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Hydrogen fueling stations are key infrastructures for the transition toward a clean energy future. However, the safety and
reliability remain concerns due to the limited availability of failure data and the complexity of system interactions. Purely
data-driven Prognostics and Health Management (PHM) methods can diagnose faults and predict remaining useful life
(RUL), but they often operate as black-box models that lack causal interpretability, limiting their trust for decision-making
in safety-critical systems.

This study proposes a causal knowledge-based Al framework for PHM in hydrogen fueling stations. The framework
integrates Multilevel Flow Modeling (MFM), a functional modeling approach that encodes causal relationships between
system goals, functions, and physical processes with Al-based diagnostic and prognostic algorithms. By combining
knowledge-driven causal reasoning with data-driven learning, we create an explainable Al solution. The approach enables
interpretable fault diagnosis and prognosis, early detection of abnormal states, and explanation of the causal chains
behind potential failures. Sensor data, failure data, maintenance logs, and domain knowledge are integrated within this
hybrid structure to identify critical variables that influence system degradation to identify failure modes, predict remaining
useful life, and map out the causal chains behind abnormal events. The inferred causal relationships can provide inputs to
decision support, guiding maintenance actions and emergency responses.

This integration of knowledge-based and Al-driven reasoning contributes to enhanced safety and reliability of hydrogen
fueling stations. The framework also supports stakeholders by offering interpretable and traceable decision support for
both real-time operation and long-term risk management.
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