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Artificial Intelligence (Al) has emerged as a transformative technology in the pursuit

of sustainable energy development, offering innovative solutions to optimize energy
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enhances energy efficiency through predictive maintenance, real-time consumption
monitoring, and intelligent demand response mechanisms. Despite its potential, the
integration of Al in sustainable energy systems presents several challenges. Data
availability and quality remain critical barriers, as energy sectors often lack
standardized and interoperable datasets. Additionally, the high computational costs of
Al models, cybersecurity risks in smart grids, and ethical concerns regarding Al
decision-making pose significant obstacles to widespread adoption. Regulatory
frameworks governing Al implementation in the energy sector are still evolving,
requiring further policy interventions to ensure responsible and effective deployment.
Looking ahead, advancements in Al algorithms, improved energy system integration,
and Al-driven circular economy initiatives offer promising opportunities for
sustainable energy development. Collaborative efforts among governments,
industries, and research institutions are essential to harness Al’s full potential while
addressing its limitations. This review highlights the need for interdisciplinary
research, policy development, and investment in Al-driven sustainable energy
solutions to achieve global energy transition goals. As Al continues to evolve, its role
in optimizing energy use, reducing environmental impact, and fostering a more
resilient and sustainable energy ecosystem will be pivotal in shaping the future of
energy systems worldwide.
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1. Introduction

Artificial Intelligence (Al) refers to the simulation of human intelligence in machines, enabling them to perform tasks such as
learning, reasoning, problem-solving, and decision-making (Korteling et al, 2021). Al encompasses various technologies,
including machine learning, deep learning, natural language processing, and computer vision, which allow systems to analyze
complex data and generate predictive insights (Sarker, 2021; Rane et al, 2024). In the energy sector, Al is increasingly being

196 |Page


https://doi.org/10.54660/.IJMRGE.2025.6.2.196-203

International Journal of Multidisciplinary Research and Growth Evaluation

leveraged to optimize energy production, distribution, and
consumption.

Sustainable energy development refers to the implementation
of energy solutions that meet present needs without
compromising the ability of future generations to meet their
energy demands (Nastasi et al, 2022’ Marti and Puertas,
2022). It focuses on reducing environmental impact,
enhancing energy efficiency, and promoting the use of
renewable energy sources such as solar, wind, and
hydroelectric power. Achieving sustainability in energy
systems requires the integration of advanced technologies to
manage resources efficiently and minimize waste. Al plays a
crucial role in this transition by enabling real-time data
analysis, predictive modeling, and automated decision-
making to improve energy management and reduce carbon
emissions (Liu et al, 2022; Adegbite et al, 2024).

The growing demand for energy, coupled with concerns
about climate change, has intensified the need for innovative
approaches to sustainable energy management (Joel et al,
2024). Al has emerged as a powerful tool for enhancing the
efficiency and sustainability of energy systems in several
ways. First, Al improves the forecasting of renewable energy
production by analyzing weather patterns and historical data.
This enables more accurate predictions of solar and wind
energy generation, helping grid operators balance supply and
demand effectively (Ajayi et al, 2025). Additionally, Al
enhances grid stability by enabling smart grid technologies
that adjust energy distribution in real time based on demand
fluctuations. Second, Al-driven optimization techniques help
improve energy efficiency in industrial, commercial, and
residential settings. For instance, Al algorithms can analyze
consumption patterns and automate energy-saving measures,
such as adjusting heating, ventilation, and air conditioning
(HVAC) systems or optimizing lighting schedules (Adeoba
and Fatayo, 2024; Ajagbe et al, 2024). Predictive
maintenance powered by Al also minimizes downtime in
energy infrastructure by detecting potential failures before
they occur, reducing costs and enhancing system reliability.
Third, Al facilitates the integration of decentralized energy
systems, including microgrids and peer-to-peer (P2P) energy
trading platforms. By leveraging blockchain and Al
technologies, energy consumers and producers can engage in
transparent and efficient transactions, enabling greater
adoption of renewable energy sources (Ajayi and Akerele,
2021; Odunaiya et al, 2024). Moreover, Al contributes to
climate mitigation efforts by optimizing carbon capture and
storage (CCS) technologies and enhancing the effectiveness
of energy policies. Al-driven analytics assist policymakers in
evaluating the environmental impact of energy strategies and
designing sustainable solutions tailored to specific regions
(Adeoba et al, 2018; Ochuba et al, 2024).

