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Abstract

This study explores how disruptive technologies, and financial innovations can
strengthen climate and sustainable finance by addressing persistent structural,
institutional, and social barriers. Using a systematic literature review, the re-
search analyzes academic and policy sources to explore the integration of tools
such as blockchain, artificial intelligence, and decentralized finance into cli-
mate finance frameworks. The central hypothesis is that these innovations en-
hance the transparency, accessibility, and effectiveness of climate finance, par-
ticularly in developing economies. Findings suggest that innovation can im-
prove fund traceability, stakeholder inclusion, and project evaluation, contrib-
uting to more equitable and resilient financing mechanisms. However, techno-
logical adoption faces limitations related to regulatory gaps, technical capacity,
and institutional resistance. The article’s originality lies in linking disruptive
innovation to climate justice and proposing a framework for more just and
efficient financial architecture. It contributes to climate policy, finance, and
development debates by bridging technological potential with sustainability
goals.
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1. Introduction

Climate change represents an unprecedented global crisis, one that reveals deep
asymmetries in responsibility and vulnerability. Industrialized nations, as the pri-
mary historical emitters of greenhouse gases, contrast starkly with developing

countries that contribute minimally yet suffer disproportionately from climate
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impacts (Fuje et al., 2023; European Parliament, 2024). This structural imbalance
has grounded international climate governance in principles of equity, such as the
“common but differentiated responsibilities” enshrined in the United Nations
Framework Convention on Climate Change in 1992 (UNFCC). Within this nor-
mative framework, climate finance has emerged as a cornerstone for promoting
climate justice and supporting the mitigation and adaptation efforts of resource-
constrained nations (United Nations, 2021; United Nations, 2024).

Despite commitments reaffirmed through multilateral agreements, from the
Rio Summit to the Paris Agreement, financial flows from the Global North to the
Global South remain inconsistent, insufficient, and vulnerable to geopolitical dis-
ruptions. The U.S. withdrawal from the Paris Agreement under the Trump ad-
ministration, alongside the rollback of over 140 environmental measures, exposed
the fragility of climate finance as a cooperative mechanism and undermined pro-
gress toward the $100 billion annual climate finance target (Articles 8-12, Paris
Agreement). These shifts not only weakened multilateral leadership but also fos-
tered a fragmented landscape increasingly shaped by geopolitical competition,
where climate finance is wielded as an instrument of economic and technological
influence.

Concurrently, fossil-fuel-dependent economies, particularly in Latin America,
face structural constraints that limit their ability to transition towards sustainable
models. Even when political commitments to climate cooperation exist, fiscal de-
pendencies and extractive economic legacies restrict the transformative potential
of climate finance (Bruckmann, 2021). Furthermore, existing climate finance
frameworks are hindered by persistent barriers such as limited transparency, weak
monitoring systems, and exclusionary funding criteria (World Bank, 2022). Mar-
ginalized actors, especially Indigenous communities, women, and microenter-
prises, remain underrepresented in decision-making processes and face restricted
access to funding mechanisms.

To address these multifaceted challenges, this research conducts a systematic
literature review of academic, institutional, and policy-based sources to evaluate
the transformative potential of financial innovation and disruptive technologies
in reshaping climate and sustainable finance. This method enables a comprehen-
sive and critical synthesis of current knowledge, allowing for the identification of
gaps, trends, and emerging tools. Specifically, the study investigates how technol-
ogies such as blockchain for traceable fund allocation, artificial intelligence (AI)
for project evaluation, and decentralized finance (DeFi) mechanisms can enhance
transparency, expand access, and improve institutional trust within climate fi-
nance ecosystems.

Global justice is a central concern in climate finance, especially in ensuring that
vulnerable and historically marginalized communities are not left behind. Emerg-
ing technologies like blockchain, AI, IoT, and big data have the potential to di-
rectly support this goal by promoting greater access, transparency, and equity.

For instance, blockchain’s decentralization can reduce barriers to funding in
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underserved regions, while AI and big data improve the targeting of resources to
those most in need. IoT adds accountability by enhancing real-time monitoring
of climate projects. When used thoughtfully, these tools don’t just make systems
more efficientthey help make them fairer.

The central hypothesis is that these innovations can address entrenched struc-
tural inefficiencies and unlock new pathways toward more equitable, efficient, and
impactful climate finance. Exploring the intersection of technological disruption
and sustainable finance, this study contributes to the growing literature that is
looking for actionable, justice-centered solutions to the persistent limitations of
current climate finance models. It argues that innovation is not merely a comple-
ment to existing mechanisms but a necessary condition for achieving both the
scale and justice required to confront the global climate emergency.

