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Abstract

Access to financing remains a substantial obstacle to climate-resilient
infrastructure, which is critical for sustainable development in emerging economies.
Despite their widespread appeal, green bonds are typically issued through
centralised procedures, limiting the participation of local groups and smaller
municipalities. To fund local climate projects, this paper proposes a decentralised
green bond concept in which regional authorities, cooperatives, and city
governments issue block chain-enabled bonds. The study uses qualitative analysis
and comparative case studies to identify governance, legislative, and technological
enablers for decentralised issuance. The results suggest that such a method can
boost openness and investor confidence while closing the financial gap for climate
adaptation. To put decentralised green bond frameworks into action, the paper
makes policy recommendations to regulators, development banks, and local

governments.
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Introduction
Despite the critical

high-impact local programs.

Recent advancements, such as blockchain and
tokenisation, enable decentralised bond issuance,
making funding more transparent, efficient, and

need for
infrastructure in emerging economies, local financial
availability remains limited. Although green bonds
have developed significantly globally, their issuance
is mostly centralised, preventing many smaller towns
from participating. This creates a funding gap for

accessible.  However, technology alone s
insufficient; it must be supplemented by policy
changes and institutional structures that empower
local governments. Understanding the socio-
economic and environmental benefits of such
financing is crucial for demonstrating its genuine
value. This research therefore explores the
shortcomings of centralised systems, examines
technological enablers, and proposes regulatory
pathways, while also assessing the broader
community impacts of decentralised green bonds.

climate-resilient
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Objective

1. To analyse limitations in current centralised
green bond systems.

2. To examine technological enablers (blockchain,
tokenisation) for decentralised bond issuance.

3. To propose a regulatory and operational
framework for implementing decentralised green
bonds in emerging economies.

4. To evaluate policy and institutional reforms
needed to support local governments in accessing
decentralised green finance.

5. To access the  socio-economic  and
environmental ~ co-benefits  delivered by
decentralised green bond-funded projects at
community level.

Literature Review
Green bonds originated in the late 2000s as a novel
financial vehicle for channelling investment into
environmentally beneficial projects (Climate Bonds
Initiative, 2023). According to research, green bonds
have successfully raised billions of dollars
internationally, particularly in mature nations with
high legislative clarity and investor confidence
(Flammer, 2021). Scholars, on the other hand, point
to severe limits in accessibility for smaller issuers
such as municipalities and rural regions (OECD,
2022). Centralised issuance models sometimes
prioritise large-scale projects, leaving local climate-
resilient infrastructure unfunded (UNEP, 2021).
Municipal bonds can support small-scale
infrastructure; however, investors may be hesitant
due to credibility and transparency concerns (World
Bank, 2020). Parallel literature on decentralised
finance (DeFi) and block chain technologies
demonstrates interesting applications for enhancing
traceability, lowering transaction costs, and ensuring
investor trust (Schér, 2021). Blockchain-enabled
green bonds across Europe and Asia demonstrate the
potential for smaller, community-driven issuances
through digital platforms (Ehlers et al., BIS, 2022).
Despite these advances, there is still a limited
integration of green bond principles with
decentralised issuance models. The OECD and IMF
joint report (2023) recommend novel governance
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structures and regulatory reforms to promote
community-level ~ engagement in  sustainable
financing. This study expands on these findings by
suggesting a concept in which decentralised green
bonds help emerging economies bridge the climate
finance gap by combining local governance and
blockchain transparency.

Research Methodologies

This study uses a qualitative exploratory research
design and a comparative lens to examine how
decentralised green bonds can fund climate-resilient
infrastructure in emerging economies. The data will
mostly come from secondary sources, such as World
Bank papers and publications, the Climate Bonds
Initiative, and Municipal bond frameworks. SWOT
analyses will be used to evaluate centralised versus
decentralised issuance systems, with comparative
tables  summarising regulatory models and
operational results. A visual statistical diagram will
also be utilised to highlight important distinction in
transparency, accessibility, and investor
participation.

