Scientific

Open
Access

Simen Owen Academic Proceedings Series

3rd International Conference on Media, Economy, Communication and
Intelligence Management (MECI 2026)

Article

Blockchain-Powered Carbon Trading Market Efficiency: A
Green FinTech Study

Yanglin Zheng *

Received: 09 April 2026
Revised: 21 May 2026

Accepted: 31 May 2026
Published: 03 June 2026

Copyright: © 2026 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY) license
(https://creativecommons.org/license

s/by/4.0/).

1 College of Business, City University of Hong Kong, Hong Kong, China
* Correspondence: Yanglin Zheng, College of Business, City University of Hong Kong, Hong Kong, China

Abstract: The integration of blockchain technology into global carbon trading markets represents a
significant and transformative innovation within the emerging field of Green FinTech. This
technological advancement holds the profound potential to fundamentally enhance market
efficiency, operational transparency, and dynamic price discovery mechanisms. Despite growing
theoretical interest and speculative optimism surrounding decentralized ledgers, robust empirical
evidence regarding their actual economic impact on environmental markets remains notably limited.
Consequently, this study rigorously investigates whether the strategic adoption of blockchain
architecture in carbon trading systems tangibly improves transaction efficiency, price accuracy, and
overall market transparency. Employing a comprehensive mixed-methods approach that combines
extensive quantitative market data analysis with in-depth qualitative case studies of early-adopting
platforms, the research systematically evaluates blockchain's critical role as a foundational green
financial infrastructure. The empirical findings conclusively indicate that blockchain
implementation significantly accelerates transaction speed, substantially reduces intermediary costs,
and ensures immutable data integrity, thereby mitigating fraud risks such as double counting.
However, the analysis simultaneously reveals persistent structural challenges, particularly
concerning network scalability, complex regulatory integration, and cross-chain interoperability.
Ultimately, this study contributes substantially to the broader Green FinTech literature by providing
concrete empirical evidence on blockchain's economic function and operational viability in carbon
markets. Furthermore, it offers highly actionable, strategic insights for environmental policymakers,
financial regulators, and market designers seeking to optimize sustainable trading ecosystems.
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1. Introduction

The global carbon trading market, established as a cornerstone policy instrument for
climate change mitigation, operates on the principle of creating economic incentives for
greenhouse gas emission reductions. However, the operational efficacy of these markets
is often constrained by systemic inefficiencies, including protracted transaction settlement
times, fragmented price discovery mechanisms, and pervasive information asymmetries
that undermine market transparency and integrity. These limitations not only increase
compliance costs for regulated entities but also diminish the overall environmental
effectiveness and credibility of cap-and-trade systems [1]. In this context, the emergence
of blockchain technology within the financial technology landscape presents a
transformative opportunity to re-engineer the foundational infrastructure of carbon
markets, promising to address these longstanding challenges through its core attributes
of decentralization, immutability, and cryptographic security.
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The intersection of technological innovation and environmental sustainability has
given rise to the specialized domain of Green FinTech, which seeks to harness digital tools
to advance ecological goals within financial systems. Blockchain, often associated with
cryptocurrencies, is increasingly reconceptualized within this paradigm as a critical
infrastructural technology for green finance. Its application extends beyond payment
systems to the tokenization and lifecycle management of environmental assets, most
notably carbon credits. By providing a tamper-proof, distributed ledger that records every
transaction from issuance to retirement, blockchain introduces an unprecedented level of
traceability and auditability to carbon markets. This capability directly targets issues of
double-counting, fraud, and the lack of standardization that have historically plagued
voluntary and compliance carbon markets alike [2].

The theoretical proposition that blockchain can enhance market efficiency is
compelling. The technology automates trust through consensus algorithms and smart
contracts, potentially eliminating multiple layers of intermediaries involved in
verification, registry management, and settlement. This disintermediation could
drastically reduce transaction costs and latency. Furthermore, the transparency of a public
or permissioned blockchain ledger could improve price discovery by providing all market
participants with real-time, uniform access to transaction history and market depth,
thereby reducing information advantages and fostering more competitive pricing [1].
From a regulatory perspective, the immutable audit trail simplifies compliance
monitoring and enforcement, potentially lowering systemic risk and enhancing market
stability.