The structure of the paper is organized as follows. The second section outlines
the research methodology adopted for the systematic literature review. The third
section examines the evolution and current imperatives of climate finance. The
fourth section explores both public and private sources that underpin climate fi-
nance mechanisms. The fifth section analyzes emerging instruments and techno-
logical innovations, including blockchain, Al, and DeFi, within the climate fi-
nance landscape. The final section concludes the study by summarizing key in-

sights and suggesting a future research agenda.

2. Methodology

This study employs a systematic literature review (SLR) to investigate the role of
disruptive technologies, specifically blockchain, artificial intelligence (AI), and de-
centralized finance (DeFi), in enhancing climate and sustainable finance. The SLR
methodology is selected for its capacity to synthesize existing research, identify
theoretical gaps, and structure emerging knowledge, particularly where interdis-
ciplinary convergence is critical. Methodological guidance was drawn from
PRISMA protocols and leading examples in the literature (Parmentola et al., 2022;
Benson et al., 2024).

The research design was guided by three questions: how these technologies are
being integrated into climate finance; what institutional, regulatory, and technical
barriers hinder adoption; and whether evidence supports the hypothesis that in-
novation improves transparency, accessibility, and efficiency. These questions in-
formed the criteria for searching, screening, and analysis.

The search strategy involved querying major academic databases, Scopus, Web
of Science, SSRN, and MDPI, using combinations of terms such as “climate fi-
nance,” “blockchain,” “artificial intelligence,” “DeFi,” and “systematic review.”
Policy reports and grey literature from institutions such as the UNFCCC and
World Bank were included to enrich the scope.

Inclusion criteria required studies to be peer-reviewed, published between 2020
and 2024, written in English and Spanish, and substantively address the interac-

tion between climate finance and at least one of the three technologies. Exclusion
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criteria eliminated articles lacking policy or financial relevance, as well as dupli-
cates and publications predating the adoption of relevant technologies.

The systematic literature review (SLR) process initially yielded approximately
80 articles, which were screened for relevance and quality based on predefined
inclusion and exclusion criteria. Ultimately, 38 articles were included in the final
analysis. Adding this summary of the quantitative results enhances the methodo-

logical transparency and rigor of the study, in line with best practices for SLRs.

3. Evolution, Scope, and the Imperative for Innovation

Since 2009, developed nations pledged $100 billion annually to support climate
action in developing economies. This target was only met in 2022 ($115.9 billion
mobilized), with funding skewed toward middle-income nations via loans rather
than grants (United Nations). The Paris Agreement (2015) established a new fi-
nancing goal exceeding $100 billion/year, tailored to evolving needs. At COP29
(2024), parties agreed to triple climate finance to developing countries, targeting
$300 billion annually by 2035 (UNFCC, 2024).

The scale of need is monumental: emerging markets and developing economies
(excluding China) require $2.4 trillion annually by 2030 to meet climate goals,
quadrupling current investment levels. At least $1 trillion/year must originate

from international public and private sources (United Nations, 2022).

3.1. Adaptation: An Underfunded Frontier

Climate change exacerbates humanitarian crises triggered by extreme weather. An
estimated 3.6 billion people reside in high-vulnerability zones, with global warm-
ing projected to cause 250,000 additional annual deaths between 2030-2050 from
malnutrition, malaria, diarrhea, and heat stress. Direct health costs may reach $2
- 4 trillion/year by 2030, disproportionately affecting regions with fragile health
systems (WHO, 2021).

Adaptation finance remains critically under-resourced. Two-thirds of adapta-
tion funding takes the form of loans (not grants), imposing unsustainable debt
burdens on low-emission, high-vulnerability nations. Despite a COP26 commit-
ment to mobilize $40 billion/year for adaptation, multilateral and bilateral flows
to developing countries fell 15% in 2021 ($21 billion). UN estimates indicate ad-
aptation needs exceed current international public finance by 10 - 18 times (United
Nations, 2024).

3.2. Reconstruction, Loss, and Damage Prevention

Early warning systems (EWS) are vital for preventing climate-related fatalities, yet
only 50% of countries have them. The Early Warnings for All initiative aims for
universal EWS coverage by 2027—a feasible goal given global internet (95%) and
mobile phone (75%) penetration (United Nations, 2022). Such systems yield high
returns: an $800 million investment can avert $16 billion/year in losses. The initi-

ative’s total cost ($3.1 billion, or $0.50/person) encompasses education, forecast-
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ing, communication, and disaster response (United Nations, 2022).

