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Foreword

rtificial intelligence (Al) is revolutionizing energy generation and management systems. Across

the Asia-Pacific region, Al is emerging as a key enabler of a transition towards renewable and
sustainable energy sources - optimizing grid operations, enhancing renewable energy forecasting,
improving energy storage management and supporting smarter demand response. From wind and
solar forecasting to predictive maintenance and autonomous grid management, Al-driven solutions
are helping countries meet rising energy demand along-side their decarbonization goals, while main-
taining system reliability and affordability.

The potential of Al in energy transition is substantial; however, significant challenges remain.
Infrastructure gaps, fragmented policies, investment shortfalls, and inadequate skills, workforce
capacity and availability, complicate the deployment of Al solutions at scale. Technical challenges,
including data quality, interoperability, cybersecurity and Al explainability need to be addressed
Ensuring equitable access to Al benefits across countries with diverse levels of development is a
priority.

Addressing these challenges requires a comprehensive approach: harmonized governance frame-
works, strategic investments in digital-ready grids, capacity building initiatives, and strengthened
regional cooperation. With its diverse energy landscape and growing digital economy, the Aisa Pacific
region stands at a pivotal juncture to harness Al's transformative potential while managing the asso-
ciated risks. According to the World Bank, 98.6% of the Asia-Pacific population had electricity access
as of 2023, and the region is now prioritizing energy efficiency and expanding renewable sources.

This issue of Asia-Pacific Tech Monitor is dedicated to the theme: “Harnessing Artificial Intelligence
for Energy Transition.” It features insightful articles exploring Al applications across energy systems.
The articles examine technical innovations, policy frameworks, regional case studies, and future
research directions, enriched with real-world examples from across the region. This issue also includes
an Al-generated special feature to showcase Al’'s potential in knowledge synthesis and technical
writing - offering both substantive content on Al applications for energy transition and a practical
demonstration of Al capabilities.

We hope this edition serves as a useful resource, not only for information on Al's transformative role
in energy systems but also for supporting informed decision-making for moving towards a cleaner,
smarter and resilient energy future.

Preeti Soni
Head, APCTT
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The government has launched the
Industrial Property Administration
System (IPAS 4.0) software to protect
intellectual property. IPAS is an interna-
tionally known and recognized software
being successfully used in many coun-
tries across the world with the techni-
cal assistance of the World Intellectual
Property Organization (WIPO).

Industries Adviser Adilur Rahman Khan
today inaugurated the software for the
Department of Patents, Designs and
Trademarks (DPDT) at an event at the
Industries Ministry conference room in
the city, said a press release. Speaking
on the occasion, Adilur said that with the
inauguration of the Industrial Property
Administration System (IPAS 4.0) soft-
ware, Bangladesh has entered a fully
automated era in intellectual property
management.

The software will take the country’s
patent, design, and trademark ser-
vices to a faster and international stan-
dard, he added. Among others, WIPO
Representative Hisham Adel Elhosseiny
Fayed and Director General of the
DPDT Mohammad Jahangir Hossain
were present.

https://www.bssnews.net/

China’s Ministry of Education has re-
cently issued two guidelines to promote
artificial intelligence (Al) education
in primary and secondary schools
by building a tiered, progressive, and
spiralling general Al education sys-
tem, prohibiting students from inde-
pendently using open-ended content

generation at primary schools and ban-
ning teachers from using generative Al
as a substitute for their core teaching
responsibilities.

The release of the two documents - the
guidelines for Al general education in
primary and secondary schools (2025)
and the guidelines for the use of genera-
tive Al in primary and secondary schools
(2025) - marks a significant initiative to
scientifically and systematically pro-
mote Al education across all levels of
schooling, further implement the culti-
vation of innovative talent with Al liter-
acy and offers a Chinese solution to re-
spond to technological transformation
in the global education sector, CCTV
News reported.

The guidelines for Al general educa-
tion aim to establish a comprehen-
sive, scientifically grounded Al educa-
tion system, which centers on Al literacy
through the adoption of a spiral curric-
ulum designed to realize the develop-
ment from cognitive enlightenment to
creative practice, CCTV reported. At the
primary level, the focus is on sparking
interest and building foundational cog-
nitive understanding. During the junior
high school period, the Al education
will reinforce students’ understanding
of technical principles and foundation-
al Al applications. At the senior high lev-
el, emphasis is placed on systems think-
ing and innovation.

According to the Al general education
guidelines, the goal is to cultivate stu-
dents’ core competencies for adapting
to anintelligent society, the Al education
system will cultivate talent with Al liter-
acy characterized by an integrated de-
velopment in terms of knowledge, skills,
thinking and values which includes the
development of technological innova-
tion thinking, critical thinking, human-Al
collaboration skills, Al literacy, and a
strong sense of social responsibility,
People’s Education magazine reported
on Monday.

By implementing a coordinated mech-
anism involving “curriculum restructur-
ing, integrated resources, innovative
assessment and empowered teacher
training,” this initiative aims to transition

Al education from localized pilots to na-
tionwide implementation, ultimately es-
tablishing a Chinese-style model of Al
general education for primary and sec-
ondary schools, CCTV reported.

The guidelines for using generative Al
focus on practical applications in pri-
mary and secondary education, clearly
specifying the usage standards for each
educational stage. They aim to ensure
that the technology is used safely, ap-
propriately, and effectively to support
teaching, promote students’ personal-
ized learning, and advance intelligent
education management, while strictly
upholding data security and ethical stan-
dards, according to CCTV.

The implementation of the two guide-
lines is expected to enhance Al litera-
cy among primary and secondary stu-
dents, deepen the integration of Al into
education, and drive innovation in teach-
ing models. They aim to build a new Al-
powered educational ecosystem that is
safe, efficient, equitable, and inclusive,
laying a solid foundation for cultivating
innovative talent in line with the devel-
opment of the era, according to People’s
Education.

https://www.globaltimes.cn/

India’s newly approved Research
Development and Innovation (RDI)
scheme, with a INR 1 lakh crore corpus,
is set to provide a major boost to private
sector R&D and deep-tech startups by
making long-term, affordable financing
accessible for high-impact innovation
projects, a senior government official
said. The scheme, approved by the
Union cabinet on July 1, is designed to
ease funding constraints and foster a
robust domestic innovation ecosystem.
A senior government official cited by
news agency PTI said that the RDI
scheme is structured to help companies
access long-term, low or nil-interest
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financing for high-risk, high-tech
research projects.

The initiative will also support equi-
ty-based funding for startups and fa-
cilitate the creation of a deep-tech
Fund of Funds. The corpus will be
managed through a Special Purpose
Fund under the Anusandhan National
Research Foundation (ANRF), with
INR 20,000 crore already allocated in
the Union Budget for FY26. The gov-
ernment will provide a 50-year inter-
est-free loan to the fund, which will fur-
ther allocate capital to second-level
fund managers, including AlFs, NBFCs,
and Focused Research Organisations.
The official further said that the aim is
to help India “jumpstart its R&D eco-
system” by creating a mechanism
where ministries can propose rele-
vant technologies for inclusion under
the scheme. “Any ministry that wants a
technology included under the scheme
can send a proposal to the Department
of Science and Technology,” the offi-
cial added.

The Department of Science and
Technology will act as the nodal agen-
cy for implementation and will issue
detailed operational guidelines. These
will include provisions to ensure ef-
fective capital recycling so that pri-
vate sector RDI efforts continue to
receive support over time. India cur-
rently spends just 0.65% of its GDP
on R&D, significantly below the glob-
al average of 2.7%, and far lower than
countries like Israel (6.3%) and the
Republic of Korea (5%). According to
officials, one of the key objectives is
to change the perception in the private
sector that R&D is a cost rather than an
investment.

The governing board of ANRF, chaired
by the Prime Minister, will provide stra-
tegic direction. An Executive Council un-
der ANRF will approve project scopes
and second-level fund managers.
Launched under the broader umbrella
of Startup India, the RDI scheme adds
another critical layer to India’s ambition
to become a global innovation power-
house by 2047

https://timesofindia.indiatimes.com/
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The government launched a net-
work of advanced biomanufac-
turing hubs to scale up the coun-
try’s bioeconomy and accelerate
innovation across diverse sectors, of-
ficials said. The High Performance
Biomanufacturing Platforms, an initia-
tive of the Department of Biotechnology
(DBT) and the Biotechnology Industry
Research Assistance Council (BIRAC),
are being rolled out under the BioE3
Policy (Biotechnology for Environment,
Economy and Employment), they said.

The High Performance Bio-
manufacturing Platforms, an initiative
of the Department of Biotechnology
(DBT) and the Biotechnology Industry
Research Assistance Council (BIRAC),
are being rolled out under the BioE3
Policy (Biotechnology for Environment,
Economy and Employment), they
said. “The High Performance
Biomanufacturing Platforms are a net-
work of advanced bio-foundries and bio-
manufacturing hubs designed to provide
state-of-the-art infrastructure, technol-
ogy, and expertise for scaling up bio-
based innovations from the laboratory
to pilot and pre-commercial stages,” an
official statement said.

The platforms integrate tools such as
synthetic biology, artificial intelligence,
machine learning, and omics technol-
ogies to accelerate the development
of sustainable solutions in health, agri-
culture, food systems, clean energy, in-
dustrial biotechnology, and climate re-
silience, it said.

Union Minister of State for Science and
Technology Jitendra Singh noted that
India’s bioeconomy has also gone up
from just $10 billion and is now set to
leapfrog to the $300 billion mark by
2030. He said the biomanufacturing
hubs and bio-enablers would also con-
tribute to India’s geopolitical empower-
ment, reducing dependence on petro-
leum imports and creating sustainable
alternatives through biotechnology. It
brings together 21 bio-enabler facil-
ities across the country, supporting
start-ups, SMEs, industries, and aca-
demia in scaling up technologies in ar-
eas ranging from cell and gene thera-
py to marine biotechnology, precision
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biotherapeutics, smart proteins, and car-
bon capture.

The newly launched hubs, which are
also called National Bio-Enablers or
Mulankur (roots of new growth), will
support innovation across health, agri-
culture, energy, environment, industrial
biotechnology, and Al-driven bio-manu-
facturing, Gokhale explained.

https://www.thehindu.com/

Artificial Intelligence (Al) could help
Indonesia achieve its vision of Golden
Indonesia 2045 with the right strat-
egy and governance, according to
Minister of Communication and Digital
Affairs, Meutya Hafid. Stating this in
her foreword to Indonesia’s National
Al Roadmap White Paper, she said the
Al roadmap would provide policy direc-
tion to accelerate Al ecosystem devel-
opment to ensure the country was not
to be left behind in a field increasingly
dominated by advanced countries and
global tech giants.

The White Paper, drafted by the Al
Roadmap Task Force, a 443-member
body representing government, aca-
demia, industry, civil society, and the
media, was launched by the Ministry
of Communication and Digital in ear-
ly August. It has been envisaged as a
strategic document that would serve
as the country’s reference for adopt-
ing and developing Al technology in a
more focused, inclusive, and ethical
manner. The document has been circu-
lated for public consultation to gather
wider input from stakeholders. This ini-
tiative builds on the National Al Strategy
2020-2045, which was an initial frame-
work developed by the Collaborative
Research and Industrial Innovation in
Al (KORIKA), an organisation formed
by scientists, technocrats, and industry
leaders to accelerate the Al ecosystem
in Indonesia.

The national Al roadmap outlines three
main action plans: Al ecosystems, Al de-
velopment priorities, and Al financing —
all anchored in ethical guidance and
regulation. This roadmap also breaks
down the action plan into three time


https://timesofindia.indiatimes.com/
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horizons: short term (2025-2027), me-
dium term (2028-2035), and long term
(2035-2045).

Indonesia’s Al ecosystem develop-
ment would focus on three main pil-
lars. The first pillar was talent devel-
opment. Indonesia aimed to nurture a
large pool of skilled professionals who
could both use and create Al innova-
tion. The roadmap sets an ambitious
target of producing 100,000 Al talents
annually. Around 30 per cent would be
developers, divided further into Al spe-
cialists (30 per cent) and practitioners
(70 per cent), and the remaining 70 per
cent would be Al end-users. The gov-
ernment also aimed to ensure 20 mil-
lion citizens are Al-literate by 2029. The
next pillar was research and industrial
innovation.

The roadmap emphasised advanced,
relevant, and sustainable Al research
that delivered real benefits to society. To
achieve this, the government would en-
courage agencies, universities, and in-
dustries to strengthen Al programmes
in priority sectors. A cross-sectoral open
sandbox platform would also be devel-
oped to support experimentation and
collaboration.

The last pillar in Indonesia’s Al ecosys-
tem was infrastructure and data. To
foster domestic Al innovation, the gov-
ernment planned to expand digital infra-
structure, including high-performance
computing, GPUs/TPUs, and a nation-
al cloud hosted in sovereign data cen-
tres to ensure secure and regulated data
management. The white paper also out-
lined plans to promote the development
of green data centres through public—-
private partnerships.

The roadmap focuses on developing Al
for strategic use cases, ensuring that
Al adoption delivers meaningful and
sustainable impact. These priorities
closely align with the country’s nation-
al development agenda and President
Prabowo’s Asta Cita vision. The priori-
ty sectors for Al include food security,
healthcare, education, economy and fi-
nance, bureaucratic reform, politics and
security, energy, environment, housing,
transport and logistics, as well as arts,
culture, and the creative economy.

Public services were also identified as
an immediate priority for the 2025-2027

term. In healthcare, Al would be applied
for early disease detection, remote pa-
tient monitoring, and optimising the dis-
tribution of medicines and vaccines. In
education, the focus would be on adap-
tive learning and digital platforms for
personalised teaching materials. The
government also plans to develop au-
tomated evaluation systems to ease as-
sessment processes in schools.

In governance, Al applications would
centre on intelligent chatbots for pub-
lic services and data-driven policy an-
alytics. For transport and mobility, de-
velopment would be directed towards
smart traffic systems, public transport
management, and the optimisation of
national logistics.

The roadmap outlined a phased financ-
ing strategy, combining state budget al-
locations, private sector contributions,
and external partnerships through bilat-
eral and multilateral collaborations. Over
the next two decades, the government
aimed to establish a sustainable financ-
ing ecosystem driven by industry partic-
ipation and international investment. To
achieve this, Indonesia will expand fis-
cal incentives to encourage Al-related
investments. A notable feature of the
roadmap was the role of Danantara,
Indonesia’s newly established sovereign
wealth fund, which has been tasked with
spearheading Al financing.

https://govinsider.asia/

The National Document for the
Development of Quantum Sciences
and Technologies was approved with
a focus on ten-year strategies for the
advancement of this field and with the
goal to place Iran among the leading
countries in quantum technology and
increase investment in this area to $50
million in the next three years.

One of the goals of this document is
to increase Iran’s investment volume in
the quantum field to $50 million in the
next three years. This document has
been prepared and compiled in six main
axes of value principles, vision, macro
goals, strategies, priority areas, and a

Technology Market Scan

monitoring mechanism. The human re-
source in this field is set to increase.
Developing higher education and at-
tracting researchers to enhance Iran’s
position in scientific production and in-
ternational patent registration are other
goals in the quantum field.

These technologies play a strategic
role in the security, communication, and
economic fields of the world, and Iran
should also have an effective presence
in this field with long-term planning.

https://ana.ir/

The government endorsed the new
National Al Policy, which has invited a
lot of enthusiasm and positivity. By im-
plementing this policy, the government
hopes to achieve the digital transfor-
mation envisioned by the Digital Nepal
Framework (DNF), which has identified
and outlined seven sectors: smart in-
frastructure; agriculture; health; tour-
ism; education; finance; governance,
social protection, and lifecycle protec-
tion. Given their proliferating innovation
and adoption, the government'’s effort
to strategize and regulate the use of Al
and other digital technologies is not just
timely but praiseworthy. However, giv-
en Nepal’s pre-existing digital divide and
the sluggish pace of mitigating efforts,
the implementation of the new Al policy
not only faces significant challenges but
also risks further exacerbating the dig-
ital divide, pushing rural and marginal-
ised groups to further exclusion.

Before assessing their implementation-
al feasibility, it is essential to recognise
how Nepal’s Al policy addresses inclu-
sion. Notably, the policy’s vision explic-
itly emphasises “inclusive” use of Al
systems to “build a prosperous Nepal”,
signalling that the government acknowl-
edges the importance of equitable ac-
cess. To promote inclusion, the policy
outlines targeted measures such as
awareness, orientation, literacy, skill de-
velopment, and capacity-building pro-
grammes at the federal, provincial, and
local levels. These initiatives aim to ac-
celerate Al adoption across diverse pop-
ulations. Special focus on women and
marginalised communities through
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training and workshops could help pre-
vent the benefits of Al from being con-
fined to urban, English-speaking groups.

