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The potential for blockchain technology to revolutionize green finance is its
capacity for enhanced transparency, efficiency, and accountability for sustainable
investments. However, the adoption is hindered by the heterogeneity of
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Published [28 February & for emerging and developed economies. It examines the main regulatory hurdles,
2025] differences in the structure of policies, and implications for the mandates for

complying with blockchain-led sustainable finance activities. Based on the
analysis through the lens of European Union, United States, Indonesia, Pakistan,
and UAE, this study sketches best practice and hurdles for the adoption of
blockchain for the adoption of green finance. Additionally, the study reflects upon
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Introduction

For financial systems to be responsive to ESG criteria, they have become imperative to
conform to the such of a sustainable global economy. The green finance investment for
renewable energy, carbon neutrality or climate resilience has been transformed into a pivotal
catalyst for this [1,2]. But issues, including lack of transparency, accountability, and trust
among the stakeholders are still persisting for green finance as it is becoming significant.

The blockchain technology brings a major advancement by providing a decentralized,
immutable, and transparent framework to monitor the financial transactions [3].
Transformative instruments for the credibility and efficiency of the sustainable investment are
promoted as tokenized carbon credits, blockchain verified green bonds, and decentralized
ESG reporting system [4,25]. Yet actualising this potential is in a very important sense
therefore dependent upon having a supportive set of regulatory rules which reconciles
innovation with investor protection and financial stability.

While several studies have emphasized blockchain's technical benefits in green finance, less
focus has been directed towards the impact of regulatory disparities between developed and
emerging markets on its implementation. Regulatory fragmentation, characterized by
inconsistent compliance requirements, varying investor protection standards, and differing
institutional preparedness, engenders uncertainty, deters cross-border transactions, and

hampers blockchain implementation in green finance [8].
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The current literature predominantly emphasizes blockchain's technological applications or
broad difficulties in green finance, without a comprehensive examination of how regulatory
frameworks in various economic contexts influence blockchain's scalability. It is essential to
comprehend the reasons for the divergence in regulatory approaches between advanced and
emerging economies and to identify lessons that can promote worldwide regulatory
harmonization for blockchain in sustainable finance.

This paper provides a comparative regulatory analysis of blockchain-enabled green financing
in established economies (European Union and United States) and emerging economies
(Indonesia, Pakistan, and United Arab Emirates). This research investigates how regulatory
frameworks facilitate or hinder the use of blockchain technology in green finance, contrasting
with prior studies that address green finance concerns or blockchain breakthroughs
separately. It offers insights into optimal practices, detects deficiencies, and recommends
legislative remedies designed to reconcile innovation with regulatory protections.

This study addresses the following questions:

1. What are the major regulatory barriers hindering blockchain adoption in green
finance?

2. How do regulatory frameworks for blockchain-enabled green finance differ
between developed and emerging economies?

3. What best practices and insights can be drawn from these comparative regulatory

experiences to support the harmonization of global blockchain regulations?
The objectives of this research are:

a. To examine the regulatory challenges associated with implementing blockchain in
green finance.

b. To analyze and compare the regulatory frameworks governing blockchain-led
green finance initiatives in selected developed and emerging economies.

C. To offer policy recommendations for fostering regulatory standardization and

supporting blockchain integration into global green finance markets.

Literature Review

1. Green Finance: Key Concepts and Challenges

Green finance refers to financial activities aimed towards the enhancement of environmental
sustainability by investment in infrastructure that is climatic resilience, clean energy projects,
energy efficiency projects, and environment sustainably friendly industries [1]. This concept
has emerged due to the global climatic crisis, where the financial sector has identified its
contribution towards the transition towards the low-carbon economy. Major international
bodies and institutions like the United Nations Environment Programme (UNEP) and the
World Bank have supported the concept of the concept of green finance as the essential tool
for solving the climatic changes and achievement of the sustainably inclusive development
aims [8].

The foremost objective of green finance is the convergence of financial structures with climatic
objectives, ensuring capital is deployed towards projects that promote the conservation of the
environment and sustainability. This is achieved through the contribution by financial
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institutions by incorporating Environment, Society, and Government (ESG) considerations
into their investment processes [9]. However, regardless of its potential, the progress of green
finance is hindered by regulatory hurdles, lack of transparency, and the challenge of
greenwashing, all contributing towards loss of investors' trust and the efficient allocation of
resources.

