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Abstract >> Sustainable shipping depends on eco-friendly energy solutions. This
paper reviews methods for predicting marine fuel cell performance, including
empirical approaches, physical modeling, data-driven techniques, and hybrid
methods. Accurate prediction models tailored to the marine environment's unique
conditions are crucial for operational efficiency. By evaluating the strengths and
weaknesses of each method, this study provides a comprehensive analysis of ef-
fective strategies for forecasting polymer electrolyte membrane fuel cell and solid
oxide fuel cell performance in marine applications. These insights contribute to
the advancement of eco-friendly shipping technologies and enhance fuel cell

performance in challenging marine environments.
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Fig. 1. Performance prediction methods for SOFC fuel cell systems14
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Table 1. Research status of empirical methods
Research objective Measurement variables Ref

Research on the impact of internal reforming and H2S
concentration on SOFC performance

Power, voltage, gas supply adjustment, specific cell voltage
and temperature, cell resistance

Research on the impact of changes in biogas composition, fuel
cell operation voltage, and temperature on SOFC performance

Biogas composition, power, operating temperature, current
density

16)

Research on the impact of internal reforming on the
performance of SOFC stack

Stack voltage, stack power, anode and cathode temperature,
anode gas composition

17)

Research on the impact of using biogas as fuel on carbon
deposition on SOFC performance

Fuel utilization, operating temperature, power density, current
density

18)

Analysis of the impact of various fuel mixtures generated from
construction materials on SOFC performance

Concentration of CO, Hz, CO2, and CH4, operating
temperature, current density, stack voltage, power efficiency

19)

Research on the impact of using pure hydrogen and reformed
gas as fuel on SOFC performance and efficiency at different
temperatures

Fuel power and voltage, electrical output power, efficiency,
operating temperature
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Table 2. Research status of physical modeling methods

Ref

21)

22)

23)

Measurement variables

Output power, feed gas composition, output current, and

voltage

anode output temperature, cathode output, and gas

composition

density, and current density

Research objective

Research on the impact of H2S concentration on the

performance of a single SOFC cell

Development of a data-driven model for fault diagnosis in |Stack current, stack voltage, cathode output, temperature,

SOFC stacks

Research on the impact of carbon deposition on SOFC stack |Hydrogen production rate, operating temperature, power

performance
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Table 3. Research status of data-driven methods
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Research objective Measurement variables Ref
Derivation of optimal operating conditions for a single SOFC|Output current, feed gas composition, output voltage 24
cell
Development of control strategies to ensure thermal stability|Stack current, stack voltage, cathode outlet temperature, and| s
of SOFC stacks anode outlet temperature
Table 4. Research status of hybrid approaches

Research objective Measurement variables Ref

Development of a stack management system to ensure
long-term stability of SOFC stacks

Hydrogen production rate, operating temperature, power
density, and current density
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Table 5. Comparison of performance evaluation methods for marine and general fuel cells

Fuel cell performance evaluation

Performance evaluation of marine fuel cells

Power output and
efficiency

Rated Power, power density, and efficiency (40-60%)
evaluation

Evaluation of power output and efficiency under various
operating conditions (e.g., response to changes in power
demand during acceleration, deceleration, and cruising)

Durability and
lifetime

Evaluation of performance degradation rate during
specific cycles (e.g., operating modes)

Evaluation of degradation rate and durability during
long-term maritime operation, including resistance to
seawater and salinity

Environmental

Performance evaluation under variations in temperature

Performance evaluation under harsh maritime

robustness and humidity conditions such as high humidity, salinity, vibration, and
shock
Safety Conduct standard safety tests (overheating, overcurrent,| Additional maritime safety tests (e.g., safety under
leakage, etc.) submersion, saltwater exposure, emergency response
capabilities)
Vibration and shock |Standard vibration and shock testing Evaluation of resistance to continuous vibration and
resistance shock in maritime environments

Table 6. Research status of marine fuel cell performance evaluation

Measurement variables

Ref

Research objective

Advantages

Applications

Dynamic analysis of PEM
fuel cell systems

Voltage, current, temperature

Fast response time and high
prediction accuracy

Performance optimization for
small-scale marine
applications

27)

Dynamic model validation of]
marine molten carbonate fuel
cells (MCFC)

Voltage, current, temperature

Providing high accuracy
under real operating
conditions

Design and optimization of
power systems for marine
applications

28)

Development of a thermal
management model for
marine SOFC systems

Voltage, current, temperature

Providing high-precision
prediction and resistance to
external disturbances

Performance optimization of
marine SOFC systems

29)

Design and performance
validation of a PEM fuel cell
module for small vessel
applications

Voltage, current, fuel
consumption

Providing high dynamic
response and efficiency

Performance optimization for
small-scale marine
applications

30)

Dynamic analysis and
experimental validation of
fuel cell systems

Voltage, current, temperature

Providing high consistency
with experimental data

Performance validation of
marine fuel cell systems

31)
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Table 7. Research status of marine fuel cell system for performance evaluation

Research objective Measurement variables Advantages Applications Ref
Investigation of hybrid fuel |Voltage, current, fuel System performance Performance optimization in
cell systems through voyage |consumption optimization through voyage |marine fuel cell systems 2
simulation simulation
System-level approach for | Voltage, current, load step  |Predictable maximum Optimization of
estimating maximum load load-handling capacity of the|load-handling capacity in 3
steps system marine systems
Integration of SOFC with | Voltage, current, temperature, | Efficiency enhancement Improvement of fuel
internal combustion engine |efficiency through system integration |efficiency in marine *

applications
Thermodynamic analysis of | Voltage, current, temperature, | Providing high-efficiency ~ |Design and optimization of
an integrated SOFC and gas |efficiency energy conversion power systems in marine %)
turbine system applications
Thermodynamic analysis of a| Voltage, current, temperature, | High-efficiency energy Design and optimization of
gas turbine and SOFC efficiency conversion electrical power systems in 39
integrated system marine applications
Stability analysis of fuel Voltage, current, system Enhancement of system Improving the safety and
cell-based systems stability indicators stability and reliability reliability of marine Fuel cell| 7
systems

Table 8. Research status of marine fuel cell performance prediction

Research objective Measurement variables Advantages Applications Ref

Performance characterization
and optimization of marine
SOFCs

Voltage, current, and
fuel-to-air volume ratio

High-accuracy prediction of
voltage/current
characteristics

Performance characterization
and optimization of marine
SOFCs

38)

Degradation and failure
prediction in PEM fuel cells

Voltage, current, and fault
occurrence timing

Effective for early fault
detection and life extension

Useful for degradation
modeling in PEM fuel cells
and SOFCs

10)

Fault detection and remaining
useful life prediction in PEM
fuel cells

Voltage, current, and fault
occurrence timing

Provides high accuracy in
fault detection and lifetime
prediction

Applicable to both PEM fuel
cells and SOFCs

39)

Analysis and prediction of
fuel consumption patterns for
bulk carriers

Fuel consumption rate and
operating conditions

Offers enhanced accuracy
compared to traditional
methods

Applicable to marine SOFC
systems for bulk carrier fuel
consumption modeling

40)

Modeling degradation
processes and performance

prediction in PEM fuel cells

Voltage, current, and
degradation state

Provides high accuracy in
performance prediction and
maintenance scheduling

Degradation analysis of PEM
fuel cells and SOFCs

41)
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