The policy also promotes inclusive sec-
toral adoption. In education, it plans to
introduce Al-related subjects in school
curricula, support personalised and
adaptive learning, and build skilled hu-
man resources through varied training
programmes. Importantly, it encourag-
es the use of local languages in Al devel-
opment, making tools more accessible
to non-English speakers. In agriculture,
the policy envisions Al-driven innova-
tions such as weather-based farming,
smart irrigation, and e-agriculture mar-
kets. In healthcare, it aims to improve
access and quality of services in remote
areas. Furthermore, the policy seeks to
enhance public service delivery through
Al-enabled digitisation, which could in-
crease transparency, improve grievance
redressal, and simplify access to gov-
ernment services.

To its credit, the policy does acknowl-
edge key implementation challenges, in-
cluding low digital and Al literacy, limited
data availability and accessibility, poor
digital infrastructure, and a shortage of
skilled human resources. However, it
falls short in incorporating these ground
realities into its strategic planning and
fails to propose context-specific, tai-
lored solutions.

https.//thehimalayantimes.com/

Filipino inventors can now access ze-
ro-percent interest loans to commercial-
ize their patented inventions through an
enhanced government lending program
launched recently. The Department of
Science and Technology-Technology
Application and Promotion Institute,
in partnership with the Land Bank of
the Philippines (Landbank), officially
launched the improved Innovation and
Technology lending program during the
Philippines’ International Exposition
of Technologies at Okada Manila,
Parafiaque City.

The enhanced i-TECH 2.0 program re-
moves the previous P12.5 million loan
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ceiling and eliminates interest charges
entirely, allowing eligible borrowers to
access funding up to 85% of their to-
tal project cost based on requirements.

DOST-TAPI, Landbank, and the Philippine
Economic Zone Authority (PEZA) signed
a renewed partnership agreement to
support more local inventors in com-
mercializing their technology products.
The original i-TECH program, launched
in September 2017, offered low-interest
funding at 5% annually with a complex
loan-sharing structure. Under the pre-
vious system, 40% came from TAPI's
Invention Guarantee Fund at zero inter-
est, 45% from Landbank at 5% interest,
and borrowers provided 15% equity.

Eligible applicants include registered
Filipino-owned corporations or part-
nerships with active intellectual prop-
erty rights for patents, utility models,
or industrial designs. Filipino inventors
must be major stockholders or manag-
ing partners, and IP rights must have
at least one year of remaining validi-
ty. According to Javate, DOST-TAPI and
Landbank have assisted six Filipino
inventors through the program as of
this year.

The lending program supports DOST's
strategic pillars of human well-being,
wealth creation, wealth protection, and
sustainability under the “OneDOST4U:
Solutions, Opportunities for All”
initiative.

https.//pia.gov.ph/

The government has unveiled a plan to
allocate a record-breaking 35.3 trillion
won (US$25.1 billion) for research and
development (R&D) projects in 2026 in
amove to enhance productivity and de-
velop new growth engines. The deci-
sion was reached at a meeting of the
Presidential Advisory Council on Science
& Technology, chaired by President Lee
Jae Myung, with details set to be sub-
mitted to the National Assembly in the
near future. The amount, the highest
of its kind, marks a 19.3 percent spike
from this year’s 29.6 trillion-won R&D
budget, according to the Ministry of
Science and ICT.
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Of the total, 2.3 trillion won will be spent
on pursuing “transformation of the econ-
omy and society through artificial intel-
ligence (Al) technology,” which is more
than double from 2025.

The government aims to apply Al across
various industries and expand adoption
in the public sector, including adminis-
tration, health care, and defense. The
government will also spend 2.6 trillion
won on the development of renewable
energy technologies, up 19.1 percent
from this year. In detail, the government
will seek to speed up the transformation
of the energy sector led by renewable
sources, such as solar and wind power,
supporting the development of related
homegrown technologies.

A total of 8.5 trillion won will be ear-
marked for fostering cutting-edge indus-
tries, marking a 29.9 percent increase
from 2025. The government said it will
focus on securing core technologies in
areas with great potential, such as quan-
tum computing and synthetic biology.

The Republic of Korea will also make
efforts to make early progress in areas
with strong public demand, including
self-driving and robotics technologies.
The budget for defense-related R&D
projects will rise 25.3 percent on-year
to 3.9 trillion won to support efforts to
secure omnidirectional deterrence capa-
bilities in all domains, including space
and cyber.

The government will promote research
in basic science by spending 3.4 trillion
won, up 14.6 percent from this year,
offering scholars a more liberal, sus-
tainable, and stable research environ-
ment. An additional 1.3 trillion won will
be allocated to attract competitive ex-
perts from overseas, along with 4 tril-
lion won to enhance the capabilities of
state-funded research institutes, the
ministry added.

https://qazinform.com/

The new Lee Jae Myung administra-
tion aims to integrate private firms and
the public sector, as well as all other
sectors of society, with artificial intel-
ligence (Al) to achieve what it calls a
“super-innovation economy,” the gov-
ernment said. Unveiling its five-year
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economic development blueprint, the
government said private companies will
spearhead Al development, supported
by comprehensive policy measures to
build a nationwide Al ecosystem.

The government will focus on develop-
ing a sovereign Al model that is acces-
sible to the general public and enhanc-
es daily life, along with customized Al
models for key industries to drive in-
novation and accelerate Al adoption
across all sectors. As part of the plan,
the government will launch 30 projects
centred around Al, including the devel-
opment of humanoid robots, initially for
logistics and later expanding to manu-
facturing, construction, and services.
Other major goals include fully commer-
cializing autonomous vehicles by 2027
and completing the development of un-
manned autonomous ships by 2030, the
government said.

The government also aims to expand
Al-based smart factories in key manu-
facturing sectors, such as automobiles,
with the goal of raising Al adoption in
manufacturing to over 40 percent by
2030. In addition, Al-powered drones
will be developed and deployed in five
specialized sectors, including firefight-
ing and aviation, to enhance operational
efficiency and support fieldwork.

In the pharmaceutical sector, the gov-
ernment plans to introduce Al into the
drug approval process, automating
tasks such as data analysis and draft-
ing review reports, to shorten the time
required for reviews. In the public sector,
Al will be applied throughout the admin-
istrative process, starting with welfare
and employment services, and later ex-
panded to tax administration.

The government first plans to introduce
Al-based tax consultation services by
2026 and overhaul the national taxa-
tion system by 2027, using Al to help
detect potential tax evasion. To nurture
a skilled workforce, the government will
introduce customized Al education pro-
grams tailored to various groups, includ-
ing elementary and secondary students.
The government will also establish a na-
tional Al training data cluster that inte-
grates Al training datasets from both
public and private sectors.

https://en.yna.co.kr/

Sri Lanka's new national research and de-
velopment (R&D) policy has been final-
ised and is set to be implemented from
2025, a strategic move by the government
to pivot the nation towards a produc-
tion-based economy, driven by value-add-
ed products and services. Joining a pan-
el discussion at the Asian Development
Bank’s Serendipity Knowledge event in
Colombo last week, Senior Advisor to the
President on Science and Technology
Prof. Gomika Udugamasooriya an-
nounced that the proposed new policy
has been drafted and is currently under-
going an evaluation process and will be
implemented within this year.

The new policy aims to create a cen-
tralised and cohesive R&D ecosystem,
addressing the long-standing issues of
fragmented research efforts and a dis-
connect between the research outcomes
and the national economy. The govern-
ment plans to establish a powerful cen-
tralised commission and administrative
institute to govern the entire R&D system.

The proposed centralised R&D com-
mission will be structured into six in-
terconnected divisions to address sys-
temic flaws. These divisions include
policy development tasked with creat-
ing and updating national R&D policies,
research prioritisation aimed at aligning
research with national economic and so-
cial development needs, targeted fund-
ing, which will direct financial resources
to prioritised research areas to prevent
wastage, and facilitation and monitor-
ing, responsible for regulating and over-
seeing all funded research projects.

Additionally, a commercialisation divi-
sion will support intellectual property pro-
tection and connect the researchers with
the private sector investors, while knowl-
edge dissemination will focus on sharing
research findings and integrating the les-
sons learned back into the policy cycle.

This initiative will focus on providing the
“gap-filling” funding for the nearly com-
pleted research with high commercial
value, matching the finished projects with
the investors, and resolving the legal or
bureaucratic hurdles for the researchers.

https://www.dailymirror.lk/

Technology Market Scan

Sri Lanka has established a national
ad-hoc committee for the first time to
identify and prioritize research and de-
velopment (R&D) needs based on the
country’s development goals. Formed
on July 7, the committee aims to cate-
gorize ongoing research efforts across
the country by priority and align them
with national requirements. This is the
first time such a body has been formed
to coordinate and classify ongoing re-
search initiatives nationwide based on
strategic national priorities.

The committee is co-chaired by
Professor Gomika Udugamasooriya,
Senior Advisor to the President
on Science and Technology, and
Professor Rohan Fernando, Chairman
of the National Science and Technology
Commission (NASTEC), under the
Ministry of Science and Technology.
It includes 20 experts from various
disciplines.

Key responsibilities of the committee
include aligning R&D policies across
universities, research institutions, in-
dustries, and government agencies
with national objectives. It also seeks
to guide the allocation of national bud-
get funds toward prioritized research ar-
eas to ensure more efficient use of pub-
lic resources.

Sri Lanka’s R&D sector has long been
characterized by fragmentation and a
lack of coordinated strategy, limiting its
impact on economic and social devel-
opment, the PMD said. The committee
aims to address this by integrating in-
put from grassroots to national levels
through stakeholder reports and sur-
veys. The initiative also promotes da-
ta-driven decision-making and financial
accountability in the R&D sector, mark-
ing a shift toward more strategic and
outcome-focused investment in science
and innovation.

https.//www.newswire.lk/

With a landmark resolution, Viet Nam
aims to lead innovation and digital trans-
formation through major investments in
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science and technology. On December
22, 2024, General Secretary To Lam
signed Resolution No. 57-NQ/TW of the
Politburo, focusing on breakthroughs in
science, technology, innovation, and na-
tional digital transformation.

Science, technology, innovation, and
digitalization are now seen as prerequi-
sites for achieving Viet Nam’s ambitious
goals: ranking in the global top 30 forin-
novation and digital transformation by
2045, with a digital economy contribut-
ing at least 30% of GDP by 2030 and 50%
by 2045. Notably, Resolution 57 prioritiz-
es R&D with clearly defined metrics. The
science and innovation system is being
restructured to integrate research, appli-
cation, and education more effectively.

Achieving Resolution 57’s goals will be
challenging given the current fragment-
ed and underfunded state of R&D in Viet
Nam. The country must act decisively to
improve labor productivity, master core
technologies, boost global competitive-
ness, and accelerate national progress.

Resolution 57 targets include making
Viet Nam a leader in science and in-
novation among upper-middle-income
countries by 2030. Goals include hav-
ing at least 40-50 science and technol-
ogy organizations ranked regionally or
globally, increasing international publi-
cations by 10% annually, patent applica-
tions by 16-18%, and achieving a tech
commercialization rate of 8-10%. The
resolution also aims to attract at least
three major global tech firms to invest
in R&D in Viet Nam.

https://viethamnet.vn/

The Ministry of Education and Training,
on August 8, announced the estab-
lishment of six networks of excel-
lent training and talent centres in key
4.0 technology fields, aiming to boost
high-quality training, research, and inno-
vation through nationwide and interna-
tional collaboration.

They include the network of artificial in-
telligence (Al) and semiconductors in
the southern region, led by the University
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of Technology under Vietnam National
University-Ho Chi Minh City; the net-
work of Al and semiconductors in the
central region, led by the University of
Technology under the University of Da
Nang; the network of agricultural bio-
technology in the southern region, led
by Can Tho University; the network of
agricultural biotechnology in the central
region, led by Hue University; the net-
work of renewable energy and hydro-
gen energy, led by HCM City University
of Technology and Education; and the
network of educational technology, led
by HCM City Open University.

The networks bring together universi-
ties, research institutes, and domestic
and foreign businesses. Members will
work closely in training, research, and
technology transfer by sharing curric-
ula, improving faculty capacity, provid-
ing access to laboratories and research
facilities, and jointly implementing sci-
ence and technology projects. Through
joint training programmes and univer-
sity—industry research projects, stu-
dents and researchers will gain the lat-
est knowledge, develop interdisciplinary
skills, and tackle real-world technologi-
cal challenges.

This network model marks a strategic
shift in higher education reform - from
single institutional development to co-
operative, resource-sharing alliances.
Strategic partnerships between univer-
sities and businesses in specific 4.0
technology fields will create combined
strength to deliver the highest quality
training and research. By linking train-
ing and research with the needs of busi-
nesses and the economy, research out-
comes can be applied in production
and business instead of remaining on
paper, he said.

https://en.vietnamplus.vn/

In a move to encourage stronger pri-
vate sector engagement in scientific
research and technological develop-
ment, the Government has issued a le-
gal framework and special incentives
designed to attract investment into
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science, innovation, and digital transfor-
mation. On July 1, the Government is-
sued rules and policies for public-private
partnerships (PPPs) in science, technol-
ogy, innovation, and digital transforma-
tion. It explains how partners can work
together and which areas are covered,
such as technology, digital infrastruc-
ture, and workforce training.

The decree outlines different ways to co-
operate, such as PPP partnerships, us-
ing public assets for joint ventures, and
other legal forms. PPPs can be used in
areas like high technology, key technol-
ogies, digital infrastructure, shared dig-
ital platforms, digital skills training, and
services for digital transformation.

According to the decree, enterprises par-
ticipating in PPP projects will enjoy a
range of prominent incentives. Notably,
actual expenditure on research and de-
velopment (R&D) will be calculated at
double (200 per cent) when determin-
ing deductible expenses for corporate
income tax purposes.

In addition, enterprises will benefit from
exemptions or reductions in land use
fees and land rents and other invest-
ment incentives in line with current legis-
lation. Regarding ownership rights, par-
ticipating parties will be recognised as
owners of products, technological plat-
forms, data, and software in accordance
with their agreements and subject to in-
tellectual property and technology laws.

The decree also introduces a risk accep-
tance process for scientific and techno-
logical work, with clear rules for assess-
ing risks and protecting those carrying
out the work, based on relevant spe-
cialised regulations. The State can also
place orders or directly award contracts
to buy scientific and technological prod-
ucts and services from PPP projects to
meet special public needs.

For original data directly created by
State agencies, ownership will rest with
the State unless otherwise agreed. Post-
tax profits from commercial exploita-
tion of products and services must be
shared transparently, fairly, and in pro-
portion to each party’s contributions.

https://vietnamnews.vn/
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Focus: Artificial intelligence for energy transition

To find the best catalyst for green am-
monia, researchers were staring down
8000 lab experiments. With Al, they only
needed 28. Scientists and engineers
at the University of New South Wales
(UNSW) Sydney, who previously devel-
oped a method for making green am-
monia, have now turned to artificial in-
telligence and machine learning to make
the process even more efficient.

The UNSW team discovered a way to
make ammonia from air and water us-
ing renewable energy, at about the same
temperature as a warm summer’s day.
Dr Ali Jalili, with UNSW’s School of
Chemistry, says while the original proof-
of-concept demonstrated that ammo-
nia could be created entirely from re-
newable energy, at low temperatures
and without emitting carbon, there was
still room for improvement. For exam-
ple, could it be produced more efficient-
ly, using lower energy, less wasted ener-
gy, and producing more ammonia?

To answer these questions, the team
needed to find the right catalyst — a
substance that speeds up the chemi-
cal reaction without being consumed
by it. But the best catalyst would need a
combination of these metals, and if you
do the maths, that turns out to be more
than 8000 different combinations. The
researchers fed a machine learning sys-
tem information about how each metal
behaves and trained it to spot the best
combinations. That way, instead of hav-
ing to run more than 8000 experiments
in the lab, they only had to run 28. The
winning combo was a mix of iron, bis-
muth, nickel, tin, and zinc. While the re-
searchers were expecting some im-
provement in the process of producing
green ammonia, this new five-metal cat-
alyst exceeded even their most optimis-
tic expectations.

Known as Faradaic efficiency, high ef-
ficiency scores mean the process is
more sustainable, cost-effective, and
scalable, which is crucial for mak-
ing green ammonia a viable alterna-
tive to fossil-fuel-based methods.
Dr Jalili says his team was able to
make ammonia this way at an ambi-
ent 25°C, less than 10% of the tem-
perature required to make ammonia
the conventional way via the Haber-
Bosch method.

This low-temperature, high-efficien-
cy approach makes green ammonia
production viable and scalable. We
believe it can compete directly with
electrified Haber—Bosch and even
fossil-based routes, creating a realis-
tic pathway for truly green ammonia.
The goal is that one day soon, farm-
ers will be able to produce ammonia
for fertilisers onsite, at low cost and
low energy, eliminating the need for de-
livery via transport routes, further re-
ducing the carbon footprint of ammo-
nia production.

https://www.unsw.edu.au/

Aresearch team led by Prof. Sun Youwen
at the Hefei Institutes of Physical
Science of the Chinese Academy of
Sciences has unveiled two artificial in-
telligence systems designed to enhance
the stability and efficiency of fusion ex-
periments. Their results appear in the
journals Nuclear Fusion and Plasma
Physics and Controlled Fusion.