Loss and damage (L&D) financing addresses irreversible climate impacts in-
creasingly devastating emerging and developing economies (EMDEs). Severe
droughts or storms reduce real GDP growth by >1% in EMDEs and diminish tax
revenues (Fuje et al., 2023). Newman and Noy (2023) estimated climate-related
L&D costs at $2.8 trillion for 2019-2020. Although COP27 (2022) established an
L&D fund, current pledges ($765.6 million from 27 contributors) remain insuffi-

cient against escalating needs (UNCC, 2025).

4. Climate Funding

4.1. Public Sources

International public finance constitutes a foundational pillar of this system, pri-
marily originating from the national budgets of developed nations. These re-
sources are channeled through bilateral and multilateral institutions, with over-
sight conducted via the United Nations Framework Convention on Climate
Change (UNFCCC) reporting systems and the monitoring frameworks estab-
lished by the OECD (Benavides et al., 2022; Perez Baez et al., 2023). The deploy-
ment of instruments such as grants, concessional loans, and specialized insurance
mechanisms represents key modalities for advancing projects within lower-in-
come countries.

Within this structure, Multilateral Development Banks (MDBs) and bilateral
agencies serve as critical platforms for financial innovation. MDBs aggregate cap-
ital contributions from multiple member countries to execute projects of regional
or global scope, thereby functioning as conduits for innovative financing solutions
(Zhu & Li, 2021). Conversely, bilateral agencies, funded by a single nation, imple-
ment programs aligned with their strategic priorities, often leveraging innovative
approaches tailored to specific regions, sectors, or emerging technologies (Ana-
stasio, 2021).

4.2. United Nations Framework Convention on Climate Change
(UNFCCC)

The Global Environment Facility (GEF), established over three decades ago,
serves as the financial mechanism of the United Nations Framework Convention
on Climate Change (UNFCCC) and plays a key role in addressing pressing global
environmental challenges. It has provided over $25 billion in direct funding and
mobilized an additional $145 billion in co-financing to support developing coun-
tries in fulfilling their international environmental commitments. Through spe-
cialized instruments such as the Global Biodiversity Framework Fund (GBFF), the
Least Developed Countries Fund (LDCF), and the Special Climate Change Fund
(SCCF), the GEF has financed more than 6000 projects worldwide. Over 55% of
its resources have been allocated to climate change and biodiversity, reflecting
global priorities. Its inclusive governance includes 186 countries, civil society, In-

digenous communities, and youth and women’s groups. Countries such as China,
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Brazil, India, Mexico, and Colombia have been among the primary beneficiaries
due to their environmental vulnerability and strategic relevance.

The Adaptation Fund, created in 2010 under the Kyoto Protocol, stands as a
vital multilateral mechanism focused on enhancing climate resilience in develop-
ing nations. It has financed over 230 locally tailored projects, directly benefiting
more than 45 million people. A distinctive feature of the fund is its promotion of
institutional autonomy through Direct Access and Enhanced Direct Access, al-
lowing accredited national entities to design and manage their own climate adap-
tation initiatives. Its financing model combines voluntary contributions from
public and private actors with an innovative 2% levy on Certified Emission Re-
ductions (CERs) from the Clean Development Mechanism.

To date, the Adaptation Fund has allocated more than $1.2 billion to 176 pro-
jects globally, with a thematic focus on sectors such as agriculture, water resource
management, and food security. The distribution of funds reflects a prioritization
of climate-vulnerable regions: Africa receives the largest share (36%), followed by
Asia-Pacific (28%), and Latin America and the Caribbean (21%).

Alongside the Adaptation Fund, the Green Climate Fund (GCF), established in
2012 and operational since 2015, constitutes a central pillar of the international
climate finance architecture. While the Adaptation Fund emphasizes local own-
ership and capacity-building, the GCF operates at a broader scale. As of March
2025, the GCF has approved 297 projects totaling $16.6 billion in investment.

4.3. Mobilizing Private Capital through Sustainable Finance:
A Strategic Pillar of Climate Finance

Sustainable finance has emerged as a key strategy to mobilize private capital for
climate action. It is defined by the integration of environmental, social, and gov-
ernance (ESG) criteria into all types of investment projects, with a particular em-
phasis on financial instruments that generate positive social and environmental
outcomes. These mechanisms, such as green bonds, sustainability-linked loans,
and blended finance structures, operate within specific governance frameworks
and have proven essential for scaling up private sector participation in climate
initiatives (Zairis, Liargovas, & Apostolopoulos, 2024).

Climate finance itself is a broader framework that seeks to channel resources
toward both climate change mitigation and adaptation. Unlike traditional financ-
ing, it is inherently collaborative, requiring coordinated action across public, pri-
vate, national, and international actors. A key objective is to support a just transi-
tion, ensuring social inclusion, decent work, and stakeholder dialogue are central
to climate policies and investments (Oliver Yébenes, 2024).

