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Abstract of the PhD research

The global energy transition is reshaping how we produce, transport, and
consume energy, driven by the urgent need to address climate change
and reduce dependence on fossil fuels. This shift is not only about
producing clean electricity from sources like solar and wind, but about
transforming the design and operation of the entire energy system to
make it more decentralised, flexible, and resilient.

One of the most promising opportunities in this transition is renewable
hydrogen, a clean energy carrier capable of storing energy long-term and
at scale. Hydrogen can also strengthen connections between energy
carriers, such as electricity and heat, and end uses like transport,
industry, and feedstock production. However, using hydrogen sustainably
is complex. Producing it requires significant energy, so its role must be
carefully evaluated to ensure it is used where it adds the most value.
Today, hydrogen is still produced from fossil fuels, which contributes
significantly to global emissions. To truly support climate goals, hydrogen
must be produced from renewable sources and integrated effectively into
sustainable energy systems.

This PhD thesis develops a multidisciplinary framework to support that
integration. It combines technical, economic, and environmental analysis
with participatory decision-making tools, enabling a multi-criteria
approach to the design and analysis of hydrogen-inclusive local energy
systems. Through real-world case studies across the globe, the research
demonstrates how hydrogen can contribute to affordable and deeply
decarbonised energy solutions. By connecting science, society, and
policy, this work supports more informed decisions for a cleaner, more
democratic energy future, while critically assessing hydrogen’s role as a
piece of the broader energy transition puzzle.
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