Fusion energy promises clean, vir-
tually inexhaustible power, but fu-
ture reactors must operate reliably
to prevent damaging disruptions and
maintain precise plasma confine-
ment. Disruptions are sudden, intense
events that threaten reactor integrity,
while maintaining high-performance
confinement states is critical for sus-
tained operation.

To address these issues, the team built
two specialized Al platforms. The first,
a disruption predictor, employs decision
tree models to identify early warning sig-
nals of disruptions triggered by locked
modes, a common plasma instability.
Unlike opaque black-box algorithms,
this model is interpretable, pointing to
the physical causes behind its predic-
tions. In trials, it successfully issued
warnings 94 percent of the time, with
alerts arriving 137 milliseconds before
the disruption-leaving enough time for
countermeasures.

The second Al system focuses on re-
al-time plasma monitoring. Instead of
relying on separate models to classi-
fy confinement states such as L-mode
and H-mode and to detect edge-local-
ized modes (ELMs), the researchers
developed a multi-task learning frame-
work that performs both simultaneous-
ly. This approach increased both accu-
racy and resilience, achieving a 96.7
percent success rate in recognizing
plasma conditions.

Together, these innovations advance the
prospects of next-generation fusion re-
actors by boosting safety, improving per-
formance, and contributing to deeper in-
sights into plasma dynamics.

https://www.spacedaily.com/

Pralhad Joshi, Union Minister of New and
Renewable Energy, launched India’s first
Al-powered solar manufacturing line at
Goldi Solar’s newly built, state-of-the-art
facility in Kosamba, Surat, Gujarat. This
landmark achievement marks a major
leap in India’s renewable energy sector,
integrating cutting-edge Al-driven pro-
cesses to revolutionize solar PV mod-
ule production. The Al-powered facility
enhances precision, scalability, and ef-
ficiency, redefining solar manufacturing
and strengthening India’s transition to-
ward a net zero future.
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The Al-powered facility, with an impres-
sive 14 GW planned production capacity,
integrates several industry-first innova-
tions designed to redefine solar man-
ufacturing. These include high-speed
stringers leveraging Al-driven automa-
tion to achieve a remarkable produc-
tion capacity of 10,000 cells per hour,
ensuring consistency and precision,
minimizing errors, and reducing mate-
rial wastage. The facility also features
Al-powered AOI (Automated Optical
Inspection) systems for real-time qual-
ity control, using computer vision to de-
tect and eliminate defects at a micro-
scopic level.

The facility further incorporates a fully
integrated pre-lamination section with
an auto EVA laying robot, which opti-
mizes the placement of encapsulation
layers with minimal human interven-
tion, reducing inconsistencies com-
pared to traditional manual process-
es. Additionally, it includes Al-powered
3-Display EL and visual (front and back)
inspection systems, which ensure that
only the highest quality solar modules
reach the market, enhancing reliability
and durability.

Advanced automation is further demon-
strated through a 3-stage auto lamina-
tor with double-side heating (electric
and oil-based) that enhances panel
strength and longevity, an auto ICB el-
evate-lifting system with Teflon remov-
al to optimize efficiency, and an inline
double-layer HI POT tester to ensure
superior insulation and electrical safe-
ty. Additionally, the facility incorporates
an intelligent 8-bin auto sorting system
for precise module classification, lever-
aging Al for real-time adjustments, and
a state-of-the-art MES system for live
module monitoring and tracking, ensur-
ing complete transparency and opera-
tional efficiency.

Capt. Ishver Dholakiya, Founder and
Managing Director of Goldi Solar, com-
mented on the milestone, saying, “Goldi
Solar is proud to be the first solar com-
pany in India to integrate Artificial
Intelligence into PV module manufac-
turing. Our planned 14 GW advanced fa-
cility is a testament to our vision of a
net-zero India and reflects our unwav-
ering commitment to innovation, sus-
tainability, and excellence.

https.//constructiontimes.co.in/
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Researchers at Tohoku University have
utilized explainable machine learning
to uncover critical factors that enhance
the performance of nickel-based cata-
lysts in the conversion of carbon diox-
ide into methane. The study highlights
how data-driven approaches can inform
catalyst design, contributing to advance-
ments in carbon recycling and sustain-
able energy solutions.

The team applied machine learning
techniques to analyze the properties of
nickel catalysts used in CO, methana-
tion, a process that transforms carbon
dioxide into methane—a potential re-
newable energy source. By leveraging
explainable Al, researchers identified
specific characteristics and conditions
that optimize the catalytic activity. This
approach not only provides insights into
improving existing catalysts but also of-
fers a framework for developing new
materials tailored for efficient carbon
recycling applications. The findings un-
derscore the role of artificial intelligence
in addressing environmental challeng-
es through innovative material design.

https://www.geneonline.com/

Researchers at the Korea Advanced
Institute of Science and Technology
(KAIST) have developed energy-efficient
neural processing units (NPU) technol-
ogy that demonstrates substantial per-
formance improvements in laboratory
testing. Their specialised Al chip ran Al
models 60% faster while using 44% less
electricity than the graphics cards cur-
rently powering most Al systems, based
on results from controlled experiments.

To put it simply, the research, led by
Professor Jongse Park from KAIST's
School of Computing in collaboration
with HyperAccel Inc., addresses one of
the most pressing challenges in modern
Al infrastructure: the enormous energy
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and hardware requirements of large-
scale generative Al models.

Current systems such as OpenAl’s
ChatGPT-4 and Google’s Gemini 2.5 de-
mand not only high memory bandwidth
but also substantial memory capacity,
driving companies like Microsoft and
Google to purchase hundreds of thou-
sands of NVIDIA GPUs.

The core innovation lies in the team’s
approach to solving memory bottle-
neck issues that plague existing Al in-
frastructure. Their energy-efficient NPU
technology focuses on “lightweight”
the inference process while minimis-
ing accuracy loss—a critical balance
that has proven challenging for pre-
vious solutions. The technology cen-
tres on KV cache quantisation, which
the researchers identify as accounting
for most memory usage in generative
Al systems. By optimising this compo-
nent, the team enables the same level
of Al infrastructure performance using
fewer NPU devices compared to tradi-
tional GPU-based systems.

The KAIST team’s energy-efficient
NPU technology employs a three-
pronged quantisation algorithm: thresh-
old-based online-offline hybrid quantisa-
tion, group-shift quantisation, and fused
dense-and-sparse encoding. This ap-
proach allows the system to integrate
with existing memory interfaces with-
out requiring changes to operational log-
ic in current NPU architectures.

The hardware architecture incorporates
page-level memory management tech-
niques for efficient utilisation of lim-
ited memory bandwidth and capaci-
ty. Additionally, the team introduced
new encoding techniques specifical-
ly optimised for quantised KV cache,
addressing the unique requirements of
their approach.

“Through this technology, we implement-
ed an NPU with over 60% improved per-
formance compared to the latest GPUs
by combining quantisation techniques
that reduce memory requirements while
maintaining inference accuracy.”

The energy-efficient NPU technology
developed by KAIST offers a potential
path toward more sustainable Al oper-
ations. With 44% lower power consump-
tion compared to current GPU solutions,
widespread adoption could significantly


https://constructiontimes.co.in/
https://www.geneonline.com/

reduce the carbon footprint of Al cloud
services. However, the technology'’s re-
al-world impact will depend on several
factors, including manufacturing scal-
ability, cost-effectiveness, and industry
adoption rates.

The timing of this energy-efficient NPU
technology breakthrough is particularly
relevant as Al companies face increas-
ing pressure to balance performance
with sustainability. The current GPU-
dominated market has created supply
chain constraints and elevated costs,
making alternative solutions increas-
ingly attractive.

Professor Park noted that the technol-
ogy “has demonstrated the possibili-
ty of implementing high-performance,
low-power infrastructure specialised for
generative Al, and is expected to play a
key role not only in Al cloud data centres
but also in the Al transformation (AX)
environment represented by dynamic,
executable Al such as agentic Al”

https://www.cloudcomputing-news.net/

Researchers have developed a new de-
sign platform and a staggering 12-mega-
watt-class blade to match in an effort
to put wind beneath the sails of its do-
mestic production of wind power. The
Wind Energy Research Department at
the Korea Institute of Energy Research
(KIER) set out to increase localization
rates for wind turbine components,
which stood at around 34%, according
to WindTech International. The priority
was particularly for larger capacity wind
turbines, as Korea still heavily relies on
imports to make them.

What resulted was BladeFORGE, a de-
sign platform that utilizes both ad-
vanced optimization algorithms and ar-
tificial intelligence techniques to face
the complex technical challenges of
building 10-megawatt-plus capacity
wind turbines.

The integrated aero structural design
system aims to increase design ef-
ficiency by addressing aerodynamic
and structural factors simultaneous-
ly, rather than individually, like in previ-
ous manual methods. With this strategy,
BladeFORGE cuts optimization time by
more than 50%, and the methods have

already received approval in principle
from the Korean Register. To match the
efficiency of their cutting-edge platform,
KIER has also created a research facility
at Jeju Global Research Center that will
house wind blade design, fabrication,
and structural testing all under one roof.

This system and facility are substan-
tial steps in the Republic of Korea's re-
newable energy efforts, as they both
cut manufacturing times domestically
and reduce outsourcing of necessary
parts. By reducing the need for ship-
ping, in particular, the program reduc-
es the excess use of energy in produc-
tion that causes the rapid overheating
of our planet.

Using BladeFORGE in tandem with this
new infrastructure, researchers creat-
ed a 107-meter (351-foot), 12-mega-
watt-class wind turbine blade — the first
of its size and capacity from Korea to re-
ceive Des Norske Veritas design verifica-
tion. To receive approval from DNV is a
maijor credit to the program, as the pro-
vider sets quality and safety standards
globally for wind turbine components.

This focus on localizing manufacturing
thanks to KIER puts the country’s renew-
able industry at a new level, as it reflects
a commitment to the environment at all
stages of production, not just in energy
production.

https://www.yahoo.com/

Researchers at the University of Sharjah
have recently conducted an in-depth
study looking into how Al-powered dig-
ital twins could reshape the future of
clean energy. Their findings reveal both
the strong potential and ongoing chal-
lenges of applying this advanced tech-
nology to real-world energy systems.

Digital twins simulate physical sys-
tems in real time, allowing engineers
to monitor performance, detect issues,
and optimise operations without inter-
rupting energy production. In industries
like manufacturing and transportation,
they've already improved efficiency and
reduced costs.

Technology Scan

In renewable energy, digital twins can
be used to model complicated systems
like wind farms, solar arrays, geothermal
wells, hydroelectric dams, and biomass
supply chains. These simulations can
help operators fine-tune performance,
predict maintenance needs, and design
more intelligent infrastructure.

The researchers conducted a complete
review of scientific literature using Al-
driven text mining techniques. This al-
lowed them to analyse large amounts
of data and identify gaps in existing dig-
ital twin applications across renewable
energy systems.

Their findings suggest that there is still
a need for better data collection meth-
ods, more sophisticated modelling tech-
niques, and expanded computational
resources. These improvements could
improve the accuracy, adaptability, and
usefulness of digital twins in energy pro-
duction and management.

To guide future innovation, the team
has proposed a roadmap for overcom-
ing current limitations. Their recommen-
dations hope to strengthen the reliability
of digital twins and make them a corner-
stone technology in the global effort to
reduce carbon emissions.

https://www.openaccessgovernment.org/

Al applications such as large language
models (LLMs) have become an inte-
gral part of our everyday lives. The re-
quired computing, storage, and trans-
mission capacities are provided by data
centers that consume vast amounts of
energy. In Germany alone, this amount-
ed to around 16 billion kWh in 2020, or
around 1% of the country’s total ener-
gy consumption. For 2025, this figure is
expected to increase to 22 billion kWh.

The arrival of more complex Al applica-
tions in the coming years will substan-
tially increase the demands on data cen-
ter capacity. To counteract this trend,
researchers have developed a training
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method that is 100 times faster while
achieving accuracy comparable to ex-
isting procedures.

The functioning of neural networks,
which are used in Al for such tasks
as image recognition or language pro-
cessing, is inspired by the way the hu-
man brain works. These networks con-
sist of interconnected nodes called
artificial neurons. The input signals are
weighted with certain parameters and
then summed up. If a defined threshold
is exceeded, the signal is passed on to
the next node.

Felix Dietrich, a professor of Physics-
enhanced Machine Learning, and his
team have developed a new method.
Instead of iteratively determining the pa-
rameters between the nodes, their ap-
proach uses probabilities. Their proba-
bilistic method is based on the targeted
use of values at critical locations in the
training data where large and rapid
changes in values are taking place. The
objective of the current study is to use
this approach to acquire energy-con-
serving dynamic systems from the data.
Such systems change over the course
of time in accordance with certain rules
and are found in climate models and in
financial markets, for example.

https://www.tum.de/

When cement is mixed with water, sand,
and gravel, it becomes concrete, the
most widely used building material in
the world. However, the production of
cement releases large amounts of car-
bon dioxide. Researchers at the Paul
Scherrer Institute PSI are using artificial
intelligence and computational model-
ling to develop alternative formulations
that should be more climate friendly.
The Researchers have developed an
Al-based model that helps to acceler-
ate the discovery of new cement formu-
lations that could yield the same materi-
al quality with a better carbon footprint.

One promising strategy for reducing
emissions is to modify the cement rec-
ipe itself - replacing some of the clinker
with alternative cementitious materials.
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That is exactly what an interdisciplin-
ary team in the Laboratory for Waste
Management in PSI's Center for Nuclear
Engineering and Sciences has been in-
vestigating. Instead of relying solely on
time-consuming experiments or com-
plex simulations, the researchers de-
veloped a modelling approach based
on machine learning. “This allows us to
simulate and optimise cement formula-
tions so that they emit significantly less
C02 while maintaining the same high
level of mechanical performance,” ex-
plains mathematician Romana Boiger,
first author of the study. “Instead of test-
ing thousands of variations in the lab,
we can use our model to generate prac-
tical recipe suggestions within seconds
-it's like having a digital cookbook for cli-
mate-friendly cement.” With their novel
approach, the researchers were able to
selectively filter out those cement for-
mulations that could meet the desired
criteria.

The researchers at PSI also made use
of an artificial neural network. They
themselves generated the data re-
quired for training: “With the help of the
open-source thermodynamic modelling
software GEMS, developed at PSI, we
calculated - for various cement formu-
lations - which minerals form during
hardening and which geochemical pro-
cesses take place,” explains Nikolaos
Prasianakis. By combining these re-
sults with experimental data and me-
chanical models, the researchers were
able to derive a reliable indicator for
mechanical properties - and thus for
the material quality of the cement. For
each component used, they also ap-
plied a corresponding CO2 factor, a
specific emission value that made it
possible to determine the total CO2
emissions. “That was a very complex
and computationally intensive model-
ling exercise,” the scientist says.

“Instead of seconds or minutes, the
trained neural network can now calcu-
late mechanical properties for an ar-
bitrary cement recipe in milliseconds
- that is, around a thousand times fast-
er than with traditional modelling,”
Boiger explains.

To find the solution, the team integrat-
ed in the workflow an additional Al tech-
nology, the so-called genetic algorithms
- computer-assisted methods inspired
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by natural selection. This enabled them
to selectively identify formulations that
ideally combine the two target vari-
ables. The advantage of this “reverse
approach”: You no longer have to blind-
ly test countless recipes and then eval-
uate their resulting properties; instead,
you can specifically search for those
that meet specific desired criteria - in
this case, maximum mechanical prop-
erties with minimum CO2 emissions.

https://www.sciencedaily.com/

Experiments produce massive amounts
of data. The behavior of plasma, an ex-
tremely hot, electrically charged gas, is
notoriously difficult to predict. This com-
plexity makes it hard to run experiments
efficiently, interpret results, or prevent
sudden failures that can damage equip-
ment. To help tackle this problem, PhD
researcher Yoeri Poels developed smart
data-driven tools that assist scientists in
analyzing and controlling fusion experi-
ments. His work supports the safe and
efficient development of fusion energy,
a clean and potentially limitless power
source for the future.

Fusion experiments often use a device
called a tokamak, which uses powerful
magnetic fields to hold extremely hot
plasma in place and allow fusion re-
actions to happen safely. By analyzing
large amounts of data from tokamak
fusion experiments, Poels used ma-
chine learning to create faster simula-
tion models that save time. He devel-
oped more robust monitoring systems
capable of detecting subtle changes in
the plasma as they happen.

Additionally, he introduced new meth-
ods to recognize and study dangerous
plasma instabilities, helping scientists
prevent equipment damage and improve
control within the tokamak. These in-
novations combined support safer and
more efficient fusion energy research.

In his thesis, Poels explored how arti-
ficial intelligence, specifically machine
learning, can support fusion research.
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https://www.sciencedaily.com/

He developed new methods to address
three important challenges:

= Faster plasma simulations

Fusion experiments often rely on de-
tailed computer simulations, but these
can take along time to run. Poels cre-
ated fast data-based simulation tools
that learn from past results. These
tools are not meant to fully replace
traditional simulations, but they can
support quicker studies when time or
computing power is limited.