Given the scale of the climate crisis, public funding alone is insufficient. Hence,
climate finance mechanisms increasingly rely on diverse instruments, grants, con-
cessional loans, thematic bonds, guarantees, and climate risk insurance, to attract
private investment (Kalinowski, 2024). The importance of private sector involve-

ment has been emphasized repeatedly in global climate discourse, as their partic-
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ipation not only supplements funding but also brings innovation, risk-sharing,

and long-term scalability to climate solutions.

4.4. Eco-Entrepreneurship as Financial Innovation Tool in Climate
Finance

Eco-entrepreneurship, understood as the creation or management of business
ventures that combine environmental responsibility with economic profitability,
plays a growing role in the broader strategy to mobilize private capital for climate
action. These ventures often rely on eco-innovation, which Rennings (2000) de-
fines as the development and implementation of products, processes, or services
that contribute to environmental sustainability. Financial mechanisms such as
green venture capital and climate crowdfunding have emerged as critical tools to
support these early-stage initiatives, especially those operating without formal
business structures or traditional access to credit.

Unlike conventional financing, these instruments are tailored for concept-stage
projects and startups led by small teams. As such, evaluation criteria focus not on
financial returns alone but on environmental alignment and transformative po-
tential. However, multiple barriers hinder their growth, ranging from weak entre-
preneurial networks and limited investor knowledge on clean technologies to the
absence of unified standards for assessing sustainability (Randjelovic et al., 2003;
Sabbi & Karampini, 2019).

Among these instruments, green venture capital has gained prominence in sec-
tors like renewable energy and sustainable agriculture. In 2023, nearly $50 billion
was invested globally in climate-tech startups, with Europe receiving 42% of the
total. In contrast, Latin America captured only 2.7%, while fintech dominated the
region’s venture capital landscape. On the other hand, climate crowdfunding, a
digital alternative based on small individual contributions through donation-
based or equity platforms, has grown from $55 million in 2013 to $2.5 billion by
2023 (LAVCA, 2024). Despite representing just 0.55% of global climate-tech fi-
nance, this model is democratizing access to capital for projects in renewable en-
ergy, sustainable mobility, circular economy, and agroecology. With over 165 ded-
icated platforms across 30 countries, crowdfunding remains a promising vehicle

for scaling grassroots climate innovation.

5. Emerging Schemes and Technologies in Climate Finance

Addressing climate change requires large-scale financial resources, and it has be-
come increasingly clear that public capital, while essential, is insufficient to drive
a global transition toward sustainable and resilient economies. In this context, one
of the main challenges lies in mobilizing private finance for green projects, partic-
ularly in developing countries, where investment conditions tend to be more com-
plex and risk-prone.

On the supply side of climate finance, there remains a significant shortfall of

capital directed toward climate initiatives in emerging regions. This gap is largely
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driven by the perception of high risk among investors, stemming from factors
such as political and regulatory instability, inadequate infrastructure, and height-
ened exposure to extreme climate events. These perceptions elevate the cost of
capital through higher risk premiums.

On the demand side, many developing countries face structural barriers that
hinder their access to climate finance on fair terms. These include low credit rat-
ings, high interest rates, and heavy sovereign debt burdens, all of which constrain
their fiscal space to invest in mitigation and adaptation strategies without com-
promising macroeconomic stability (Bhattacharya & Stern, 2021). Moreover, the
limited availability of “bankable” or financially viable projects, along with unclear
regulatory frameworks, further discourages private sector involvement (Garcia et
al., 2021). Consequently, while developed economies can access green credit un-
der favorable terms, the most vulnerable countries often pay significantly more
for equivalent financing (OECD, 2022).

Another critical obstacle is the physical risk exposure of these economies. Pro-
longed droughts, floods, and hurricanes not only impair repayment capacities and
creditworthiness but also lead to capital flight and credit contraction. According
to the IPCC (2022), developing countries could lose up to 25% of their annual
GDP by 2050 in the absence of urgent adaptation measures. This vulnerability has
contributed to a sharp increase in climate insurance premiums in recent years
(Banxico, 2024).

5.1. Solutions and Innovative Mechanisms

To overcome these challenges, innovative financial strategies are needed to reduce

the cost of climate finance and de-risk green investments. Some of the most effec-

tive mechanisms include:

e Concessional loans with below-market interest rates;

e Grants and donations from multilateral institutions and international climate
funds;

¢ Risk-transfer instruments, such as credit guarantees and climate insurance;

¢ Carbon market-linked instruments, including emissions trading schemes and
environmental taxes (UNDP, 2023).

