
  MAY 17-20, 2026 – Gaeta, Italy 

1 

 

 

Economic Assessment of Multi-Fuel Solid Oxide Fuel 
Cells System for Shipping Under Alternative Hydrogen, 

Methanol, and Ammonia Supply Pathways 
S. Di Micco1, A. Cappiello1, and M. Minutillo2 

 
1 Department of Engineering, University of Naples “Parthenope”, Naples, Italy 
2 Department of Industrial Engineering, University of Salerno, Fisciano, Italy 

simona.dimicco@uniparthenope.it  

 
Maritime transport emits about 1 billion tonnes of CO₂ annually (2.5% of 
global GHGs) and still relies mainly on HFO/MDO (>80%), with limited uptake 

of LNG (5–6%) and other alternatives [1]. Meeting EU Green Deal objectives 
and IMO targets requires technologies beyond today’s state of the art. 

Hydrogen and its carriers, together with fuel-cell propulsion, are key 
candidates for climate-neutral shipping. Ammonia and methanol are attractive 

due to liquid storage and decent volumetric energy density, but each brings 
major safety and integration constraints (toxicity/corrosion for NH₃, cryogenic 

storage for LH₂, low flash point and IGF Code compliance for methanol). 

Techno-economic assessment (TEA) is a core tool to test the feasibility of 
alternative maritime power systems as shipping moves toward deep 

decarbonization. Long-range vessels, still largely powered by fossil-fuel 
internal combustion engines, face tighter regulation and operational constraints 

linked to emissions, fuel costs, and efficiency limits. In this context, solid oxide 
fuel cells (SOFCs) stand out for high electrical efficiency and fuel flexibility, 

with the potential to reduce both greenhouse gases and local pollutants. 
This study focuses on the economic assessment of a small scale multi-fuel 

SOFC system (6 kW)  for marine applications. Total investment costs as well as 
operating and maintenance costs are quantified. Different fuel-pathway 

scenarios have been analysed for fuel cost estimation (hydrogen from SMR, 
SMR+CCS, and renewable routes; fossil and green methanol; green ammonia). 

Moreover, key performance indicators such as Specific Fixed Capital (SFC), 
Specific Operating Cost (SOP), and Specific Net Present Cost (SNPC) have 

been derived to identify the main cost drivers and trade-offs. 

The economic analysis draws on the technical results reported in a previous 
work [3], where the authors developed and validated a thermo-electrochemical 

model of a 6 kW unit to estimate operating conditions and overall system 
performance. The multifuel system is conceived as a system that can operate 

separately with different fuels, like ammonia (NH3), methanol (CH3OH), or 
hydrogen (H2).   
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