This review aims to examine the role of Al in sustainable
energy development by analyzing its applications,
challenges, and future directions. The primary objectives of
this study are; To explore Al applications in sustainable
energy systems, including renewable energy generation,
energy efficiency, smart grids, and decentralized energy
management. To identify the key challenges associated with
Al implementation in the energy sector, such as data
limitations, cybersecurity risks, and regulatory barriers. To
assess the future opportunities for Al in energy sustainability,
focusing on advancements in Al technologies, policy
frameworks, and investment strategies. The scope of this
review encompasses Vvarious Al-driven innovations in
renewable energy forecasting, energy consumption
optimization, smart grid management, and climate resilience
strategies. It also examines the potential risks and ethical
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considerations associated with Al adoption in energy
systems. By providing a comprehensive analysis of Al’s role
in sustainable energy development, this review aims to
contribute to the ongoing discourse on leveraging Al to
accelerate the global transition toward clean and efficient
energy solutions (Ishola et al, 2024; Arowosegbe et al, 2024).

2. Methodology

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) methodology was used to
ensure a structured and transparent approach in reviewing the
role of Artificial Intelligence (Al) in sustainable energy
development. A comprehensive literature search was
conducted using databases such as IEEE Xplore, Scopus,
Web of Science, and Google Scholar. The search strategy
included keywords such as "Artificial Intelligence in
Energy," "Al for Renewable Energy," "Machine Learning in
Energy Systems,"” "Smart Grids and Al" and "Al for
Sustainable Energy Development.” Boolean operators (AND,
OR) were applied to refine search queries and retrieve
relevant peer-reviewed journal articles, conference papers,
and industry reports.

Eligibility criteria were established to ensure the inclusion of
high-quality sources. Articles published from 2015 onward
were considered to reflect recent advancements in Al
applications for energy sustainability. Studies focusing on
Al-driven energy efficiency, smart grids, predictive
maintenance, and decentralized energy systems were
included. Exclusion criteria were applied to non-English
articles, studies lacking empirical evidence, and papers
unrelated to Al applications in sustainable energy. The
selection process followed a four-stage screening:
identification, screening, eligibility assessment, and
inclusion. Initially, duplicate records were removed, and
titles and abstracts were screened for relevance. Full-text
articles of shortlisted studies were then assessed to confirm
their eligibility based on the inclusion criteria.

Data extraction focused on key Al applications in energy
sustainability, challenges in Al adoption, and future
directions. Information was synthesized based on Al-driven
renewable energy forecasting, demand-side optimization,
grid stability enhancement, and climate impact mitigation.
The review adhered to PRISMA guidelines to ensure
methodological rigor, minimize bias, and provide a
comprehensive synthesis of Al’s role in driving sustainable
energy development. Findings were categorized into major
themes, highlighting technological advancements, regulatory
challenges, and emerging opportunities in Al-enabled energy
transition.