= Monitoring energy performance
Keeping energy well confined inside
the plasma is essential for good fu-
sion results. Poels built a tool that
automatically detects how well the
plasma is performing, even if some
measurements are missing or faulty.
It also tells scientists how confident
itis in its predictions, which is import-
ant for real-time decision making.

= Understanding disruptions
Sometimes fusion experiments end
in sudden disruptions that can dam-
age equipment. These events are still
not well understood. Poels used ma-
chine learning to find simplified pat-
terns in large datasets, helping re-
searchers better spot warning signs
and analyze past disruptions.

https://www.tue.nl/

Researchers at the University of
Nottingham have created an Al model
that allows them to accurately predict
the amount of solar energy that can be
created in different climates, making
grid integration easier in the UK. Solar
forecasting, and the ability to predict
how much sunlight a certain area might
receive, has therefore become more im-
portant, prompting researchers in the
Faculty of Engineering to find new ways
of making this process more reliable.

As a novel approach, researchers have
used very-short-term (VST) solar ener-
gy forecasting, using ground-based fish-
eye images, which has proven effective
in predicting rapid and accurate chang-
es in solar irradiance, especially for
fast-changing local cloud movements.

To address varied geographical and
climatic conditions, the researchers
showed that a model initially trained
in California’s sunny climate can effec-
tively predict solar output in Nottingham,
known for its humid and rainy condi-
tions. The approach significantly cut
down the amount of local data needed
to make accurate forecasts — from four
months’ worth to just two weeks.

https://www.russellgroup.ac.uk/

National Renewable Energy Laboratory
(NREL) researchers have developed and
demonstrated a groundbreaking phys-
ics-informed neural network (PINN)
model that can predict battery health
nearly 1,000 times faster than tradi-
tional models.

NRELSs PINN replaces the traditional, re-
source-intensive battery physics model
with a powerful artificial intelligence ap-
proach that mimics the interconnected
neurons of our brains to analyze nonlin-
ear, complex datasets. This deep learn-
ing process can enhance battery health
diagnostics by quantifying physical deg-
radation mechanisms and pave the way
for more efficient, scalable approaches
to manage battery aging.

NREL researchers have created a vast
array of battery lifespan models to di-
agnose battery health, predict battery
degradation, and optimize battery de-
signs. For years, the team has been on
the cutting edge of physics-based ma-
chine learning techniques to optimize
predictive modelling for advanced bat-
tery research.

Two such models, the Single-Particle
Model (SPM) and the Pseudo-2D Model
(P2D), are widely used and accepted
approaches to providing a window into
how a battery’s internal health parame-
ters—such as electrode inventory and ki-
netics, Li-ion inventory, and Li transport
paths—evolve over time. However, di-
rectly using these models is an intensive
process that requires massive amounts
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of computation and limits their ability to
offer rapid diagnostics.

The NREL-developed PINN surrogate
combines the predictive power of arti-
ficial intelligence with the rigor of phys-
ics-based modelling. The resulting two-
part study published in the Journal of
Energy Storage demonstrates how re-
searchers trained and tested the PINN
surrogate using conventional SPM and
P2D models. This multifaceted ap-
proach allowed NREL researchers to
train the PINN surrogate on a wide range
of internal battery properties. The result-
ing open-source model offers critical in-
sights into changes that occur during
battery aging, helping quickly estimate
how long a battery might last in a dif-
ferent setting.

What makes this development especial-
ly revolutionary in battery research is the
integration of physics-informed princi-
ples into neural networks. Traditional
neural networks are data-driven mod-
els that excel at pattern recognition but
often lack the ability to enforce physi-
cal laws, which are crucial for accurate-
ly simulating battery behaviour.

The success of NRELs PINN surrogate
offers wide-ranging implications. For
battery diagnostics, the PINN surrogate
can provide rapid state-of-health predic-
tions, allowing for faster decision-mak-
ing across battery applications. By
drastically lowering the computation-
al barriers to battery diagnostics, the
PINN surrogate model paves the way
for widespread, scalable, and efficient
energy storage management—helping
ensure energy is available when and
where it is needed.

Currently, researchers are working to
transition the PINN surrogate from
controlled simulations to real-world
data validation, using batteries cycled
within NREL's laboratories. By bridging
this gap, researchers hope to deploy
PINN-based diagnostics across a wide
range of battery systems, enhancing
battery performance monitoring and
extending lifespans. Future research
will focus on refining the PINN mod-
el to handle highly dimensional prob-
lems, allowing it to predict a broader ar-
ray of internal battery parameters with
increased precision. This means cre-
ating models that can both respond
to diverse current loads and scale
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effectively to future battery designs
and usage patterns.

https://www.nrel.gov/

Identifying new, high-performance elec-
trolytes remains a major challenge in de-
veloping next-generation batteries for
electric vehicles, consumer electron-
ics, and grid-scale energy storage. The
most stable electrolytes are not always
the most conductive, and the most effi-
cient batteries are not always the most
stable, highlighting the complex trade-
offs involved.

By analyzing data from 250 research pa-
pers covering the history of lithium-ion
battery research, the team used Al to
calculate an “eScore” for different mol-
ecules. This score balances three key
properties—ionic conductivity, oxidative
stability, and Coulombic efficiency—to
highlight top-performing candidates.
The researchers validated their Al-driven
method by identifying a molecule with
performance comparable to today’s
leading electrolytes. This achievement
represents a significant step forward in
afield that has traditionally relied on tri-
al and error.

Artificial intelligence is helping sci-
entists streamline the search for bet-
ter battery materials by identifying the
most promising candidates for lab test-
ing, saving time, energy, and resources.
At the University of Chicago’s Pritzker
School of Molecular Engineering (PME),
researchers are already applying Al to
speed up advances in cancer thera-
pies, water purification, quantum mate-
rials, and more.

When it comes to battery research, the
challenge is immense. The number of
possible electrolyte molecules is esti-
mated to be as high as 10%, which is far
too many to explore through traditional
methods. Al offers a way to narrow this
vast field to the most likely candidates.

Amanchukwu compares the use of Al in
battery research to how streaming ser-
vices recommend music. Think of each
person’s music taste as their own “eS-
core.” The current Al can scan a play-
list and predict which songs someone
might like. The next step is building Al
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that can generate an entirely new play-
list based on those preferences.

Ultimately, Amanchukwu’s lab is aiming
for something even more advanced: Al
that cannot just select or predict, but
actually design new molecules from
scratch that meet all the required per-
formance criteria, like composing new
music instead of just recommending
it. To support this work, Amanchukwu
received a Google Research Scholar
Award last year to help move clos-
er to that goal of truly generative elec-
trolyte Al. The team found that the Al
performed well when predicting mol-
ecules similar to those it had already
encountered. However, it was less ef-
fective when presented with unfamil-
iar compounds—a limitation they now
aim to overcome in the next phase of
their work.

https://www.azom.com/

The electric grid powers everything
from traffic lights to pharmacy fridg-
es. However, it regularly faces threats
from severe storms and advanced at-
tackers. Sandia researchers have devel-
oped brain-inspired Al algorithms that
detect physical problems and cyberat-
tacks both at the same time within the
grid. And this neural-network Al can run
on inexpensive single-board computers
or existing smart grid devices.

As the nation adds more smart con-
trols and devices to the grid, it becomes
more flexible and autonomous, but also
more vulnerable to cyberattacks and cy-
ber-physical attacks. Cyber-physical at-
tacks use communications networks or
other cyber systems to disrupt or control
a physical system such as the electric
grid. Potentially vulnerable equipment
includes smart inverters that turn the di-
rect current produced by solar panels
and wind turbines into the alternating
current used by the grid, and network
switches that provide secure commu-
nication for grid operators, said Adrian
Chavez, a cybersecurity expert involved
in the project.

Because the neural network can run
on single-board computers or existing
smart grid devices, it can protect older
equipment as well as the latest equip-
ment that lacks only cyber-physical
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coordination, Shamina said. “To make
the technology more accessible and fea-
sible to deploy, we wanted to make sure
our solution was scalable, portable, and
cost-efficient,” Adrian said.

The Sandia team collaborated with ex-
perts at Texas A&M University to cre-
ate secure communication methods,
particularly between grids owned by
different companies, Shamina said.
The biggest challenge in detecting cy-
ber-physical attacks is combining the
constant stream of physical data with
intermittent packets of cyber data, said
Logan Blakely, a computer science ex-
pert who led development of the Al
components.

Physical data, such as the frequency,
voltage, and current of the grid, is re-
ported 60 times a second, while cyber
data, such as other traffic on the net-
work, is more sporadic, Logan said. The
team used data fusion to extract the
important signals in the two different
kinds of data. The collaborators from
Texas A&M University were key to this
effort, he added.

Then the team used an autoencod-
er neural network, which classifies the
combined data to determine wheth-
er it fits with the pattern of normal be-
haviour or if there are abnormalities with
the cyber data, physical data, or both,
Shamina said. For example, an increase
in network traffic could indicate a de-
nial-of-service attack, while a false-da-
ta-injection attack could include atypi-
cal physical and cyber data, Adrian said.

Unlike many other kinds of Al, autoen-
coder neural networks do not need to be
trained on data labelled with every type
of issue that may show up, Logan said.
Instead, the network only needs copi-
ous amounts of data from normal op-
erations for training. The use of an au-
toencoder neural network makes the
package pretty much plug and play,
Shamina added.

Once the team constructed the autoen-
coder neural network, they put it to the
test in three different ways. First, they
tested the autoencoder in an emulation
environment, which includes computer
models of the communication-and-con-
trol system used to monitor the grid and
a physics-based model of the grid it-
self, Shamina said. The team used this


https://www.nrel.gov/
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environment to model a variety of cyber-
attacks or physical disruptions, and to
provide normal operational data for the
Al to train on. The collaborators from
Texas A&M University assisted with the
emulation testing.

Then the team incorporated the auto-
encoder onto single-board computer
prototypes that were tested in a hard-
ware-in-the-loop environment, Shamina
said. In hardware-in-the-loop testing, re-
searchers connect a real piece of hard-
ware to software that simulates various
attack scenarios or disruptions. When
the autoencoder is on a single-board
computer, it can read the data and im-
plement the algorithms faster than a
virtual implementation of the autoen-
coder can in an emulation environment,
Adrian said. Generally, hardware imple-
mentations are a hundred or thousand
times faster than software implementa-
tions, he added.

The team is working with Sierra
Nevada Corp. to test how Sandia’s auto-
encoder Al works on the company’s ex-
isting cybersecurity device called Binary
Armor, Shamina said. The team is test-
ing both formats — single-board proto-
types interfaced with the grid and the Al
package on existing devices — in the real
world at the Public Service Co. of New
Mexico's Prosperity solar farm as partof a
Cooperative Research and Development
Agreement, Shamina said. These tests
began last summer, Adrian said.

The team also worked with PNM early in
the project to learn what Al design might
be most useful for grid operators. It was
during conversations with PNM staff
that the Sandia team identified the need
to connect cyber-defenders with system
operators rapidly and automatically.

This project built off and expanded upon
a previous R&D 100 Award-winning
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project called the Proactive Intrusion
Detection and Mitigation System,
which focused on detecting and re-
sponding to cyber intrusions in smart
inverters on solar panels, Shamina
said. The team is also expanding upon
the autoencoder Al in similar projects,
she added.

The team filed a patent on the autoen-
coder Al and is looking for corporate
partners to deploy and hone the tech-
nology in the real world, Shamina said.
With a bit more work, the autoencoder
could be used to protect other critical in-
frastructure systems such as water and
natural gas distribution systems, facto-
ries, and even data centers, Adrian said.

The project is funded by Sandia’s
Laboratory Directed Research and
Development program.

https.//www.sandia.gov/
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Southeast Asia is currently experiencing a rapid increase in electricity de-
mand, which is fueled by rapid urbanization, industrial growth, and the ex-
pansion of the digital economy. The surge in data centers and computation-
al demand from Al processing has further exacerbated energy demand. At
the same time, Al technologies are emerging as power enablers for cleaner,
smarter, and more resilient energy systems. This poses an important challenge
for ASEAN nations, which comprises of Brunei, Cambodia, Indonesia, Laos,
Malaysia, Myanmar, the Philippines, Singapore, Thailand, and Vietnam, to bal-
ance rising energy demand with the advancement of decarbonization targets,
while simultaneously prioritizing the development of smarter grids. Uneven in-
frastructure, fragmented policy frameworks, and investment gaps complicate
this task. With greater cooperation and stronger investment, Al could be an
important catalyst that drives ASEAN's secure, sustainable energy transition.

ASEAN's energy landscape stands at a
pivotal juncture, driven by rising energy
demand and rapid digitalization across
its economic sectors. Electricity con-
sumption across ASEAN, as reported
in (IEA, Southeast Asia Energy Outlook,
2024), is projected to rise by nearly 4%
each year, fuelled by economic expan-
sion, rapid urbanization, and surging
cooling needs amid intensifying heat-
waves. Simultaneously, the advent of
digitalization from cloud services to gen-
erative Al is driving a sharp increase in
energy demand from data centers. The
International Energy Agency (IEA) fore-
cast that electricity demand from data
centers in Southeast Asia will almost
double by 2030 compared to 2024, driv-
en by its emergence as a regional hub,
especially in Singapore and southern
Malaysia. From 2024 to 2030, based on
a report published by (IEA, Energy and
Al, 2025) Energy and Al — Analysis - IEA
electricity consumption for data centers
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is projected to grow at approximately
15% per year which is more than four
times faster than the growth rate of to-
tal electricity consumption from all oth-
er sectors (IEA, Energy and Al, 2025). In
order to meet this rising demand, renew-
able energy sources such as wind, solar,
modern bioenergy, and geothermal are
projected to contribute to more than one-
third of the increase in energy demand
across Southeast Asia by 2035 (IEA,
Southeast Asia Energy Outlook, 2024).
However, this is still insufficient to meet
energy energy-related CO2 emission
targets. Due to this, the energy-related
CO, emissions are expected to climb by
35% between now and mid-century (IEA,
Southeast Asia Energy Outlook, 2024).
Carrying forward COP28’s commitments
and strengthened by COP29's outcomes,
Southeast Asia must significantly hasten
the transition to clean energy to meet
COP28 goals and support the net-ze-
ro pledges. Al-driven tools and smart-
grid technologies can play a key role in
boosting renewable energy uptake and
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improving energy efficiency while sup-
porting the region'’s digital growth.

The surge in data center development
across ASEAN is forecast to increase
electricity demand up to 30% of nation-
al consumption in certain countries by
2030, requiring an estimated USD 45—
75 billion in solar and wind investment
to power facilities sustainably and min-
imize continued dependence in fos-
sil fuels (Ember, From Al to Emissions:
Aligning ASEAN's Digital Growth with
Energy Transition Goals, 2025). Current
renewable targets and grid decarbon-
ization trajectories remain too slow to
match energy demand growth. For exam-
ple, Indonesia’s JAMALI (Jawa-Madura-
Bali) grid and Singapore’s grid are expect-
ed to cut emission intensity by only 9.4%
and 4.9% respectively by 2030. To align
Al-driven digitalization with ASEAN'’s
net-zero commitments, ASEAN must
expedite its energy transition by scaling
renewable capacity, enhancing grid flexi-
bility, and adopting a stronger regulatory
framework. ASEAN's electricity genera-
tion reached arecord 1,263 TWhin 2022,
with fossil fuels such as coal, oil, and gas
still dominating. However, the fossil fuel
share of ASEAN electricity generation de-
clined from 85.8% in 2005 to 71.2% in
2022. During the same period, renewable
energy expanded to 29.2% of the gen-
eration mix, led by hydro, solar PV, and
bioenergy, reflecting a structural shift as
RE progressively offsets coal and gas in
ASEAN's power sector (Ember, From Al
to Emissions: Aligning ASEAN's Digital
Growth with Energy Transition Goals,
2025). This momentum must be further
intensified, as the current share of renew-
ables remains insufficient to drive a sig-
nificant energy transition.

The 8th ASEAN Energy Outlook (AEO8)
reported in (ASEAN Centre for Energy,
8th ASEAN Energy Outlook, 2024) out-
lines four distinct scenarios, which are
Baseline (BAS), AMS Targets (ATS),
Regional Aspiration (RAS), and Carbon
Neutrality (CNS). This allows ASEAN
to explore its energy prospects from
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2023 to 2050 with each scenario re-
flecting different levels of policy am-
bition and technological adoption in
shaping the region’s energy transition.
Bridging these scenarios with real-world
action demands accelerated technolo-
gy adoption and digital innovation to en-
sure ASEAN's transition keeps pace with
rising energy demand. Accelerated de-
ployment of RE sources, Al-enabled fore-
casting, smart grid initiatives, and smart
demand response are critical enablers
to balance rising digitalization-driven
electricity demand with ASEAN’s de-
carbonization goals.

