blockchain project whitepapers and technical reports were reviewed to understand
their verification mechanisms [17].

3.4 Blockchain Verification Framework

A conceptual framework was designed to assess how blockchain features mitigate existing carbon market
challenges. Smart contracts were mapped against verification criteria (additionality, permanence,
traceability), while tokenization was examined for ownership validation and transferability.

Table 2: Mapping Carbon Market Challenges to Blockchain Features

Carbon Market Challenge | Blockchain Feature | Expected Benefit

Double Counting Immutable Ledger Unique, non-duplicable credit IDs
Fraudulent Reporting Smart Contracts Automated issuance/retirement
Lack of Transparency Tokenization Traceable, real-time tracking
Registry Fragmentation Interoperability APIs | Cross-border recognition

3.5 Simulation and Validation

To validate the framework, a simulation environment was created using a test blockchain network
(Hyperledger Fabric). Smart contracts were coded to issue carbon tokens only upon verification of
emission reductions submitted by loT-enabled MRV data sources (e.g., energy meters, remote sensors).
Token retirement was automatically triggered upon offset claims. Performance was evaluated in terms of
transaction latency, cost efficiency, and traceability index [18].

3.6 Analytical Tools

Data triangulation was supported by:

¢ NVivo - for thematic analysis of corporate disclosures.

¢ MATLAB/Simulink - for smart contract transaction modeling.

o ArcGIS/QGIS - adapted for mapping blockchain pilot adoption geographically.

e Google Earth Engine (GEE) - for correlating blockchain-tracked offsets with satellite-based MRV
datasets [19].

3.7 Reliability, Ethics, and Limitations

To ensure reliability, three layers of cross-validation were applied: (i) cross-checking blockchain
transactions with corporate sustainability disclosures, (ii) validating simulation outputs against case
project data, and (iii) peer review of the conceptual framework by experts in climate finance. Ethical
considerations involved anonymizing corporate case data and excluding sensitive financial disclosures.
Limitations include the fact that simulations cannot fully replicate real-world market scale, and not all
blockchain projects disclose open-source technical details [20][21].

IV. RESULT AND ANALYSIS

4.1 Overview of Blockchain Adoption Trends

The comparative analysis of case studies across the energy, aviation, and manufacturing sectors revealed
significant variation in blockchain adoption. The energy sector demonstrated the most advanced
integration, with multiple pilot projects already operational and using blockchain to track offsets in near
real time. Aviation companies, while reliant on carbon credits due to the hard-to-abate nature of their
emissions, were found to lag in large-scale blockchain integration, primarily relying on conventional
registries but exploring pilot schemes. Manufacturing firms, particularly those in heavy industries,
reported intermediate adoption, with blockchain primarily tested for supply chain traceability that was
later adapted for carbon offset verification.
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Figure 1: Carbon Credit [24]
Table 3: Blockchain Adoption by Sector

Sector Adoption Level | Key Applications

Energy High Real-time offset tracking, automated retirement
Aviation Low-Medium | Pilot projects, offset procurement traceability
Manufacturing | Medium Supply chain-linked offset verification

4.2 Efficiency of Verification Processes

The simulation study highlighted a significant reduction in verification delays when blockchain-based
smart contracts were applied. Traditional MRV systems required an average of 3-6 months for
verification and registry confirmation, whereas blockchain-based smart contracts validated and issued
credits in near real time, with transaction processing occurring within seconds to minutes. Furthermore,
the traceability index, which measured the ability to follow the lifecycle of a carbon credit from issuance
to retirement, was found to be 90% higher in blockchain-enabled systems compared to conventional
registries.

Issuer Holder Verifier

Figure 2: Blockchain Verification [25]
Table 4: Performance Comparison of Traditional vs. Blockchain Verification

Metric Traditional Systems | Blockchain Systems
Verification Time 3-6 months < 10 minutes
Traceability Index 45% 85%+

Risk of Double Counting High Negligible
Transparency of Ownership | Limited Full (real-time)

4.3 Tokenization and Market Liquidity

The analysis of tokenized carbon credits revealed a strong correlation between tokenization and market
liquidity. Platforms that issued tokenized credits observed increased secondary market activity, as
fractional ownership enabled smaller investors and corporations to participate in trading. Liquidity
indicators, measured by the number of trades per credit and volume turnover, were higher in blockchain-
based systems than in traditional voluntary markets. This democratization of carbon markets also
encouraged cross-border participation, with tokenized credits being traded globally without registry
barriers.