2.1 Al Applications in sustainable energy development

Al is playing a pivotal role in optimizing renewable energy
generation by improving the accuracy of forecasting,
enhancing grid management, and optimizing energy storage
systems as shown in figure 1 (Ajayi and Akerele, 2022). Al-
driven forecasting for solar and wind energy production
significantly enhances the reliability and efficiency of
renewable energy sources. Machine learning models analyze
historical weather patterns, atmospheric conditions, and real-
time satellite data to predict fluctuations in solar irradiance
and wind speeds (Arowosegbe et al, 2024). These predictive
capabilities enable energy operators to anticipate generation
variations, optimize energy dispatch, and integrate
renewables into the grid with greater stability. Advanced
deep learning algorithms further refine these predictions by
continuously learning from new data, reducing forecasting
errors and minimizing reliance on fossil fuel-based backup
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power. Smart grid management and energy distribution
leverage Al-driven automation to balance supply and demand
efficiently (Adeoba et al, 2019; Odili et al, 2024). Traditional
grids often struggle with the variability of renewable energy
sources, leading to power fluctuations and inefficiencies. Al-
powered grid management systems optimize energy flow by
analyzing real-time data from sensors, smart meters, and
weather forecasting models. These systems detect anomalies,
predict peak demand, and autonomously adjust power
distribution, ensuring grid stability. Furthermore, Al-driven
optimization helps prevent blackouts, reduce transmission
losses, and enhance energy resilience. Al-based optimization
of energy storage systems addresses one of the primary
challenges of renewable energy intermittency. By using Al
algorithms, energy storage solutions such as lithium-ion
batteries, pumped hydro storage, and hydrogen storage can
be managed more efficiently. Al predicts energy storage
needs, optimizes battery charging and discharging cycles, and
extends battery lifespan. Moreover, Al enhances hybrid
energy storage systems by dynamically selecting the most
efficient storage technology based on demand forecasts and
renewable energy generation trends (Ajayi and Akerele,
2022; Joel et al, 2024).

N
Machine learning
models
S
2

Advanced deep
learning algorithms

Al-driven
forecasting

Fig 1: Al tools for applications in sustainable energy development

Al enhances energy efficiency and demand-side management
through predictive maintenance, energy consumption
forecasting, and demand response strategies (Olutimehin et
al, 2024). Al in predictive maintenance and smart energy
monitoring helps detect equipment failures before they occur,
reducing downtime and maintenance costs. By analyzing
sensor data from power plants, wind turbines, and industrial
machinery, Al identifies patterns indicating potential failures.
This predictive capability enables preemptive maintenance,
reducing unexpected breakdowns and enhancing operational
efficiency (Joel et al, 2024). Al-powered smart meters also
provide real-time insights into energy usage, allowing
consumers to identify inefficiencies and optimize
consumption patterns. Al-driven energy consumption
forecasting and optimization enable households, industries,
and businesses to manage energy use more effectively.
Machine learning models analyze historical energy usage
patterns, weather data, and market prices to predict future
energy demand. These insights help consumers and energy
providers optimize energy consumption by automating load
balancing, reducing peak demand, and minimizing waste. For
instance, Al-powered HVAC systems adjust temperature
settings based on occupancy patterns and weather conditions,
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significantly reducing energy costs (Ochuba et al, 2024). The
role of Al in demand response strategies is crucial in
balancing electricity supply and demand. Demand response
programs incentivize consumers to shift electricity usage to
off-peak hours, preventing grid congestion and reducing
reliance on fossil fuel-based peaking plants. Al enhances
demand response by analyzing real-time energy demand,
predicting peak load periods, and autonomously adjusting
energy consumption in smart buildings and industrial
facilities. Al-powered automation further enables dynamic
pricing models that encourage consumers to use electricity
when renewable generation is abundant (Adeoba and
Yessoufou, 2018).

