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Abstract 
Purpose: This study aimed to develop a socio-technical framework for evalu-
ating the effectiveness and systemic impact of Artificial Intelligence (AI) in cli-
mate change mitigation. This study addressed the need to integrate technical 
performance metrics with social, ethical, and environmental considerations to 
assess AI-driven climate solutions. Design/Methodology/Approach: This study 
adopts a case study approach to examine AI applications in energy optimisa-
tion, carbon sequestration, climate risk modelling, and agriculture. The socio-
technical framework was applied to these sectors to evaluate AI’s role of AI in 
reducing greenhouse gas emissions and improving climate resilience. Key eval-
uation metrics include emission reduction potential, energy efficiency gains, 
equity and inclusivity, and the sustainability of AI systems. Findings: The find-
ings demonstrate that AI can significantly enhance climate action by optimis-
ing energy systems, improving carbon capture processes, and providing accu-
rate climate risk predictions. However, challenges such as algorithmic bias, un-
equal access to technology, and the environmental footprint of AI systems must 
be addressed using robust governance frameworks. Originality/Value: This 
study contributes original insights into how AI can be harnessed effectively for 
climate change mitigation, while addressing broader societal impacts. The pro-
posed socio-technical framework provides a comprehensive tool for policymak-
ers and stakeholders to responsibly evaluate the implementation of AI-driven 
climate solutions. 
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1. Introduction 

Climate change is one of the most pressing global challenges of the 21st century, 
with far-reaching impacts on ecosystems, economies, and human societies. The 
Intergovernmental Panel on Climate Change (IPCC) posits that without signifi-
cant reductions in greenhouse gas (GHG) emissions, global temperatures are 
likely to exceed 1.5˚C increase above pre-industrial levels, potentially resulting in 
catastrophic consequences such as extreme weather events, rising sea levels, and 
loss of biodiversity (IPCC, 2021). In response to this existential threat, there has 
been growing recognition of the need for innovative solutions that can accelerate 
climate change mitigation and adaptation efforts. Among these solutions, Artifi-
cial Intelligence (AI) has emerged as a powerful tool with the potential to trans-
form climate change. 

The capacity of artificial intelligence to process vast amounts of data, identify 
patterns, and optimise complex systems renders it particularly well suited for ad-
dressing the multifaceted challenges posed by climate change. From improving 
weather forecasting and optimising energy systems to enhancing carbon seques-
tration technologies and supporting climate-resilient agriculture, AI offers a range 
of applications that can contribute to both mitigation and adaptation efforts 
(WEF, 2024; UNFCCC, 2024). For instance, AI-driven models are utilised to pre-
dict energy demand more accurately, optimise grid operations, and integrate re-
newable energy sources more efficiently, thereby reducing GHG emissions and 
promoting low-emission energy solutions (UNFCCC, 2024). 

Notwithstanding its potential, the implementation of AI in climate action pre-
sents a significant challenge. The socio-technical nature of AI systems, wherein 
technological capabilities intersect with social, political, and ethical considera-
tions, necessitates a comprehensive framework for evaluating their efficacy and 
systemic impact. This is particularly salient, given the uneven distribution of AI 
resources and expertise across different regions and sectors. Developing countries, 
which are often most vulnerable to the effects of climate change, may lack the 
technical infrastructure and institutional capacity required to fully utilise AI for 
climate action (Brandt & Lesser, 2024). Furthermore, concerns regarding data pri-
vacy, algorithmic bias, and the environmental footprint of the AI itself must be 
addressed to ensure that these technologies are deployed in a responsible and eq-
uitable manner (Galaz et al., 2021). 

This study proposes a socio-technical framework for evaluating the implemen-
tation effectiveness and systemic impact of artificial intelligence (AI) in climate 
change mitigation. The framework integrates technical performance metrics with 
social and environmental considerations to assess AI-driven climate solutions 
comprehensively. This study elucidates the opportunities and challenges associ-

https://doi.org/10.4236/vp.2025.111014


I. Alhassan, A. Maiga 
 

 

DOI: 10.4236/vp.2025.111014 173 Voice of the Publisher 
 

ated with AI in climate change. The primary objective is to provide policymakers 
and stakeholders with insights into how AI can be effectively utilised while ensur-
ing that its deployment aligns with broader goals of sustainability and social eq-
uity. 

This paper begins with an introduction that emphasises the urgency of address-
ing climate change and the potential of artificial intelligence (AI) as a transform-
ative tool, followed by a Literature Review that examines recent research on AI 
applications and the socio-technical challenges they present. The methodology 
section introduces the socio-technical framework, focusing on key components, 
such as technical effectiveness, social impact, ethical considerations, and environ-
mental footprint, along with evaluation metrics. In the case studies, real-world 
applications of AI in energy optimisation, carbon sequestration, climate risk mod-
elling, and agriculture were analysed using this framework. The Discussion re-
flects on the findings, emphasising the necessity of balancing technical perfor-
mance with social equity and addressing the environmental costs of AI. The paper 
concludes by summarising the key insights and recommending future research to 
refine AI models and ensure equitable access to AI-driven climate solutions. 