Table 5: Impact of Tokenization on Market Liquidity

Attribute Traditional Credits | Tokenized Credits
Trade Frequency Low High

Market Access Restricted Open (global)
Ownership Flexibility Single entity Fractionalized
Liquidity Turnover Rate | 20% 65%
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4.4 DISCUSSION OF KEY FINDINGS

The findings clearly demonstrate that blockchain integration enhances carbon credit verification across
three critical dimensions: time efficiency, transparency, and liquidity. By automating verification and
retirement, blockchain drastically shortens the lag between project completion and credit availability,
thereby increasing the credibility of net-zero claims. Transparency was improved through immutable audit
trails, which allow stakeholders to trace each credit’s origin and ownership in real time, significantly
reducing the risks of double counting or greenwashing. Tokenization not only enhanced liquidity but
also democratized access to carbon markets, enabling wider participation from investors, corporations,
and even consumers. Sectoral analysis indicates that while energy companies are leading adoption due to
regulatory and reputational pressure, aviation and manufacturing firms are gradually experimenting with
blockchain pilots, showing potential for scalability. Overall, the results underscore blockchain’s
transformative role in addressing long-standing weaknesses of carbon markets and in reinforcing the
credibility of corporate net-zero commitments.

V. CONCLUSION

The authors aimed to clarify the possibility of enhancing the transparency and credibility of the carbon
credit verification with the help of block chain technology, and namely with the reference to corporate
net-zero pledges. They are categorical: blockchain provides a curative mechanism to most systemic failures
that have plagued the carbon markets in decades. Conventional check systems (scattered registries and
long case audit) is biased towards the integrity of carbon credit in that it encourages the situation of multi-
county, fraudulent and billboard ownership mitochondrial records. These failures bring up the questions
of greenwashing and cancel the fact that climate activities of corporations are not real. In contrast,
blockchain can be decentralized, with its registers unalterable and its clearance real time, an attribute that
significantly reduces the duration of verification, enhances the concept of traceability and transparent
issuance and retrieval of credits. Case studies and simulation exercises also demonstrate that blockchain-
based systems can reduce the timecost to roughly real-time, thereby enabling a full view of credit
ownership and scarcity and offsetting the sluices that have been stable in voluntary and compliance
markets. Also, the tokenisation of the carbon credits is another captivating novelty that makes the
product more liquid and more marketable. With tokenization, climate action becomes more democratic
and accessible to smaller firms and investors who might not otherwise have access to it in the past since
it allows trading fractions of proportion of credits in existing international prices. The sectoral level
analysis observes that energy companies are the oldest industries that have applied blockchain-based
verification and because of their high reliance on offsets and greater control of regulatory bodies, are the
most eager to do so. In addition, for the aviation and the manufacturing industries, which already
introduced pilot projects, the widespread implementation is a possibility because new success stories
continue to demonstrate the concept. However, the study had several challenges that were found. The
top priorities also include scalability, as blockchain solutions could only facilitate pilot projects, they could
not detect and process as high amount of stocks as there are carbon markets across the globe. Regulatory
frameworks should be aligned to avoid cross jurisdictional fragmentation and tokenised credits should
become legislable. Moreover, the sustainability paradox inherent to blockchain, i.e. energy-intensive
development processes, will also require alleviation via participation in an energy-competent consensus
mechanism and an interaction with renewable energy infrastructure. These conclusions add to the reality
that, as far as it can be a panacea of governance, blockchain can be successful only to the extent that it is
able to conform itself to regulatory, technological and ecological realities. The consequences of using
blockchain are great to companies: the legitimacy of a net -zero report can be facilitated with the help of
the blockchain use, the sustainability reporting can be enhanced, and the reputational capital can be
directed, as the validity of the sustainability statements can be enhanced and trusted. The findings have
policy implications such as the need to build the standards which would lead to interoperability of
registries, use of blockchain in the context of carbon markets and further development of the functions
of energy efficient block chains that may be used in environmental governance. These findings offer the
potential of interdisciplinary research on the convergence of blockchain, [oT/based monitoring, artificial
intelligence, and geospatial information, thereby establishing a new body of knowledge in digital MRV.
Lastly, by hinting that blockchain is among the stepping stones on the path to transforming the cloudy,
fragmented carbon credit market into a transparent, efficient and reliable one, the paper yields its greatest
contribution, an initiative long needed since the global climate action requires it.  Although these
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obstacles can be perpetuated, the above evidence indicates that blockchain-based carbon credit validation
can accelerate the plausibility of net-zero business pledges, restore stakeholder confidence, and enhance
the collective will to achieve the big-stakes climate targets of the twenty-first century.
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