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Hydrogen is coming, or has it come?
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Motivation
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Vessel sizes and consumption
% vessels vs. Installed power

<1800 kW 1800-3500 kW 3500-8500 kW

8500-1500 kW 15000-30000 kW >30000 kW

% vessels vs. Emissions

<3500 kW >3500 kW



Motivation
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Operational Profile of a Ferry



Motivation
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Fuel Cell Efficiency



Motivation
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Overall Process of Evaluation
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Define/Update 
Operational 
Scenario and 
requirements

Create/Update an 
operation strategy

Create/Update a 
system candidate

Power system 
calculationEvaluate the design
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Input Parameters
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Way points
Route table
Time table
Speed profile
Speed at harbor
Speed at open sea
Bunkering frequency
Criteria for bunkering
Weather
Significant wave height / length
Wind speed
Failure
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Design Lab
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Ship 
operational 
Simultion

Machinery 
Simulation

Analysis 
and 

Redesign



Design Lab – Ship Operational Simulation: 
GYMIR
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Design Lab – Machinery Configuration
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Design Lab – Fuel, Energy, Emissions 
Calculation for Machinery System (FEEMS)
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• Modeling framework for a marine power and propulsion system for calculation of
fuel consumption, emissions, and energy balance with the input of operation mode 
and external power load

• Possible system to configure
• Hybrid/Conventional Diesel / Fuel Cell Electric Propulsion
• Hybrid Propulsion with PTI/PTO 
• Mechanical Propulsion with a Separate Electric Power System

• It is possible to implement an energy management strategy



Design Lab – Fuel, Energy, Emissions 
Calculation for Machinery System (FEEMS)

Teknologi for et bedre samfunn

Fuel / 
Emissions / 
Emissions / 

Running 
Hours

Power 
Balance 

Calculation

Load / 
Operation 

Mode 
Parameter 

Input

System 
Configuration



Example of the calculation
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G/B
300kW 250kW 150kW -180kW 

𝜂 60% = 93% 𝜂 50% = 91% 𝜂 40% = 87% 𝜂 70% = 95%
322.6kW 274.7kW 172.4kW -171.0kW
𝜂 60% = 98% 𝜂 50% = 97% 𝜂 40% = 96% 𝜂 70% = 95%

329.2kW 283.2kW 179.6kW -162.5kW

Bus1
329.2kW

Bus2
299.4kW

329.2kW

𝜂 30% = 88%
374.1kW
𝐵𝑆𝐹𝐶 30% = 220g/kWh

Fuel 82.3 kg/h, 
NOx 1.32 kg/h, 
CO2 232 kg/h

𝑠𝑁𝑂2 = 4g/kWh
s𝐶𝑂2(30%) = 704g/kWh

149.7kW 149.7kW
𝜂 15% = 86% 𝜂 15% = 88%

170.1kW 170.1kW
𝐵𝑆𝐹𝐶 15% = 250g/kWh

Fuel 49.5 kg/h, 
NOx 0.680 kg/h, 
CO2 136 kg/h

𝑠𝑁𝑂2 = 4g/kWh
s𝐶𝑂2(30%) = 800g/kWh

𝐵𝑆𝐹𝐶 15% = 250g/kWh
𝑠𝑁𝑂2 = 4g/kWh
s𝐶𝑂2(30%) = 800g/kWh

Fuel 49.5 kg/h, 
NOx 0.680 kg/h, 
CO2 136 kg/h

∑



Initial Case Study
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• Operational Profile Input from Statistical Data



Assumptions
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• Total installed power: 20MW, 30MW,  40MW
• 5 Hydrogen modules are grouped for one DC/DC converter
• Minimum number of fuel cell groups 
• Maximum load limits [%]: 30, 40, 50, 60, 70, 80, 90, 100

• Load dependent efficiency 



Running minimum number of fuel cell
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Running minimum number of fuel cell
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Conclusion
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• Dealing with complex
• A systematic / collaborative work needed

• Further work
• Finish the development of the design lab
• Develop a cost model for the design lab
• Set up a dynamic system model for the case and test control strategies
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