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1. Introduction

In recent years, it is very glaring that climate change and conflict have emerged as
twin global challenges that are increasingly interconnected. As the planet warms,
extreme weather events, resource scarcity, and displacement intensify, exacerbat-
ing existing conflicts and even triggering new ones. [1], assesses the link between
climate change and conflict, with an emphasis on the role that technological in-
novation can play in reducing the risks of climate-induced violence. His work sug-
gests a proactive approach through development and adaptation technologies. [2],
explore the role of climate change in exacerbating conflict and forced migration.
Their work highlights the importance of integrating climate adaptation with
peacebuilding strategies to address the root causes of instability. In parallel, ad-
vances in technology offer innovative solutions to mitigate the impacts of climate
change and foster peace in conflict-prone regions. [3], discusses how environmen-
tal degradation and resource scarcity contribute to conflict, emphasizing the need
for innovative technological and governance solutions to manage resources in a
sustainable way. Technological innovations—ranging from renewable energy so-
lutions and climate-smart agriculture to artificial intelligence (AI) and big-data—
are being leveraged to create more resilient societies and promote sustainable de-
velopment. [4], examine how technological advancement, particularly in energy
systems, can contribute to climate change mitigation [5]. Their analysis points to
renewable energy technologies and smart grids as critical to reducing global emis-
sions and equally identify and promote technological innovations for climate
change mitigation by exploring and implementing emerging technologies, such as
renewable energy systems, carbon capture and storage (CCS), and climate-smart
agriculture, to reduce greenhouse gas emissions and enhance climate resilience
[6]. Artificial intelligence (AI) in climate predictions has improved climate pre-
dictions and early warning systems by up to 30% in accuracy, allowing for better
disaster preparedness and response in vulnerable areas. Al-driven climate models
can process 10,000 data points per second, offering insight into potential climate
related conflict hotspot in real-time. [7], explores how big data and AI can trans-
form humanitarian responses to crises, including those exacerbated by climate
change. He highlights innovative uses of technology to predict, manage, and mit-
igate the effects of disasters and conflicts. Furthermore, the study addresses the
Nexus of Climate Change and Conflict by investigating the direct and indirect
ways in which climate change exacerbates conflicts over natural resources (water,
land, food) and develops strategies that integrate climate adaptation with conflict
prevention and peacebuilding. [8], focus on planetary boundaries and the urgent
need for technological and societal shifts to avoid catastrophic environmental
change. They stress the importance of innovation in energy, agriculture, and ur-
ban systems to maintain a stable climate [9]. In 2022, renewable sources (solar and
wind hydro) accounted for 29% of global electricity generation, a significant in-
crease from 19% in 2010. The cost of solar power has dropped by 89% over the

past decade, making it one of the most affordable sources of new energy. 3.2
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million jobs were created in renewable energy sector globally in 2021, contributing
to both climate mitigation and economic stability in the conflict-prone regions
[10]. By 2022, block-chain technology was being utilized in over 50 pilot projects
globally to improve transparency and accountability in climate finance. An esti-
mated $100 billion annually in climate finance commitments remains unfulfilled
[11], but block-chain solutions could help track and verify fund allocation, reduc-
ing corruption and ensuring aid reaches conflict-affected regions.

However, the successful implementation of these technologies requires a multi-
disciplinary approach that includes policy, governance, and community engage-
ment. To enhance governance and policy frameworks for solutions and techno-
logical adaptations, it is essential to promote equitable access. This will ensure that
technological innovations benefit marginalized and conflict-affected communi-
ties, addressing inequities in access to resources, energy and infrastructure to fos-
ter inclusive development and peace [12]. Strengthening global and local govern-
ance structures is necessary to create enabling environments for the deployment
of innovative technologies, with a focus on international cooperation, sustainable
development, and conflict-sensitive policymaking.

These authors are a range of interdisciplinary perspectives on the intersection
of climate change, conflict, and technology, providing a comprehensive overview

of how innovative solutions can be leveraged to address these challenges.

2. The Rational of the Study

Climate change and conflict represent two of the most pressing challenges of the
21* Century, with increasingly complex interdependencies. Climate-induced dis-
ruptions such as extreme weather events, rising sea levels, and resource scarcity
are exacerbating conflicts and destabilizing vulnerable regions worldwide. In par-
allel, conflicts over natural resources like water, land, and energy are intensifying
as environmental conditions deteriorate. Traditional approaches to managing
both climate change and conflict are proving insufficient in the face of rapidly
evolving dynamics.