Despite this strong conceptual appeal, a significant gap persists between theoretical
potential and empirically validated reality. The existing academic and grey literature
abounds with architectural proposals and conceptual frameworks for blockchain-based
carbon markets, yet rigorous, data-driven analyses of deployed systems remain
exceptionally rare [3]. Many studies focus narrowly on the technical specifications of
blockchain protocols or offer speculative discussions on future applications, without
grounding their claims in the operational realities and economic behaviors of actual
carbon trading platforms. This lack of empirical evidence leaves critical questions
unanswered: Do blockchain implementations measurably improve key performance
indicators like settlement speed and cost? Do they lead to more accurate and less volatile
carbon prices? Do they genuinely enhance participant trust and regulatory oversight?

This study is designed to directly confront this empirical deficit. Its primary objective
is to investigate whether the adoption of blockchain technology within carbon trading
systems yields statistically and practically significant improvements across three core
dimensions of market efficiency: transaction processing efficiency, price discovery quality,
and overall market transparency and integrity. The research adopts a pragmatic, mixed-
methods approach, eschewing purely speculative modeling in favor of analyzing data
from real-world case studies where blockchain technology has been integrated into carbon
market operations. Through comparative analysis of performance metrics before and after
implementation, and through qualitative assessment of stakeholder experiences, this
research seeks to move the discourse from "what could be" to "what is."

The structure of this paper proceeds as follows. Following this introduction, a
comprehensive literature review synthesizes existing knowledge on carbon market
mechanisms, blockchain technology, and the evolving field of Green FinTech, clearly
identifying the research gap this study aims to fill. Subsequently, a detailed theoretical
framework is presented, drawing from financial economics, information theory, and
innovation diffusion studies to establish testable hypotheses. The methodology chapter
outlines the case study selection, data collection protocols, and analytical techniques
employed. The findings chapter presents empirical results structured around the three
core efficiency dimensions, supported by quantitative data tables and qualitative insights.
The paper concludes with a discussion of the implications of these findings for market
practitioners, policymakers, and technology developers, and suggests directions for
future research [2].
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The contribution of this study is both academic and practical [4]. Academically, it
provides a much-needed empirical foundation for evaluating blockchain's role in
environmental finance, contributing to the literatures on FinTech, market microstructure,
and sustainable economics. Practically, it offers evidence-based insights for organizations
considering blockchain adoption, for regulators crafting digital finance policies, and for
market designers seeking to build more robust, scalable, and trustworthy carbon trading
ecosystems in the service of global climate objectives.

2. Literature Review

This chapter synthesizes existing scholarly work at the nexus of blockchain
technology, carbon markets, and Green FinTech, building upon the foundational concerns
outlined in the introduction. The review is structured to first establish the operational
context and challenges of contemporary carbon markets, then explore the transformative
potential of FinTech and specifically blockchain within this domain, and finally critically
assess the current state of research to identify the empirical gap this study addresses [5].

Carbon trading markets, both compliance and voluntary, are instrumental in
channeling financial flows towards emission reduction activities. However, their
development and operational efficiency are uneven across regions and often hampered
by structural issues. Research indicates that voluntary carbon markets, in particular, face
significant challenges related to credibility, transparency, and the development of robust
financial ecosystems necessary for scale. These markets struggle with fragmented
standards, difficulties in verifying additionality and permanence of carbon offsets, and
high transaction costs, which collectively undermine their effectiveness and investor
confidence [6]. Similar systemic frictions, including price volatility and informational
opacity, are also observed in compliance markets, though within more regulated
frameworks.

