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Offshore electrochemical ammonia synthesis powered by intermittent wind is a first-of-a-kind approach to carbon-neutral
fuels; however, it poses safety issues not addressed in conventional Haber-Bosch practice. This work considers three
challenges: dynamic failure modes associated with frequent start-up and shutdown and the resulting thermal stresses;
electrochemical hazards from concurrent hydrogen and oxygen evolution in confined marine spaces; and data scarcity
typical of early-stage technologies. The case system is a 95 t/day offshore platform supplied by a 1 GW wind farm in
Korea. An integrated HAZID-HAZOP-LOPA-SIL methodology, aligned with IEC 61508/61511, is applied with attention to
how power intermittency can affect reliability assumptions. HAZOP across 12 process nodes identified 47 deviations,
including 15 failure modes specific to offshore electrochemical operation (e.g., cathode hydrogen pressure surges during
power ramps, anode oxygen accumulation, and accelerated marine corrosion). Operational cycling under offshore
conditions can increase demand on safety functions; its potential implications for SIL verification are addressed
conceptually rather than through explicit dynamic modeling. To address data limitations, SIL verification used component
failure data available in exSlLentia and standard steady-state assumptions. The verification evaluated nine Safety
Instrumented Functions with target allocations (six SIL 2, three SIL 1). Five functions achieved their targets; four did not,
largely due to 1001 sensor architectures and environmental factors consistent with offshore service. These findings reflect
steady-state LOPA and standard SIL verification within the available data envelope. Design guidance is outlined without
claiming quantified dynamic benefits: adopting 1002 sensor voting where practical, selecting SIL-certified analyzers,
refining proof-test policies, and hardening equipment for marine conditions. The study provides a quantitative method-
consistent with the attached reports-for assessing and improving functional safety of intermittent, renewable-powered
offshore chemical systems, and it sets priorities for future dynamic analyses when operational data become available.
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