While advances in technology offer promising solutions, there are significant
barriers to their widespread implementation and integration. The challenge lies in
developing and deploying innovative technological solutions—such as renewable
energy, climate-smart agriculture, artificial intelligence, and big data analytics that
can simultaneously mitigate climate change and prevent or resolve conflicts. More-
over, the success of these technologies depends on collective governance, inclusive
policymaking, and engagement with local communities. Without coordinated ef-
forts to harness the potential of these innovations, there is a risk of deepening ine-
qualities, escalating conflicts, and further environmental degradation.

The urgent problem, therefore, is how to effectively leverage technological in-
novations to address the intertwined crisis of climate change and conflicts, while
ensuring equity, sustainability and peace in a rapidly changing world.

This study therefore aims to examine how solar; wind and other renewable
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energy projects can stabilize commodities affected by conflict and climate change
in Africa.

Furthermore, the paper will analyze how these solutions mitigate the adverse
effects of climate change while fostering peace and stability.

Finally, the study will examine real-world examples of technology-driven inter-
ventions that have demonstrated positive outcomes in areas affected by both cli-

mate change and conflict.

3. Methodology

This study made use of a comprehensive review of academic papers, reports, pol-
icy briefs and case studies on climate change mitigation, conflict resolution, and
technological innovations. Some of the sources involved peer-reviewed journals,
think tank reports, international organization publications and industrial reports
on technological innovations. The study focused on the collection of qualitative
data from case studies on the intersection of technology, climate change, and con-
flict. Focus on real-world examples where innovative solutions like renewable en-
ergy, water management, and disaster risk reduction have been implemented in
conflict-prone areas were explored. This method was aimed at gathering infor-

» «

mation on key themes like “resource scarcity and conflict” “technological innova-

tion in peacebuilding” or “resilience through renewable energy”.

4. Discussion
4.1. The Nexus between Climate Change and Conflict

The nexus between climate change and conflict refers to the ways in which envi-
ronmental changes, such as drought, floods, and resource scarcity, can contribute
to or exacerbate conflicts, especially in vulnerable regions. Addressing this nexus
requires integrated approaches that tackle both climate resilience and conflict pre-

vention.

4.1.1. Strengthening Climate-Resilient Livelihoods

Pastoralists Adaptation in the Sahel. In the Sahel regions of Africa, climate
change is intensifying droughts, and reducing arable land, and increasing compe-
tition for resources, leading to conflicts between farmers and herders.

Programs like the International Fund for Agricultural Development (NFAD)
have promoted climate-resilient agricultural practices, such as drought-resilient
crops, and improved water management to reduce resource-based tensions. Sup-
porting sustainable agriculture and livestock management can help communities

adapt to climate change, reducing the risk of resource-based conflicts.

4.1.2. Water Resource Management

The Jordan River Basin Cooperation. In the Middle East, water scarcity is a sig-
nificant driver of tension, especially in transboundary water basins like the Jordan
River. Multilateral agreements between Israel, Jordan, and Palestine aim to man-

age shared water resources, improving equitable access and preventing disputes.
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Cooperative water management framework ensures that water is distributed
fairly, reducing competition over this vital resource, which could otherwise lead

to conflict.

4.1.3. Disaster Risk Reduction and Early Warning Systems

The Flood Early Warning Systems in South Asia. In the Bangladesh and Napel,
frequent floods caused by monsoon rains, exacerbated by climate change, displace
populations and contribute to social unrest. For better view of flood early warning

in South Asia see Figure 1 below.
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Figure 1. Flood Early Warning System: A Review of Benefits, Challenges and Prospects.
Source: [13].

The introduction of early warning signals and disaster preparedness programs
has helped communities anticipate and respond more effectively to floods, mini-
mizing loss of life, displacement, and subsequent tensions as epitomized by [13].

From Figure 2, one can see that early flood warnings has helped effective dis-
aster preparedness to reduce the impact of climate-related disasters, decreasing
the likelihood of humanitarian crisis that can fuel conflict. Floods Early Warning
Systems are very expensive to install. Some requires multi-donor contribution
from international stakeholders. To illustrate: the grant provided to develop the
FEWS in West Africa’s Niger River basin, which spreads through nine countries
and covers a surface area of about 1.5 million km? was USD 4 million (USD 3
million from Dutch Agency for international cooperation (NL EVD Interna-
tional) in 2014 and USD 1 million from African Development Bank in 2017. The
amount invested to develop a FEWS for the Danube and Vistula river basins in
Slovakia is almost eight times higher (USD 34 million) while these two basins only
cover a 49,000 km “area (about 3% of the size of Niger river basin). Investments
in implementation of FEWS (based on responses to the survey) in developing and
least developed nations range from USD 5,000 in Namibia to USD 5 million in
Myanmar including USD 100,000 in Nepal for an intermediate system, USD 1
million in Cambodia and USD 2.5 million in Bangladesh for advanced systems.