Research Findings

1. Global green bond market growth- In the past
decade, the global green bond market has
rapidly expanded, with total issuance reaching
USD 2 trillion by 2023 (Climate Bonds
Initiative, 2024). The growth shows a fertile
component of a greater global commitment to
climate financing and sustainable development.
Closer inspection, however, shows that even
now municipal or local level issuance comprises
less than 5% of issuances and is largely
concentrated in developed markets dominated by
certain sovereign or large national projects. That
finding indicates a substantial unmet opportunity
for localised green finance systems, particularly
in developing countries where urbanisation is on
the rise and climate-resilient infrastructure
presents the greatest need. A more accessible
community granting system could vastly
improve.
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Access gap for local governments- Countries
such as India have over 4,000 urban local
authorities. Despite such numbers, only a
slipstream of authorities-less than ten-have
issued municipal bonds and fewer have meet all
eligibility thresholds to be classified as green
bonds (World Bank, 2022). The barriers
experienced revolve around high compliance
levels, lack of acceptable credit ratings, and
absent policy supportive instruments. Similar
patterns may be witnessed across Latin America
and Southeast Asia where over 70% of small-
scale climate related projects lack access to
structured green bond financing approaches. It is
this missing link that stifles climate-resilient
development initiatives in vulnerable locations,
whilst at the same time disincentivising local
innovation. Finding solutions to these challenges
is likely require decentralised modes of issuance
that accommodate smaller project scales in a
transparent structure that maintains investor
confidence.

Transparency and cost metrics- Blockchain
based green bond pilot initiatives driven by
blockchain technology, like the European
Investment Bank's (2023) initiatives, have
proven deep financial and operational value.
Distributed ledger technology has minimized
settlement times from T+5 days to T+1 days,
cutting down by up to 90%, greatly improving
investor satisfaction and liquidity. Smaller
businesses are now able to engage with the
market more easily due to a 30-50% decrease in
issuance costs resulting from automation of
compliance checks and reporting. These tangible
initiatives  demonstrate  that  technological
integration in decentralised systems is not
abstract, but has been tested to work in actual
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circumstances, imparting a game-changer
benefit in the growth of green finance.

Investor participation potential- 65% of
impact investors opts for transparent, locally
traceable bonds, asper market surveys,
evidencing the unmet demand for instruments
that link money to verifiable local impacts
(OECD, 2023). Even so, the prevalence of
centralised issuance and scarcity of effective
instruments result in limited options for many
investors. Data from Brazilian municipal green
bond issuance shows that such instruments are
extremely attractive when well-constructed, with
oversubscription rates reaching up to 1.8 times.
This shows a strong appetite for decentralised
bonds that have competitive returns and align
with market expectations. It also implies that
increasing these opportunities could increase the
number of climate finance investors
significantly.

Project Level climate impact- As estimated by
the UNEP (2022) evidence suggests small-scale,
community-based climate programs generally
provide 20-40% higher returns on resilience per
dollar spent than large-scale centralized
programs. These community-based climate
programs have the advantage of solving definite,
regional  specific issues (waste-to-energy
facilities, upgrading urban drainage, micro-grid
energy solutions, etc.). But they also provide a
range of local social and economic co-benefits
(increased catastrophe preparedness, better
public health, and creation of local jobs) and
quantifiable environmental benefits. Local
governments can readily leverage their
decentralized green bonds to scale-up these
high-impact community projects, demonstrating
that micro, sustainable financing can lead to
macro impacts.
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Summary of Key Insights

Theme

l Global Green
Bond Market
Growth

Key Findings

+ Global issuance > USD 2 trillion (23
2023), most 275% from mun
municipal/local entitys; similur
gaps in Latin America & SE. sia

Implications

Huge untapped potential for
localized green finance in
emerging economies wherising
climate-resilient infrastructure eds