1.1. The Role of AI in Climate Action 

The role of AI in addressing climate change is multifaceted. AI can be imple-
mented across various sectors to reduce emissions, enhance resource efficiency, 
and improve resilience to climate change. In the energy sector, AI algorithms are 
utilised to optimise the operation of renewable energy systems by predicting fluc-
tuations in supply from sources such as wind and solar power (Lyu & Liu, 2021). 
Google’s DeepMind project has demonstrated how machine learning can increase 
the efficiency of wind farms by improving power output predictions by up to 20% 
(BCG & Google Report, 2023). Similarly, AI is being employed in agriculture to 
optimise water usage and reduce fertiliser application through precision farming 
techniques that minimise environmental impacts while maximising crop yields 
(WEF, 2024). 

AI-powered predictive models have demonstrated potential for forecasting ex-
treme weather events such as floods, droughts, and heat waves, offering enhanced 
accuracy in specific scenarios (Stanford & CSU, 2024; McGovern et al., 2017). 
These models utilise diverse datasets including satellite imagery, weather station 
records, and atmospheric data. In Africa, AI-driven projects supported by the 
United Nations assist vulnerable communities in adapting to changing weather 
patterns by improving access to clean energy and food security through improved 
agricultural planning (WEF, 2024). 

However, their reliability is often contingent on the availability and quality of 
such data, which can be inconsistent or inaccessible in developing regions. For 
instance, numerous low-income countries encounter challenges in maintaining a 
comprehensive meteorological infrastructure, thereby limiting the scope of AI ap-
plications in these areas (UNU-INWEH Report, 2023). 
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Moreover, the complexity of atmospheric systems indicates that even the most 
advanced AI models cannot fully account for all the variables influencing weather 
patterns. This underscores the necessity of skilled meteorological interpretation 
to complement AI-generated insights, particularly in high-stake situations where 
prediction errors could lead to severe consequences. 

Despite these challenges, AI remains a valuable tool for augmenting traditional 
weather-forecasting methods. Its capacity to process vast datasets rapidly and iden-
tify subtle patterns that might elude human analysis has already demonstrated its 
utility in disaster preparedness and climate resilience planning. To maximise its 
impact, efforts must focus on improving data quality, fostering collaboration be-
tween AI developers and meteorologists, and ensuring equitable access to AI-
driven tools across different regions. 

1.2. Socio-Technical Challenges 

Although the technical capabilities of AI offer immense potential for advancing 
climate action, their deployment raises several socio-technical challenges that 
must be addressed. One significant issue is the environmental footprint of the AI 
itself. Large-scale AI models require substantial computational resources that con-
sume vast amounts of electricity, often generated from fossil fuels, thereby con-
tributing to GHG emissions (BCG & Google Report, 2023). Consequently, it is 
imperative to ensure that AI systems are powered by renewable energy sources, 
wherever feasible. 

Another challenge is to ensure equitable access to AI technologies. Numerous 
developing countries lack the infrastructure necessary to effectively implement 
advanced AI solutions. This digital divide risk exacerbates the existing inequalities 
between high-income countries that have access to cutting-edge technology and 
low-income countries that are disproportionately affected by climate change but 
lack the means to deploy sophisticated mitigation tools (Brandt & Lesser, 2024). 
Furthermore, there are concerns regarding algorithmic bias in AI systems, which 
could lead to inequitable outcomes in areas such as disaster response or resource 
allocation (Galaz et al., 2021). 

Ethical considerations also play a crucial role in shaping how AI is used in cli-
mate action. Issues related to data privacy, particularly when using personal data 
for predictive analytics and transparency in decision-making processes, must be 
carefully managed to build public trust in these technologies (Kaack et al., 2022). 
Without clear governance frameworks that promote accountability and inclusiv-
ity, there is the risk that AI-driven solutions could exacerbate social inequalities 
or lead to unintended negative consequences. 

1.3. The Need for a Socio-Technical Framework 

Given these complexities, there is an urgent need for a sociotechnical framework 
that can guide the responsible development and deployment of AI for climate ac-
tion. Such a framework should integrate technical performance metrics, such as 

https://doi.org/10.4236/vp.2025.111014


I. Alhassan, A. Maiga 
 

 

DOI: 10.4236/vp.2025.111014 175 Voice of the Publisher 
 

accuracy in emission reduction predictions or efficiency gains in energy systems, 
with broader social considerations, such as equity, inclusivity, and environmental 
sustainability. 

By adopting a holistic approach that considers both technical capabilities and 
socio-political contexts, this framework can facilitate the implementation of AI-
driven solutions that are not only effective, but also aligned with broader goals of 
sustainable development. This study aims to contribute to this effort by proposing 
a socio-technical framework for evaluating the implementation effectiveness and 
systemic impact of AI in climate change mitigation. 

While AI holds significant potential for accelerating progress towards global 
climate goals, potentially mitigating up to 10% of global GHG emissions by 2030 
if scaled effectively, it must be deployed within a well-regulated socio-technical 
context that addresses its inherent risks and benefits (Brandt & Lesser, 2024). 

2. Literature Review 
2.1. AI in Climate Change Mitigation 

Artificial Intelligence has emerged as a transformative tool in the fight against cli-
mate change, offering significant potential to enhance mitigation efforts across 
various sectors. AI’s capacity of AI to process vast amounts of data, identify pat-
terns, and optimise complex systems renders it particularly suitable for addressing 
the multifaceted challenges posed by climate change (Farghali et al., 2023). One 
of the key areas in which AI has demonstrated its potential is to improve energy 
efficiency. AI-driven systems can optimise energy grids by predicting energy de-
mand with greater accuracy, integrating renewable energy sources more effec-
tively, and reducing wastage of energy distribution (Lyu & Liu, 2021; UNFCCC, 
2024). For instance, Google’s DeepMind project applied machine learning algo-
rithms to optimise wind farm operations, resulting in a 20% increase in energy 
output prediction accuracy (BCG & Google Report, 2023). 