These investments are the tip of the iceberg since various international efforts are
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underway to increase both funding and local capacity for generating and com-
municating effective warnings in least-developed countries and small island de-

veloping states (SIDS).

South America

North America

Europe

w Environment
= Industries

w Agriculture
w Property

® Human lives

Asia

Africa

0 13 25 38 50
Percentage (%)

2% 5%

7%

= >1 Million
©100,000-1 Milion
= 10,000-100,000
= 1000-10,000

= <1000

Figure 2. Distribution by Size of Population Benefiting. Source: [13].

To enhance local early warning, response and damage assessment for disasters
including floods, United Nations Economic and Social Commission for Asia and
Pacific (UN-ESCAP) provided USD 1 million worth spatial data, products and
services to its member states through international and regional initiatives since
2017 as shown in Figure 3.

This includes the World Bank-managed Global Facility on Disaster Reduction
and Recovery (GFDRR) that implements the Climate Risk and Early Warning Sys-
tems (CREWS) initiative with support from WMO and UNDRR. CREWS,
launched in 2015 to assist in achieving Sendai DRR targets, has been supporting
19 LDC and SIDS financially by investments of USD 17 million and leveraged
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additional USD 106 million funds in 2017 alone [11].
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Figure 3. Global (top) and continental (bottom) distribution of investments in FEWS
(Flood Early Warning). Source: [13].

4.2. Renewable Energy for Conflict Zones

Solar Micro grids in Northern Iraq. Conflict-ridden regions, like Northern Iraq,
face energy shortages worsened by climate change impacts. Solar-powered micro-
grids have been deployed in refugee camps and villages to provide reliable elec-
tricity, reducing dependence on external energy supplies, which are often con-
tested or subject to conflict. Renewable energy solutions can alleviate energy-re-
lated tensions and promote development in conflict-prone regions thereby foster-
ing stability.

The enhancement of the regulatory framework for renewable energy in Iraq,
through the regulatory framework that regulates plans, policies and funding
schemes, promotes the development of the role of renewable energies in achieving
the trends of energy security. Moreover, Iraq has to adopt a financial scheme for
the development of the renewable energy, through the establishment of the
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renewable pertaining to promoting renewable energies under sustainable devel-
opment.
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Figure 4. Generation Portfolio (2003-2028). Source: [14].

From Figure 4 above, Iraq electricity consumption according to the IEA is pro-
jected to double by 150 terawatt-hours (TWh), that is, 75 TWh in 2030 from
75TWh in 2018. If the current supply of new generation continues, Iraq will be
able to add 8,000 - 10,000 MW by 2025 including on average 1000 - 1500 MW of

renewable energy (mainly utility-scale solar PV).

4.3. The Challenges of Implementing Renewable Energy Projects in
Conflict Zones

Implementing renewable energy projects in conflict zones is particularly challeng-
ing due to various regional and cultural factors that can influence their success.

These involves:

4.3.1. Regional Factors

1) Political Instability and Governance: Weak or absent governance in con-
flict zones can hinder the management, maintenance, and distribution of energy
projects. Corruption and lack of transparency can divert resources or undermine
project effectiveness.

2) Security Concerns: Active conflict or the presence of armed groups may lead
to damage or sabotage of infrastructures. Difficulties in ensuring the safety of
workers, materials, and equipment can delay or halt implementation.

3) Resource Availability: Regions with limited access to renewable resources
(low solar insolation or lack of wind) may find some technologies less effective.
Limited infrastructural facilities (roads, grids) can complicate the transport and
installation of equipment.

4) Access to Funding: Conflict zones often struggle to attract international
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investments due to perceived risks. Donor fatigue or misallocation of aid funds
can limit resources for renewable energy projects.

5) Refugee and displacement Issues: Large scale population displacement can
create logical challenges in identifying stable locations for projects. Projects may
need to address the energy needs of both displaced communities and host popu-

lations.

4.3.2. Cultural Factors

1) local Energy Preferences and Practices: Communities may have prefer-
ences for traditional energy sources such as biomass, which can resist a shift to
renewable options. Understanding and respecting these preferences is essential
for acceptance.

2) Community Participation: Exchange local communities from planning can
lead to distrust or rejection of projects. Successful projects often involve stake-
holders’ engagement, including local leaders and marginal groups.

3) Social structures and Gender Roles: In many cultures, energy usage and
access are deeply tied to gender roles; women, often responsible for household
energy, may not have a voice in decision-making. Projects need to address equi-
table energy access to ensure success.

4) Conflict Sensitivity: Ethnic, religious or tribal tensions in the region may
influence projects acceptance or create biases in resource allocation. Energy dis-
tribution must be perceived as fair and impartial to avoid exacerbating existing
tensions.

