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The deployment of hydrogen technologies to support global decarbonization will in parallel introduce unique safety
challenges, particularly in systems characterized by limited data and emergent behavior. The prevalent safety barrier
concepts which focus on component level failures may be insufficient for complex systems like hydrogen. Recent research
developments advocates reframing safety barriers as socio-technical systems, integrating human, organizational, and
technical aspects to address emerging risk within broader context of Safety-1l and resilience engineering. This study builds
on this perspective and investigates the operational safety challenges in hydrogen refueling stations using a combined
functional resonance analysis method (FRAM) and artificial intelligence (Al) approach. While FRAM offers a systemic lens
to capture variability in normal operations, its qualitative nature and limited computational traceability pose challenges
for quantitative applications. To overcome these limitations, we propose an Al-based extension that enhances FRAM's
analytical rigor and supports dynamic assessment of safety barriers. This integration aims to strengthen barrier
performance assessment beyond conventional methods. The findings contribute to advancing socio-technical safety
barrier analysis methodologies for hydrogen systems, promoting adaptive and resilient strategies essential for a safe
energy transition.
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