Al is accelerating the transition to decentralized energy
systems through microgrids, blockchain integration, and
virtual power plants (VPPs) (Ejairu et al, 2024). Al-powered
microgrids and peer-to-peer (P2P) energy trading enable
local energy generation, consumption, and distribution
without reliance on centralized power grids. Al optimizes
microgrid operations by analyzing real-time energy demand,
renewable generation, and battery storage levels.
Additionally, Al-driven platforms facilitate P2P energy
trading, allowing prosumers (producers and consumers) to
sell excess renewable energy to their neighbors. By
leveraging Al for dynamic pricing and automated
transactions, decentralized energy markets become more
efficient and cost-effective. Blockchain and Al integration
for energy transactions enhance transparency, security, and
efficiency in decentralized energy markets. Blockchain
technology provides a tamper-proof ledger for recording
energy transactions, while Al automates contract execution
and optimizes energy trading decisions. Smart contracts,
powered by Al and blockchain, enable automatic settlement
of energy trades based on predefined conditions (Odunaiya et
al, 2024). This integration reduces fraud, lowers transaction
costs, and streamlines renewable energy trading. Al in virtual
power plants (VPPs) and energy decentralization facilitates
the aggregation of distributed energy resources, such as solar
panels, wind farms, and energy storage systems, into a
unified network. Al coordinates VPP operations by
predicting energy generation, managing grid interactions, and
optimizing resource allocation. This decentralized approach
enhances grid stability, maximizes renewable energy
utilization, and reduces dependency on fossil fuel power
plants.

Al plays a crucial role in reducing carbon emissions and
mitigating climate change through carbon capture
optimization, climate modeling, and smart urban planning.
Al applications in carbon capture and storage (CCS)
optimization improve the efficiency of capturing and storing
CO: emissions from industrial processes and power plants
(Ochuba et al, 2024). Machine learning models analyze
geological data to identify optimal storage sites, predict
carbon sequestration rates, and enhance monitoring of
underground storage reservoirs. Al-driven control systems
optimize the operation of CCS technologies, reducing energy
consumption and improving CO: capture efficiency. Al-
driven climate modeling and policy impact assessments
provide valuable insights for policymakers and
environmental agencies. Al-powered climate models process
vast amounts of environmental data to predict long-term
climate trends, assess the impact of various policy
interventions, and identify the most effective strategies for
reducing emissions. Al enhances scenario modeling,
allowing decision-makers to evaluate the potential outcomes
of carbon pricing, renewable energy subsidies, and emission
reduction targets. Smart transportation and Al-enabled
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energy-efficient urban planning contribute to sustainable
cities by optimizing traffic flow, reducing emissions, and
improving public transportation systems. Al-driven traffic
management systems analyze real-time data from sensors,
cameras, and GPS devices to minimize congestion and fuel
consumption (Arowosegbe et al, 2024). Additionally, Al
optimizes public transit routes, promotes electric vehicle
(EV) adoption, and facilitates the integration of smart
charging infrastructure. Al-driven urban planning tools also
assist city planners in designing energy-efficient buildings,
green spaces, and sustainable infrastructure projects
(Olutimehin et al,2024).

Al is revolutionizing sustainable energy development by
optimizing renewable energy generation, enhancing energy
efficiency, enabling decentralized energy systems, and
supporting carbon emission reduction efforts. Through Al-
driven forecasting, smart grid management, predictive
maintenance, and decentralized energy trading, Al
significantly improves the efficiency, reliability, and
sustainability of modern energy systems. However,
challenges such as data privacy concerns, regulatory barriers,
and the high computational demands of Al models must be
addressed to unlock its full potential (Adeoba, 2018). As Al
technology continues to evolve, its integration with
sustainable energy initiatives will play a critical role in
accelerating the global transition to a low-carbon economy.

2.2 Challenges in implementing ai for sustainable energy
Despite the transformative potential of artificial intelligence
(Al) in sustainable energy development, several challenges
hinder its widespread adoption and effectiveness. These
challenges span data-related issues, high computational
demands, cybersecurity risks, and regulatory and ethical
concerns as shown in figure 2 (Awonuga et I., 2024,
Odunaiya et al, 2024). Addressing these obstacles is critical
for ensuring Al's successful integration into the energy
sector.