5) Cultural Perception of Technology: Some communities may view new
technologies with suspicion, particularly if they are perceived as foreign or incom-
patible with traditional ways of life. Education and awareness campaigns may be

necessary to build trust and understanding.

4.3.3. Socio-Economic Context

1) Poverty and Economic Inequality: High levels of poverty may limit the abil-
ity of communities to afford renewable energy systems or maintain them. Projects
should consider cost-effective and scalable solutions tailored toward local eco-
nomic conditions.

2) Education and Skills: Limited technical expertise in conflict zones can hin-
der the installation and maintenance of certain skills. Capacity-building initiatives
are crucial to empower local communities to manage the systems independently.

3) Conflict zones often lack robust local industries to supply parts to provide

maintenance. Import dependence can increase costs and delay timelines.

4.4. Strategies for Effective Implementation of Renewable Energy
Projects in Conflict Zones

4.4.1. Conflict-Sensitive Planning

This is to ensure that the project does not exacerbate tension of fuel disputes over

resource control.
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4.4.2. Community-Driven Approaches
Engage local populations to tailor projects to their needs and ensure the function-

ality of industries.

4.4.3. Adaptable Technology
Use modular, low-maintenance technologies that can be deployed quickly and

scaled gradually.

4.4.4. Security Partnership
Collaborate with local stakeholders to ensure protection of energy infrastructure.

4.4.5. Long-Term Commitment
Pair renewable projects with education, training, and economic opportunities to
build resilience.

From the above analysis of the regional and cultural factors, renewable energy
projects can play a vital role in providing sustainable power and fostering stability

in conflict zones.

4.5. Natural Resource Governance and Peacebuilding

4.5.1. The United Nations Environment Programme (UNEP) in Sudan

In Farfur, Sudan, competition over land and water between farmers and pastoral-
ists has fueled decades of conflict. UNEP’s work in restoring degraded ecosystems
and implementing equitable land-use policies has helped improve resource gov-
ernance and fostered peace building efforts between communities. Strengthening
governance around natural resource can reduce competition and foster coopera-

tion thereby preventing the escalation of conflicts over scarce resources.

4.5.2. Migration and Refugee Support

Regional Support for climate Migrants in the Pacific Islands. Rising sea levels
and extreme weather events are forcing people in Pacific Island nations to migrate.
To prevent conflicts over resources in host communities, regional agreements like
the pacific Climate Change Migration and Human Security initiative aimed at cre-
ating pathways for safe and managed migration, while promoting sustainable de-
velopment in both host and origin countries. By addressing the needs of climate
migrants and integrating migration into natural planning, this initiative helps pre-

vent conflict between displaced populations and host communities.

4.5.3. Peacebuilding through Environmental Cooperation

African Union’s Great Green Wall Initiative. The Great Green Wall is an ambi-
tious project to plant trees across the Sahel to combat desertification, one of the
drivers of conflict in the region. This initiative does not only restore degraded land
but also creates jobs, strengthens food security, and reducing the underlying
causes of conflict. Environmental restoration projects can serve as platforms for
cooperation between communities, fostering peace and reducing competition

OVeEr scarce resources.
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4.5.4. Climate-Sensitive Conflict Mediation

Somalia Water Resource Dispute Resolution. In Somalia, climate-induced
droughts have increased competition for water, leading to violent clashes between
clans. Mediation efforts, supported by international organizations, incorporate
climate adaptation measures, such as water-sharing agreements and sustainable
land management, into conflict resolution frameworks are very primordial. In-
corporating climate adaptation into peace processes helps address the root causes
of conflict while ensuring long-term stability.

Assessing the nexus of climate change and conflict requires integrated ap-
proaches that combine climate adaptation, resource management, disaster risk re-
duction, and peacebuilding efforts. By promoting sustainable development and
resilience, these strategies can mitigate the risks of conflicts exacerbated by climate

change.

4.6. How Technological Solutions Mitigate the Adverse Effects of
Climate Change While Fostering Peace and Stability

Technological innovations play a critical role in climate change mitigation by re-
ducing greenhouse gas emissions and enhancing energy efficiency. Tech-driven
conflict resolution platforms, supported by Al, have helped resolve over 200,000
conflicts globally since their inception, facilitating peace talks in regions with lim-
ited physical diplomatic infrastructure. Technology-enabled peacebuilding initia-
tives in areas like virtual negotiations and data-driven diplomacy have been linked

to a 20% - 30% increase in successful conflict resolution outcomes.