Among these, results-based financing (RBF) has emerged as one of the most
promising tools. Unlike traditional funding models, RBF conditions fund dis-
bursement on the verified achievement of specific outcomes, rather than financ-
ing inputs or activities. This enhances efficiency and better aligns incentives be-
tween funders and implementing entities (Morvelli et al., 2023).

RBF can be applied from both the supply and demand perspectives. On the
supply side, notable tools include innovation prizes and payments for ecosystem
services. On the demand side, conditional cash transfers are used to promote sus-
tainable practices. Hybrid instruments, such as impact bonds or green technology
vouchers, combine both approaches (Instiglio & Groba, 2018).

This approach has proven particularly effective in areas such as REDD+, sus-
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tainable agriculture, and clean energy. Its strength lies in the transparency and
traceability of impact, though successful implementation requires strong institu-

tional and technical capacities (Carrasco et al., 2024).

5.2. Examples of Innovative Climate Mechanisms Integrating
Multiple Instruments

Financial innovation in the climate domain has led to the development of hybrid
mechanisms that combine various instruments to accelerate the transition toward
sustainable development. A notable example is the sustainability bond issued by
the Inter-American Development Bank (IDB Climate), the first of its kind globally
to link its interest rate to specific environmental performance indicators. Unlike
traditional bonds that impose penalties for failing to meet targets, this instrument
employs a positive incentive logic: if pre-defined climate and conservation indi-
cators are met and verified by independent parties, the issuer may receive a reim-
bursement of up to 5% of financing costs, thus encouraging compliance through
rewards rather than sanctions (IDB, 2024).

Another key initiative is the Climate Finance Lab, a collaborative platform de-
signed to foster financial solutions that attract private investment into environ-
mental projects in developing countries. The Lab operates through cross-sector
partnerships, open calls for innovative ideas, and the support of a global network
of stakeholders. As of March 2025, the platform had supported the development
of 78 financial instruments, mobilizing nearly $4 billion, including $1.3 billion
from its network and $1.6 billion from private sector contributions (Climate Fi-
nance Lab, 2025).

Among the Lab’s standout innovations is the price risk mechanism, which
blends insurance and financing to protect smallholder farmers against agricultural
price volatility while promoting sustainable practices. Another highlighted initia-
tive is the parametric insurance and trust fund for paramo ecosystems, designed
to ensure rapid financial responses to wildfires or other extreme conditions, thus
supporting the restoration and conservation of these critical high-altitude ecosys-
tems.

In terms of credit access for small businesses, the Carbon Neobank initiative
offers tailored financial schemes for micro, small, and medium-sized enterprises
(MSMESs) in Africa. These schemes not only fund renewable energy projects but
also enable participating businesses to generate additional revenue through car-
bon credit production. The model combines co-financing with local banks and
concessional support, thereby offering more competitive lending terms.

Guarantees have also proven to be crucial tools in mobilizing capital for climate
projects. In July 2024, the World Bank Group launched an innovative guarantee
platform managed by the Multilateral Investment Guarantee Agency (MIGA).
This platform aims to enhance the effectiveness of available climate financing by
introducing new instruments tailored to sustainable development challenges
(World Bank Group, 2024).
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Furthermore, the World Bank recently proposed a performance-linked financ-
ing scheme, where loan terms, such as interest rates or additional support, are
conditioned on achieving more ambitious climate and biodiversity targets than
those required under existing international agreements. This model aligns finan-
cial incentives directly with measurable environmental outcomes (World Bank
Group, 2024).

5.3. Climate Finance and Disruptive Technologies

In the face of the growing urgency to address climate change, the pressure to ad-
equately finance solutions and strategically allocate resources has intensified.
Within this context, it has become essential to develop agile and efficient systems
capable of integrating diverse streams of relevant data—ranging from human and
species displacement, public health crises, and climate variability to greenhouse
gas emissions. Such integration enables the generation of collective knowledge
and supports evidence-based decision-making, ultimately guiding climate invest-
ments with greater precision.

Institutions such as Copernicus, the Green Climate Fund (GCF), and the Bank
of Spain have highlighted the critical role that emerging technologies can play in
this space. Tools such as artificial intelligence (AI), big data analytics, and Internet
of Things (IoT)-enabled sensors hold significant potential to transform how cli-
mate finance is allocated, monitored, and evaluated. The following section ex-
plores some of the most promising technologies and the sectors where their ap-

plication may generate the greatest impact.