ASEAN's energy demand is intensifying
with Total Final Energy Consumption
(TFEC) projected to rise by nearly 73%
by 2050, driven by rapid industrializa-
tion, urbanization, and expanding mobil-
ity needs. The industrial sector is set to
dominate, increasing its share from 44%
in 2023 to 52% by 2050. Transportation
remains the second-largest sector,
which is mainly contributed by electric
vehicle penetration. The residential sec-
tor's share is projected to decline, while
the commercial sector remains stable
at 6-8% of TFEC, and the agriculture
sector contributes a minor share of the
TFEC (ASEAN Centre for Energy, ASEAN
Energy Investment, 2024).

Currently, Southeast Asia is rapidly
emerging as a global hub for data cen-
ters, with ASEAN’s major economies
leading the charge. Malaysia, Singapore,
and Indonesia are experiencing some
of the fastest growth in capacity, with
Malaysia projected to be the region’s
fastest-expanding market. Its data cen-
ter electricity demand is expected to
surge from just 9 TWhin 2024 to 68 TWh
by 2030 (Ember, From Al to Emissions:
Aligning ASEAN'’s Digital Growth with
Energy Transition Goals, 2025), which
marks a dramatic leap in regional dig-
ital infrastructure needs.

Singapore, which is ASEAN's largest hub
with 1 GW capacity, has tightened ap-
provals to prioritize projects powered
by green energy and advanced efficien-
cy standards. Malaysia is supporting
data center growth through solar me-
ga-farms and cross-border clean energy
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initiatives. With Jakarta as its prima-
ry hub, Indonesia is seeking to reduce
coal dependence through RE adoption,
whereas Thailand is centred on co-lo-
cation investment. The Philippines
pursues sustainability in new hyper-
scale projects, and Vietnam is scaling
up through its Digital Transformation
Programme. The rapid expansion of
data centers positions Southeast Asia
as a leading digital hub, but without ac-
celerated RE adoption and efficiency
improvements, rising digital demand
could increase reliance on fossil fuels
and drive significant emissions growth
(Ember, From Al to Emissions: Aligning
ASEAN'’s Digital Growth with Energy
Transition Goals, 2025).

The energy transition is accelerating as
countries seek to decarbonize power
systems, and Al is emerging as a key
enabler by enhancing RE integration, im-
proving forecasting accuracy, and op-
timizing grid operation. This is crucial
for ASEAN, where renewable capacity
is rising and grids must handle inter-
mittent supply efficiently. Al leverages
massive streams of sensor and weath-
er data to enhance RE generation fore-
casts and optimize dispatch, which out-
performs the accuracy of traditional
models. Beyond operational optimiza-
tion, Al is accelerating energy technol-
ogy innovation by expediting the discov-
ery of advanced battery chemistries, CO.
capture materials, and catalysts for syn-
thetic fuels. This is made possible by
consolidating R&D cycles that would
otherwise span decades into far more
manageable timeframes. At the grid lev-
el, Al can support ASEAN's energy tran-
sition through predictive maintenance,
congestion management, and dynam-
ic line rating, further optimizing trans-
mission and distribution network oper-
ation. The IEA notes that transmission
lines can typically carry 20-30% addi-
tional capacity above their maximum
rating for about 90% of the year and
that DLR could unlock 115-175 GW of
global capacity at far lower cost than
new lines (IEA, Energy and Al, 2025). For
Southeast Asia, these applications are
important as rising digital demand and
growing RE integration further stress the
power grid. Al-enabled forecasting can
optimize dispatch and reduce RE cur-
tailment, while advanced fault detection
and automation enhance system reli-
ability, especially during power outages.

In summary, Southeast Asia is undergo-
ing rapid digital and energy transforma-
tion, with rising electricity demand from
both economic growth and expanding
digital infrastructure. At the same time,
countries are pushing to decarbonize
their power systems through large-scale
RE integration and smarter grid manage-
ment. Al stands at the core of this tran-
sition, providing the innovation needed
to balance reliability with sustainability
while accelerating the shift towards a
low-carbon future.

To further analyze the integration of Al
in ASEAN power grid, six national case
studies are considered. Although each
country faces distinct challenges, rang-
ing from Malaysia'’s rapid data center ex-
pansion to Vietnam’s smart grid initia-
tives, a common theme can be observed
in the growing reliance on Al as a cat-
alyst in supporting the region’s energy
transition. These case studies highlight
Al integration in renewable infrastruc-
ture, advanced grid management, and
regional interconnection.

Malaysia is positioning itself as a lead-
er in ASEAN's Al and clean energy tran-
sition by coupling its fast-growing data
center sector with renewable invest-
ments. The Al infrastructure will be lo-
cated at the YTL Green Data Center Park
in Kulai, Johor. The 500 MW facility will
be developed by YTL and fully pow-
ered by an equivalent capacity of on-
site solar energy. The project positions
Malaysia as a regional hub for green Al,
which enables energy-intensive Al work-
loads to be powered by RE (YTL Power
International, 2023). Malaysia’s utili-
ty company Tenaga Nasional Berhad
(TNB) has committed RM43 billion
($10.1 billion) to modernize the nation-
al grid, enabling higher Al computing
loads and large-scale battery energy
storage integration (Reuters, 16 June
2025). At the same time, Petronas is
developing three offshore carbon-cap-
ture and storage facilities with over 10
international partners to position CCS as
both a decarbonization mechanism and
a regional revenue stream. Furthering
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its energy transition initiatives, in
2024, Malaysia introduced the Energy
Exchange Malaysia (ENEGEM) to drive
structured cross-border green electrici-
ty trading. The platform’s inaugural deal
enables Sembcorp Power Pte Ltd to pur-
chase 50 MW of renewable power from
TNB for delivery into Singapore over a
two-year period starting December 2024
(Regional Power Grids, EMA).

Singapore, constrained by limited land
for large-scale renewables, is leveraging
Al-driven grid management and regional
power trading to decarbonize its power
grid. Al is being deployed to strengthen
grid stability, forecast electricity de-
mand, and optimize solar generation,
enabling more efficient energy distribu-
tion and reducing reliance on domes-
tic sources. Since 2022, Singapore has
been importing renewable hydropow-
er under the Lao—Thailand—Malaysia—
Singapore Power Integration Project
(LTMS-PIP). This represents ASEAN's
first multilateral electricity trade, start-
ing with 100 MW of Lao hydropower de-
livered to Singapore and expanding to
200 MW through multidirectional flows
that include RE supply from Malaysia
(Regional Power Grids, EMA). Singapore
has progressively expanded its electric-
ity import programme, with the Energy
Market Authority (EMA) raising its target
from 4 GW to 6 GW of low-carbon im-
ports by 2035. Recent conditional licens-
es include the 1 GW project by Singa
Renewables with RGE and TotalEnergies,
focusing on regional power integration
to secure cleaner and more diversified
supply sources. By harnessing Al for
smart meters, predictive analytics, and
real-time optimization across facilities
like shipyards, airports, and campuses,
Singapore is proving how Al-based en-
ergy management can cut grid reliance
and make regional power imports more
efficient (How Singapore Uses Al to Cut
Electricity Use, 2020).

Indonesia is advancing its Nusantara
Super Grid, an inter-island electrici-
ty transmission network using High
Voltage Direct Current (HVDC) technol-
ogy. This initiative aims to transport vast
renewable potential, such as the 13 GW
of hydropower in Kalimantan, toward

20 |

major load demand centers in Java and
Sulawesi. The Super Grid is positioned
as a backbone of Indonesia’s energy
transition, enabling large-scale integra-
tion of solar, wind, and hydropower into
the national mix while supporting the
country’s net-zero emissions target for
2060 (Chandak, 2023). To enhance its
energy transition, Indonesia is applying
Al for predictive maintenance, demand
forecasting, and real-time grid optimi-
zation, enabling more reliable integra-
tion of solar, wind, and hydropower into
the power grid. On islands like Sumba,
Al-managed microgrids have already
achieved up to 95% renewable penetra-
tion by adapting to monsoon patterns,
while predictive algorithms deliver 97%
demand forecast accuracy and extend
battery lifespans by 40% (Challenge,
2025). Beyond transmission and micro-
grids, Indonesia’s geothermal sector is
integrating generative Al through plat-
forms like Kyndryl Bridge (Cariaga et al.,
2024), which provide real-time insights
on system performance and proactive
solutions to increase reliability by pre-
dicting failures before they occur.

Thailand’s Power Development Plan
(PDP2015) emphasized smart grid de-
velopment to strengthen reliability and
enable large-scale renewable integra-
tion, laying the groundwork for future
adoption of Al-driven solutions in en-
ergy management and grid operations.
Among the main initiatives are large-
scale transmission upgrades, energy ef-
ficiency measures targeting 89,672 GWh
of savings by 2036, and the Alternative
Energy Development Plan (AEDP) that
sets a 19,634 MW RE capacity target
(Lauradmin, 2025). Thailand has since
launched a $1.8 billion smart grid and
Al-powered energy transformation pro-
gramme, which focuses on moderniz-
ing power distribution, enhancing grid
security, and optimizing energy efficien-
cy nationwide. The initiative integrates
Al-driven grid management, predictive
analytics, and real-time cybersecurity,
creating a smarter and more resilient en-
ergy ecosystem. Continuing this initia-
tive. the Thai government is advancing
its National Al Action Plan by incorporat-
ing smart grid upgrades and Al deploy-
ment across utility networks, as part of
a broader strategy to become a regional
Al hub by 2027 (Sayson, 2025).
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Vietnam is relatively new to the Al
landscape, introducing its first nation-
al strategy in 2021 that identifies arti-
ficial intelligence as a core pillar of the
Fourth Industrial Revolution. The strat-
egy sets targets through 2030, includ-
ing the establishment of national Al
innovation centers, supercomputing
facilities, and applications extending
into key sectors such as RE and pow-
er systems (Pham et al., 2024). At Son
La Hydropower Plant, Al-integrated ro-
botic systems equipped with environ-
mental sensors and image-processing
algorithms are applied to monitor elec-
trical cabinets and provide accurate in-
formation to power system operators.
Vietnam Electricity (EVN) is applying Al
across its operations, which includes an
Al-based power transmission line man-
agement system with automated UAV
inspections to optimize grid monitor-
ing and fault detection. In customer ser-
vices, EVN also deploys Al chatbots and
virtual assistants to handle requests
and provide information, improving ef-
ficiency and service quality (Artificial
Intelligence Application Become Driving
Force for Comprehensive Innovation in
EVN'’s Operations).

The Philippines is advancing Al in its
power sector through Meralco’'s 4-1
strategy, which integrates artificial in-
telligence to grid operations for re-
al-time monitoring, forecasting, and
improved reliability. With distributed
energy resources expanding across
the Philippines, Meralco is harnessing
Al, battery storage, and interoperabili-
ty tools for a decentralized and clean
energy future (Meralco Prepares for
Decentralized Grid With Al, BESS and
Interoperability Tools). Similarly, Aboitiz
Power Corporation is implementing
“Project Arkanghel,” a digital twin initia-
tive that creates real-time replicas of its
coal-fired plants to strengthen predic-
tive maintenance and operational de-
cision-making. At the distribution level,
the Institute for Climate and Sustainable
Cities has developed the SPECTRUM
platform, which applies machine learn-
ing and satellite imagery to map rooftop
solar systems nationwide and forecast
their generation potential (Albay, 2025).
As industrial demand grows, artificial
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intelligence platforms like SPECTRUM
are set to drive the Philippines’ energy
transition by applying machine learning
to expand rooftop solar coverage, im-
prove forecasting accuracy, and track
solar deployment over time.

Al tools in energy systems

The modern power grid is continuously
adopting Al technologies to strengthen
reliability and efficiency. Machine learn-
ing models are applied to vast historical
and real-time datasets to predict equip-
ment failures and potential outages. At
the same time, loT-enabled smart me-
ters and sensors provide detailed infor-
mation on load consumption patterns
and grid performance to detect system

anomalies. Al-based self-healing grids
are also deployed to autonomously de-
tect and repair faults while rerouting
electricity to prevent outages.

Emerging Al technologies are expected
to significantly advance grid planning
and power system operations. Ongoing
research focuses on the application of
generative Al and large-scale foundation
models specifically designed for pow-
er systems. ASEAN power systems are
increasingly adopting Al, particularly in
predictive analytics to strengthen grid
resilience and mitigate potential fail-
ures (How Al-driven Cable Management
Can Boost Southeast Asian Power
Networks). Current Al applications in
power systems focus on predictive an-
alytics for demand forecasting, fault

Current Al Integration

detection and maintenance, while fu-
ture advancements are expected to uti-
lize generative Al and integrated digital
platforms to enable autonomous, resil-
ient and decentralized grid operations
across ASEAN.

To fully realize Al integration in the pow-
er grid, ASEAN must adopt a harmonized
Al governance framework that ensures
interoperability, transparency, and ac-
countability. This will ensure that mem-
ber nations are able to coordinate effec-
tively and accelerate the integration of
region-wide Al-enabled infrastructure.
Investment in interoperable digital infra-
structure and robust data platforms is
essential to unlock additional grid ca-
pacity without reliance on new transmis-
sion expansion. ASEAN countries can

« Operational Applicafions
» Priagdictine: maintenance and sutage prediction
= Sensors and oT for fault detection

= Technology Capability
* Machine learning for forecasting
» fustomated contral in distribution (self-healing)

= [ater Integrition

s Smart meters and loT devices providing data capturing real time operation
« Diata analytics on consumption and grid status for grid assessment

* Resilience

« Automated fault isolation and quick power rerouting to avold outages

= Grid autanomy

s Human-supervised automation in whche Al assists operators

Future Al Integration

= Operational Applications

s Al-penerated scenarios for planning

» Optimized contral sirategies using generative Al
= Technology Capability

= [ntegration of deep learning model

& Reinforcement learning for grid optirization,

= Data ltegration

» Unified big data from grid, weather and loT
¢ Open data plattorms for &l training.

= Resitience

= Al-driven cyber defense mechanisms coupled with all-hazards resilience

framework
& (rild ot nemy

= Highly autonomeus prid operation with minimal hurman intervention

Figure 1: Current and future Al integration in power grid
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further advance Al adoption through co-
ordinated pilot programs and regulatory
sandboxes that test applications under
real-world grid conditions for regional
deployment.

Presently, ASEAN’s Al adoption in its
energy transition is gradual. It mostly
emerges through localized initiatives
such as predictive analysis for demand
forecasting and smart grid projects.
Looking ahead, ASEAN's long-term vi-
sion is to embed Al comprehensively,
enabling decentralized, real-time grid
management, predictive maintenance,
renewable energy integration, and
cross-border power trading through a
unified ASEAN Power Grid.

Al integration in power grid can be clas-
sified into categories such as operation-
al applications, grid autonomy, predic-
tive maintenance, renewable integration,
and cross-border trading. Figure 1
shows how current Al influences these
areas at a localized level, while future Al
is expected to advance them towards
a comprehensive, autonomous, and re-
gion-wide deployment.

Integrating an Al solution across
ASEAN's energy sectors faces signifi-
cant challenges. This stems from the re-
gion’s diversity, which contributes to un-
even progress in infrastructure maturity,
governance, human capital, and invest-
ment capacity. These challenges pres-
ent an opportunity for ASEAN countries
to address to develop a smarter power
grid and accelerate the region’'s energy
transition.

With modernized power grids, high
connectivity, and strong human capital,
Singapore and Malaysia are better posi-
tioned than most ASEAN peers to adopt
Al in their energy sectors. Digitalizing
the power grid required high investment
costs, interoperability issues, data pri-
vacy and security, and the necessity for
a competent workforce. A key techni-
cal gap remains in achieving seamless
interoperability across various electri-
cal equipment and vendor software.
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The integration of diverse devices and
platforms poses a significant challenge
for achieving real-time synchronization
(Fernandez et al., 2024). Closing these
gaps will require equipment upgrades
such as advanced metering infrastruc-
ture (AMI), sensors, and reliable high-
speed communication networks to
improve data quality and system visi-
bility. ASEAN is actively pursuing this
through the integration of smart grid
technologies, including phasor mea-
surement units (PMUs), virtual power
plants (VPPs), and emerging digital twin
systems across the region. The United
Nations Office for Project Services
(UNOPS) supports ASEAN’s grid mod-
ernization through the Southeast Asia
Energy Transition Partnership (ETP), a
multi-donor initiative that provides tech-
nical expertise and resources to coun-
tries such as Indonesia, the Philippines,
and Vietnam to facilitate a just energy
transition (‘'Smart Grid’ Helps Accelerate
Energy Transition in Indonesia).

