Special Session XII

Special Session Basic Information:

TEAE X 0 W A R R A T RIS A 5k
Session Title ¥ >C: Al-Driven Modeling and Decision-Making in Renewable-Rich Energy Systems

TEN AR £ A

Introduction and topics

B BB BERMERRARRERAETET, THRLEREGELABANLRARARGTE SR ER AL RN
WA AR, N, tRETHEBFEAOENE. KGR EERE, E/RAZENX. BT E5REEETIE
HATAREMERES T HEERER. CRETHENEHRERAN T EEN S S ETH T, B ERESE U
BOEER KR T R A WL A T E R

nER, NIEE (AD SRERH T EORRLRE, AT TELARREARTNERGARRBT HOEAE
B BAMNBFI., REFI, BAFIMAERAEREFFE, AIRS AL EHETERBRARTALANE, RATIE
B, WREFEMELKE, AXRELHIAETHEEN AR, AT, wAEREPE-2E, TREMEM TR
AEMENTRT, FAlTESRERARNERY A UERKER S, 77245 T A,

ALEEALRARG LA THEERERGH Al B EE, RUSAERTENRFTARLR, ERREA 5E5
REER G W RALE, DUREANK], AT, MIERAFIGRELES T TN, YHEZE, R KK
KRR ARG REEN 57 ik X

fEfREM (BEETRT) -

o AEAGIES M Al BUNEAR T K

e HHELATHEAREAZWINEFISREF NA

e BUFIARETE. WELREMEER P

o AIHBWEANRRES 6 RIERAZAX T i

o Al SHENE., AUERNTEEBER

o ARKBEEGF AL KGR P B

o W-A-RFLZGRERTTH AR &

o HHEAEERZHTHEETE Al 77k

o AlEEWATEAREAZ IRZERTHRERE ZFAFR

¥ >C: With the rapid transition toward low-carbon energy systems, renewable-rich power and integrated energy
systems are becoming the new norm. However, the inherent variability, uncertainty, and climate sensitivity of
renewable energy sources pose significant challenges to system modeling, planning, and operational decision-making.
Conventional physics-based and deterministic optimization approaches often struggle to cope with high-dimensional
uncertainties, multi-timescale coupling, and the increasing demand for adaptive and real-time decisions.

Recent advances in artificial intelligence (Al) and data-driven techniques offer promising new avenues for enhancing
modeling and decision-making in renewable-rich energy systems. By leveraging machine learning, deep learning,
reinforcement learning, and generative models, Al-enabled approaches can extract latent patterns from large-scale data,
improve forecasting accuracy, accelerate complex optimization, and enable adaptive decision-making under uncertainty.
Nevertheless, ensuring physical consistency, interpretability, robustness, and practical deployability remains a critical
research challenge.

This Special Session aims to bring together recent advances in Al-driven modeling, optimization, and decision-making
for renewable-rich energy systems, with particular emphasis on hybrid Al - physics frameworks and their applications
in planning, operation, resilience enhancement, and climate-adaptive energy systems.

Topics of Interest (including but not limited to):

) Al-based forecasting of renewable generation and load

o Machine learning and deep learning for renewable-rich energy systems




Reinforcement learning for energy management, dispatch, and flexibility control
Al-assisted planning of power systems and integrated energy systems

Hybrid Al-physics-informed modeling and optimization frameworks

Generative models for scenario generation and uncertainty representation

Al applications in power-hydrogen-heat integrated energy systems

Explainable and trustworthy Al for energy system applications

Practical deployment and real-world case studies of Al in renewable-rich energy systems
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¥ 3 : Jiaqi Ruan is an Associate Professor in the College of Electrical Engineering at Sichuan University, Chengdu,
China. His research interests include smart grids, artificial intelligence algorithms and applications, cyber-physical
security, climate risk, and vulnerability analysis. He has published over 40 SCI/EI indexed papers, including work in
Nature Reviews Electrical Engineering and The Innovation, and one of his papers was featured as a popular paper in
IEEE Transactions on Smart Grid. He has led several research projects, including a National Natural Science Foundation
of China. He has chaired several panel and special sessions and has been an invited speaker at multiple international
conferences. He also serves on the Youth Editorial Board of Protection and Control of Modern Power Systems and
Energy Conversion and Economics.
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¥ 3 : Chenjia Gu is an Assistant Researcher in the College of Electrical Engineering at Sichuan University. His
research interests include planning and operational optimization of new-type power systems, climate adaptability of
power systems, and artificial intelligence algorithms and their applications. He has published more than 20 SCI/EI-
indexed journal and conference papers, with several appearing in high-impact IEEE Transactions series journals. Dr. Gu
has led and participated in multiple research projects, including those supported by the National Key Research and
Development Program of China and the National Natural Science Foundation of China. He has also been invited to
deliver presentations at several international academic conferences.
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¥ X : Yuechuan Tao received the B.Eng. degree in Electrical Engineering and Automation from Shanghai Normal
University, Shanghai, China, in 2017, and an M.P.Eng. degree in Electrical Engineering from the University of Sydney,
Australia in 2019, and a Ph.D. degree in the University of Sydney, Australia in 2023. From 2023-2024, he was the
Wallenberg-NTU Presidential Postdoctoral Fellow in Nanyang Technological University. Currently, he is a Global
Research Assistant Professor in City University of Hong Kong. His research interests lie in data-driven low-carbon
energy transitions, with a focus on power system planning, electricity market modeling, transportation electrification
and Al-driven solutions for smart grid operations, renewable energy integration, and optimal energy management.