In addition to energy optimisation, artificial intelligence (AI) has been instru-
mental in enhancing carbon sequestration technologies. AI-based models have 
been utilised to identify optimal geological formations for carbon storage and 
monitor these sites for leaks, thereby improving both the efficiency and safety of 
carbon capture processes (Li et al., 2021). Furthermore, AI can accelerate the de-
velopment of novel carbon sequestration methods such as mineral carbonation, 
which converts carbon dioxide into stable minerals (Ding et al., 2022). These ad-
vancements demonstrate how AI can contribute to reducing greenhouse gas (GHG) 
emissions and achieving global climate change goals. 

AI plays a critical role in climate adaptation. AI-powered models are increas-
ingly employed to predict extreme weather events, such as floods, droughts, and 
heatwaves, with greater accuracy. These models enable governments and commu-
nities to prepare for climate-related disasters more effectively, thereby reducing 
the risk of the loss of life and property (McGovern et al., 2017; WEF, 2024). For 
instance, in Africa, AI-driven early warning systems have been implemented to 
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assist vulnerable communities in adapting to changing weather patterns by im-
proving access to clean energy and food security through improved agricultural 
planning (UNFCCC, 2024). 

2.2. Implementation Barriers and Systemic Constraints 

The deployment of AI in climate-change mitigation faces several complex imple-
mentation barriers and systemic constraints that extend beyond technical capa-
bilities. These challenges emerge from the intersection of technological, institu-
tional, and operational factors, which can impede the effective implementation of 
AI-driven climate solutions. 

A primary challenge lies in the integration of AI systems with the existing in-
frastructure and legacy systems. A primary challenge lies in the integration of AI 
systems with the existing infrastructure and legacy systems. According to Chen et 
al. (2023), many organisations struggle to incorporate AI solutions into their es-
tablished operational frameworks, particularly in sectors critical to climate action, 
such as energy and transportation. Their study of 150 utilities across Europe and 
North America revealed that 67% faced significant technical integration chal-
lenges when implementing AI-based grid management systems, leading to re-
duced effectiveness of emission-reduction initiatives. 

Implementing AI in climate-related projects across multiple countries presents 
significant challenges, with insufficient computational infrastructure and limited 
data storage capabilities hindering deployment in a substantial number of cases. 
These difficulties are especially pronounced in regions with underdeveloped dig-
ital infrastructure, creating a gap between AI’s theoretical potential and its practi-
cal application. 

Data quality and standardisation have emerged as critical operational constraints. 
A recent study highlighted how inconsistent data formats and quality standards 
across different sectors and regions create significant barriers to effective AI de-
ployment. Their analysis of climate-related datasets from 200 organisations re-
vealed that approximately 40% of available data required substantial pre-processing 
before it could be effectively utilised by AI systems, leading to increased imple-
mentation costs and delayed deployment schedules. 

The limitations of institutional capacity and expertise pose significant challenges. 
A comprehensive survey found that 65% of organisations implementing AI-based 
climate solutions reported severe shortages of qualified personnel who could ef-
fectively manage and maintain these systems. A persistent deficiency in special-
ized technical capacity poses challenges not only during preliminary deployment 
stages but also jeopardizes the ongoing viability of artificial intelligence applica-
tions in climate-focused interventions across their operational lifespan. Moreover, 
regulatory frameworks frequently fail to keep pace with technological advance-
ments, thereby creating uncertainty in the implementation pathways. Comunale 
and Manera (2024) demonstrate how regulatory ambiguity regarding AI deploy-
ment in critical infrastructure has resulted in the delayed implementation of po-
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tentially impactful climate solutions in multiple jurisdictions. Their analysis of the 
regulatory environments across 30 countries revealed that only 23% had estab-
lished clear guidelines for AI implementation in climate-critical sectors. 

These systemic constraints underscore the necessity for a more comprehensive 
approach to AI deployment in climate action that addresses both technical and 
institutional challenges while developing robust implementation frameworks (van 
de Poel, 2020). The efficacy of AI in climate change mitigation depends not only 
on technological advancement, but also on the capacity to overcome these funda-
mental implementation barriers through coordinated action and capacity build-
ing. 

2.3. The Role of Policy and Governance 

The effective deployment of artificial intelligence (AI) for climate action requires 
robust governance frameworks that address both technical capabilities and socio-
political implications. Policymakers play a crucial role in shaping the utilisation 
of AI for climate mitigation and adaptation by establishing clear guidelines for 
responsible use. According to Rolnick et al. (2019), national governments must 
develop AI strategies cognizant of both the opportunities and risks associated with 
these technologies. This includes fostering innovation, while ensuring that ethical 
considerations such as fairness, transparency, and accountability are upheld. 

Furthermore, international cooperation is essential for scaling up AI-driven cli-
mate solutions. As highlighted by Kaack et al. (2022), fragmented governance 
across sectors and regions impedes the development of uniform standards for re-
sponsible AI use in climate action. Initiatives such as the UNFCCC’s Technology 
Mechanism aim to address this challenge by convening stakeholders from civil 
society, academia, and the private sector to discuss best practices for implement-
ing AI-powered solutions at the regional level (UNFCCC, 2024). Such collabora-
tive efforts are vital for promoting knowledge sharing and ensuring that all coun-
tries, especially those most vulnerable to climate change, can benefit from ad-
vancements in AI technology. 