The emergence of Green FinTech represents a paradigm shift aimed at leveraging
digital innovations to overcome these barriers and accelerate the low carbon transition.
FinTech, broadly defined, encompasses a suite of technologies including big data analytics,
artificial intelligence (AI), the Internet of Things (IoT), and distributed ledger technology
(DLT). Scholars argue that the integration of FinTech with green finance policy
frameworks can create powerful pathways for financing renewable energy and other
climate solutions, particularly in emerging economies. Within this technological suite,
blockchain has garnered specific attention for its applicability to carbon markets due to its
inherent properties of decentralization, immutability, and transparency.

A systematic review of blockchain applications in carbon trading reveals a strong
academic and industry focus on its potential to revolutionize market infrastructure. The
literature frequently highlights several key theoretical advantages. First, blockchain can
create tamper-proof digital registries for carbon credits, ensuring each credit is uniquely
identifiable and its entire lifecycle from issuance and ownership transfers to final
retirement is permanently and publicly recorded. This addresses core issues of double
counting and fraud. Second, through smart contracts (self-executing code on the
blockchain), processes such as verification, settlement, and revenue distribution can be
automated, reducing intermediation, administrative costs, and settlement times from
days to minutes. Third, the transparency of the ledger can enhance market liquidity and
price discovery by providing all participants with equal access to transaction data and
market depth [7].

The potential of FinTech, and blockchain within it, to facilitate a global transition to
a low carbon economy is a recurring theme in cross-country analyses. The technology is
seen not just as an efficiency tool but as an enabler of new financial instruments and
market architectures that can mobilize capital at the required scale for climate mitigation.
Furthermore, the convergence of blockchain with other advanced technologies like
machine learning is posited to pioneer innovative trading mechanisms and risk
management tools, further enhancing the sophistication and stability of carbon markets

[8].
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Beyond market microstructure, research also explores the broader impact of FinTech
on corporate environmental behavior. Evidence suggests that the development of FinTech
can positively influence corporate carbon emission reduction efforts by improving access
to green financing, enhancing environmental, social, and governance (ESG) data
transparency, and lowering the cost of capital for sustainable projects. In this context,
blockchain-enabled platforms are being conceptualized not only for trading carbon credits
but also for tokenizing the outputs of tangible green assets, such as carbon capture and
storage volumes, thereby creating new, securitized green financial products [9].

The application of FinTech and green finance is also being studied in resource-
intensive sectors and countries, where it is seen as a means to revolutionize carbon
emission reduction by efficiently directing capital towards green energy projects and
improving the monitoring and verification of their impacts [10]. Ultimately, the scholarly
discourse positions blockchain technology as a cornerstone for building the infrastructure
of sustainable finance, capable of supporting the integrity and scalability required for
achieving long-term sustainable development goals.

Despite this rich and growing body of conceptual, theoretical, and policy-oriented
literature, a critical gap remains [3]. While many studies eloquently articulate the potential
benefits and propose architectural frameworks for blockchain-based carbon markets,
there is a pronounced scarcity of rigorous, empirical research that quantitatively measures
the actual impact of implemented blockchain solutions on specific market efficiency
metrics. Few studies provide comparative, data-driven analyses of transaction costs,
settlement times, price volatility, or liquidity before and after blockchain integration in
live trading environments. This study aims to directly address this gap by moving from
theoretical proposition to empirical verification, assessing the real-world performance of
blockchain technology across the core dimensions of transaction efficiency, price
discovery, and market transparency within operational carbon trading platforms.

3. Theoretical Framework and Methodology

This chapter presents the theoretical foundation and methodological approach
employed to examine the impact of blockchain technology on carbon trading market
efficiency. The study adopts a mixed-methods research design, integrating quantitative
analysis of market performance metrics with qualitative evaluation of blockchain
implementation cases [11]. The framework is built upon theories of market microstructure,
information economics, and technological innovation diffusion, with a focus on how
blockchain functions as a green financial infrastructure. The methodology is designed to
assess not only the technical performance of blockchain systems but also their economic
and operational effects on carbon markets.

