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Course summary

The course “Optimal control of renewable and green hydrogen energy systems for grid services” provides an in-
depth technical foundation for understanding the role of hydrogen in achieving net zero emissions. It addresses
the integration of renewable energy sources and the decarbonization of the transportation, industrial, and heating
sectors. Participants will engage with the economic considerations of green hydrogen production via water
electrolysis, examining cost drivers such as technological advancements and economies of scale. The course delves
into key hydrogen technologies, including electrolyzers for hydrogen production, storage systems for gaseous
hydrogen, and fuel cells for power and heat generation. Learners will explore advanced modeling methodologies,
focusing on the time-dependent dynamics, accuracy constraints, and computational requirements necessary for
efficient system design. Optimization strategies, including hybrid dynamical systems and model predictive control
(MPC), will be applied to hydrogen energy systems, with in-depth case studies demonstrating their application in
real-world scenarios. By combining theoretical knowledge with practical examples, this course equips participants
with the technical expertise to optimize hydrogen systems for effective renewable integration and grid service
management, contributing to the development of sustainable energy infrastructures.

Key Learning Objectives

e Develop a deep understanding of the role of hydrogen in decarbonizing transportation and industry
sectors

e Analyse the cost dynamics of green hydrogen production, focusing on technological advancements

e Develop technical knowledge of hydrogen technologies

e Apply advanced modeling methodologies accounting for time-dependent dynamics

e Implement optimization strategies to enhance the efficiency of hydrogen energy systems

e Apply theoretical knowledge to real-world scenarios, optimizing hydrogen production and grid services
Pre-requisites

e While there are no formal prerequisites for this course, participants are encouraged to have a basic

knowledge of Matlab and Python in order to fully engage with the technical content and maximize the
learning experience.

Outline

e Introduction to renewable hydrogen production

e Hydrogen technologies and applications

e  Value of curtailed hydrogen

e Techno-economic analysis of hydrogen-based systems
e  Operation of hydrogen energy systems

e Abstraction modeling of hydrogen energy systems

e Optimization techniques for hydrogen energy systems

® Real-time application of control strategies to integrated hydrogen management systems
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