One of the most significant challenges in implementing Al
for sustainable energy is the availability and quality of data.
Al models rely on large volumes of high-quality, real-time
data to optimize energy generation, distribution, and
consumption. However, collecting and integrating data from
diverse energy sectors remains a complex issue (Odili et al,
2024). Challenges in data collection and integration across
energy sectors arise due to the fragmented nature of energy
infrastructure. Traditional power grids, renewable energy
sources, industrial systems, and consumer-level energy usage
all generate data in different formats and across multiple
platforms. Many energy systems lack adequate sensors and
monitoring mechanisms, leading to incomplete or
inconsistent data sets. Additionally, data silos exist between
private energy companies, government agencies, and
research institutions, making it difficult to develop Al models
that require holistic, cross-sector insights. The need for
standardized and interoperable energy datasets is critical for
Al-driven sustainable energy solutions. Many energy
datasets lack uniformity in terms of measurement units,
reporting formats, and data granularity. Without standardized
frameworks, Al models struggle to process and compare
information effectively. Establishing global standards for
energy data collection, sharing, and interoperability would
facilitate more accurate Al predictions, improve decision-
making, and enhance the scalability of Al-based energy
solutions (Ochuba et al, 2024; Adeoba et al, 2025).
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Fig 2: Challenges in implementing ai for sustainable energy

Al applications in sustainable energy require substantial
computational resources, leading to high infrastructure costs
and significant energy consumption (Adeoba et al, 2024).
The energy consumption of Al models poses a paradox for
sustainable energy development. Advanced Al algorithms,
particularly deep learning models, require vast computational
power, which leads to increased electricity consumption
(Ukoba et al, 2024; llesanmi et al, 2024). Training large-scale
Al models involves running extensive calculations on GPUs
(graphics processing units) or TPUs (tensor processing units),
consuming substantial amounts of energy. Ironically, this
demand can offset some of the sustainability benefits that Al
seeks to achieve, especially if Al infrastructure relies on
fossil fuel-based energy sources. The need for specialized
hardware and cloud computing solutions further adds to the
cost barrier. Many Al-driven energy applications require
high-performance computing resources, which can be
expensive to acquire and maintain (Adeoba et al, 2024).
While cloud computing services offer scalable solutions, they
also introduce concerns related to data security, latency, and
dependence on external service providers. For energy
companies with limited financial resources, investing in Al-
ready infrastructure remains a significant challenge.
Developing energy-efficient Al algorithms and leveraging
edge computing could mitigate some of these cost and energy
concerns.

Al-driven energy systems, particularly smart grids and
decentralized energy platforms, are vulnerable to
cybersecurity threats and privacy risks (Nzeako et al, 2024).
Al vulnerabilities in smart grids and decentralized energy
systems expose critical energy infrastructure to potential
cyberattacks. Smart grids, which rely on Al for real-time
energy distribution, are increasingly targeted by hackers
seeking to manipulate grid operations, disrupt power supply,
or steal sensitive energy data. Al-driven automation, while
improving efficiency, also introduces attack surfaces that
adversaries can exploit. Similarly, decentralized energy
platforms, such as peer-to-peer (P2P) energy trading
networks and virtual power plants (VPPs), depend on Al for
decision-making and energy transactions. Without robust
security measures, these systems remain susceptible to data
manipulation, unauthorized access, and fraudulent
transactions.
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The risk of cyberattacks and data breaches in Al-driven
energy platforms is an ongoing concern. Cybercriminals can
exploit Al weaknesses through adversarial attacks, where
they manipulate Al algorithms by introducing misleading
data inputs (Popoola et al, 2024). Additionally, data privacy
remains a critical issue, as Al systems collect and process vast
amounts of consumer energy usage data. If not properly
secured, this information could be exploited for unauthorized
surveillance, financial fraud, or identity theft. Implementing
advanced cybersecurity measures, such as blockchain-based
authentication, encrypted Al models, and Al-powered threat
detection, is essential to safeguarding Al-driven energy
infrastructure.