2.4. Applications Across Sectors 

Intelligence’s applications in climate change mitigation span multiple sectors, in-
cluding energy systems, agriculture, transportation, and waste management. In 
the energy sector alone, AI can significantly reduce emissions by optimising grid 
management and improving renewable energy integration (Farghali et al., 2023). 
For instance, predictive algorithms can forecast solar power generation on a mi-
nute-by-minute basis, thereby facilitating a more efficient balance between supply 
and demand (Rolnick et al., 2019). 

Similarly, smart manufacturing driven by AI can reduce energy consumption 
by up to 50%, contributing significantly to the emission reduction goals (Farghali 
et al., 2023). In agriculture, precision farming techniques powered by AI facilitate 
the optimisation of water usage and reduction of fertiliser application, while max-
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imising crop yields (WEF, 2024). These innovations not only enhance food secu-
rity but also mitigate the environmental impact of agricultural practices by mini-
mising resource wastage. AI is also being utilised in waste management systems 
to improve recycling rates and reduce methane emissions from landfills. For ex-
ample, Grey Parrot, a London-based startup, developed an AI system that analyzes 
waste processing facilities to identify recyclable materials that would otherwise be 
directed to landfills (WEF, 2024). Such innovations play a crucial role in reducing 
methane emissions, a potent GHG responsible for approximately 16% of global 
emissions according to the United States Environmental Protection Agency. 

3. Methodology: A Socio-Technical Framework 
3.1. Framework Components 

The socio-technical framework proposed in this study integrates both technical 
and social dimensions to evaluate the effectiveness and systemic impact of Artifi-
cial Intelligence (AI) in climate change mitigation. This approach recognises that 
AI systems are not merely technical tools, but are embedded within broader social, 
political, and environmental contexts (van de Poel, 2020). Consequently, the frame-
work considers four key components: technical effectiveness, social impact, ethi-
cal considerations, and environmental footprint. 

Technical Effectiveness: This dimension focuses on the technical performance 
of AI systems in achieving specific climate goals such as reducing greenhouse gas 
(GHG) emissions and improving energy efficiency. Metrics for evaluating tech-
nical effectiveness include the accuracy of AI models, their scalability, and their 
ability to optimise complex systems, such as energy grids or carbon capture tech-
nologies (Farghali et al., 2023). For instance, AI-driven predictive models have 
demonstrated increased efficiency in renewable energy systems by optimising en-
ergy production and consumption patterns (Lyu & Liu, 2021). 

Social Impact: The deployment of AI technologies has significant social impli-
cations, particularly in terms of equity and inclusivity. This component assesses 
how AI-driven climate solutions affect different communities, particularly vulner-
able populations that are disproportionately impacted by climate change (Galaz 
et al., 2021). For example, AI-powered early warning systems for extreme weather 
events can enhance disaster preparedness in developing countries. However, ac-
cess to these technologies may be constrained by disparities in the digital infra-
structure (Brandt & Lesser, 2024). Consequently, evaluating the social impact ne-
cessitates examining whether the benefits of AI are equally distributed across di-
verse regions and social groups. 

Ethical Considerations: Ethical issues surrounding AI deployment include con-
cerns regarding data privacy, algorithmic bias, and transparency. These consider-
ations are crucial in establishing public trust in AI-driven climate solutions (Kaack 
et al., 2022). For example, algorithmic bias can result in inequitable outcomes in 
disaster response or resource allocation if the data used to train AI models are not 
representative of all affected populations (Galaz et al., 2021). The framework in-
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corporates ethical guidelines to ensure that AI systems are transparent, accounta-
ble, and designed with fairness as the primary consideration. 

Environmental Footprint: While artificial intelligence (AI) has the potential to 
reduce emissions through optimisation and predictive modelling, it also incurs its 
own environmental costs. Large-scale AI models require substantial computa-
tional resources that consume significant amounts of electricity, often generated 
from non-renewable sources, thereby contributing to greenhouse gas (GHG) emis-
sions (BCG & Google Report, 2023). This component assesses the lifecycle envi-
ronmental impacts of deploying AI systems, including their energy consumption 
and carbon footprints. Efforts to mitigate these impacts include the utilisation of 
renewable energy sources for data centres and the development of more energy-
efficient algorithms (UNFCCC, 2024). 

3.2. Evaluation Metrics 

The evaluation of AI-driven climate solutions within a sociotechnical framework 
necessitates a comprehensive set of metrics that assess both technical performance 
and broader societal impacts. The primary metric examines the emission reduc-
tion potential, which quantifies how AI applications contribute to lowering green-
house gas emissions across sectors such as energy, transportation, and agriculture. 
For instance, predictive algorithms that optimise renewable energy integration have 
demonstrated significant potential in reducing reliance on fossil fuels, as docu-
mented by Rolnick et al. (2019). 

Energy efficiency gains serve as another crucial metric, measuring how AI-en-
abled process optimisation improves energy usage across industries. According to 
Farghali et al. (2023), smart manufacturing systems powered by AI have achieved 
notable results, reducing energy consumption by up to 50% and directly support-
ing emission reduction objectives. 