5.3.1. Big Data and Artificial Intelligence

Artificial intelligence and big data analytics have become key allies in enhancing
climate finance systems, particularly in improving the targeting and monitoring
of climate funding. These technologies enable more precise identification of re-
gions and sectors most in need of support, as well as those demonstrating meas-
urable progress. This, in turn, fosters more equitable and efficient decision-mak-
ing in the deployment of climate resources.

By combining tools such as IoT-connected sensors, satellite imagery, and pre-
dictive analytics, it becomes possible to monitor real-time environmental changes,
anticipate risk scenarios, and uncover interdependencies among economic, social,
and climate-related variables. This technological synergy supports the design of
scientifically grounded mitigation and adaptation policies. Moreover, the
knowledge generated by these technologies enhances the response capacity of gov-
ernments and financial institutions, equipping them with robust technical evi-
dence to support sustainable practices (Papadopoulos & Balta, 2022; Kumar et al.,
2025). Some examples of Big Data applications to climate finance are presented in

Diagram 1.

5.3.2. Machine Learning (ML) and Climate Finance
The growing availability of large-scale data has paved the way for new approaches
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Big Data

Sources of sensors
Large Volumes

Uses and
Examples

to understanding and managing climate finance, with machine learning (ML)
emerging as one of the most promising tools in this field. By processing vast
amounts of environmental, economic, and financial data, ML can uncover com-
plex, often non-linear, relationships among key variables. This capacity is crucial for
designing sustainable public policies and investment strategies (Alonso-Robisco et
al., 2024).

*Satellite
imagery

*Provides detailed information on land use, forest cover, and
climate patterns.

*Collect data on climate variables and conditions.

*Details public sentiment and behavior related to climate change.

*loT-enabled

*Scientific
research

*Generates data from climate models, ecological studies, and
environmental monitoring.

— *Google’s Project Sunroof: provides detailed information on solar
*Monitoring and ‘ energy potential.

prediction of
climate change

*IBM'’s Environmental Intelligence: integrates climate and
operational variables to anticipate and respond to climate risks.

*Tesla Opticaster: maximizes profits and sustainable goals by
optimizing energy use.

*Supporting
sustainable e P - .
practices *Amazon’s Sustainability Data Initiative: provides satellite data

and cloud services to climate research organizations.

*NASA’s Globe Observer: provides climate data to researchers.

*Promoting l . X
community ‘ *EcoMatcher: optimizes reforestation.

engagement

*Microsoft’s Al for Earth: monitors biodiversity and optimizes
agricultural practices

Diagram 1. Big data applications to climate finance. Source: Own elaboration based on Ecomatcher (2024).

The progress of ML has been further propelled by the rise of green fintech, an
industry that merges technological innovation with sustainability objectives
(Macchiavello & Siri, 2022). One of ML’s main strengths lies in its ability to detect
hidden patterns, thereby enabling the identification of climate and social risks em-
bedded in investment portfolios. For instance, Rolnick et al. (2022) demonstrate
that deep learning techniques enhance the construction of sustainable portfolios
by prioritizing low-emission firms and optimizing investment timing.

There are already concrete examples of ML applications at various levels. Ak-
omea-Frimpong et al. (2021) used ML to explore the drivers of green investment
in banking institutions, while Plakandaras et al. (2018) modeled climate change
as a geopolitical risk affecting asset valuation. Al-Sartawi et al. (2021) emphasize
the transformative potential of technologies like Al, ML, and blockchain in build-
ing more sustainable financial systems.

In particular, Huang et al. (2021) argue that ML could reshape how institutions
such as the Green Climate Fund (GCF) manage their resources, enabling real-time

monitoring of outcomes, identifying optimal beneficiaries, addressing information
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gaps, and forecasting project impacts (see Diagram 2). These capabilities signifi-

cantly enhance the transparency, efficiency, and effectiveness of climate finance.

In Bangladesh, agricultural vulnerabilities
linked to climate conditions were identified Jakariya, et al., 2020

Filling Data Gaps on Potential
Beneficiaries and Regions

in vulnerable settlements.

In Malawi, variables such as living in flood-

prone zones and distance to drinking water Knippenberg, Jensen, &
sources were used to predict food Constas, 2018
insecurity.

=4 Text Analysis on Social Media public opinion on government Corallo, et al., 2015

In Italy, tweets were analyzed to understand|

administrative

Financial institutions use ML to estimate the probability that a

ML potential uses and examples
|

Forecasting

proposed project will be approved by investment boards.

Satellite nighttime imagery can be used to map geospatial wealth

distribution using light intensity as a proxy, helping to predict
urbanization rates.

|_|Monitoring and Evaluation of Mitigation projects may rely on carbon maps to support forest

Projects monitoring and measure carbon emissions.

