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Abstract: Offshore hydrogen production system involves multiple integrated processes, including offshore wind

power supply, seawater pretreatment, hydrogen production, storage, and transportation. Strong interdependence

among these processes, coupled with continuous disturbances from marine environments, results in multi-source

risk interactions and dynamic risk evolution, thereby becoming a critical constraint for large—scale deployment of

offshore hydrogen energy. This study investigates process safety issues throughout lifecycle of offshore hydrogen

production system. The process configurations, failure mechanisms, and risk evolution characteristics associated

with power supply, seawater desalination and treatment, electrolysis processes, and hydrogen storage and

transportation are addressed, and a multilevel safety cognition framework covering equipment, process units, and

i HEHEE: 2026-04-03  fEEIHHE: 2026-07-21

EEES: TEAL(1986—), 5, i+, BI#FZ , wangk@shmtu.edu.cn

F—1EE: EAL(1986—), 3 Hi+, BIZEZ , wangk@shmtu.edu.cn

EEWA: EHEARBAILETH (52001196) ; g BHEEH T30 A 48R £ 41 -5 H (24ZR1428000)
SIRAAS: AL, XEELT, #R S, BHERE G LA T 2RGS0 B L 20Tl ()] L T, XXXX, XX(XX): 1-21

Citation: WANG Kan, LIU Ziyu, XU Siyuan, SHI Tingting. Advances in offshore hydrogen production process systems and process safety[J]. CIESC

Journal, XXXX, XX(XX): 1-21



c 2 T e FXXE

system scales is established. The impacts of wind—wave—current environmental loads, high—salinity and high—
humidity environments, fluctuating renewable power inputs, and extreme marine meteorological conditions on
offshore hydrogen production safety are analyzed. The risk propagation, amplification, and evolution pathways
induced by combined effects of process disturbances, equipment degradation, and environmental loads are revealed.
Results demonstrate that offshore hydrogen production safety is governed by pronounced multiscale coupling, time—
dependent nonlinear behaviors, and uncertainty propagation characteristics. The process safety risks originate from
material corrosion and hydrogen embrittlement, competitive side reactions during electrolysis, gas crossover,
thermal instability, and multi-physics coupling effects within hydrogen storage and transportation system.
Integrated optimization of corrosion—resistant and hydrogen—resistant materials, electrochemical process regulation,
advanced sealing and membrane technologies, and safe hydrogen storage and transportation strategies is required.
Meanwhile, the integration of physics—based models and data—driven approaches can provide complementary
advantages in risk interpretation and predictive capability. Existing standards for offshore hydrogen production
remain insufficient in addressing the challenges associated with multi-technology integration and marine
environments. A comprehensive safety standard framework covering the design, construction, operation,
maintenance, and decommissioning should be established to provide systematic safety assurance for the future

development of offshore hydrogen production systems.

Keywords: offshore hydrogen production; process unit; marine environment; electrolytic hydrogen production;

process safety
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Fig. 1  Offshore hydrogen production modes and critical system components
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Table 1 Offshore hydrogen production demonstration projects in China
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Fig. 5 Time series and frequency spectrum under wind, wind—wave, and wind—wave—current coupling cases
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Fig. 6 Influence of humidity on insulation resistance under seawater and freshwater environments
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Table 2 Standards and guidelines for process safety in offshore hydrogen production
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Table 3 Evaluation methods for process safety in offshore hydrogen production
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