1 Access Gap for
/" Local Governs-
ments

« In India: 10 urban local bodies lold>
muniscilgagouch municipad blonds
Similar gaps in Latin America & SE Ais,
with 70% of small projects unfunded

Need for decentralized issuance
frameworks to unlock finance for
smaller, high-impact projects

1 Transparency
& Cost Metrics
reduce costs by 30-50%

« Pilot piliots (EIB, 2023) cut settletion
times by 90% (IT +1 to 1 day) and

Strong investor appetite for
decentralized, credible instrumets
with local visibility

\I Project-Level
Climate Impact

waste-to-energy

- Community projects deliver 20-40%
higher resilience ROi, examples:
microgrids, urbon’drainage,

Decentralized finance can drive
greater environmental and
socio-economic outcomes at
the grassroots level

Source: UNEP, 2022

Conclusion

The analysis clearly demonstrates that even though
green bonds have changed sustainable funding
globally, their centralised structure has deep gaps to
fill in reaching the local level, where the urgency for
climate resilience is greatest. In many emerging
economies, particularly where that exists generally
modest, but lowest tier, municipal infrastructure and
related climate adaption programmes were present,
decentralized green bonds may provide a credible
option for radical change. Decentralized issuance
models, using blockchain and tokenisation, provide
opportunities for governments and financial
institutions to unlock new financial streams, reduce
inefficiencies, and better position local governments
to take direct action. When assessing the data, which
have assessed the enabling environment by
comparing settlement times, cost, investor interest,
we are able to see that we are not far from systematic
deployment. The one action to take next, is not
dependent on technology. To successfully issue,
there needs to be strong policy reform, plus
institutional support systems in place that guide local
bodies, provide credit enhancement, and build
technical capacity. When sufficiently supported,
municipalities will be able enter the green finance

marketplace - to pursue their sustainable
development goals. Localized (decentralized)
investment has significant socioeconomic and

environmental benefits. Decentralized green bonds
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allow for investment into projects that are
community-led and result in resilience per dollar
invested, local job creation, improved public
services, and environmental accountability. All these
benefits highlight that while decentralized green
bonds can be classified as investment instruments,
they serve a greater purpose by encouraging
community and community empowerment. To
summarize, if decentralized green bonds become
standard then climate resilience will not be limited
by access, scale or geography. The moment to act is
now—through legislative remedy, institutional
capacity building, technological enabling, and
cooperative innovation, we can make decentralized
green finance a global standard for sustainability.

Suggestions

1. Establish Enabling Policy Frameworks
Emerging-market governments should create
special regulatory windows for decentralized
green bonds, simplifying compliance procedures
and creating credit-rating support to smaller
municipalities. This would remove structural
barriers that currently prevent local entities form
entering green finance markets.

2. Promote Technology Integration
Adoption of blockchain and smart contracts
should be encouraged for real-time tracking,
automated verification, and cost savings.
Regulatory sandboxes can help test these
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innovations without highlighting issuers or
investors to unnecessary risks.

Create Local Green Bond Pools

Smaller municipalities can be aggregated into
regional or sectoral green bonds pools. Pooling
reduces individual risks, improves credit
worthiness, and attracts larger institutional
investors who seek diversified portfolios.
Capacity Building for Local Bodies

Local governments and urban bodies should
receive technical and financial training program
on bond structuring, project identification and
reporting standards. This will ensure that they
are ready to design bankable, impact-driven
projects.

Strengthen Investor Communication

Issuers should focus on transparency in
reporting, periodic disclosure and impact metrics
to build trust. Focusing on social and
environmental returns alongside financial
returns will be consistent with the growing
preferences of impact investors

Public-Private Partnerships (PPPs)
Collaborations with private players,
development banks and ESG fund can provide
co-guarantees or credit enhancements. These
partnerships increase market confidence and
reduce perceived risks in decentralize issuance.
Demonstration Projects and Pilots
Governments or development agencies should
initiate pilot decentralized green bond projects in
selected cities or sectors (e.g.: renewable micro-
grid, resilient water systems). Demonstrated
success can serve as a model for broader
replication.