4.6.1. Renewable Energy Technologies (RET)

Renewable energy technologies like solar photovoltaic (PV) panels convert sun-
light into electricity, providing a clean and sustainable energy source. They reduce
dependence on fossil fuels and decrease carbon emissions. Examples of different
types of RET are:

1) Wind Turbines. Wind turbines harness wind energy to generate electricity.
Offshore and onshore wind farms are rapidly expanding, contributing to the de-
carburization of power grids.

2) Carbon Capture and Storage (CCS). The Shell’s Ouest Project in Canada
captures carbon dioxide (CO,) emissions from oil, sends processing and stores
them underground. It helps reduce CO, emissions from industrial processes that
are difficult to decarbonize.

3) The Clime-works Direct Air Capture (DAC). Clime-works operates plants
that capture CO, directly from the atmosphere and store it underground, remov-
ing existing emissions from the air.

4) Electric Vehicles (EVs). Tesla Electric Cars/vehicles replace traditional gas-
oline-powered cars, reducing emissions from the transportation sector, one of the
largest sources of greenhouse gases.

5) Electric buses in London. Cities are adopting electric public transport sys-

tems, like buses, which significantly reduce urban emissions and air pollution.
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Smart grid technologies and Al-based energy efficiency systems have the potential
to reduce global CO, emissions by 15% by 2030, contributing to climate goals
while reducing resource-driven tensions.

6) Smart Grid Technologies. Grid-interactive Efficient Buildings equipped
with smart grids can adjust energy consumption in real-time, strong renewable
energy or drawing from the grid during periods of high demand, enhancing effi-
ciency and lowering emissions. Energy storage systems like Tesla power wall,
these systems store excess energy generated by renewable sources like solar and
wind, making it available for use when production is low, thus ensuring a reliable

and clean energy supply.

4.6.2. Sustainable Building Materials

1) Carbon Cure Concrete. This technology injects captured CO; into concrete
during production, reducing the carbon footprint of concrete manufacturing
which is a major source of global emissions.

2) Mass Timber Construction. Buildings made from engineered wood (mass
timber) store carbon for the life of the structure and reduce the emissions com-
pared to traditional steel and concrete construction.

These innovations demonstrate how technology can help address climate
change by reducing carbon emissions, enhancing energy efficiency and promoting

sustainable practices across various sectors.

4.7. How Al-Based Energy Efficiency Systems Work, Specifically on
the Application of London’s Bus System

Al-based energy efficiency systems leverage data collection, machine learning,
and predictive analytics to optimize energy use, reduce waste, and enhance sus-
tainability. In order to understand the functioning and applications, the London’s

bus system is used as a prototype.

Alin London’s Bus System
London has implemented AI-based system to enhance the energy efficiency of its
public transportation network, particularly buses.

How does it Work:

1) Data collection: Sensors and GPS systems collect real-time data on bus op-
erations, including speed, fuel consumption, and passenger load and traffic pat-
terns.

2) Machines Learning Models: Al algorithms analyze this data to identify pat-
terns, predict traffic conditions, and optimize routes for minimal energy con-
sumption.

3) Predictive Maintenance: Al monitors the health of bus components (for
example, engines, batteries) to predict and schedule maintenance before break-
downs occurs, reducing energy loss from inefficient operation.

4) Dynamic Scheduling: AI adjusts bus schedules and routes based on demand

forecast to avoid unnecessary trips and reduce idle time.
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5) Energy Recovery Systems: Many buses are hybrid or fully electric, and Al
managers energy recovery (for example regenerative braking) to maximize effi-
ciency.

The AI system has the following benefits:

e Reduce fuel consumption and emissions;

e Improve punctuality and passengers’ satisfaction through optimized routes
and schedules;

e Lower maintenance costs and extended vehicle lifespan.

The best example for the AI London’s Bus system is the Transport for London
(TfL). It uses AI-powered systems to optimize its fleet of hybrid and electric buses.
AT helps ensure buses operate at peak efficiency and align with the city’s goal of

achieving net-zero emissions by 2030.

4.8. Agricultural Innovations

4.8.1. Precision Agriculture

Technologies like drones and sensors allow farmers to optimize water usage and
reduce fertilizer overuse, which lowers greenhouse gas emissions from agricul-
ture. Worthy to note is the vertical farming experience. By growing crops in
snacked layers in controlled environments, vertical farming reduces land use, wa-
ter consumption, and transportation emissions. The use of precision agriculture,
powered by AI and innovation of technology, has improved crop yields by 10-20%
in regions prone to conflict and climate-related disruptions thereby helping to

stabilize food security.

4.8.2. Al in Precision Agriculture
Precision agriculture powered by Al focuses on optimizing the use of resource like

water, fertilizers, and energy while maximizing crop yields.

