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Abstract:

The present work targets the evaluation of sustainable alternative fuel supply chains (fuel
pathways) for powering multi-fuel solid oxide fuel cells in maritime applications. Evaluating
hydrogen (H,), ammonia (NH;), and methanol (MeOH) production chains, this study introduces
a comprehensive Fuel Pathway Tool designed to systematically design and evaluate these fuel
pathways including production, transport, and storage.

The Python-based modular software framework encapsulates flexible, region-specific fuel
supply chain modelling. The tool is based on a directed graph structure, where nodes represent
production, storage, and transport units, and edges represent material and energy flows. Core
functionalities include dynamic configuration of production routes, transport modes, and
storage options. The tool operates fully time-dependent, utilizing an hourly timestep to simulate
the dynamic behaviour of storages, production facilities, and transport systems. This structure
enables sizing of storage, production and transport capacities across multi-step supply chains.
Key performance indicators, such as well-to-wake energy efficiency and levelized cost of fuel,
are utilized for evaluation and design of fuel supply pathways.

Use cases highlight comparative analyses of hydrogen produced via proton exchange membrane
(PEM) electrolysis, ammonia synthesized through air separation and Haber-Bosch processes,
and methanol derived from biogas upgrading. Insights into trade-offs between environmental
and economic performance under varying energy system conditions are discussed.

This contribution outlines the methodology and structure of the Fuel Pathway Tool, presents a
comparative evaluation of H,, NH,, and MeOH pathways for maritime applications, and
discusses the broader implications for integrating sustainable fuel supply chains into future
smart energy systems.
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