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Abstract—Modern power and energy systems are undergoing a fundamental transformation driven
by the large-scale integration of renewable generation, energy storage, and increasing climate re-
silience requirements. Ensuring reliable and efficient operation under these evolving conditions
requires converting massive streams of sensor and operational data into real-time control and plan-
ning decisions that rigorously respect physical laws and operational constraints.

Conventional optimization techniques, which rely on iterative and computationally intensive solvers,
struggle to meet the speed and scalability demands of today’s highly interconnected energy systems.
Although artificial intelligence and machine learning offer the promise of rapid decision-making,
their deployment in critical infrastructure introduces fundamental challenges related to physics
integration, sustainability, and interdependence, collectively referred to as the PSI challenges.

This seminar presents machine learningdriven optimization frameworks that explicitly embed do-
main knowledge into learning architectures to address these challenges. In particular, the Learning-
to-Optimize the Optimization Process (LOOP) family of models is introduced, integrating physical
constraints, risk awareness, and emissions considerations directly into neural surrogate models. By
preserving system physics, adapting to uncertainty, and enabling coordinated multi-agent decision-
making, these frameworks transform machine learning from a black-box predictor into a principled,
safe, and sustainable decision engine for next-generation power and energy systems.
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