Financial instruments: Green bonds, ESG investments, carbon markets:

The rapid growth of green finance has led to the establishment of various financial tools
through which investment can be made sustainably. The most common tools utilized under
the domain of green finance include:

i) Green Bonds: These bonds are issued for the purpose of raising capital for projects providing
environmental benefits, like projects for the use of renewable energy and energy-efficient
buildings. Issuance of green bonds has increased substantially as they strongly attract
institutional investors searching for investments for the environment [10]. However, concerns
about greenwashing whereby organizations can make misleading claims about the
environment for their projects pose significant hurdles for the credibility of the market for
green bonds [11].

ii)ESG Investments: ESG-aligned investment funds evaluate companies based on their
environmental performance, social responsibility, and governance practices. Institutional
investors, including pension funds and asset managers, increasingly consider ESG factors in
their portfolio selection process [12]. However, the lack of standardized ESG reporting
frameworks has led to inconsistencies in ESG ratings, making it difficult for investors to assess
the actual sustainability impact of their investments [13,14].

iii)Carbon Market: Mechanisms for the exchange of carbon allow business players to buy and
sell carbon credits for the purpose of offsetting their greenhouse gas emissions. These markets
support the global transition towards net-zero emissions [15,16]. However, the market for the
exchange of carbon credits is marred by double counting, fraud, and regulatory loopholes, all
together undermining their effectiveness as tools for emission mitigation [17].

Regulatory challenges: Transparency, greenwashing, enforcement mechanisms.

Notwithstanding the rise in green financing, regulatory hurdles remain the main challenge
for its fruitful execution. Transparency concerns, the risk of greenwashing, and the lack of
enforcement tools cause concerns for investors and policymakers alike[40].

i) Transparency Issues: Investors require reliable, similar, and verifiable data for making
sound investment decisions. However, the green financial market is marred by irregular
disclosure habits and the lack of normalized reporting about sustainability [18]. This creates
uncertainty for investors and increases the risk of misuse of funds.

ii) Greenwashing Risks: Many companies have been accused of exaggerating or
fabricating their sustainability credentials to attract green finance investments. This practice
misleads investors and undermines the credibility of green finance instruments [19].

iii) Enforcement Mechanisms: Regulatory authorities in both developed and emerging
markets struggle with enforcing green finance regulations. While developed economies have

123



~~\ JIAN (Jurnal Ilmiah Administrasi Negara): Vol. 9 No. 1 (2025), 121-134
= = e-ISSN: 2549-3566 p-ISSN: 2459-9786
URL : https://ojs.ejournalunigoro.com/index.php/JIAN

implemented stringent reporting requirements, emerging markets often lack the institutional
capacity to enforce sustainability disclosures [20].

2. Blockchain in Finance: Regulatory Perspectives

Blockchain technology is a tamper-resistant and decentralized ledger infrastructure that
is accurately recording transactions securely and transparently [21]. Initially designed for
cryptocurrencies, the tech has now branched into various financial applications, including
tokenized assets, DeFi, and smart contracts [22]. DeFi does away with traditional
intermediaries for the financial sector, providing the ability for parties to make financial
transactions directly and also promote greater transparency. Integrating the tech into the field
of green financing can make the process efficient, reduce fraud risk, and make the compliancy
processes easier [24,25].

Blockchain technology has transformative potential in green finance, offering innovative
solutions to enhance transparency, efficiency, and trust in sustainable investments. One of its
key applications is smart contracts for green bonds, where blockchain-powered smart
contracts automate the issuance and compliance tracking of green bonds, ensuring that funds
are used strictly for sustainable projects [25,26]. Another crucial application is tokenized
carbon credits, which allow for fraud-resistant and real-time trading of carbon credits,
reducing inefficiencies in traditional carbon markets [27]. Moreover, decentralized reporting
of the ESG is an important advancement to sustainability disclosures since blockchain base
ESG reporting systems deliver tamper proof sustainability disclosures which enhance the
investor’s trust [28]. Taken together, these applications show the ways by which blockchain
technology can assist in regulatory compliance, cut off fraud, and boost the credibility of the
green finance instruments.