3.1. Theoretical Framework

The theoretical framework of this study is grounded in three interrelated conceptual
domains: market efficiency theory, information asymmetry reduction, and technological
innovation in financial systems. Market efficiency theory posits that asset prices reflect all
available information. In carbon markets, inefficiencies often arise due to delayed
information dissemination, fragmented data sources, and opaque transaction processes
[12]. Blockchain technology, through its decentralized and immutable ledger, has the
potential to enhance informational efficiency by providing real-time, transparent, and
verifiable transaction records.

The principle of information asymmetry, central to agency theory, suggests that
unequal access to information can lead to market failures such as moral hazard and
adverse selection. Carbon trading markets are particularly susceptible to these issues due
to the complexity of credit verification and the lack of standardized reporting. Blockchain
mitigates information asymmetry by creating a single source of truth accessible to all
market participants, thereby reducing opportunities for fraud and misreporting.

From an innovation diffusion perspective, blockchain represents a disruptive
technology that can reshape institutional structures and operational workflows [13]. The
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technology's attributes, including transparency, security, and automation, align with the
core requirements of green financial systems, which prioritize accountability,
sustainability, and efficiency. This study positions blockchain not merely as a technical
tool but as an institutional innovation that can redefine how carbon markets are organized,
regulated, and participated in.

The integration of these theoretical perspectives allows for a holistic examination of
blockchain's role in carbon trading. The framework guides the formulation of research
questions, the selection of performance indicators, and the interpretation of empirical
findings, ensuring that the study addresses both technical and economic dimensions of
market efficiency.

3.2. Methodology

The research employs a case study-based, multi-method approach to evaluate the
efficiency gains from blockchain adoption in carbon trading. Three carefully selected case
studies represent different configurations of blockchain implementation: a fully
decentralized carbon exchange, a hybrid public-private trading platform, and a regulatory
sandbox pilot [14]. Each case is analyzed using a consistent set of efficiency metrics,
enabling a comparative assessment across different market contexts.

The first case study focuses on transaction efficiency, measuring variables such as
trade settlement time, transaction cost, and system throughput before and after
blockchain integration. Data is collected from trading logs, platform analytics, and
participant surveys [15].

The second case study examines price discovery mechanisms, analyzing the accuracy,
volatility, and lead-lag relationships of carbon prices in blockchain-enabled markets
versus traditional markets. Market data is sourced from public trading APIs and historical
price databases [16].

The third case study assesses market transparency and integrity, evaluating factors
such as data accessibility, audit trail completeness, and participant trust levels. This
involves content analysis of public blockchain records, stakeholder interviews, and
regulatory compliance reviews.

Data collection combines quantitative trading metrics with qualitative insights from
platform developers, traders, and regulators. Analytical techniques include comparative
statistical analysis, thematic coding of interview transcripts, and process tracing of
transaction workflows. The mixed-methods design ensures that findings are both
numerically robust and contextually nuanced.

3.3. Method Flowchart
The research process is illustrated in Figure 1, which outlines the sequential stages

from theoretical framing and case selection to data collection, analysis, and validation.
This ensures a clear and systematic approach to the study [10].
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Figure 1. Research Methodology for Assessing Blockchain Impact on Carbon Market Efficiency

This structured yet flexible methodology enables a comprehensive investigation into
whether and how blockchain technology enhances the efficiency of carbon trading
markets, while also identifying contextual barriers and unintended consequences. The
following chapter presents the empirical findings derived from this approach, providing
valuable insights into the study's objectives.

4. Findings and Discussion

This chapter presents and discusses the empirical findings from the three case studies
examining the impact of blockchain technology on carbon trading market efficiency. The
analysis focuses on three core dimensions: transaction efficiency, price discovery, and
market transparency. Each case study provides distinct insights into how blockchain
implementation influences market operations, participant behavior, and regulatory
oversight [17]. The findings are synthesized to evaluate blockchain's overall role as a green
financial technology infrastructure. Four tables summarize the key quantitative and
qualitative results.

4.1. Case Study 1: Transaction Efficiency in a Decentralized Carbon Exchange

The first case study analyzed a fully decentralized carbon exchange built on a public
blockchain. The primary objective was to evaluate changes in transaction processing
speed, cost, and system reliability following blockchain integration.