The deployment of Al in sustainable energy also faces
regulatory uncertainty and ethical dilemmas, particularly
concerning fairness, transparency, and equitable energy
distribution (Nzeako et al, 2024). The lack of regulatory
frameworks for Al implementation in energy creates
uncertainty for policymakers, businesses, and consumers.
Many energy regulations were designed before Al-driven
automation became prevalent, making them inadequate for
addressing the unique risks and opportunities presented by Al
(Popoola et al, 2024). Regulations governing Al-based
energy trading, smart grid automation, and demand response
strategies vary across jurisdictions, leading to inconsistent
implementations.  Without clear guidelines, energy
companies may be hesitant to invest in Al solutions due to
legal and compliance risks. Developing Al-specific
regulatory frameworks tailored to the energy sector is crucial
for promoting responsible Al deployment. Ethical concerns
in Al decision-making for energy access and distribution
revolve around fairness, accountability, and bias. Al systems
make critical decisions regarding energy allocation, pricing,
and infrastructure development. If these algorithms are not
designed with fairness in mind, they could reinforce existing
inequalities in energy access. Ensuring transparency in Al
algorithms and incorporating fairness considerations into Al-
driven decision-making is essential for promoting social
equity in energy distribution (Akinbolaji et al, 2024). While
Al holds immense promise for advancing sustainable energy
development, significant challenges must be addressed to
unlock its full potential. Issues related to data availability,
high computational demands, cybersecurity threats, and
ethical concerns present formidable obstacles to Al adoption
in the energy sector. Overcoming these challenges requires
collaborative efforts between governments, industry
stakeholders, and research institutions. By developing
standardized energy datasets, investing in energy-efficient Al
infrastructure, strengthening cybersecurity measures, and
establishing clear regulatory guidelines, Al can become a
driving force in creating a more sustainable and resilient
global energy system.

2.3 Future directions and opportunities

As artificial intelligence (Al) continues to evolve, its role in
sustainable energy development is expanding. Future
advancements in Al algorithms, integration with energy
systems, circular economy applications, and policy
collaboration present significant opportunities for optimizing
energy production, reducing environmental impact, and
enhancing global energy sustainability (Akpukorji et al,
2024). Addressing these opportunities will be essential for
realizing the full potential of Al in energy systems.

The development of more efficient Al models for real-time
energy optimization will be a key driver of sustainable energy
systems. Traditional Al models often require extensive
computational resources, limiting their scalability. Future
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advancements will focus on energy-efficient Al algorithms
that can process vast amounts of energy data while
minimizing computational power requirements. Al-driven
energy scenario modeling for policy and planning will also
play a crucial role in shaping the future of energy transitions
(Akinsanya et al, 2024). By leveraging machine learning and
deep learning techniques, Al can simulate various energy
policy scenarios, predict the long-term impact of renewable
energy adoption, and assess potential risks associated with
climate change. These predictive models can help
policymakers make data-driven decisions, ensuring that
sustainable energy investments align with economic and
environmental goals. Al-powered scenario modeling can also
support the integration of distributed energy resources
(DERSs) and enhance the resilience of power grids in the face
of fluctuating energy demands.

Al applications in energy waste reduction and recycling will
contribute to the transition towards a circular economy in the
energy sector. By analyzing energy consumption patterns and
identifying  inefficiencies, Al can facilitate the
implementation of energy-saving measures in industries,
commercial buildings, and households. Additionally, Al-
driven waste-to-energy systems can optimize the conversion
of organic waste, industrial by-products, and discarded
batteries into usable energy. These advancements can reduce
reliance on fossil fuels and enhance the sustainability of
energy production. Al-driven material innovation for energy
storage solutions is another promising area of research.
Energy storage technologies, such as lithium-ion batteries,
hydrogen fuel cells, and solid-state batteries, play a vital role
in renewable energy integration. Al can accelerate the
discovery of new materials with enhanced energy storage
capabilities, improved durability, and lower environmental
impact (Nzeako, 2020). Machine learning models can
analyze vast datasets of chemical compositions and
experimental results to identify optimal materials for next-
generation batteries and supercapacitors. Such innovations
will improve the efficiency and lifespan of energy storage
solutions, making renewable energy more reliable and
scalable.

