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The transportation sector, like many industries, is working to meet the United Nations (UN) net-zero target by 2050. One
promising solution is using alternative energy sources, such as hydrogen, batteries, ammonia, and methanol. However,
these solutions introduce new hazards distinct from those associated with traditional fossil fuels. These risks become even
more complex when different transport modes, using distinct energy sources, operate in the same space. While extensive
research exists on the safety of individual zero-emission transportation modes, the interactive risks when these modes
converge are less understood. This paper addresses the safety of battery-electric ferries transporting hydrogen fuel cell
vehicles (HFCVs). This operation introduces the risk of cascading accidents, such as an HFCV hydrogen leak leading to a
fire that compromises the vessel's main battery systems. This research uses System-Theoretic Process Analysis (STPA) to
analyze a particularly high-risk operational context: a Simultaneous Operations (SIMOPS) scenario. STPA provides a
system-theoretic approach to model and analyze the interplay between different energy carriers, human operators, and
software control logic. This study analyzes a specific SIMOPS scenario that involves loading an HFCV while the vessel is
connected to shore-side high-voltage charging. STPA is first applied to identify system-level hazards for this operation.
Subsequently, the system’s control structure is modeled. This model is used to identify Unsafe Control Actions (UCAs), and
loss scenarios arising from those UCAs. The analysis reveals complex interactions involving the ship's Safety Management
System (SMS), the shore-side charging controller, and the vehicle loading crew. Identified loss scenarios include an HFCV
hydrogen leak caused by a vehicle collision during loading. Other scenarios trigger cascading failures, such as an electrical
fire from the charger causing an HFCV tank to vent and ignite, resulting in a combined hazard event. Based on these
findings, this study proposes safety guidelines to mitigate these loss scenarios.
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