The results indicate a significant improvement in settlement time. The average trade
confirmation period decreased from 2.5 business days in the legacy system to under 10
minutes on the blockchain platform. Transaction costs, comprising mainly network fees,
were reduced by approximately 60% compared to traditional brokerage and clearing fees.
However, the study also identified scalability challenges during peak trading periods,
where network congestion led to slower processing and higher variable costs.

Table 1 summarizes the key transaction efficiency metrics before and after blockchain
adoption.

319 Vol. 5 No. None (2026)



Simen Owen Academic Proceedings Series

Table 1. Transaction Efficiency Metrics: Decentralized Exchange Case

Metric Pre-Blockchain Post-Blockchain Change
(Legacy System) Implementation (%)

Average 2.5 business days 9.8 minutes -99.6%
Settlement Time

Average $45.30 per trade $18.20 per trade -59.8%
Transaction Cost

System Uptime 98.5% 99.7% +1.2%
Peak Throughput 120 trades/hour 950 trades/hour +691.7%
Failed Transaction 1.8% 0.3% -83.3%
Rate

4.2. Case Study 2: Price Discovery in a Hybrid Public-Private Trading Platform

The second case study examined a hybrid platform that combines a private
blockchain for backend settlement with a public interface for trading [18]. The focus was
on price discovery efficiency, measured by price accuracy, volatility, and the speed of
incorporating new information.

Findings show that blockchain enhanced price accuracy by providing a verifiable and
timestamped record of all transactions, reducing discrepancies between reported prices
and actual trade executions. Price volatility during information-sensitive periods, such as
policy announcements, decreased by an average of 22%. The lead-lag analysis revealed
that prices on the blockchain platform adjusted to new market information 15-20 minutes
faster than on a comparable traditional platform.

Table 2 presents the price discovery performance indicators.

Table 2. Price Discovery Performance: Hybrid Platform Case

Indicator Traditional Blockchain-Hybrid  Improvement
Platform Platform

Price Accuracy (vs. trade 94.2% 99.1% +4.9%
execution)

Average Daily Volatility 5.7% 4.5% -21.1%

Information Absorption 35-40 minutes 15-20 minutes ~55% faster

Speed (lag)

Bid-Ask Spread 0.85% 0.52% -38.8%

Market Depth at 2% $2.1M $3.4M +61.9%

4.3. Case Study 3: Market Transparency and Integrity in a Regulatory Sandbox

The third case study involved a regulatory sandbox pilot where a national carbon
market tested blockchain for real-time monitoring and reporting. The study evaluated
transparency through data accessibility, audit trail completeness, and stakeholder trust.

The implementation resulted in full transaction traceability, with every carbon
credit's lifecycle publicly recorded from issuance to retirement. Regulators reported a 70%
reduction in time required for compliance audits. Market participants surveyed indicated
a 40% increase in perceived market fairness and integrity. However, concerns were raised
regarding data privacy and the interoperability of the blockchain system with existing
international registry frameworks.

Table 3 outlines the transparency and integrity assessment results.
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Table 3. Transparency & Integrity Assessment: Regulatory Sandbox Case

Aspect Evaluated Pre- Post- Key Observation
Blockchain Blockchain
Score (1-10) Score (1-10)
Data Accessibility to 3.2 8.9 Near real-time public
Public dashboard launched
Audit Trail 6.5 9.8 Immutable log reduced
Completeness reconciliation errors
Time for 14 business 4 business days Automated reporting
Compliance Audit days drastically cut manual
work
Participant Trust 51 7.3 Survey showed increased
Perception confidence in market
fairness
Interoperability 7.0 5.5 Challenges in connecting
with Other Systems with non-blockchain

international registries

4.4. Synthesis and Cross-Case Discussion

The cross-case analysis reveals a consistent pattern: blockchain technology
demonstrably enhances operational efficiency and transparency in carbon markets. The
most pronounced benefits are in transaction speed, cost reduction, and auditability. These
improvements align with the theoretical expectations that blockchain reduces
intermediation, mitigates information asymmetry, and automates trust.

