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Abstract 
The global energy landscape is undergoing a profound transformation driven by the 
urgent need to decarbonize while maintaining reliability, affordability, and resilience. 
Although renewable electricity generation continues to expand rapidly, significant 
challenges remain in addressing variability, long-duration storage, and the 
decarbonization of hard-to-abate sectors. Hydrogen is emerging as a critical enabler in 
this transition, offering a flexible energy vector that can bridge gaps across power 
systems, industry, transport, and heating.  
 
This plenary talk presents a comprehensive and forward-looking perspective on the role 
of hydrogen in electricity’s future. It examines the current state of hydrogen production, 
where the majority is still derived from fossil fuels, and evaluates the pathways toward 
scaling low-carbon hydrogen through electrolysis and carbon-managed processes. The 
discussion highlights the technical, economic, and environmental trade-offs associated 
with green and blue hydrogen, including their dependencies on renewable energy 
expansion, carbon capture technologies, and global supply chains.  
 
The talk further explores hydrogen’s potential to transform electricity systems through 
long-duration energy storage, dispatchable low-carbon generation, and enhanced system 
flexibility. It addresses how hydrogen can enable sector coupling, linking electricity with 
industrial processes, transportation networks, and building energy systems. Real-world 
developments and emerging applications are used to illustrate how hydrogen is 
transitioning from concept to deployment. 
 
At the same time, the plenary provides a critical assessment of the challenges that must 
be addressed to unlock hydrogen’s full potential. These include efficiency losses across 
the hydrogen value chain, infrastructure requirements for storage and transport, safety 
considerations, regulatory frameworks, and competition with alternative decarbonization 
pathways such as direct electrification and battery storage. 



The talk concludes by outlining strategic priorities for research, policy, and investment, 
emphasizing the importance of international collaboration and integrated energy system 
planning. It provides a balanced and evidence-based perspective that moves beyond 
expectations toward actionable pathways for implementing hydrogen at scale. 
 
Key Contributions of the Plenary 

 Provides a holistic, systems-level perspective on hydrogen in future electricity 
networks 

 Bridges technical innovation with policy and infrastructure considerations 
 Identifies realistic pathways for scaling low-carbon hydrogen 
 Offers critical insight into risks, trade-offs, and competing technologies 
 Connects global trends with practical implementation strategies 

 
Main Topics Covered 

 The evolving role of hydrogen in the global energy transition 
 Hydrogen production pathways: green, blue, and emerging alternatives 
 Infrastructure challenges: storage, transmission, and distribution 
 Hydrogen for long-duration energy storage and grid flexibility 
 Sector coupling: integration with industry, transport, and buildings 
 Economic, environmental, and geopolitical implications 
 Key barriers, risks, and research opportunities 

 
Relevance to the Conference 
This plenary aligns strongly with conference themes related to sustainable energy, 
decarbonization, smart grids, and emerging energy technologies. It offers both depth and 
breadth, making it suitable for a diverse audience and setting the stage for subsequent 
technical sessions and discussions. 
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