A major challenge lies in ASEAN's frag-
mented policy landscape, where dif-
ference in national energy regulations,
data standards, and Al guidelines hin-
ders region-wide coordination and im-
plementation. ASEAN practices volun-
tary Al guidelines, unlike the EU’s binding
risk-based Al Act, due to its members’
diverse national policies and varying
levels of socioeconomic development
(Labrecque, 2024). In early 2024, at the
4th ASEAN Digital Ministers’ Meeting,
the 10 ASEAN members released the
ASEAN Guide to Al Governance and
Ethics. This is a non-binding governance
model highlighting seven core principles
comprising of transparency, fairness,
security, reliability, human-centricity,
privacy, and accountability. This initia-
tive marks ASEAN'’s effort to align gov-
ernance and paves the way for greater
regional coordination on Al regulation.
The modernization of ASEAN'’s grids
is constrained by investment dispari-
ty between the member nations, with
Singapore attracting USD 141 billion in
FDI and Indonesia receiving USD 22 bil-
lion. Malaysia has committed USD 10.1
billion specifically for upgrading its na-
tional grid infrastructure (ASEAN Centre
for Energy, ASEAN Energy Investment,
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2024). Despite these national efforts,
regional financing remains insuffi-
cient, as green investment rose to only
USD 6.3 billion in 2023, which is well
below the USD 1.5 trillion required to
support Southeast Asia’s transition by
2030 (Kear Tian Seng, Southeast Asia’s
Green Economy 2024 Report: Moving
the Needle). Closing this financial gap
is critical for ASEAN as it requires blend-
ed-finance solutions that combine
grants, concessional loans, and private
capital to modernize grids, expand stor-
age, and enable Al-driven efficiency in
the power grids.

Public perception of Al remains a ma-
jor challenge. Conservative industries
such as electricity supply may resist
adoption, as grid operators remain cau-
tious about trusting Al decisions over
human judgment due to risks associat-
ed with cybersecurity, privacy, autono-
my, and unequal access to technological
resources. Data privacy risks increase
as Al-driven smart grids may expose
sensitive household behaviours, cre-
ating opportunities for misuse or sur-
veillance. Building public acceptance of
Al-driven smart grids requires transpar-
ent data policies, strong privacy protec-
tions, and clear accountability to foster
trust between the service providers, ven-
dors, operators, and customers. Digital
competency gaps in the ASEAN region
results in many graduates lacking the
skills required for Al-related roles in the
power sector. Critical lack of qualified
technical personnel in the energy sec-
tor, compounded by an aging workforce
and insufficient training systems, pos-
es a challenge to the implementation of
grid modernization. Strengthening and
modernizing Technical and Vocational
Education and Training (TVET) with re-
gional mobility mechanisms and indus-
try-led apprenticeships is important to
upskill/reskill an Al-ready workforce for
power grid modernization.

Al is an important catalyst in enabling
ASEAN's energy transition with appli-
cations ranging from RE forecasting
to decentralized grid management and



cross-border power trading. Despite this
immense potential, there are some chal-
lenges that the member nations face,
such as uneven infrastructure, fragment-
ed policy frameworks, an Al-ready work-
force shortage, and investment gaps for
large-scale adoption. Addressing these
challenges is crucial for a success-
ful energy transition process. This re-
quires harmonized governance frame-
works, significant digital infrastructure
investment, and human capital building
to ensure equitable deployment across
the region. With the right approach, Al
integration can advance ASEAN's pow-
er system into a resilient and efficient
low-carbon network to ensure regional
energy security and sustainability goals.
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Climate change is causing unprecedented global warming, rising sea levels,
and extreme weather events that threaten ecosystems and human societies
worldwide. To combat this and mitigate its impacts, the world is striving for
an energy transition towards 100% renewable energy systems and net-zero
communities. For this transition, several challenges, such as infrastructure
requirements or costs, exist. One of the solutions to cover these challenges
is to make the most of digital technologies, especially Artificial Intelligence
(Al). Al-driven technologies can improve the design and operation of renew-
able farms, streamline energy storage solutions, and enable smarter urban
planning to lower carbon footprints. Additionally, Al can analyze large amounts
of data to identify sustainable practices and support decisions, driving fast-
er progress toward net-zero emissions. However, the more the data increas-
es and becomes larger big data, these classical Al models face challenges in
their analytics, especially in real-time operations. To this end, the importance
of big data in power systems, and the more advanced Al strategies, known as
Large Language Models (LLMs) and agentic Al, are taken into consideration.
For both LLMs and agentic Al strategies, one case study is analyzed for each,
with several recent literature and recent developments. Then, the challenges
and future research directions are presented, supported by the complemen-
tary descriptions of these technologies with the United Nations Sustainable
Development Goals (UN-SDGs). Harnessing Al's potential in the energy tran-
sition through optimized renewables, intelligent grids, and sustainable data
centers (to process these Al strategies) can be considerably beneficial for a
resilient, net-zero future.

The global energy transition, driven by
the urgent imperative to mitigate cli-
mate change, is affecting the world’s
energy sector through innovative solu-
tions addressing technical, economic,
and social challenges of decarboniza-
tion (Li et al., 2025). As rising global tem-
peratures and extreme weather events
highlight the consequences of green-
house gas emissions, nations are ac-
celerating the shift from fossil fuels to
fully Renewable Energy Sources (RES)
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and a net-zero community. Following
this urgency, several organizations pro-
vided sustainability goals to achieve
a net-zero community. One of these
organizations is the United Nations
(UN), which presented the Sustainable
Development Goals (SDG) (Fund, 2015).
The other important regulatory agree-
ment is the Paris Agreement. The Paris
Agreement, adopted in 2015 under the
UN Framework Convention on Climate
Change (UNFCCC), is a landmark glob-
al treaty aimed at combating climate
change by limiting global warming to
well below 2°C, ideally 1.5°C, above
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pre-industrial levels (Bodansky, 2016;
Mudhee et al., 2025). Although the
RES have proved that they accelerate
the transition process to a fully net-ze-
ro community, several challenges re-
main, including the electrification in-
frastructure and the associated costs
(Heuberger & Mac Dowell, 2018; Al-
Shetwi et al., 2024; Heptonstall & Gross,
2021). In order to provide solutions for
those challenges, Artificial Intelligence
(Al) is the strategy that is being focused
on (Salman et al., 2024). The reason for
this is Al's potential. Al can optimize re-
newable energy production by predict-
ing weather patterns for solar and wind,
improving grid efficiency, and manag-
ing energy storage to balance sup-
ply and demand (Sankarananth et al.,
2023). Additionally, it enhances energy
efficiency in industries, buildings, and
transportation through predictive main-
tenance and smart systems (Farzaneh
et al., 2021). Moreover, Al accelerates
research into new materials for batter-
ies and carbon capture technologies
(Priya et al., 2023). By processing vast
datasets and enabling real-time deci-
sion-making, Al helps reduce costs,
lower emissions, and scale clean ener-
gy solutions, making it a cornerstone for
achieving global climate goals efficient-
ly and effectively (Ukoba et al., 2024).
Following this potential, Al in the renew-
able energy market is considerably in-
creasing, as shown in Fig. 1.

The global Al in renewable energy mar-
ket is projected to reach approximately
USD 78.2 billion by 2034, up from USD 8
billion in 2024, with a Compound Annual
Growth Rate (CAGR) of 25.60% from
2025 to 2034. In 2024, the Asia-Pacific
region is anticipated to dominate the
market, holding over 35% of the market
share and generating $2.8 billion in rev-
enue (Market.us, 2025). As mentioned,
one of the important applications of Al
is in the materials for batteries and car-
bon capture technologies. Accordingly,
Fig. 2 shows the Sankey diagram of the
critical minerals in clean energy transi-
tions, which is gathered from (IEA, n.d.).
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Figure 2: Sankey diagram of critical minerals in different energy technologies, considering sustainable development and

policies, based on the data from

Source (IEA, n.d.). A Sankey diagram is a flow diagram that visualizes the magnitude of
flows between nodes, with arrow widths proportional to the flow quantity.

As reported in (IEA, n.d., IEA, 2021), the
types of mineral resources required
differ depending on the technology.
Lithium, nickel, cobalt, manganese, and
graphite are essential for battery per-
formance, durability, and energy densi-
ty. Rare earth elements are critical for
permanent magnets used in wind tur-
bines and Electric Vehicle (EV) motors.

Electricity grids rely heavily on copper
and aluminium, with copper being a key
component in all electricity-related tech-
nologies. The transition to a clean ener-
gy system is expected to increase the
demand for these minerals, position-
ing the energy sector as a major play-
er in mineral markets. As clean ener-
gy transitions accelerate, clean energy
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technologies are now the fastest-grow-
ing source of demand. In a scenario
aligned with the Paris Agreement goals,
the share of total demand for these min-
erals is projected to rise sharply over the
next two decades: over 40% for copper
and rare earth elements, 60-70% for
nickel and cobalt, and nearly 90% for
lithium. EVs and battery storage have
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surpassed consumer electronics as the
largest consumers of lithium and are ex-
pected to overtake stainless steel as the
primary end user of nickel by 2040 (IEA,
n.d., IEA, 2021). The world is on pace to
double the demand for minerals used
in clean energy technologies by 2040,
according to the IEA's Stated Policies
Scenario (STEPS). This surge is driven
by the rapid expansion of clean ener-
gy systems, with technologies of EVs,
battery storage, and renewable ener-
gy infrastructure requiring substantial
amounts of minerals such as lithium,
nickel, cobalt, copper, and rare earth el-
ements. Consequently, Al applications
in those economies, environments, and
energy, such as Deep Learning (DL), and
Machine Learning (ML) strategies, find
importance, as reviewed in (Sarwar et
al., 2024).

To this end, in this article, we have em-
phasized the role of harnessing Al in en-
ergy transition by presenting the impor-
tance, applications, and use cases of big
data, Large Language Models (LLMs),
and agentic Al in power systems. Firstly,

the big data and its different usage strat-
egies in power systems are presented
in Section 2. Then, LLMs are described
and one of their case studies in power
systems, and several literatures in that
field (Section 3). As the LLMs and their
insights are presented, Section 4 de-
scribes the agentic Al concept, a case
study, and the relevant literature. Next,
the challenges, associated future works,
and the alignment with UN SDGs are giv-
en in Section 5. Finally, the conclusion
is drawn in Section 6.

The power sector generates vast
amounts of data from sources, such
as smart meters (Wen et al., 2018,
Alemazkoor et al., 2022), sensors (Rani
etal., 2017, Marinakis et al., 2020) on grid
infrastructure (Munshi & Yasser, 2017),
renewable energy systems (Mostafa
et al.,, 2022, Ejiyi et al., 2025), and con-
sumer devices (Al-Ali et al., 2018, Hu &
Vasilakos, 2016), characterized by high

volume, velocity, and variety (which are
the three Vs of big data). This data is
important for real-time monitoring and
predictive maintenance, allowing utili-
ties to detect equipment failures be-
fore they occur, thus reducing outages
and maintenance costs. Big data analyt-
ics also facilitates the integration of re-
newable energy sources, such as solar
and wind, by analyzing weather patterns
and consumption trends to balance sup-
ply and demand, optimizing grid stabil-
ity (Safari et al., 2024). Furthermore, it
supports demand-side management
through insights from consumer usage
patterns, enabling dynamic pricing and
energy-saving recommendations. By ex-
tracting information from complex data-
sets, big data empowers power systems
to meet growing energy demands, re-
duce carbon footprints, and transition
toward a more sustainable and intelli-
gent energy ecosystem. Following this
importance, big data can be used in dif-
ferent aspects of power systems. These
aspects are presented in Fig. 3 (Guo
etal., 2018).
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Based on (Guo et al., 2018), power sys-
tem big data is categorized into four di-
mensions: operational, management,
device, and environmental. In power
generation, big data can be used for op-
timizing resources and achieving cost
efficiency. It supports applications such
as generator planning and optimization,
market modeling, and economic load
dispatch, helping utilities balance supply
and demand effectively. Additionally, big
data-based analytics can improve gener-
ation efficiency, electricity pricing mod-
els, and RES management. In the trans-
mission sector, big data enhances both
planning and real-time operations. It en-
ables applications such as loss identifi-
cation, islanding detection and isolation,
and line fault detection and monitoring,
ensuring stable power transmission
over long distances. Additionally, big
data supports outage detection and res-
toration, bolstered by asset and lifecy-
cle assessments, allowing operators to
maintain grid reliability while minimizing
downtime and service disruptions. On
the side of the distribution/transforma-
tion, big data can support localized, cus-
tomer-focused applications. Real-time
sensing and asset management deliv-
er detailed operational information, en-
abling efficient outage detection and
restoration. Big data-based fault diag-
nosis, voltage and frequency control,
and health monitoring/prediction im-
prove the reliability and adaptability of

distribution systems. In DSM, big data
enables consumer-focused strategies to
balance demand with available supply.
Applications such as demand response
management, load classification, and
demand information systems provide
actionable insights for both consumers
and utilities. Tools, including customer
load forecasting, energy-saving interac-
tions, and protection/theft detection, en-
hance efficiency and security on the de-
mand side. By utilizing these tools, DSM
empowers consumers to actively partic-
ipate in energy markets while support-
ing overall system stability.

Overall, big data and its analytics are
the foundation and most important part
of harnessing Al for the energy transi-
tion. In the following sections, LLMs
and agentic Al strategies in power sys-
tems presented are fully dependent
on big data.

Large language models are advanced
Al systems designed to process, un-
derstand, and generate human-like in-
formation by using vast amounts of
data and advanced computational tech-
niques (Chang et al., 2024; Naveed et al.,
2025). Built on DL architecture, typical-
ly Transformer-based neural networks
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(Bouschery et al., 2023; Su et al., 2025),
LLMs consist of vast amounts of pa-
rameters that enable them to capture
intricate patterns. These models are
trained on diverse datasets, including
books, articles, websites, and other tex-
tual sources, allowing them to develop
a broad knowledge base and the abili-
ty to perform different tasks. The train-
ing process involves unsupervised learn-
ing, where the model predicts the token
in a sequence, and sometimes fine-tun-
ing with supervised or Reinforcement
Learning (RL) to align outputs with spe-
cific tasks. Power systems are also
among these sectors in which LLMs
can be used in different ways. As a case
study of LLMs integration in the pow-
er systems, an example is manifested
in Fig. 4.

The architecture of LLMs, in Fig. 4, is
tied to the hardware they operate on,
particularly in Transformer-based mod-
els running on a Personal Computer
(PC) with Graphical Processing Unit
(GPU) acceleration (Li, R et al., 2024;
Koilia & Kachris, 2024). The computa-
tional pipeline starts with the Central
Processing Unit (CPU) handling light-
weight input processing by tokenizing
text, followed by the transfer of toke-
nized data from Random Accessible
Memory (RAM) to GPU memory through
the Peripheral Component Interconnect
Express (PCle) bus (Saber & Jiang, 2025,
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A case study of LLM integration in a power system, conceptualized from (Li, Y et al., 2024). This case study
shows the LLM pipelines and the hardware process relationships.
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Huang et al., 2025), which can become
a challenge for large datasets. On the
GPU, tokens are transformed into vector
representations with positional encod-
ings during the embedding phase, a task
of moderate computational intensity.
The core of the LLM’s workload occurs
in the Transformer blocks, where the
GPU's parallel processing excels in ex-
ecuting multi-head self-attention, layer
normalization, and Feed-Forward Neural
Network (FFNN) operations, leading to
the resource-intensive stage and high-
lighting the critical role of GPU accelera-
tion. Subsequently, the GPU performs a

final linear transformation and Softmax
operation (Zimerman et al., 2024; Jha &
Reagen, 2024; Rakka et al., 2025) in the
output layer to generate token proba-
bilities, after which token selection in-
volves both GPU and CPU to choose
the next token based on these proba-
bilities. The CPU then converts the se-
lected token back into text during output
processing, with steps including data
transfer, embedding, Transformer block
computations, output layer processing,
token selection, and output processing
repeating iteratively for multi-token gen-
eration. The computational demands of

Some of the works considered agentic Al strategies in power systems

LLMs scale with model size and hard-
ware capabilities, which can run on mid-
range GPUs, while larger models neces-
sitate high-end or multiple GPUs. This
interdependence presents the GPU’s im-
portant effect on handling the extensive
matrix operations within Transformer
blocks, forming the computational
foundation of modern LLMs (Li, Y et
al., 2024), being used in different pow-
er system applications. Additionally,
an overview of recent works presented
LLMs integration in power systems is
given in Table 1.

Fine-Tuned
LLM

Pre-Trained
LLM

Prompting
LLM

LLM-SUC

LLM-DRL

28 |

Power
System Load
Profile

Building

Wind Turbine

Wind Energy

System

Distribution
Networks

Fine-tuned LLMs to reduce data needs in power system load
profile analysis by restoring missing data. It proposes a two-
stage fine-tuning strategy, demonstrating that the fine-tuned

model matches the performance of specialized models. Key
insights emphasized the role of prompt engineering and few-
shot learning for efficient knowledge transfer.

Black-box tuning inductive adapter based on pre-trained

LLMs, designed for short-term building-level load forecasting
to enhance power grid stability and efficiency. Addressing

the challenge of limited or unavailable historical load data,

it used LLMs' generalization capabilities without requiring
domain-specific pre-training or fine-tuning. It considered spatial
correlations among nearby buildings to improve forecast
accuracy and adapt to varying building sizes.