Although green finance is one of blockchain’s integration targets, it suffers legal status,
compliance and taxation, and investor protection challenges in the process. The legal status of
blockchain based financial products is one of the main concerns as most of countries are not
clear about their regulatory framework about them [29]. In the other hand, compliance and
taxation can be involve the seriously issues because governments are finding it difficult to
control cross border blockchain transactions and financial institutions and investors were
faced with the regulation issues. Additionally, the protection of investors is still an important
issue as the decentralized nature of blockchain makes it hard to protect investors from fraud
and financial mismanagement [5]. These regulatory concerns must be addressed in order to
have the integrity of blockchain lying in green finance while safeguarding the financial
stability and confidence of investors.

2.3 Comparative Regulatory Approaches to Blockchain in Green Finance

The EU and the US, being developed economies, have very good regulatory frameworks,
relating to blockchain, for both green financing and blockchain. Blockchain based financial
instruments have to comply with strict compliance standards under the EU’s Sustainable
Finance Disclosure Regulation (SFDR) and Markets in Crypto-Assets Regulation (MiCA) [32].
However, the compliance costs of blockchain are high [33].

The introduction of regulatory sandboxes allowing for adoption of blockchain technology for
green finance was introduced in emerging economies, including the United Arab Emirates,
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Pakistan, Indonesia, among others [9]. But we have threatened the weakness of the
enforcement structures of financial fraud and regulatory arbitrage [34]. However, developed
economies focus on stringent compliance and the protection of investors in the finance, which
results in financial products derived from the use of blockchain following strict regulatory
structures aimed at providing a higher level of transparency and market stability[41].

However, the emerging markets are more focused on flexibility, which allows the
experimentation and creativity of the use of the blockchain technology for green finance
project development. On the other hand, these markets rarely have enforcement processes,
which mean that there are regulatory loopholes that investors’ risk exposure can take
advantage of. At the same time, the adoption of green finance promoted by blockchain seems
to be widespread, although it is not perfectly balanced, and the need for international
regulatory convergence towards the formation of a level playing field for the promotion of
creativity and financial security of various jurisdictions [35].

Method
1. Research Design and Approach

Qualitative comparative methodology is used by this study to study the legislative
framework on blockchain enabled green financing in established and emerging economies.
To study how regulatory frameworks in both encouraging or hindering developing a
blockchain for sustainable finance, a comparative case study design is used. The intricacy of
the legal framework and the dynamic nature of the blockchain technology is a reason why the

qualitative analysis is suitable for explaining the subtle institutional variations [36].

2. Case Selection and Rationale
The selection of case studies, European Union, United States, United Arab Emirates,

Indonesia, and Pakistan was relied on three criteria:

Criteria Description Countries Selected

1. Blockchain
and  Green||[Evidence of either blockchain policy initiatives or green|[EU, US, UAE, Indonesia,
Finance finance projects involving blockchain applications. Pakistan

Adoption

Developed economies with mature regulatory systems|EU and US (developed);
2. Regulatory

. versus emerging economies with flexible or evolving|UAE, Indonesia, Pakistan
Maturity

frameworks. (emerging)

3. Data||Accessibility to secondary data sources such as regulatory .
I . . ] All selected countries
Availability |[reports, academic studies, and policy documents.

This varied collection guarantees a comprehensive comparative investigation of distinct
regulatory frameworks in the realm of green finance innovation.
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3.Data Collection Sources

Data is sourced from various credible secondary sources, including

i Regulatory reports from organizations such as the European Securities and
Markets Authority (ESMA), the U.S. Securities and Exchange Commission (SEC),
Otoritas Jasa Keuangan (OJK) Indonesia, and the Securities and Exchange
Commission of Pakistan (SECP).

ii. Policy documents and white papers from international entities such as the IMF,
World Bank, and OECD.
iii. Scholarly journals that are peer-reviewed, concentrating on blockchain technology,

sustainable finance, and regulatory science.

To augment trustworthiness, triangulation is utilized by cross-referencing information from
multiple sources.

4. Data Analysis and Interpretation
The data analysis employs a thematic coding methodology. Following the examination of
papers and reports, persistent regulatory themes were discerned, classified, and examined
comparably across jurisdictions.

Example of thematic coding

Theme 1: Regulatory Stringency (e.g., obligatory ESG disclosures in the EU versus sandbox
experimentation in the UAE).

Theme 2: Investor Protection Mechanisms (e.g., SEC securities regulation against Pakistan’s
sandbox adaptability).