Diagram 2. ML potential uses and examples. Source: Own elaboration based on Huang et al. (2021).

5.3.3. Internet of Things (IoT) and Climate Action

The Internet of Things (IoT) has emerged as a key enabler in the global response
to climate change. Its ability to connect sensors, devices, and digital systems cre-
ates an intelligent network capable of monitoring a wide range of environmental,
economic, and operational variables in real time. This interconnectivity not only
enhances the efficiency of natural resource use but also strengthens adaptive ca-
pacity to climate impacts in both urban and rural contexts.

One of the most impactful applications of IoT in sustainable finance is its inte-
gration with green bonds. Through smart sensors and interconnected devices, the
environmental performance of funded projects can now be monitored continu-
ously and with high precision. This technological advancement enables the veri-
fication of tangible environmental benefits, fostering greater transparency and in-
vestor confidence (Panerai, 2016).

The ongoing development of IoT presents new opportunities for both public
and private actors to adopt more effective approaches in addressing climate chal-
lenges. From smart water management and energy system optimization to biodi-
versity monitoring, IoT offers adaptive solutions across diverse sectors and prior-
ities. In this sense, it acts not only as a technical tool but as a bridge linking climate
action with technological innovation that delivers measurable social and environ-
mental impact.

Diagram 3 presents specific examples of how IoT can be applied across various

sectors:
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Agriculture

loT technologies optimize agricultural productivity through the use of sensors and drones
that enhance water efficiency, increase crop yields, and reduce reliance on chemical
inputs. Additionally, they support livestock management and supply chain
monitoring, helping to reduce emissions and food waste.

Transport and
Energy

In the transport and energy sectors, loT devices reduce emissions and improve the
operational efficiency of vehicle fleets and electric systems. At the household level, smart
meters enable more conscious and sustainable energy consumption.

Environmental
Monitoring

10T sensors enable real-time tracking of air and water quality as well as other key
environmental indicators. These systems facilitate rapid responses to ecological threats
and contribute to better environmental governance.

Biodiversity
Conservation

Tracking devices allow for more accurate monitoring of wildlife species, strengthening
conservation efforts against climate-related and anthropogenic threats. This improves
both data quality and intervention strategies in conservation programs.

Natural
Disaster
Management

Diagram 3. Io

loT plays a critical role in early detection of extreme weather events such as floods and
droughts. It also enhances the ability of utility providers to respond swiftly, helping to
protect critical infrastructure and reduce overall vulnerability.

T application examples.

The application of Internet of Things (IoT) technologies for monitoring, track-
ing, real-time measurement, and preventive action across multiple sectors enables
more informed decision-making, enhances accountability, and helps minimize
costs while maximizing benefits. Moreover, IoT facilitates efficient monitoring of
funded projects, supports continuous evaluation, and helps identify opportunities

for improvement in both ongoing and prospective climate initiatives.

5.3.4. Blockchain as Infrastructure for Climate Action

Blockchain technology is rapidly gaining recognition as a critical tool in trans-
forming environmental markets due to its ability to deliver traceability, transpar-
ency, and data integrity. This decentralized infrastructure enables the secure re-
cording of data on carbon emissions avoided or captured—particularly valuable
in voluntary carbon markets. When integrated with complementary technologies
such as remote sensors, satellite data, and artificial intelligence, blockchain strength-
ens digital systems for measurement, reporting, and verification (AMRV), thereby
improving the reliability of environmental impact assessments (Mzoughi et al.,
2024).

A particularly innovative use of blockchain is the implementation of smart con-
tracts, which automate payments and incentive distributions based on verified
outcomes. This automation significantly lowers transaction and administrative
costs, ensuring that funds are channeled directly to those generating environmen-
tal value, ranging from rural communities to clean energy projects and ecosystem
conservation efforts (Silkoset & Nygaard, 2025).

Within this evolving context, a new paradigm known as Web3 has emerged,
emphasizing decentralization and user empowerment over data and digital assets.
Regenerative finance (ReFi), a concept flourishing within this ecosystem, aims to

redefine the traditional, extractive economic model into one that actively restores
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ecosystems, equitably distributes economic value, and strengthens local social fab-
ric (WEF, 2023).

ReFi initiatives applied to climate action include carbon accounting plat-
forms, green tokens, decentralized autonomous organizations (DAOs), and open
marketplaces that fund ecological restoration, biodiversity conservation, and car-
bon offsetting. Projects such as Regen Network, Toucan, and MOSS. Earth and
KlimaDAO are already leveraging these technologies to value ecosystem services
and promote regenerative practices (WEF, 2023).