Equity and inclusivity represent essential social dimensions for evaluating AI 
climate solutions. This assessment examines whether the benefits are distributed 
equally across different social groups, considering factors such as technology ac-
cess and the involvement of marginalised communities in climate action decision-
making processes. The UNFCCC (2024) emphasises this through examples such 
as early warning systems for natural disasters, which must ensure that all commu-
nities, particularly the most vulnerable, have access to timely information. 

The final metric focused on the sustainability of AI systems and evaluated the 
environmental impact of large-scale AI infrastructure deployment. According to 
the BCG and Google Report (2023), this includes analysing the energy consump-
tion of AI-powering data centres and their use of renewable energy sources. The 
metric also considers ongoing efforts to develop more sustainable algorithms that 
maintain performance while reducing the computational demands. 

3.3. Application of the Framework 

The sociotechnical framework exhibits considerable adaptability in its application 
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across diverse sectors, where artificial intelligence supports climate action initia-
tives. This comprehensive approach integrates technical performance metrics with 
social and environmental considerations to evaluate AI-driven solutions effectively. 

In the energy sector, artificial intelligence applications demonstrate potential 
for optimising grid management through accurate predictions of renewable en-
ergy supply fluctuations from wind and solar sources. As noted by Lyu and Liu 
(2021), the evaluation of the framework extends beyond merely assessing predic-
tion accuracy and fossil fuel reduction to examine whether improved grid stability 
benefits equitably reach rural and underdeveloped regions. 

Agricultural applications demonstrate another significant dimension, wherein 
AI-powered precision farming techniques optimise water usage and fertiliser ap-
plication, while maximising crop yields. According to the WEF (2024), this frame-
work evaluates both emission reduction achievements and ensures the accessibility 
of these technologies to smallholder farmers, particularly in developing nations. 

In disaster management contexts, AI-enhanced early warning systems have ex-
hibited superior accuracy compared with traditional prediction methods. The 
Stanford & CSU Research Team (2024) emphasises how the framework assesses 
both the technical precision of these predictions and their practical effectiveness 
in delivering timely warnings to vulnerable communities, enabling preventive ac-
tion. This dual focus on technical capability and social impact exemplifies the 
framework’s comprehensive approach for evaluating AI climate solutions. 

3.4. Addressing Challenges Through Governance 

A key aspect of this socio-technical framework is its emphasis on governance mech-
anisms that ensure responsible deployment of AI technologies for climate action. 
As highlighted by van de Poel et al. (2020), governance frameworks must address 
both technical performance and broader societal impact. This includes establish-
ing policies that promote transparency in algorithmic decision-making processes 
and ensuring that data privacy is protected. 

Moreover, international cooperation is essential for scaling up AI-driven cli-
mate solutions. UNFCCC’s Technology Mechanism provides a platform for fos-
tering collaboration between governments, civil society organisations, and private 
sector stakeholders (UNFCCC Report, 2024). Such initiatives are crucial for shar-
ing best practices and ensuring that all countries, particularly those most vulner-
able to climate change, can benefit from advancements in AI technology. 

This sociotechnical framework offers a comprehensive approach to evaluating 
the implementation effectiveness and systemic impact of AI in climate change 
mitigation. Integrating technical performance metrics with social equity consid-
erations and environmental sustainability goals provides policymakers with a ro-
bust tool for guiding responsible innovation in this critical area. 

4. Case Studies 

The application of Artificial Intelligence (AI) to climate change mitigation and 
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adaptation has yielded promising results across various sectors. This section pre-
sents case studies that illustrate how AI-driven solutions are being implemented 
to address climate challenges, particularly in energy optimisation, carbon seques-
tration, climate risk modelling, and agriculture. These examples demonstrate the 
potential of AI to enhance the efficacy of climate action, while also considering 
the socio-technical challenges discussed previously. 

4.1. Energy Optimisation 

Artificial Intelligence (AI) has demonstrated significant efficacy in optimising en-
ergy systems, particularly in the integration and management of renewable energy 
sources. A notable example is Google’s DeepMind project, which applied machine 
learning algorithms to optimise wind farm operations. By predicting the wind 
power output 36 hours in advance with enhanced accuracy, DeepMind was able 
to increase the value of wind energy by approximately 20% (BCG & Google Re-
port, 2023). This improvement in prediction accuracy enables grid operators to 
balance supply and demand better, thereby reducing reliance on fossil fuels and 
enhancing grid stability. 

Furthermore, AI is being utilised to manage smart grids more efficiently by fore-
casting energy production from renewable sources such as solar and wind power. 
AI-driven systems enable grid operators to predict fluctuations in renewable en-
ergy generation and adjust operations, accordingly, thereby reducing energy wast-
age and improving the overall system efficiency (Lyu & Liu, 2021). For instance, 
in São Paulo, Brazil, AI-powered predictive models are employed to forecast en-
ergy demand and optimise grid operations, which has led to significant reductions 
in energy consumption and greenhouse gas (GHG) emissions (Monitor Deloitte, 
2024). 

The integration of AI into renewable energy systems has also facilitated predic-
tive maintenance. Through the analysis of data from sensors embedded in wind 
turbines or solar panels, AI algorithms can predict equipment failures before they 
occur, reducing downtime by up to 50% and extending the lifespan of machinery 
by 20% - 40%. This not only reduces operational costs but also contributes to the 
sustainability of renewable energy systems by minimising resource utilisation. 