4.8.3. How Does It Work

1) Data Collection: It sensors, drones, and satellite imagery collect data on soil
conditions, weather patterns, crop health, and pest activity.

2) AI Analysis: Machine learning models analyzes these data to provide action-
able insights, such as identifying stressed crops, predicting irrigation needs, and

detecting pest infections.

4.8.4. Resource Optimization

Al systems calculate the precise amount of water, fertilizer, or pesticide needed
for specific areas, reducing waste. Automated irrigation systems adjust water de-
livery in real time based on weather forecast and soil moisture levels.

1) Crop Monitoring: Al-powered cameras and drones monitor plant health
and growth, enabling early intervention for issues like nutrient deficiencies or dis-
eases.

2) Autonomous Machinery: Al guides self-driving tractors and harvesters to

operate more efficiently reducing fuel consumption and labour cost.
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i) Benefits:

a) Increased crop yield and quality with fewer resources. Reduced environ-
mental impact through minimized use of water, fertilizers and pesticides. Lower
operational costs for farmers and enhanced resilience to climate change.

The best example of Al in precision agriculture is the Al-driven platforms like
Blue River Technology’s “See & Spray” system that uses computer vision to iden-
tify weeds and supply herbicides only where needed, significantly reducing chem-
ical usage in regions such as the UK. Al-powered precision agriculture is being
explored to address sustainability goals while maintaining food security.

In order to fully understand the functioning of the Al systems in the London’s
Bus system and the Precision Agriculture in London it is imperative to carry out

a comparative analysis as epitomized in Table 1 below.

Table 1. Comparison between London’s Bus System and Precision Agriculture.

Feature London’s Bus system Precision Agriculture

Pri Goal Optimize energy usage and ~ Maximize resource efficiency and
rimary Goa.
Y reduce emissions crop yield

GPS, predictive analyticsand Al sensors, drones and machine

Key Technology o .
route optimization vision
. Focuses on fuel/energy savings ~ Focus on resource application
Energy Efficiency .
and maintenance (water, energy)
Impact Sustainable urban transportation  Sustainable food production

Source: Authors Field Work, 2024.

In both cases, Al transforms resource management, making systems more sus-
tainable and cost-effective. These applications demonstrate the potential for Al to

drive energy efficiency across diverse sectors.

4.9. Ways in Which Blockchain Technologies Practically Enhance
Transparency and Efficiency in Climate Finance by Providing
Immutable, Decentralized, and Tamper Proof Systems for
Tracking Funds, Verifying Projects and Ensuring
Accountability

Below is an explanation of their practical applications, followed by measurable
outcomes that support these claims. Bloclchain enhance climate finance in the

following ways:

4.9.1. Transparency

1) Immutable Ledgar: Transactions recorded on a blockchain are immutable,
ensuring that fund flows and project activities cannot be altered or falsified.

2) Traceability of Funds: Stakeholders can easily trace the movement of cli-
mate finance from donors to beneficiaries in real time while ensuring funds are

used for their intended purposes.
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3) Open Access: Public blockchains allow stakeholders, including govern-
ments, NGOs, and citizens, to independently verify transactions and project out-

comes.

4.9.2. Efficiency

1) Reduced Intermediaries: Blockchain eliminates the need for multiple inter-
mediaries for example, banks, auditors, reducing costs and delays in disbursing
funds.

2) Smart Contracts: Self-executing contracts automatically release funds upon
meeting predefined conditions while ensuring timely payments and reducing ad-
ministrative burdens.

3) Global Accessibility: Blockchain platforms enable cross-border transactions
without the complexities of traditional banking systems, making funding more
accessible to projects in developing region Verification of Impact.

4) Data Integration: AI device and sensors can feed real-time data (for example
carbon emissions reduced, energy generated) into the blockchain, creating a
transparent record of projects outcomes.

5) Tokenization of Carbon Credits: Blockchain facilitates the creation and
trading of digital carbon credits, ensuring accurate accounting and reducing dou-

ble counting.

4.9.3. Some Practical Examples and Measurable Outcomes of Blockchain

1) Improved Fund Tracking: The UN’s Climate Chain Coalition uses block-
chain to track climate finance while ensuring transparently during allocation of
funds. The outcome of this technology is that it has reduced fund mismanagement
and improved donor’s trust. Studies shows that blockchain-based systems reduce
administrative overhead by up to 30%.

2) Verified Carbon Credits: Toucan Protocol leverages blockchain to tokenize
verified carbon credits, enabling transparent trading. The outcome is that it in-
creased liquidity and transparency in carbon markets. Over 22 million carbon
credits have been tokenized, with millions traded globally.