The role of governments and stakeholders in Al-driven
energy policies will be instrumental in fostering a regulatory
environment that supports Al innovation while ensuring
ethical and sustainable implementation. Policymakers must
establish clear guidelines for Al deployment in energy
systems, addressing concerns related to data privacy,
cybersecurity, and equitable energy distribution.
Governments can also provide financial incentives and
research grants to encourage the development of Al-powered
energy solutions. Public-private partnerships will be essential
in bridging the gap between Al research institutions and
energy companies, facilitating the adoption of Al in real-
world energy applications. International cooperation for Al-
powered sustainable energy solutions is crucial for
addressing global energy challenges. Al-driven energy
models and optimization techniques can be shared across
borders to improve energy efficiency and sustainability
worldwide. Collaborative initiatives, such as the International
Energy Agency (IEA) and the United Nations Sustainable
Energy for AIll (SEforALL) program, can facilitate
knowledge exchange and best practices for Al-driven energy
transitions. Standardizing Al methodologies for energy
forecasting, smart grid management, and carbon reduction
strategies can enable countries to work collectively toward
achieving net-zero emissions. Future advancements in Al
offer transformative opportunities for sustainable energy
development. By improving Al algorithms, optimizing real-
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time energy management, and integrating Al with circular
economy principles, the energy sector can achieve greater
efficiency and environmental sustainability. Collaboration
between governments, industry leaders, and international
organizations will be essential in establishing policies and
frameworks that support Al-driven energy innovations. As
Al technology continues to evolve, its strategic
implementation in the energy sector will play a pivotal role
in shaping a cleaner, more resilient, and sustainable energy
future.

3. Conclusion

Artificial Intelligence (Al) has emerged as a transformative
force in the pursuit of sustainable energy development.
Throughout this review, several key applications of Al in
energy systems have been highlighted, including renewable
energy generation optimization, energy efficiency and
demand-side management, decentralized smart energy
systems, and carbon emission reduction. Al-driven
forecasting for solar and wind energy, smart grid
management, predictive maintenance, and Al-powered
microgrids contribute to optimizing energy production,
distribution, and consumption. Additionally, Al facilitates
advanced climate modeling and policy impact assessments,
playing a critical role in global climate mitigation efforts.
Despite these advancements, challenges persist in the
implementation of Al for sustainable energy. Issues related
to data availability and quality, high computational and
infrastructure costs, cybersecurity risks, and regulatory
barriers hinder widespread Al adoption. The energy
consumption of Al models and the need for specialized
hardware further complicate integration into energy systems.
Addressing these challenges will require coordinated efforts
from policymakers, industry stakeholders, and researchers to
develop standardized data frameworks, improve Al
efficiency, and establish robust security measures.

Al is crucial for achieving global energy sustainability goals
by enhancing energy efficiency, reducing carbon emissions,
and facilitating the transition to renewable energy sources. Its
ability to analyze complex energy data in real-time, predict
demand fluctuations, and optimize resource allocation makes
it indispensable in modern energy systems. As Al technology
advances, its integration with circular economy principles,
improved material innovation for energy storage, and Al-
driven policy development will further drive sustainable
energy transitions. Al has the potential to revolutionize
sustainable energy systems by making them more efficient,
resilient, and environmentally friendly. While challenges
remain, continued innovation, investment, and collaboration
will be essential in maximizing Al’s impact on the global
energy landscape. By leveraging Al’s capabilities
responsibly, the world can move closer to a sustainable and
decarbonized energy future.
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