4.2. Carbon Sequestration 

Carbon sequestration is a critical component of global efforts to mitigate climate 
change by capturing and storing atmospheric carbon dioxide (CO2). Artificial in-
telligence (AI) technologies are instrumental in enhancing the efficiency and safety 
of carbon capture and storage (CCS) processes. For instance, AI-based models have 
been utilised to identify optimal geological formations for carbon storage by ana-
lysing large datasets of rock permeability, porosity, and seismic activity (Li et al., 
2021). These models ensure that CO2 is safely stored underground without the risk 
of leakage. 

In addition to site selection, AI is also employed for the continuous monitoring 
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of carbon storage sites. Sensors placed at storage locations collect real-time data 
on pressure levels and gas concentrations, which are subsequently analysed using 
AI algorithms to detect potential leaks or other anomalies (UNFCCC Report, 2024). 
This proactive monitoring system enhances the safety and reliability of CCS tech-
nologies by providing early warnings of potential failures. 

Moreover, AI has been applied in the development of novel carbon sequestra-
tion techniques, such as mineral carbonation. This process involves converting 
CO2 into stable minerals such as magnesium carbonate through chemical reac-
tions with rocks. AI-driven models were utilised to optimise these reactions by 
identifying the most efficient conditions for mineral formation (Ding et al., 2022). 
Such innovations have the potential to significantly increase the capacity for long-
term carbon storage while reducing associated costs. 

4.3. Climate Risk Modelling 

Artificial Intelligence (AI) has revolutionised climate risk modelling by facilitating 
more accurate predictions of extreme weather events such as floods, droughts, and 
heatwaves. These predictive models are essential to enhance disaster preparedness 
and resilience in vulnerable communities. For instance, in Africa, an initiative sup-
ported by the United Nations utilises AI-powered early warning systems to assist 
communities in countries such as Burundi and Chad in adapting to changing 
weather patterns (UNFCCC Report, 2024). These systems analyse data from sat-
ellite imagery and weather stations to provide real-time forecasts that enable local 
authorities to implement preventive measures such as targeted evacuation or re-
source allocation. 

In São Paulo, Brazil, Sipremo, a company specialising in AI-driven climate an-
alytics, has developed a platform to predict the location and timing of climate dis-
asters, such as floods or landslides (WEF Report, 2024). By combining data on 
rainfall patterns with information on soil stability and urban infrastructure, Si-
premo’s platform provides accurate risk assessments that can assist city planners 
in designing more resilient infrastructure and reducing disaster-related losses. 

In another example from Kenya’s Kiambu and Embu counties, an AI Early Warn-
ing System developed by the Local Development Research Institute (LDRI) assists 
smallholder farmers in planning their harvests more effectively by predicting 
droughts and other adverse weather conditions (Mutuku, 2022). This system in-
tegrates data from weather stations with satellite imagery and soil sensors to pro-
vide farmers with actionable insights into optimal planting and irrigation times. 
This has significantly improved agricultural productivity while reducing crop 
losses owing to unpredictable weather patterns. 

4.4. Agriculture: Climate-Smart Farming 

Agriculture is one of the most vulnerable sectors to climate change because of its 
dependence on stable weather patterns for crop production. However, artificial in-
telligence (AI)-driven solutions assist farmers in adapting to these changes through 
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precision agriculture techniques that optimise resource utilisation while minimis-
ing the environmental impact (Eli-Chukwu et al., 2019). Climate-smart agricul-
ture (CSA), which integrates AI technologies into farming practices, aims to in-
crease productivity while enhancing resilience to climate risks, such as droughts 
or floods. 

In Kenya’s smallholder farming sector, where over 75% of agricultural output 
originates from farms smaller than three hectares, AI is utilised to improve crop 
yield predictions and monitor farm conditions in real time (BMZ Digital Global, 
2024). The LDRI project employs data from various sources, including satellite 
imagery and soil sensors, to provide farmers with insights into optimal planting 
times based on predicted rainfall patterns or soil moisture levels. This has enabled 
farmers to increase their yields despite the increasingly erratic weather conditions 
caused by climate change. 

AI is also employed in livestock management as part of climate-smart farming 
initiatives. For instance, machine learning algorithms analyse data collected from 
sensors attached to livestock, such as temperature readings or movement patterns, 
to detect early signs of disease or stress caused by heat waves (Islam et al., 2021). 
This allows farmers to implement preventive measures before livestock health de-
teriorates significantly because of climate-related stress. 

In addition to improving productivity and resilience at the farm level, these AI-
driven tools contribute directly to reducing GHG emissions from agriculture by 
optimising resource utilisation (e.g., water or fertiliser) and minimising waste (Kur-
gat et al., 2020). Consequently, CSA practices powered by AI not only enhance 
food security but also promote sustainable farming practices that align with global 
climate goals. 

5. Discussion 
5.1. Balancing Technical Performance with Social Equity 

Although artificial intelligence offers significant technical advantages in mitigat-
ing climate change, its deployment necessitates careful management to prevent 
the exacerbation of existing social inequalities. The socio-technical challenges as-
sociated with AI, such as unequal access to technology and algorithmic bias, are 
particularly pronounced in developing countries and marginalised communities 
(Galaz et al., 2021). For instance, AI-driven climate solutions, such as predictive 
models for extreme weather events or energy optimisation systems, often require 
advanced infrastructure and technical expertise that may not be readily available 
in low-income regions (UNU-INWEH Report, 2023). This digital divide margin-
alises those who are most vulnerable to the impact of climate change. 