3) Efficient Renewable Energy Financing: For example, Power Ledger, a
blockchain platform, facilitates peer-to-peer energy trading and tracks renewable
energy investments. The outcome is decentralized energy markets, reduce trans-
action costs by 40% and accelerate the adoption of renewable energy.

4) Real-tome Impact Reporting: For example: Plastic Bank uses blockchain to
reward individuals for recycling plastic waste with digital tokens. The outcome is
that over 3 billion plastic bottles have been collected, with real-time transparency
ensuring funds are used for environmental impact. Table 2 below illustrates key
measurable benefits of Blockchain technology.

Despite the significant transparency and efficiency in the use of blockchain,
scalability and energy use of blockchain systems for example, proof-to-work re-
mains a major challenge. As a solution, transition to energy-efficient consensus

mechanism like proof-to-stake or use of hybrid blockchains is usually deployed.
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Table 2. Key Measurable Benefits of Blockchain Technology.

Blockchain-enhanced

Metric Traditional Climate Finance ) .
Climate Finance
High risk due to opaque Minimized with real-time
Administrative Cost & paq .
processes tracking
Carbon Credit Minutes with blockchain-based
) ) ) Weeks to month
Verification Time tokens

Significantly increased via
Donor Trust Levels Moderate & Y
transparency

Source: Authors Field Work, 2024.

Therefore, by streamlining processes, reducing inefficiencies, and enhancing
trust, blockchain technologies demonstrates measurable benefits in climate fi-

nance, driving meaningful environmental impact.

5. Conclusion

Addressing climate change and conflict in the era of technology demands innova-
tive and holistic solutions. Technological advancements provide powerful tools to
mitigate environmental degradation, from renewable energy systems to Al-driven
climate modeling helping to reduce carbon footprints and enhance resource effi-
ciency. Simultaneously, technology plays a crucial role in conflict resolution, en-
abling better communication data-driven decision-making and predictive models
that anticipate areas of unrest related to climate stress. However, technology alone
is not enough for sustainable solutions must integrate policy reforms, interna-
tional cooperation, and community-based approaches that prioritize equity and
access to these technological benefits. Addressing the root causes of both climate
change and conflict, such as inequality and resource scarcity, requires a unified
global response. By leveraging the potential of technology alongside collaborative
governance and social innovation, one can create a more resilient and peaceful

future.

6. Recommendations for Policymakers, Practitioners,
and International Organizations

Some recommendations for policymakers, practitioners, and international organ-
izations on scaling up technology-driven solutions for climate and conflict nexus
is important. To effectively scale up technology-driven solutions addressing the
climate and conflict nexus, targeted recommendations are needed for policy-mak-
ers, practitioners, and international organizations. These stakeholders play key
roles in creating an enabling environment, implementing solutions, and coordi-

nating efforts across borders. Here are some of the actionable recommendations.

6.1. Policymakers

Policymakers at the local, national, and international levels have the authority to
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create regulatory framework, allocate resources, and promote climate and peace-
building efforts.

These can be achieved by investing in climate-resilient infrastructure and tech-
nologies. Prioritize investment in technologies that enhance climate resilience,
such as renewable energy, water management systems, and smart agriculture.
Public funding, tax incentives, and subsidies should be directed toward scaling up
innovations like solar energy, micro-grids, and precision farming in vulnerable
regions. For example, governments can support solar-powered desalination plants
in water scarce, which both address waste shortages and reduce competition for

resources, mitigating potential conflicts.

6.1.1. Integrate Climate and Conflict Considerations into National
Policies

Nations have to ensure that national development, security, and climate adapta-
tion plans explicitly address the interconnectedness of climate change and con-
flicts, policies should prioritize areas where climate stress is likely to trigger con-
flicts, promoting technologies that reduce resource competition. Countries like
Ethiopia and Kenya could integrate early warning systems for droughts into na-
tional conflict prevention strategies, preventing competition over water resources

from escalating into violence.

6.1.2. Foster Regional and International Cooperation on Shared
Resources

Nations can develop transboundary agreements for shared resources such as wa-
ter and energy, underpinned by technology-driven monitoring systems. Policy
makers should encourage regional cooperation to manage resources more effec-
tively and minimize conflict risk.

The Nile Basin Initiative could be further strengthened through satellite-based
water monitoring systems, ensuring that upstream and downstream countries

share water data and resources equitably.

6.1.3. Develop Public-Private Partnership (PPPs)

Collaboration between governments and private sector should be encouraged to
promote innovation and scale up climate technologies. PPPs can help bring in
technical expertise and capital, which are crucial for deploying technologies in
conflict-sensitive regions. For example, the PPPs for solar energy projects in con-
flict-affected regions such as Yemen or South Sudan can provide clean energy and

reduce reliance on fossil fuels that had often been a source of tension.