Theme 3: Institutional Readiness (e.g., the capability of financial authorities to supervise
blockchain initiatives).

The investigation seeks to reveal patterns, discrepancies, and commonalities in regulatory
policies that affect blockchain's function in green finance.

5. Ethical Considerations
This study exclusively utilizes secondary data sources; hence no human volunteers are
engaged. Ethical research conduct is guaranteed by accurate citation of all utilized materials,

reducing bias through cross-verification, and upholding transparency in data interpretation.

6. Limitations

Although secondary data carries comprehensive insights, but it is not updated with recent
swift regulatory changes or informal policy developments. Furthermore, the predominant
focus of case selection is on a limited number of jurisdictions limiting the representation of

the global variety of blockchain regulatory policies.
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Results

1. Key Regulatory Barriers in Blockchain-Enabled Green Finance
Regulators in emerging and developed countries present numerous obstacles to the
implementation of blockchain technology in green finance. The primary obstacles recognized

encompass:

Regulatory Ambiguity: Blockchain based green finance instruments with US Energy Scheme
Securities (tokenized carbon credits) and blockchain verified ESG disclosure (Blockchain
verified ESG Disclosure), as well as others are difficult to distinguish and there are

inconsistencies in jurisdictions [8].

Compliance and Cost Challenge: The developed economies have strict compliance rules that

force the blockchain based green finance firms to increase their operations expenses [5, 6].

Regulatory Arbitrage Risks: Regulatory arbitrage is a risk of regulatory arbitrage where
regulating companies are able to take advantage of the gaps in the regulatory framework of

these economies.

2. Comparative Analysis of Regulatory Frameworks
The regulatory strategy in the countries of the case study vendor are very different. The

subsequent table delineates the principal distinctions:

European . United Arab . )
Aspect ) United States ) Indonesia Pakistan
Union Emirates
, High (SEC-|Medium-High Low-Medium |[Low-Medium
Regulatory |High  (SFDR, i )
. | focused (Dubai Blockchain||(Sandbox (Sandbox
Maturity MiCA) . .
regulation) | |Strategy) approach) experiments)
ESG .
. Investor Innovation . .
Compliance |transparency, . Experimental |Experimental
. . protection, encouragement 4| . . .
Focus financial . . innovation innovation
. anti-fraud compliance
stability
. ) . Strategic No specific ) )
Blockchain- |[Integrated into||Classified i Recognized in
o i blockchain green )
Specific green finance||under i i carbon trading
. . adoption for||blockchain .
Policies laws securities law o ] initiatives
sustainability policy yet
Investor
. Strong Strong Moderate Weak Weak
Protection
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European . United Arab . .
Aspect ] United States ) Indonesia Pakistan

Union Emirates
Regulatory o ) o . ||Regulatory Sandbox  with

. Limited (strict|{Limited (strict Sandbox under

Innovation ) ) sandboxes and|regulatory ]

compliance) compliance) ||, ) o pilot schemes
Tools innovation hubs  ||flexibility

3. Country Case Study Highlights

European Union: European Union has adopted the Sustainable Finance Disclosure
Regulation (SFDR) and Markets in Crypto-Assets (MiCA) to bring one of its blockchain
schemes into its comprehensive sustainable finance regulatory framework. It is focused on

transparency, consistent ESG discloser, and strict regulation of tokenized assets.

United States: Investors protection is stressed by the United States. Green financial products
based on blockchain are securities and are regulated by the Securities and Exchange
Commission (SEC) very strictly. This creates a climate to foster trust but inhibits the

innovative spirit due to regulators.

UAE: The Dubai Blockchain Strategy and tokenized carbon credit exchanges are a practice of
a proactive UAE such as the United Arab Emirates. In order to promote innovation and

market stability, the Central Bank sets out blockchain rules.

Indonesia: The Financial Services Authority (OJK) of Indonesia supports the experiment with
blockchain through regulatory sandboxes, but has no comprehensive frame for connecting
blockchain technology with green finance. Thus, green blockchain initiatives are faced with

ambiguity, which hinders the widespread institutional engagement.

Pakistan: The Securities and Exchange Commission of Pakistan (SECP) has been indicated as
seen ready and open to investigate blockchain applications, especially in pilot programs for
carbon credits trading. Like Indonesia, Pakistan has no defined regulatory framework, which
means that when it comes to compliance requirements there is ambiguity and involvement of

an institution is minimal.

