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The energy transition and the decarbonization of European industrial economies have placed hydrogen at the center of
strategies for achieving sustainability and energy security. Developing a safe, resilient, and sustainable hydrogen supply
chain represents one of the most complex challenges in the shift toward a low-carbon economy. The unique physico-
chemical properties of hydrogen—such as high flammability, low density, high diffusivity, and a wide explosivity range—
demand a thorough reconsideration of safety, reliability, and maintenance criteria across production, storage, transport,
and distribution infrastructures.

This study proposes an integrated approach to risk and resilience analysis for the hydrogen supply chain, aimed at
identifying systemic vulnerabilities and defining effective mitigation and adaptation strategies. The methodological
framework combines quantitative risk assessment tools, operational resilience indicators, and system-thinking principles
to model supply chain performance under stress conditions. This allows the evaluation of the system’s capacity to absorb,
adapt, and recover from disruptive events while maintaining critical functionality.

A specific focus is devoted to the role of emerging digital technologies—such as predictive models, digital twins, and real-
time data analytics—as key enablers for strategic planning and proactive risk management. These tools enhance
situational awareness, support early warning mechanisms, and enable continuous learning from operational feedback.

The proposed approach contributes to defining practical design and management criteria for resilient hydrogen
infrastructures. It supports decision-makers in balancing safety, efficiency, and sustainability within complex energy
systems. Ultimately, the study aims to advance an integrated risk-resilience paradigm that promotes innovation and
strengthens the reliability of future hydrogen-based energy networks.
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