6.2. Practitioners (NGOs, Development Agencies, Private Sector)

Practitioners are responsible for implementing on-the-ground solutions and en-

suring that technology-driven initiatives are context appropriate and scalable.

6.2.1. Focus on Localized, Community-Driven Solutions
Nations should ensure that community-driven interventions are tailored to the
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local context and involve communities in decision-making processes. Solutions
should respect local traditions and needs while fostering resilience to climate and
conflict challenges. In the Sahel region, practitioners could promote climate-smart
agriculture techniques that integrate indigenous knowledge with modern technol-

ogies and drought-resistant crops.

6.2.2. Enhance Capacity-Building and Technology Transfer
Scale up efforts to train local communities, businesses, and governments on the

use and maintenance of climate technologies.

6.2.3. Capacity-Building to Ensure Long-Term Sustainability and Local
Ownership of Solutions

For example, practitioners working in Somalia could focus on training local com-
munities to manage solar-powered water pumps, which can reduce completion

over dwindling water resources while fostering cooperation.

6.2.4. Leverage Digital Technologies for Conflict Prevention

Utilize mobile technology, drones, satellite imaging, and data analytics to predict
and prevent conflicts exacerbated by climate stress. These tools can help monitor
resource availability and displacement patterns, providing early warning of po-
tential flashpoints. For example, South Sudan, digital platforms can be used to
track water levels in key rivers and lakes, sending real-time update to communities

and reducing the likelihood of disputes over scarce water.

6.2.5. Foster Collaboration Between Environmental and Peacebuilding
Sectors

Encourage cross-sectoral partnership between environmental and peacebuilding
organizations. By integrating environmental and conflict resolution expertise,
practitioners can design holistic interventions that simultaneously address climate
risks and social tensions. The joint programs by conservation NGOs and peace-
building organizations in the Democratic Republic of Congo could focus on re-
storing degraded ecosystems while engaging communities in conflict resolution

activities around shared resources.

6.3. International Organizations (UN, World Bank, Regional Bodies)

International organizations can provide the coordination, funding, and technical
expertise necessary to scale up climate and conflict-related innovations globally

and this can be done through the following ways:

6.3.1. Promote Global and Regional Frames for Climate and Conflict
Integration

Advocate for global agreements that explicitly link climate action with conflict
prevention, such as integrating the climate-conflict nexus into the UN Sustainable
Development Goals (SDGs) and Paris Agreement. For example, international or-
ganizations should push for climate-conflict issues to be included in global climate

summits and peacebuilding agendas, ensuring comprehensive discussions on the
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interlinkages.

6.3.2. Mobilize Funding for Technology-Based Solutions in Conflict Zones

Expand funding mechanisms such as the Green Climate Fund to specifically target
conflict-affected regions, prioritizing projects that deploy renewable energy, smart
agriculture, and water management technologies in these areas. The World Bank
could increase financing for the deployment of micro-grids in regions like the Sa-

hel, where energy access is critical for stability and economic recovery.

6.3.3. Facilitate Knowledge Exchange and Best Practices

Establish global platforms for sharing best practices and lessons learned from
technology-driven solutions addressing both climate and conflict. International
organizations can facilitate peer-to-peer learning and collaboration among coun-
tries facing similar challenges. A UN-led initiative could create an online reposi-
tory of successful case studies where technology has addressed climate and con-

flict, enabling countries to replicate these solutions in their context.

6.3.4. Support Climate-Resilient Peacebuilding Initiatives

Encourage peacebuilding initiatives that incorporate climate resilience as a core
component. International organizations should provide technical assistance and
funding for programs that restore ecosystems, promote sustainable livelihoods,
and resolve resource-based conflicts. For example, the United Nations Environ-
ment Programme (UNEP) could expand its peacebuilding projects to include
more emphasis on ecosystem restoration and resource-sharing agreements in
post-conflict areas like Sierra Leone.

Hence, to effectively scale up technology-driven solutions for the climate and
conflict nexus, it is essential that policymakers, practitioners, and international
organization collaborate to create enabling environments, foster innovations, and
promote equitable and sustainable resource management. By implementing these
recommendations, stakeholders can address the twin challenges of climate change

and conflict while ensuring long-term resilience and peace.

6.3.5. Support Capacity Building and Community-Based Solutions

Empower local communities, particularly in conflict-prone areas, with knowledge
and tools to adopt climate-adaptive technologies, ensuring the solutions are scal-
able. Monitor and evaluate the impact of technological interventions by develop-
ing metrics and monitoring systems to assess the effectiveness of technological
solutions in mitigating climate change and preventing conflicts, allowing for con-

tinuous adaptation and improvement of strategies.
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