A hard-soft hybrid prompt learning method to enhance wind power
forecasting (WPF) using an LLM, addressing two key challenges:
inflexible forecasting horizons and prediction errors due to chaotic
wind speed mutations under varying geographic and atmospheric
conditions. A hard prompt generator redefines WPF as a language
modeling task, leveraging the LLM's representation learning to
capture temporal features and detect mutations in wind power
data. A soft-prompt adapter with gated attention aligns the LLM

to the WPF context through parameter-efficient tuning, capturing
spatial-temporal characteristics across wind farms.

A hybrid method integrating LLMs with a multi-scenario
stochastic unit commitment (SUC) framework to boost efficiency
and reliability in power systems amid high wind uncertainties. In
10 trials, LLM-SUC cut average total costs by 1.1-2.7% ($185.58M
vs. $187.68M for traditional SUC) and load curtailment by 26.3%
(2.24 £ 0.31 GWh vs. 3.04 GWh), with zero wind curtailment.

A regional voltage control approach for distribution grids
featuring extensive Distributed Energy Resources (DERSs),
tackling issues of voltage breaches and grid losses. It fuses
Deep Reinforcement Learning (DRL) with LLM tools by prompt
engineering to create tailored datasets for DRL agent training.
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(Huetal,
2025)

(zhou &
Wang, 2025)

(Duan et al.,
2025)

(Ren et al.,
2025)

(Yan &
Cheng,
2025)



Continue (Table 1)

Fine-Tuned
LLM

LLMs

LLM

LLM-Multi-
Task Learning

LLM

Multi-Agent-
LLM-CGAN

Feedback-
Based Multi-
Agent LLM

Distribution
Networks

Smart Grids

Industrial
Control
System

Integrated
Energy
Systems

Power
System

EV Charging
System

Power
System
Simulations
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A DL method employing a fine-tuned LLM to solve the
distribution network reconfiguration challenge in power grids
with DER and heightened customer involvement. Through
engineered prompts and a bespoke loss function, the LLM learns
from bus, line, voltage, and loss data to forecast optimal setups
that reduce losses while satisfying operational limits.

Review of LLMs in power systems, evaluating 30 practical
implementations in key areas: Grid Operations and Management,
Energy Markets and Trading, Personalized Energy Management
and Customer Engagement, Grid Planning and Education, Grid
Security and Compliance, Advanced Data Analysis and Knowledge
Discovery, Emerging Applications and Societal Impact, and LLM-
Enhanced RL. By fusing live grid information, market fluctuations,
and user patterns, LLMs facilitated dynamic operations,
anticipatory protection, and tailored energy offerings. The analysis
tackles hurdles in data privacy and model dependability, offering
strategies for ethical and fair implementation.

A strategy merging data-driven and design-driven techniques to
create attack sequences for assessing ML resilience in Industrial
Control Systems (ICS) by LLMs. Countering issues of limited
testing environments, expensive expert input, and sparse attack
datasets, this approach employs LLMs to yield superior and more
plentiful attack patterns compared to human-generated ones.

A zero-shot forecasting model for energy loads powered by LLMs to
handle growing complexity and variability in integrated energy setups
incorporating renewables. The model features a preprocessing unit
for multi-source load data, a prompt creation module employing
multi-task learning and similarity matching to close semantic divides,
and a forecasting unit leveraging pre-trained LLMs.

An LLM-powered autonomous research system that applies a
reflection-evolution technique to autonomously tackle intricate
power system research problems without human oversight. It
manages devices, collects data, devises approaches, and refines
algorithms for tasks in parameter prediction, power optimization,
and state estimation.

An EV charging platform employing multi-agent LLMs to
streamline integration of EV charging with grid scheduling. It
incorporates a user agent delivering customized charging advice
from past records and a station agent that dynamically sets
prices via fine-tuned LLMs, linked through a negotiation hub for
protected data exchange. A Conditional Generative Adversarial
Network (CGAN) produces synthetic user habits and pricing info
to boost LLM refinement.

A feedback-guided, multi-agent architecture that combines LLMs
with experimental tools to advance power system modeling,
surmounting LLMs’ gaps in specialized expertise, logical
processing, and parameter management. The architecture
comprises an upgraded Retrieval-Augmented Generation (RAG)
component, a refined reasoning unit, and an adaptive interaction
module featuring error-feedback mechanisms.

(Christou et
al.,, 2025)

(Madani et

al., 2025)

(Ahmed,

2025)

(Lietal.,
2025)

(Liuetal,
2025)

(Niu et al.,
2025)

(Jiaetal,,
2025)
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Continue (Table 1)

LLM Power A framework crafted to tackle Optimal Power Flow (OPF) (Bernier
Grid Graph challenges in power systems via LLMs. It merges graph-based etal,, 2025)
Embedding and tabular depictions of grids to adeptly query LLMs, capturing
intricate interdependencies and limits. The system applies
customized in-context learning and fine-tuning methods for LLMs.
LLM & Power Urban A system fusing an LLM with a versatile power Al engine (Zhu et al,,
Al Distribution to support interactive and dependable dispatching in city 2025)
Network distribution grids. To overcome LLMs’ weaknesses in precise
numerical calculations and adherence to rigid power rules, it
employs a dispatcher-tool structure for concurrent cooperation
via formatted data exchanges. It further integrates stepwise
chain-of-thought logic, rejection sampling, and guided fine-tuning
to guarantee rule conformity and elevate effectiveness.
Optimized Distribution A hybrid DL system for forecasting surges in leakage current (Matos-
LLM Power Grid on high-voltage insulators from surface pollutants, which may Carvalho
Insulators trigger discharges and system failures. The system integrates et al., 2025)
multi-objective tuning via tree-structured Parzen estimation,
a noise-suppression input filter, and an LLM for sequential
forecasting to track and curb fault escalation.
LLM Power An LLM presented to advance power dispatch processes by (Cheng
System overcoming traditional approaches’ shortcomings in managing et al., 2025)
Dispatch the magnitude, intricacy, and multitasking needs of contemporary
power grids. It aids in operational adjustments, oversight, and
black start situations via an innovative dataset assembly method
that merges varied data origins for fine-tuning, plus targeted
prompt tactics to maximize input-output performance.
LLM Urban Power An LLM-based system for building a specialized lexicon in urban (Xu et al,,
Grid power grid engineering, countering issues of outdated terms, 2025)

meaning vagueness, and narrow word scope in conventional
approaches. It assembles a structured dataset from official and
sector standards, applying an advanced Term Frequency—Inverse
Document Frequency (TF-IDF) method incorporating mutual
information and adjacency entropy to derive 3426 premium initial
terms. Hierarchical prompt designs and LLM self-correction
facilitate synonym extraction, yielding 10745 equivalents with a
mean cosine similarity of 0.86 and 89.3% precision.

Following Table 1, LLMs’ applications
are increasing in power systems by ad-
dressing complex challenges across
diverse aspects, including load fore-
casting, wind power prediction, grid op-
timization, and security. Through ad-
vanced strategies, such as fine-tuning,
prompt engineering, and multi-agent
frameworks, LLMs enhance forecast-
ing accuracy, optimize resource alloca-
tion, and improve operational resilience
in scenarios with limited data or high un-
certainty. By integrating real-time data,
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using generalization capabilities, and
supporting tasks of network reconfig-
uration and anomaly detection, LLMs
enable scalable, efficient, and adaptive
solutions, significantly advancing smart
grid technologies, urban power systems,
and renewable energy integration, which
manifests LLMs’ increasing importance.
Consequently, the much-advanced form
of LLMs, known as agentic Al, is consid-
ered in the next section, and its applica-
tions in power systems are taken into
consideration.
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Agentic Al refers to Al systems designed
with a high degree of autonomy, deci-
sion-making capability, and goal-orient-
ed behavior, enabling them to act inde-
pendently in dynamic environments to
achieve specific objectives (Acharya
et al., 2025; Bandi et al., 2025). Unlike
traditional Al, which often relies on
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Agentic Al strategy for power systems: (1) Overall layers of its integration, and (b) Example utilized agentic Al,
known as PowerAgent (Conceptualized from Zhang & Xie, 2025)

predefined rules or human oversight,
agentic Al models use advanced tech-
niques, such as RL (Zhang et al., 2025),
LLMs, and contextual reasoning (Singh
et al., 2025, Ren et al., 2025, Biswas &
Talukdar, 2025), to perceive their sur-
roundings, reason about complex sce-
narios, and execute actions with mini-
mal human intervention. These systems
are characterized by their ability to adapt
to new information, learn from experi-
ence, and make decisions aligned with
long-term goals, often in unpredictable
or partially observable environments. An
example of an agentic Al model, utilized
for power systems, is shown in Fig. 5.

As the case study of agentic Al in pow-
er systems, the PowerAgent framework
is presented (Zhang & Xie, 2025), built
on three essential layers: (1) Foundation
models that deliver broad intelligence
capabilities, (2) Model Context Protocols
(MCPs) that connect models with tools,
and (3) Agentic workflows that facili-
tate real-world task execution through

coordinated, modular Al behaviors. This
modular structure enhances implemen-
tation clarity and aligns with evolving Al
development trends, enabling the pow-
er sector to efficiently adapt and scale
agentic intelligence. At the main center
of PowerAgent lies a three-layered eco-
system comprising workflow automa-
tion, tool integration, and domain-specif-
ic foundation models (Fig. 5 (a)). These
layers collectively provide a flexible and
scalable foundation for agentic Al appli-
cations. The proposed agentic Al strate-
gy, in Fig. 5 (b), integrates a domain-tai-
lored LLM with MCPs and predefined
workflows, enabling it to function as a
virtual agent. When a user submits a
query, such as evaluating potential pow-
er load demand growth in a specific re-
gion, the LLM processes the request
and independently selects an appro-
priate analysis workflow. For instance,
this workflow might include performing
contingency analyses to assess how dif-
ferent load growth scenarios could im-
pact transmission line congestion or

voltage issues. Instead of directly re-
solving the query, the LLM uses MCP
to interface with external tools, such as
professional-grade simulation software,
to handle technical computations. This
separation of roles is advantageous in
precision and reliability by using trust-
ed industry-standard platforms. A de-
fining feature of this agentic workflow
is its adaptable human-in-the-loop ap-
proach. For sensitive tasks, including
running simulations or altering system
settings, the LLM may seek user approv-
al before proceeding. For instance, after
conducting scenario analyses, the LLM
presents the results to the user for re-
view and potential adjustments, keep-
ing human oversight central to critical
decisions. This approach is practical for
security control applications where sys-
tem safety requires careful monitoring
(Zhang & Xie, 2025). Additionally, sev-
eral other works, considered agentic Al
strategies in power systems are pre-
sented in Table 2.
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Some of the works considered agentic Al strategies in power systems

Agentic Electrical A dual-agent Proximal Policy Optimization (PPO) and market- (Johri et al,,
Al-based Distribution based mechanisms to enhance electrical distribution system 2025)
Mathematical | Systems resilience against extreme weather and cyber threats.
Framework A strategic agent optimizes Distributed Energy Resources (DER)-

driven configurations, while a tactical agent adjusts switch

states under constraints.
Multi-Agentic Built Review of agentic Al in built environments, proposing a (Lee et al.,
Al Environments classification framework for applications, functional roles, and 2025)

learning approaches. It analyzed five key applications, categorized

Al roles using the Data-Information-Knowledge-Wisdom (DIKW)

hierarchy, and identified four learning approaches. Defining

agentic built environments as Al-powered virtual assistants, it

evaluated their development, limitations, and future directions for

scalable, intelligent services across the building lifecycle.
Agentic Al Smart Review of agentic Al’s potential in smart systems, highlighting (Hosseini
(Copilot Systems its autonomy, reactivity, proactivity, and learning capabilities & Seilani,
Models and through different tools. It addresses the research gap in 2025)
Assistants) synthesizing agentic Al’s diverse functionalities and a strategic

framework for adopting generative Al, focusing on business

needs, tool selection, and risk management. While Agentic

Al boosts productivity, reduces costs, and drives innovation,

challenges of privacy concerns persist.
Agentic Energy Sector Review of the expanding role of Al, particularly Transformer (Antonesi
Digital Twin models and LLMs, in enhancing energy management within et al., 2025)

smart grids. It reviewed the architectural foundations, domain-
specific adaptations, and practical applications, highlighting
generative Al's growing influence in high-level planning and
daily operations of grid balancing and workforce training. It
introduced the Agentic Digital Twin, a model integrating LLMs
to enable autonomous, proactive, and socially interactive energy
management systems.

The proposed advancements and re-
cent works on agentic Al's application
in power systems manifest the overall
interest in it.

The integration of big data, Agentic Al,
and LLMs is transforming power sys-
tems, including data centers, enabling
real-time monitoring, predictive analyt-
ics, autonomous decision-making, and
enhanced operator support. However,
incorporating these technologies into
critical infrastructure presents techni-
cal, operational, and regulatory chal-
lenges. To ensure safe, reliability, and
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sustainable deployment, the primary
challenges (Fig. 6 (a)) should be identi-
fied and then associated with future re-
search directions (Fig. 6 (b)) provided.

A. Challenges

The main challenges are presented in
Fig. 6 (a).

The massive volume, high velocity, di-
verse formats, missing values, and lim-
ited labeled data complicate reliable
analytics, while having data privacy, in-
teroperability, and cybersecurity across
complex pipelines remains a critical is-
sue. Agentic Al, despite its potential
for autonomous control, struggles with
safety, explainability, and verification,
especially when interacting with legacy
systems and critical infrastructure, and

TECH MONITOR « July — September 2025

coordinating multiple agents under par-
tial observability, real-time constraints,
and uncertain market incentives adds
further complexity. LLMs face risks
such as hallucinations, lack of opera-
tional grounding, limited domain knowl-
edge, and integration challenges with
real-time control, alongside high compu-
tational and energy demands that raise
sustainability concerns. On the other
hand, those Al technologies are heav-
ily reliant on the data centers and their
efficient performance, which increases
the workload and the energy consumed.
Meanwhile, data centers contend with
power—thermal workload coupling, reli-
ability—sustainability trade-offs, and un-
predictable load behavior, all while need-
ing to provide flexible demand response
to support the grid.
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Big data, agentic Al, and LLMs integration in power systems: (a) Challenges, and (b) Associated future works

L
SUSTAINAELE
DEVELOPMEMNT

GOALS ;8

Proposed UN'’s SDGs related to the harnessing Al for energy transition

B. Future works

The future works associated with the
presented challenges are shown in Fig.
6 (b). Future research should prioritize
developing hybrid edge—cloud big data
architectures, adaptive sampling, and
more advanced self-supervised learning
to enable real-time, privacy-preserving,
and resource-efficient analytics. Safe
and explainable agentic Al frameworks
are essential, incorporating formal ver-
ification, human-in-the-loop oversight,
and resilient multi-agent coordination
for distributed systems, including mi-
crogrids and data centers. For LLMs,
future research directions can focus
on retrieval-augmented grounding, un-
certainty quantification, domain-spe-
cific fine-tuning, and efficient model

distillation for on-premises deployment.
Cross-domain opportunities include cre-
ating digital twins of power systems
and data centers for safe Al training
and testing. Additionally, carbon-aware
scheduling and co-optimisation of da-
ta-center workloads, facility thermal sys-
tems, and grid participation are among
other strategies for balancing reliability
and sustainability. Benchmarks are also
helpful to further accelerate the safe, au-
ditable, and scalable adoption of these
technologies in the use of Al for ener-
gy transition.

C. Alignment with UN-SDGs

The UN'’s SDGs, adopted in 2015, are a
set of seventeen interconnected glob-
al goals aimed at addressing pressing

(Source: Authors)

challenges, including poverty, inequality,
climate change, and environmental deg-
radation, by 2030. These goals provide
a shared blueprint for governments, or-
ganizations, and individuals to promote
prosperity, protect the planet, and en-
sure peace and justice for all (Carlsen
& Bruggemann, 2022; Fernandes &
Rodrigues, 2025). Among these seven-
teen SDGs, five of them are directly re-
lated to the use of Al in energy transi-
tion, shown in Fig. 7.

The integration of big data, agentic Al,
and LLM is important in advancing SDG
7 (Pang & Chen, 2025, Zhao et al., 2025)
(the most relevant SDG), which aims to
ensure access to affordable, reliable,
sustainable, and modern energy for all.
Big data and Al optimize energy systems
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by enhancing grid efficiency, predicting
energy demand, and facilitating the in-
tegration of renewable sources. Agentic
Al can autonomously manage energy
storage and distribution, ensuring stabil-
ity in renewable-heavy grids. Meanwhile,
LLMs can process wide datasets to rec-
ommend policies, technologies, or in-
vestment strategies for clean energy
adoption. By enabling smarter energy
management, reducing reliance on fos-
sil fuels, and supporting the transition to
sustainable energy systems, these tech-
nologies make energy more accessible
and environmentally friendly, directly
supporting the goals of SDG 7.