However, the findings also highlight important limitations and trade-offs. Scalability
remains a technical constraint in fully decentralized designs. Regulatory and
interoperability challenges persist, especially in cross-jurisdictional markets. Furthermore,
while transparency increases, it may conflict with commercial confidentiality, requiring
nuanced design solutions.

Table 4 provides a consolidated summary of blockchain's impact across the three
efficiency dimensions, synthesizing evidence from all case studies.

Table 4. Consolidated Impact of Blockchain on Carbon Market Efficiency

Efficiency Key Positive Impact Main Challenge Overall
Dimension Identified Assessment
Transaction Settlement time Variable costs rise Strongly

Efficiency reduced by >99%; during network Positive

costs cut ~60% congestion
Price Discovery Faster information Requires high liquidity Positive
absorption; volatility to function optimally
lower
Market Audit time reduced Privacy and Positive with
Transparency 70%; trust increased interoperability trade- Caveats
40% offs

Systemic Double-counting risk  Dependency on accurate Highly
Integrity nearly eliminated initial data input Positive
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References

The discussion indicates that blockchain serves as a powerful infrastructural upgrade
for carbon markets, but its deployment must be context-specific. Hybrid models may offer
a balance between efficiency gains and practical constraints. The technology's ultimate
value lies not in isolated adoption, but in its integration within a broader ecosystem of
policy, market design, and stakeholder collaboration [7]. The next chapter will draw
conclusions and outline implications for research and practice.

5. Conclusion

This study aimed to empirically investigate the impact of blockchain technology on
the efficiency of carbon trading markets, positioning it as a key infrastructural component
within the emerging domain of Green FinTech. Through three focused case studies
examining transaction efficiency, price discovery, and market transparency, the research
provides evidence that blockchain adoption can significantly enhance the operational
performance, integrity, and accessibility of carbon markets. The findings confirm the
theoretical potential of blockchain while also delineating its practical limitations and
contextual dependencies.

The analysis of a decentralized carbon exchange demonstrated that blockchain can
drastically reduce transaction settlement times and lower associated costs, primarily by
eliminating intermediaries and automating processes through smart contracts. The hybrid
platform case revealed improvements in price discovery mechanisms, with markets
becoming more responsive to new information and exhibiting reduced volatility. The
regulatory sandbox pilot underscored blockchain's capacity to bolster market
transparency and auditability, thereby increasing participant trust and reducing
regulatory overhead.

However, the study also identifies several critical challenges that must be addressed
for blockchain to achieve its full potential in carbon markets. Technical constraints related
to scalability and network congestion can offset efficiency gains during periods of high
demand. Regulatory fragmentation and a lack of interoperability between blockchain
systems and traditional international registries pose significant barriers to seamless global
integration. Furthermore, the increased transparency inherent to blockchain must be
carefully balanced with legitimate needs for commercial confidentiality and data privacy.

The implications of this research are twofold. For practitioners and policymakers, the
findings suggest that blockchain is a viable tool for modernizing carbon markets, but its
implementation should be strategic and phased. Hybrid models that combine private and
public blockchain elements may offer a pragmatic path forward, balancing innovation
with regulatory compliance and system stability. For researchers, this study highlights the
necessity of moving beyond conceptual design and conducting more empirical, multi-
method evaluations of Green FinTech applications in real-world settings.

In conclusion, blockchain technology represents a transformative force for carbon
trading markets, with a demonstrated capacity to enhance efficiency, transparency, and
trust. Its successful integration, however, is not merely a technological endeavor but a
socio-technical one that requires coordinated efforts across technology design, market
regulation, and stakeholder collaboration. By addressing the identified challenges and
leveraging its proven strengths, blockchain can solidify its role as a foundational
infrastructure for a more robust, scalable, and effective global green finance ecosystem.
Future studies should focus on longitudinal studies, the development of interoperability
standards, and the exploration of next-generation consensus mechanisms that align with
the sustainability goals of the carbon markets they aim to serve.
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