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The ongoing transition toward large-scale liquid hydrogen (LH₂) storage, both onshore and offshore, introduces

significant safety challenges linked to cryogenic operating conditions and to the growing impact of natural hazards

intensified by climate change. In parallel, the development of novel insulation technologies, essential for improving

thermal efficiency and minimizing boil-off losses, brings new uncertainties regarding the behaviour and long-term

reliability of safety barriers.

Within this context, the present work investigates the integrity and performance of safety barriers and protection systems

for large- scale LH₂ tanks. Particular attention is devoted to accident prevention and risk-mitigation measures against

potential NaTech events, such as extreme temperatures, heavy precipitation, and other climate-induced stressors.

In addition, the degradation mechanisms of safety barriers under combined technological and natural stressors, as well as

the evaluation of inherently safer design strategies, are addressed. The outcomes are intended to support the

development of guidelines for the safe design and management of LH₂ storage systems and to facilitate the integration of

safety-related aspects into the broader framework of hydrogen-infrastructure risk assessment.
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