Beyond unlocking new avenues for climate finance, blockchain also paves the
way for greater civic engagement. Through the tokenization of natural assets, in-
dividuals and organizations can actively participate in environmental markets, de-
mocratizing access and decentralizing decision-making. This not only diversifies
investment sources but also empowers local communities, particularly those safe-
guarding natural territories, with a stake in the management and outcomes of
these resources (Schloesser & Schulz, 2022; Campbell-Verduyn, 2024).

In sum, blockchain and regenerative finance are not merely emerging technol-
ogies; they represent a transformative vision for climate finance, one that is more
inclusive, transparent, and rooted in planetary regeneration. Their long-term suc-
cess will depend on ethical implementation and the development of robust regu-
latory frameworks that guide these innovations toward equitable and lasting im-

pact for all stakeholders involved.

6. Concluding Remark

This study critically examined how disruptive technologies and financial innova-
tions can reshape the climate finance landscape, particularly in the Global South.
Through a systematic literature review of academic and policy sources, it was es-
tablished that tools such as blockchain, artificial intelligence (AI), and decentral-
ized finance (DeFi) possess transformative potential to enhance the transparency,
inclusivity, and efficiency of climate finance mechanisms. The evidence suggests
that these technologies contribute significantly to improving fund traceability, fa-
cilitating stakeholder participation, and strengthening impact evaluation, all of
which are crucial for achieving climate justice and meeting global sustainability
targets.

While financial technologies such as blockchain, Al, IoT, and big data offer
transformative potential for addressing climate change, it is equally important to
consider their potential negative externalities. For instance, blockchain technol-
ogy, particularly that based on proof-of-work consensus mechanisms (e.g., Bitcoin),
is known for its substantial energy consumption, which may offset some of the
environmental gains it seeks to enable. Although newer, more energy-efficient
protocols like proof-of-stake are emerging, the environmental impact of block-
chain remains a critical concern.

Similarly, Al-driven climate finance systems, while powerful in optimizing re-

source allocation and risk assessment, carry the risk of algorithmic bias. If not
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carefully monitored, these systems may inadvertently disadvantage marginalized
communities or underrepresented regions due to biased training data or opaque
decision-making models.

Moreover, the widespread deployment of IoT devices raises questions around
e-waste and data security, while big data infrastructures demand significant com-
putational resources, which may carry their own carbon footprint. Recognizing
and addressing these issues is essential for ensuring that the integration of these
technologies into climate finance frameworks is both effective and ethically re-
sponsible.

Despite their potential, several systemic limitations constrain the widespread
adoption of these innovations. Key barriers include regulatory fragmentation,
limited institutional capacity, and the persistence of exclusionary funding struc-
tures that hinder access for vulnerable communities. Moreover, high financial risk
premiums and underdeveloped capital markets in many developing countries
continue to disincentivize private investment in green projects. These obstacles
underscore the need for robust policy frameworks, de-risking instruments, and
capacity-building programs that align digital innovation with equitable financing
outcomes.

From a policy perspective, this research supports a shift from traditional climate
finance modalities toward innovation-driven, decentralized, and performance-
based models. It recommends that policymakers foster interoperability between
emerging technologies and conventional finance by establishing regulatory sand-
boxes, enhancing transparency protocols, and promoting inclusive digital infra-
structure. Additionally, targeted incentives, such as results-based financing, smart
contracts, and green impact bonds, should be scaled up to reward verified envi-
ronmental and social outcomes. International coordination is essential to harmo-
nize standards and support countries with limited technological capacity in ac-
cessing these opportunities.

For financial institutions, the findings highlight the imperative to integrate Al
and machine learning into climate risk analysis and investment decision-making
processes. Banks, development finance institutions, and asset managers must
begin to treat digital climate tools not as ancillary systems, but as core components
of their sustainability strategies. Leveraging blockchain for transparent fund dis-
bursement and decentralized finance for broadening access to green credit are
particularly relevant for institutions operating in underserved markets. Institu-
tional investors are also encouraged to adopt metrics that incorporate ESG align-
ment and digital innovation readiness into their portfolio assessments, with a
stronger emphasis on community-level impact.

Looking ahead, future research should explore the long-term effectiveness of
these technological interventions, particularly in low-income regions. Compara-
tive studies are needed to evaluate the scalability of blockchain-enabled climate
funds, Al-based early warning systems, and DeFi-driven financial inclusion pro-

grams. Finally, interdisciplinary research linking digital innovation to ecological
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restoration, biodiversity finance, and circular economy will be vital in designing

the next generation of inclusive and adaptive climate finance architectures.
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