The SDG 9 focuses on building resilient
infrastructure, promoting inclusive and
sustainable industrialization, and ad-
vancing innovation (Aziz et al., 2025,
Pauliukeviciené et al., 2025). Following
this, the proposed Al technologies are
impactful in achieving these objectives
within the energy sector. Big data and
Al drive advancements in energy infra-
structure through innovations of smart
grids, which enhance energy distribu-
tion, and predictive maintenance sys-
tems that ensure the reliability of re-
newable energy installations. LLMs
accelerate research and development
by analyzing large amounts of scien-
tific literature and proposing novel en-
ergy solutions, such as advanced bat-
tery technologies or grid optimization
techniques.

In the third relevant goal, SDG 11 aims
to make cities inclusive, safe, resilient,
and sustainable (Bleil de Souza et al.,
2025, Wang et al., 2025), and the appli-
cation of big data, agentic Al, and LLMs
in the energy transition significantly con-
tributes to this goal. Al-driven smart city
solutions optimize energy use in urban
settings, such as in buildings, public
transportation, and street lighting, re-
ducing energy waste and emissions. Big
data analytics can identify urban ener-
gy consumption patterns, enabling tar-
geted efficiency improvements. LLMs
can support urban planners by analyz-
ing data to design sustainable energy
policies or simulate the impact of re-
newable energy integration in cities.
Additionally, SDG 12 promotes sustain-
able consumption and production pat-
terns in which big data, agentic Al, and
LLMs are advantageous by optimiz-
ing resource use in the energy sector
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(Tsai et al., 2025; Cifuentes-Faura, 2025;
Oliveira & Gomes, 2025; Precious, 2025).
Big data and Al enhance efficiency in en-
ergy production by minimizing waste,
optimizing supply chains, and improv-
ing the lifecycle management of ener-
gy infrastructure. Agentic Al can auto-
mate processes to ensure resources are
used sustainably, such as prioritizing re-
newable energy in production systems.
LLMs are also considered important by
educating stakeholders on sustainable
practices, analyzing supply chains for
energy-efficient improvements, or gen-
erating reports to guide policy decisions.

Climate change is another critical issue
that the whole world is now facing. In se-
quence, SDG 13 calls for urgent action
to combat climate change, its impacts
(Seddik & Sovacool, 2025, Zhang et al.,
2025; Ji et al., 2025). To this end, the
energy transition, powered by big data,
agentic Al, and LLMs, can be a main
solution to this effort. Big data analyt-
ics enable real-time monitoring of emis-
sions, optimization of energy consump-
tion, and prediction of climate-related
impacts on energy systems. Agentic
Al can autonomously implement car-
bon-neutral strategies, such as opti-
mizing renewable energy deployment
or managing carbon capture systems.
LLMs can analyze climate data or help
create public awareness campaigns to
promote sustainable behaviors.

This article presented the significance
of big data in power systems, alongside
advanced Al approaches such as LLMs
and agentic Al. For LLMs and agentic Al
alike, a dedicated case study is exam-
ined for each, drawing on multiple recent
literature and emerging advancements.
Finally, the discussion addresses key
challenges and prospective research
avenues, enriched by descriptions of
the UN-SDGs (7,9,11,12,13). Massive,
high-velocity data with diverse formats,
missing values, and scarce labels can
cause challenges in analytics, alongside
privacy, interoperability, and cybersecuri-
ty issues in complex pipelines. Agentic
Al's autonomy is undermined by safe-
ty, explainability, and verification chal-
lenges, especially in larger systems,
alongside the coordination under par-
tial observability, real-time constraints,
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and uncertain incentives. LLMs some-
times have hallucinations, poor ground-
ing, domain gaps, integration hurdles,
and energy-intensive demands threat-
ening sustainability. These technologies
strain data centers facing power-ther-
mal coupling, reliability-sustainability
trade-offs, unpredictable loads, and grid
demand response needs. Future work
can focus on hybrid edge-cloud archi-
tectures, adaptive sampling, and self-su-
pervised learning for real-time, private,
efficient analytics. For LLMs, focus can
be on retrieval-augmented grounding,
uncertainty quantification, fine-tuning,
and distillation for on-premises use.
Safe, explainable agentic Al needs ver-
ification, human oversight, and multi-
agent coordination for power systems.
Cross-domain efforts include digital
twins for safe Al training, as well as the
carbon-aware scheduling and co-opti-
mization of workloads, thermals, and
grids for reliability and sustainability.
Combined and developed, Al can have
a considerably important role in the en-
ergy transition to a net-zero system,
with near-zero reliance on fossil fuels,
as a critical step towards combating cli-
mate change.
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Artificial intelligence is reshaping how the Asia Pacific generates, manages,
and uses electricity. Record renewable additions are raising the bar for short-
term forecasting, grid flexibility, and asset reliability, just as Al driven data
centre demand grows rapidly. Across the Asia Pacific, Al is transitioning from
pilots to operations in wind and solar self-forecasting, distribution-level digital
twins, and demand response. Governments are pairing these advances with
major grid investments and regional power market cooperation. Realizing Al
benefits at scale will require digital-ready grids, open data, model governance,
and workforce capabilities to ensure Al accelerates rather than complicates

the path to net zero.

Global renewable power expanded by
a record 585 GW in 2024, taking cu-
mulative capacity to 4,448 GW, renew-
ables accounted for over ninety per-
cent of net additions (IRENA, 2025).
Those headline numbers translate into
a day-to-day operations challenge: sys-
tem operators must forecast weath-
er-driven output and balance variabili-
ty across grids that were not originally
designed for such dynamism. In paral-
lel, the International Energy Agency proj-
ects global data centre electricity uses
to more than double to around 945 TWh
by 2030, with Al workloads the most sig-
nificant driver (IEA, 2025a). Asia Pacific,
already a major share of global ener-
gy demand, sits at the nexus of these
trends, with implications for reliabili-
ty, affordability, and decarbonization
(Energy Institute, 2025).
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Australia has operationalized partic-
ipant self-forecasting, allowing wind
and solar farms to submit machine
learning based five-minute forecasts to
the market operator. Evidence from the
Australian Renewable Energy Agency
trial and the Australian Energy Market
Operator shows self-forecasts can re-
duce generation forecast error and im-
prove dispatch outcomes relative to
legacy baselines (ARENA, 2021; AEMO,
2024). The mechanism matters: when
forecasts are tied to incentives and inte-
grated into operational tools, model ac-
curacy and system value improve, espe-
cially during ramps and cloud transients
that defeat simple persistence models.
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Singapore Energy Market Authority and
SP Group are building a nation-scale
Grid Digital Twin, an integrated asset
twin and network twin using real time
and historical data to assess the health
of grid assets and the impact of new
connections (EMA, 2021; SP Group,
2023). A digital twin provides the scaf-
folding for Al applications: probabilis-
tic hosting capacity for rooftop PV, dy-
namic thermal ratings on feeders, and
predictive maintenance that prioritis-
es field crews where risk is highest.
While quantified system wide bene-
fits will accumulate over time, the ar-
chitectural shift is clear: data liquidity
plus physics informed models create
space for Al to assist planners and sys-
tem controllers.

Japan'’s framework for virtual power
plants and demand response, under-
pinned by technical and cybersecurity
guidance from the Ministry of Economy,
Trade and Industry (METI), enables Al
driven coordination of distributed re-
sources. As Al and data centre loads
rise, flexible demand becomes a hedge
against local constraints and peak pric-
ing, complementing grid reinforcement
(METI, 2023; Reuters, 2024). For Asia
Pacific neighbours, Japan's approach
illustrates how policy plumbing stan-
dards, telemetry, and settlement is as
important as the algorithms.



Malaysia has committed RM 43 billion,
approximately 10.1 billion US dollars, to
upgrade its national grid, with leaders
explicitly citing the role of Al and bat-
tery storage in improving flexibility for
growing demand, including data cen-
tre clusters. The investment aims to
speed renewable integration while meet-
ing the reliability expectations of digi-
tal industries (Reuters, 2025; The Edge
Malaysia, 2025). Experience from ma-
ture data centre markets suggests sit-
ing clusters near clean supply and stor-
age, procuring twenty-four by seven
carbon-free electricity, and minimising
power usage effectiveness with Al opti-
mised cooling are emerging good prac-
tices (IEA, 2025a).

Australia: Australian Energy Market
Operator (AEMO) has formalized par-
ticipant self-forecasting pathways and
continues to publish forecasting accura-
cy and improvement roadmaps, reflect-
ing how machine learning is moving
from trials to day-to-day system oper-
ations. The lesson for the region is to
build the market interface for Al, includ-
ing data specifications, submission win-
dows, and validation alongside the mod-
els (AEMO, 2024).

Singapore: The Grid Digital Twin sup-
ports faster and safer interconnections
and better asset management, creat-
ing a platform for Al to scale respon-
sibly from predicting asset failures to
evaluating scenarios for electric vehicle
charging and distributed storage (EMA,
2021; Channel NewsAsia, 2021).

Japan: Facing surging data centre loads,
Tokyo Electric Power Company (TEPCO)
plans to invest 470 billion yen, approxi-
mately 3.25 billion US dollars, by fiscal
year 2027 to expand its power grid. In
parallel, virtual power plant and demand
response guidelines enable aggregat-
ed flexibility to complement physical up-
grades, an approach that spreads risk
between infrastructure and software
(Reuters, 2024).

Malaysia: The government’'s 43-bil-
lion-ringgit grid modernization program

Harnessing Artificial Intelligence for Energy Transition in the Asia-Pacific

aims to add capacity for renewable in-
tegration and anticipated Al driven de-
mand, with public statements pointing
to Al and storage as enabling tech-
nologies (The Edge Malaysia, 2025;
Reuters, 2025).

Interconnection and market integra-
tion can spread variability, lower bal-
ancing costs, and amplify Al value by
enlarging balancing areas and data
pools. The ASEAN Power Grid initia-
tive envisions integrated operation and
cross-border power trade by 2045, sup-
ported by multilateral partners such
as the Asian Development Bank (ADB,
2025). Recent analyses argue that mod-
ern grids, including new transmission
corridors and digital backbones, are the
unlock for clean energy investment in
Southeast Asia. One estimate peg the
regional transmission need at around
100 billion US dollars by 2045 (Ember,
2025; Eco Business, 2025). For Al prac-
titioners, this implies prioritising tools
that support regional scheduling, con-
gestion forecasting, and probabilistic re-
serve sharing as interties expand.

Invest in digital-ready grids. Al value is
limited by the availability, latency, and
quality of telemetry. Advanced meter-
ing infrastructure, phasor measure-
ment units, distributed energy resource
telemetry, and cyber-secure data ex-
changes are prerequisites (IEA, 2025b).
Regulators can unlock innovation by
standardising data formats and en-
abling third-party access where appro-
priate, like open data models that cata-
lysed forecasting advances in Australia.

Model assurance and open data.
Because Al can inform dispatch, inter-
connection, and protection settings, op-
erators should require documentation,
continuous monitoring, fallback modes,
and robustness testing. Japan resource
aggregator guidance and Australia
knowledge sharing from the short-term
forecasting trial offer practical starting
points (METI, 2023; ARENA, 2021).

Align digital growth with clean power.
Data centre clusters should be co-sit-
ed with renewables and storage, pursue
round the clock carbon free electricity
procurement, and drive power usage
effectiveness toward best-in-class lev-
els via Al optimised thermal controls.
The IEA outlook highlights why Al re-
lated processing is a major contribu-
tor to rising electricity use this decade
(IEA, 2025a).

Finance and skills. Regional energy re-
views point to capacity gaps in data
engineering, power systems analytics,
and cybersecurity within utilities and
regulators’ skills that determine wheth-
er Al pilots scale into operational prac-
tice (Energy Institute, 2025). Multilateral
programmes linked to the ASEAN Power
Grid and national grid upgrades can em-
bed training and knowledge transfer into
capital projects.

Over the next five years, three trends
will define Al's contribution to the Asia
Pacific transition. First operational-
isation: more markets will emulate
Australia’s self-forecasting model, al-
lowing Al to participate in dispatch rele-
vant processes. Second granularity: dis-
tribution level visibility via digital twins
will bring Al closer to grid edge assets,
including behind-the-meter solar, elec-
tric vehicle charging, and heat pumps.
Third integration: regional interconnec-
tors and cross border trade under the
ASEAN Power Grid will expand the can-
vas on which Al can optimise flows.
Each step requires governance covering
data rights, security, model auditability,
and equitable access so smaller utilities
and emerging markets benefit alongside
digital hubs. Done well, Al will help the
region integrate more renewables faster
and more reliably, turning software intel-
ligence into real world system flexibility.

Al is not a silver bullet, but it has become
a system enabler where infrastructure
and institutions are ready. In the Asia
Pacific, where renewable additions are
breaking records and Al era loads are
rising, the practical path is clear. Invest
in digital ready grids, publish data and
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require model assurance, align data cen-
tre growth with clean power, and expand
regional cooperation so software driv-
en efficiencies compound hardware in-
vestments. The result can be a clean-
er, more reliable, and more competitive
power system for a digitally powered
economy (IRENA, 2025; IEA, 2025a).
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Tech Events

2025

World Conference on Climate

Change & Sustainability

Dubai, United Arab Emirates

Contact:

Conference Secretariat

Mobile: +91-8763630137

Email: info.wcces@gmail.com
https://climatechangesconference.com/

Clean Energy Transition
Asia (CETA)

Kuala Lumpur, Malaysia
Contact:

CETA Organizers
https://ceta.asia/

International Academic

Conference on Engineering,
Technology and Innovations

Dubai, United Arab Emirates
Contact:

Academics World
Mobile/WhatsApp: +91-7077656338
Email: info@academicsworld.org
https://academicsworld.org/
Conference/24377/IACETI/

2026

International Conference on
Artificial Intelligence and

Soft Computing

Putrajaya, Malaysia

Contact:

Academics World

Email: info@academicsworld.org
https://academicsworld.org/
Conference/24724/ICAISC/

International Conference on

Green Energy and Environmental
Technology

Istanbul, Turkey

Contact:

InterGlobe Research Network
Tel/WhatsApp: +91-7606986241
Email: igrnetconference@gmail.com
https://igrnet.org/Conference/1749/
ICGEET/

International Conference on

Artificial Intelligence and Advanced
Computing (ICAIAC)

Imphal, India

Contact:

Dr. Nongmeikapam Kishorijit Singh
Convenor

Department of Computer Science and
Engineering

IIIT Manipur

Email: icaiac@iiitmanipur.ac.in
https://www.iiitmanipur.ac.in/
Conferences%20Event/2025_conference/
ICAIAC2025.html

The 40th Annual AAAI

Conference on Artificial

Intelligence (AAAI-26)

Singapore

Contact:

Association for the Advancement of
Artificial Intelligence
https://aaai.org/conference/aaai/aaai-26/

2026 3rd International Conference
on Smart City and Information
System (ICSCIS)

Guangzhou, China

Contact:

Conference Secretariat

Tel: +86-17620001794

Email: icscis@163.com
https://www.icscis.net

International Conference on

Intelligent Urban Design and

Smart Cities (ICIUDSC)

Kuala Lumpur, Malaysia

Contact:

World Academy of Science, Engineering
and Technology
https://waset.org/intelligent-urban-design-
and-smart-cities-conference-in-february-
2026-in-kuala-lumpur

2026 12th International Conference
on Environment and Renewable
Energy (ICERE)

Nha Trang, Viet Nam

Contact:

Ms. Alice Lin

Conference Secretary

Tel: +86-18148151445

Email: icere@ieet.ac.cn
https://icere.org/

2026 16th International Conference on
Renewable and Clean Energy (ICRCE)
Osaka, Japan

Contact:

Ms. Rachel Cao

Conference Secretary

Tel: 86-132-9000-0003

Email: icrceconf@126.com
https://www.icrce.org/

World Conference on Al Blockchain

and Cybersecurity

Tokyo, Japan

Contact:

Wisdom Conferences

Tel: +44 738034 5362

Email: contact@wisdomconferences.org
https://wisdomconferences.com/
cybersecurity/

2026 7th Asia Conference on
Renewable Energy and Environmental
Engineering (AREEE)
Singapore

Contact:

Vera Liao

Conference Secretary

AREEE Conference Secretariat
Tel: +86-17311381986

Email: areee@iacsitp.com
https://www.areee.org/

Smart City Asia 2026

Ho Chi Minh City, Viet Nam
Contact:

Organizer

Smart City Asia

Tel: +84 79 252 2624

Email: ace@exporum.com.vn
https://smartcityasia.vn/en/

Asia Pacific Green Hydrogen 2026
Sarawak, Malaysia

Contact:

Conference Secretariat

Email: secretariat@borneobizconnect.com
https://hydrogenapac.com/

World Hydrogen Energy Conference
(WHEC) 2026

Singapore

Contact:

Conference Secretariat

Email: info@whec2026.org
https://whec2026.org/
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technologies. Each issue of Tech Monitor focuses on a special theme and the articles are
written by authors/experts of national and international repute. The periodical aims to
enhance the technology intelligence of relevant stakeholders from member States of
ESCAP to meet the challenges of today’s dynamic business and technological setting.
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