Policy Recommendations to Support Decentralized
Green Bonds

Regulatory Reforms to Strengthen Local

Bodies

o Simplified Issuance Norms: Improve
disclosure and approval processes for
municipal and regional entities issuing
green bonds, reducing delays and legal
complexity.
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o Credit Enhancements Programs: National
governments or development banks can
provide partial guarantees or risk-sharing
facilities to improve smaller issuers credit
ratings and reduce borrowing costs.

o Green Bond Certification Support: Create
a national certification body to help
municipalities meet international green
standards, boosting investors' confidence.

Institutional support and capacity-building

o Green Finance Cells: Create specific units
within state urban development departments
or municipal finance boards to guide, train
and assist local bond issuers throughout the
process.

o Training and toolkits: Create workshops
and e-learning modules to teach municipal
staff about project selection, green
eligibility criteria and reporting
requirements. Encourage collaborations
between public, private and academic
partners to provide technical expertise in
bond structuring and monitoring.

Strengthening Technology Integration

o Blockchain  Pilot Platforms: Create
national or state-level blockchain-based
issuance platforms for municipalities to
easily register and manage bonds including
compliance checks.

o Smart Contracts with  Automatic
Reporting: Implement smart contracts to
automatically disburse funds when pre-
agreed green milestones are met, improving
accountability and reducing fraud.

Measurement and Reporting of Co-benefits

o Integrated Impact Dashboards: Create
integrated impact dashboards to track
financial  performance, job  creation,
reduction in emissions, energy savings and
local service improvements.

o Third-Party Verification: Engage
accredited third-party auditors to assess
environmental and socioeconomic
outcomes, increasing credibility for global
investors.
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5.

o Annual Public Impact  Reports:
Transparent annual reports demonstrating
community resilience can attract additional
investment.

Pilot and Scale-Up Strategy-

o Flagship Pilot Projects: Select 3-5
municipalities to pilot decentralized green
bonds in renewable micro-grids, flood
management and sustainable housing.

o Knowledge Sharing Platforms: Document
pilot-specific lessons in publicly available
case studies, laying the groundwork for
replication in other regions.

References

1.

2.

Climate Bonds Initiative 2024 Green Bond
Market Summary,
https://www.climatebonds.net/resources/reports
World Bank, Municipal Finance and Bond
Market Development in India
https://documents.worldbank.org/en/publication/

documents-reports .

www.bodhijournals.com

Vol. 10 Special Issue 3 December 2025
E-ISSN: 2456-5571

Climate Bonds Initiative. (2024). 2024 Green
Bond Market Summary. Retrieved
https://www.climatebonds.net/resources/reports .
UNEP, Financing Sustainable Urban
Infrastructure (2022)
https://www.unep.org/resources.

Additional Reading

1.

UNEP Emissions Gap Report & Adaptation Gap
Report
https://www.unep.org/resources/emissions-gap-
report-2022

Sustainable Finance and Impact Investment
2023 https://www.oecd.org/finance/sustainable-
finance.htm.

Case Example: Brazil’s municipal green bonds
oversubscribed (Climate Bonds Initiative
country report)
https://www.climatebonds.net/resources/reports/
brazil.


https://www.climatebonds.net/resources/reports
https://documents.worldbank.org/en/publication/documents-reports
https://documents.worldbank.org/en/publication/documents-reports
https://www.climatebonds.net/resources/reports
https://www.unep.org/resources
https://www.unep.org/resources/emissions-gap-report-2022
https://www.unep.org/resources/emissions-gap-report-2022
https://www.oecd.org/finance/sustainable-finance.htm
https://www.oecd.org/finance/sustainable-finance.htm
https://www.climatebonds.net/resources/reports/brazil
https://www.climatebonds.net/resources/reports/brazil