Discussion

The analysis of comparison shows that regulatory maturity has a very scaling impact to yet
adopt blockchain in green finance. Yet for developed economies, like Finland, compliance,
transparency and protecting investor are the priorities, despite putting up more hurdles for
innovation. Market stability is achieved through their rigorous rules, but at the expense of
small participants being able to participate in green finance initiatives. The regulatory

flexibility is more in emerging economies leading to innovation. But they lack adequate
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enforcement over mechanisms and expose themselves to higher risks of greenwashing, fraud

and mismanagement of funds.

The UAE illustrates a viable way forward of blended the rules of law within either with
pragmatic surveillance illustrating the advances that emerging economies can take to embrace
blockchain in developing sustainable finance. These results suggest that, to promote cross
border blockchain projects in green finance, it is essential to reconcile flexibility with essential
compliance standards across the boundaries. International organisations can facilitate
regulatory convergence, which would help to increase blockchain’s scalability for

environmental and social effect while preserving market integrity.

Conclusion

The focus of this study was on the regulatory framework of blockchain enabled green
finance in developed and emerging economies. The findings of the study included that
blockchain technology can bring gamut of advantages to improve the transparency, efficiency
and accountability in the field of sustainable finance; however, regulatory fragmentation is a

major bottleneck to utilize this technology widely.

While economies of the developed world have espoused stringent regulatory
standards that essentially trade security in favour of protecting investor and ensure
transparency, these are seen to lock innovation in the jaws of high compliance burdens. Unlike
these, emerging economies like the United Arab Emirates, Indonesia, and Pakistan have more
flexible regulatory environments that promote innovation and yet greater risks for the
stakeholders on account of the weaker enforcement mechanisms. The UAE’s approach is
balanced in that it offers the potential for regulatory innovation and oversight to promote the
integration of blockchain into a sustainable ecosystem. The findings underscore the need for
global policy harmonization for blockchain to be able to contribute to the advancement of the

movement of sustainable finance on a global scale.

1. Policy Recommendations

Encourage for Global Regulatory Harmonization: International institutions such as IMF,
World Bank and Financial Stability Board should promulgate the initiatives for common
regulatory norms for blockchain applications in green finance. Standardized legislation can
reduce investors’ uncertainty and promote cross-border flows of sustainable investment

flows.

Promote Blockchain Adoption for Sustainability: Government should incentivize the
financial firms to integrate blockchain technology in green finance activities such as ESG
verification, green bond issuance and carbon credit trading with tax incentives, subsidies or

expedited regulatory process.
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Strengthen Investor Protection Mechanisms: The regulatory bodies must have cybersecurity
protocols, smart audit of the contracts involved smart contract, and have a transparent norms

of governance over the green financial instruments which are based on blockchain.

Regulate regulatory sandboxes for sustainable innovation: Emerging markets should
broaden the use of regulatory sandboxes to test blockchain technologies in regulated
environments as well as to create environments to transfer the successful pilot programs into

comprehensive regulatory frameworks.

Establish Cross Border Collaborative for Blockchain Enabled Green Finance: These should
include bilateral and multilateral agreements to conduct cross border verification of ESG
assertions, carbon credit registries and the blockchain driven green finance projects for

enhanced global market integration.

Regulate Standardization of ESG Reporting through Blockchain: An objective option to
halt greenwashing and assure uniformity of green assertions across geographies should be for
regulatory bodies to demand that ESG disclosure standards be blockchain compatible,

rendering sustainability views verifiable, immutable and similar across borders.

2. Future Research Directions

Empirical evidences of how effective blockchain driven green finace projects are should be
assessed in the future in terms of transaction cost reduction, ESG transparency improvement,
and increased investor trust. In addition, the possibility of exploring the study of the synergy
of blockchain and emerging technology such as artificial intelligence (Al) in the automated
compliance monitoring of ESG might provide value. Going further in the comparative
research over financial applications like in sustainable supply chain or intelligent energy grid

can better disclose blockchain’s extensive potential environmental.

3. Final Reflection

Although blockchain technology has potential that can be transformative for sustainable
finance, it generically needs regulatory adjustment before realising its advantages.
Authorities can promote innovation while keeping the market stable and protecting investors
to help the integration of blockchain into a fundamental part of the global green finance
framework.
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