To address these disparities, it is imperative to prioritise capacity-building ini-
tiatives that enhance AI skill development in under-resourced regions. As high-
lighted by artificial intelligence for climate change mitigation roadmaps, institu-
tions involved in climate action must focus on training personnel and developing 
the necessary infrastructure to support AI deployment (Sandalow et al., 2023). 
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Moreover, fostering international collaboration is essential for sharing data and 
best practices, ensuring that all regions benefit from AI-driven climate solutions. 
For example, the UNFCCC’s Technology Mechanism has been instrumental in 
promoting the use of AI for climate action in developing countries by providing 
technical support and facilitating knowledge exchanges (UNFCCC Report, 2024). 

In addition to addressing access issues, it is important to ensure that AI systems 
are designed with fairness and inclusivity. Algorithmic bias, in which AI models 
produce skewed outcomes owing to biased training data, can lead to an unequal 
distribution of resources or services. For instance, an AI system used for disaster 
response might prioritise affluent areas over marginalised communities if the data 
used to train the model do not adequately represent all populations (Galaz et al., 
2021). To prevent such outcomes, AI developers must adopt ethical guidelines 
that promote transparency and accountability in their decision-making processes 
(Kaack et al., 2022). This includes ensuring that diverse voices are included in the 
design and governance of AI systems, particularly those from communities most 
affected by climate change (World Bank, 2024). 

5.2. Addressing Environmental Costs 

Although Artificial intelligence has the potential to significantly reduce green-
house gas (GHG) emissions through optimisation and predictive modelling, it also 
exhibits its own environmental footprint. The training of large-scale AI models 
requires substantial computational resources that consume vast amounts of elec-
tricity and water for cooling data centres (Harvard Business Review, 2024). For in-
stance, training a single large language model (LLM) such as GPT-4 can emit thou-
sands of tonnes of CO2 due to the energy-intensive nature of the process (EcoAct 
Report, 2024). These environmental costs are anticipated to increase as the de-
mand for AI continues to increase. To mitigate these impacts, it is imperative to 
develop more energy-efficient algorithms and transition data centres for renewa-
ble energy sources. 

The Artificial Intelligence for Climate Change Mitigation roadmap emphasises 
that while current emissions from computing infrastructure are modest, they could 
increase significantly if not managed responsibly (Sandalow et al., 2023). One po-
tential solution is the utilisation of distributed computing networks that enable 
the spread of AI computations across multiple datacenters located in regions with 
abundant renewable energy resources (Ren & Wierman, 2024). This approach not 
only reduces the carbon footprint of AI, but also addresses regional disparities in 
energy consumption. 

The environmental footprint of AI systems, particularly their substantial energy 
requirements, presents a critical challenge for climate-focused implementation. 
While the current literature acknowledges this challenge, emerging research re-
veals promising innovations in sustainable AI infrastructure that merit further 
examination. 

Recent advances in renewable energy integration in data centres have demon-
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strated encouraging progress. For instance, Microsoft’s Project Natick pioneered 
underwater data centre deployment, with its 2023 implementation achieving a 98% 
reliability rate while reducing cooling energy consumption by up to 40% through 
seawater heat exchange systems (Microsoft, 2024). This approach not only addresses 
cooling efficiency, but also enables strategic positioning near offshore wind farms, 
creating synergistic renewable energy ecosystems. 

The technical feasibility of powering AI infrastructure through renewable 
sources has been substantiated by recent developments in hybrid energy systems. 
Google’s DeepMind unit has demonstrated that AI-optimised renewable integra-
tion can increase data centre renewable energy utilisation by up to 40% leading to 
an overall 15% reduction in energy consumption, through advanced forecasting 
and load management (Evans & Gao, 2016). Their implementation of “carbon-
intelligent computing” allows workload shifting to align with the periods of peak 
renewable energy availability. 

Therefore, innovative cooling technologies have emerged as crucial frontiers. 
The implementation of liquid immersion cooling in Finland’s sustainable data 
centres has shown promising results, reducing cooling energy requirements by up 
to 95% compared to traditional air-cooling systems, while enabling heat recovery 
for district heating networks (SDU Center for Energy Informatics, 2024). Such 
dual-purpose solutions exemplify the potential for improvement in systemic effi-
ciency. 

However, these innovations face implementation challenges, which require care-
ful consideration. (Murino et al., 2023) A comprehensive analysis of 50 data cen-
ters globally reveals that while renewable energy integration is technically feasible, 
it requires significant initial investment and careful geographic positioning to en-
sure reliable power supply. Their study indicated that successful renewable energy 
transition typically requires sophisticated energy storage systems to manage in-
termittency, advanced grid integration capabilities, hybrid power systems com-
bining multiple renewable sources, and strategic site selection near renewable en-
ergy resources. 

The development of more energy-efficient algorithms is another promising ap-
proach. Recent work by del Rey et al. (2023) demonstrated that optimising the 
model architecture and training procedures can significantly reduce energy con-
sumption without significant performance degradation. Their research highlights 
several innovative approaches, including sparse attention mechanisms that reduce 
computational complexity, dynamic voltage and frequency scaling during train-
ing, automated model compression techniques, and federated learning strategies 
that distribute the computational load. 

These technical innovations must be considered alongside the policy frame-
works that incentivise adoption. The International Data Center Alliance’s recent 
guidelines propose a standardised framework for measuring and reducing the en-
vironmental impact of AI infrastructure, including specific benchmarks for re-
newable energy integration and cooling efficiency (Information Technology In-
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dustry Council, 2024). 
In considering future prospects, the viability of sustainable AI infrastructure is 

contingent not only on technological advancements, but also on the implementa-
tion of effective policy support and market incentives. The transition to renewa-
ble-powered AI systems necessitates coordinated efforts across industries, gov-
ernments, and research institutions to scale proven solutions and expedite new 
technology development. 

Policymakers must establish clear guidelines for sustainable AI development. 
As noted by the ITU (2024), regulatory frameworks should encourage the adop-
tion of green technologies in AI development and ensure that environmental sus-
tainability is a priority in both public and private sector initiatives. By incentivis-
ing the use of renewable energy and promoting research into low-energy AI mod-
els, governments can help reduce the environmental impact of AI while maximis-
ing its potential for climate action. 

5.3. Ethical Considerations and Governance 

The ethical implications of deploying artificial intelligence (AI) for climate action 
warrant careful consideration. Issues pertaining to data privacy, algorithmic trans-
parency, and accountability are fundamental for ensuring public trust in these 
technologies. For instance, predictive models utilised for climate risk assessment 
frequently rely on extensive quantities of personal- or community-level data col-
lected through sensors or satellite imagery (UNU-INWEH Report, 2023). In the 
absence of appropriate safeguards, these data could potentially be misused or re-
sult in unintended consequences such as heightened surveillance or discrimina-
tion. 

To address these concerns, it is imperative to implement robust governance 
frameworks that regulate the collection and utilisation of data by AI systems. As 
emphasised by Kaack et al. (2022), transparency in decision-making processes is 
crucial for fostering trust in AI-driven solutions. This encompasses providing ex-
plicit explanations of algorithmic functionality, and ensuring that individuals 
maintain control over their personal data. Furthermore, policymakers should es-
tablish mechanisms for holding organisations accountable in the event that their 
AI systems cause harm or produce biased outcomes. 

International cooperation is vital in developing global standards for ethical AI 
use. The UNFCCC’s AI for Climate Action Initiative aims to foster collaboration 
among governments, civil society organisations, and private sector stakeholders to 
ensure that AI technologies are deployed responsibly and equitably across differ-
ent regions (UNFCCC Report, 2024). By aligning efforts at both the national and 
international levels, it is possible to create a regulatory environment that promotes 
innovation while safeguarding human rights and environmental sustainability. 

6. Conclusion and Policy Implications 

Artificial Intelligence serves as a crucial instrument for addressing climate change 
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through both mitigation and adaptation strategies. Although AI has significant 
benefits in reducing greenhouse gas emissions, improving energy efficiency, and 
enhancing climate resilience across multiple sectors, its implementation faces sub-
stantial challenges. These include the digital divide between developed and devel-
oping nations, the environmental impact of AI systems, and the necessity for ro-
bust governance frameworks. The successful deployment of AI in climate action 
requires addressing these challenges while ensuring ethical considerations, partic-
ularly regarding algorithmic bias and equitable access. International cooperation 
and meticulous policy development remain essential for maximising AI’s poten-
tial to combat climate change while minimising associated risks and ensuring eq-
uitable distribution of benefits across all communities. 

The successful implementation of AI-driven climate solutions necessitates ro-
bust policy support at both national and international levels. Governments play a 
pivotal role in shaping the development and deployment of these technologies by 
establishing clear guidelines on responsible AI utilisation. According to Sandalow 
et al. (2023), policies should focus on three key areas: promoting innovation through 
research funding, ensuring equitable access to technology, and regulating the en-
vironmental impacts of AI systems. 

At the national level, governments should invest in R&D programs that explore 
novel applications of AI for climate mitigation and adaptation. This includes fund-
ing projects that aim to enhance energy efficiency or develop innovative carbon 
sequestration techniques utilising machine-learning algorithms (Farghali et al., 
2023). Furthermore, governments should provide financial incentives to organi-
sations that adopt sustainable practices in their utilisation of AI technologies. 

At the international level, cooperation between countries is essential for scaling 
up proven applications of AI across borders. Initiatives such as the UNFCCC Tech-
nology Mechanism provide a platform for sharing best practices and fostering col-
laboration between developed and developing nations (UNFCCC Report, 2024). 
Such endeavours are crucial for ensuring that all countries, particularly those most 
vulnerable to climate change, can benefit from advancements in AI technology. 

7. Future Directions 

Future research endeavours should focus on refining existing AI models and de-
veloping novel applications to enhance climate-mitigation efforts across various 
sectors. As elucidated by Farghali et al. (2023), the effective implementation of 
scaled proven applications could potentially mitigate up to 10% of global GHG 
emissions by 2030 across industries. However, realising this potential necessitates 
concerted efforts from policymakers, researchers, industry leaders, and civil soci-
ety organisations. 

Furthermore, subsequent research should address the sociotechnical challenges 
associated with AI deployment by exploring methodologies to bridge the digital 
divide and ensure equitable access to technology. This encompasses investing in 
capacity-building initiatives to enhance technical expertise in under-resourced re-
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gions and promote international collaboration in data sharing and best practices. 
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