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With rising fuel prices and impending environmental 
regulations, the pressure is on for more efficient and en-
vironmentally friendly ships. In the joint industry project, 

‘FellowSHIP’, a 330 kW fuel cell was successfully installed, and dem-
onstrated smooth operation for more than 7 000 hours, on board the 
offshore supply vessel, Viking Lady. The Viking Lady was delivered 
for operation on the North Sea in April 2009. In September the  
330 kW MCFC power pack was installed. The fuel cell was connected 
to the main switchboard for the first time in December 2009. After 
initial testing, Viking Lady became the first vessel to obtain the class 
notation FC-Safety, as described in the DNV Rules.

Fuel cell technology of this magnitude has never before been 
installed in a merchant vessel, and the project is innovative on a global 
scale. The achievements of the project include significantly reduced 
CO2 emissions, improved energy efficiency and zero emissions of 
harmful substances compared to conventional engine technology.

Fuel cells explained

A fuel cell power pack consists of a fuel and gas processing system 
(the balance of plant), and a stack of fuel cells that convert the chemical 
energy of the fuel to electric power through electrochemical reactions. 
A fuel cell is very similar to a battery, but has an external supply of fuel 
instead of storing the energy within itself. Liquid natural gas (LNG) 
is the main fuel in the gas-electric propulsion system of Viking Lady, 
and the vessel therefore provided a good test-bed for MCFCs, since 
no additional fuel system was needed. In the current installation, the 
MCFC delivers power to a direct current link that is connected to the 
ship’s alternating current bus through power converters. The ship’s 
electric propulsion system therefore consumes power provided by 
both the fuel cell and the main generators.

In order to explore the potential benefits of combining fuel cells 
and engines with energy storage on the Viking Lady, the FellowSHIP 
project is to be continued, and a battery pack for hybrid operation 
will be installed during 2013. The project will also make modifications 

to allow the ship to be powered only by the combined fuel cell and 
battery power to run in a no local emissions harbour mode.

At full load, the best fuel cell stacks have an electric efficiency 
of  50 - 55%, yielding an electric efficiency of 45 - 50% when internal 
consumption is included. For part load operation where combustion 
engines have lower efficiencies and emissions of local pollutants are 
higher, fuel cell powerpacks even increase their efficiency, contrary 
to internal combustion engines. 

The electrochemical conversion process generates heat losses, 
which should - as much as possible - be recovered for increased 
efficiency. The temperature of the exhaust is higher than for conven-
tional engines, allowing for more heat recovery through conversion 
to steam, chill or electricity. Thermal integration will increase the 
overall - and electric - efficiency significantly.

Reduced emissions

CO2 emissions lead to global warming. By using fuels such as LNG 
or methanol, that have less carbon content than conventional ship 
fuels, the CO2 emissions can be reduced even more than just from 
the increased efficiency of the fuel cells. CO and CH4 emissions 
can occur from fuel cells depending on the choice of fuel, but are 
significantly lower than for combustion engines running on LNG. 
When hydrogen is used as fuel there are no CO2 emissions from the 
operation of the ship. 

Particulate matter (PM), NOx, and SOx emissions from ships 
can result in severe consequences to human health and the local 
environment. 

By introducing fuel cells in shipping these consequences can be 
reduced: NOx is formed by combustion at high temperatures, a proc-
ess that does not occur in fuel cells, and thus NOx emissions from 
fuel cells are negligible; as sulphur must be removed from the fuel 
before it is supplied to the fuel cell, SOx emissions are eliminated; 
and PM is not emitted from fuel cells, as the fuel cannot contain 
heavy hydrocarbons.
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When discussing ‘emissions’… generally we tend to focus more on land emissions than those at sea. But what about emissions from ship-

ping? DNV Research and Innovation (based in Norway) has taken a leading role in facilitating the demonstration of safe and reliable fuel cell 

applications for ships – reducing CO2 emissions and improving energy efficiency. The lovely Viking Lady helped to prove the point!
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Due to fewer moving parts, use of a fuel cell power plant instead of 
a combustion engine will reduce noise and vibrations, improving 
comfort for crew and passengers. Fewer moving parts also lead to a 
reduction in maintenance requirements during operation compared 
with combustion engines. Fuel cell technologies that have a small 
balance of plant, ie when limited space is required for fuel and gas 
processing, can easily be installed in independent modules. This 
makes the total installation less vulnerable to single failures and, in 
principle, the modules could be placed in several different locations 
around the ship. Together with lower vibrations and noise, modularity 
makes the engine room location less critical. Given that safety issues 
are handled appropriately, this provides a high degree of design flex-
ibility. All fuel cell types require either pure hydrogen or fuels that 
can be reformed to hydrogen and CO, either before entering the fuel 
cell or inside the fuel cell. The relevant short-term options are fuels 
such as methanol or LNG.

The current cost of fuel cells is high. This is due to limited market 
penetration and because only a few large-scale installations are in 
operation. Daily maintenance requirements for fuel cells are low, but 
stack replacement is necessary. Fuel cell stacks have not yet reached 
the goal of 40 000 operating hours without suffering from significant 
performance degradation. Due to continuous R&D efforts, fuel cell 
lifetime is increasing.

Conclusion

This recent success with fuel cell technology indicates that it is pos-
sible to lower the contribution from shipping to global warming. Intro-
ducing fuel cells to ships benefit human health and the environment 
by avoiding local consequences of air pollution. As for conventional 
engines, CO2 emissions can be completely eliminated if hydrogen 
from renewables becomes available. To understand fuel cells in 
depth and to explore the potential of modelling to improve upon 
fuel cell installations, DNV developed a detailed mathematical model 
describing the thermodynamic behaviour and transport phenomena 
inside the marine MCFC installed on Viking Lady. The main focus of 
the model development was to analyse operation and performance 
of the fuel cells under steady and dynamic conditions. The model was 
calibrated by measurements on board Viking Lady, and details of the 
implemented model and results have been published.

DNV is primarily a class society developing and enforcing rules for 
all technical aspects of ships. To allow fuel cells to be used on ships, 
DNV has made two sets of rules for fuel cells on ships: FC-SAFETY 
is mandatory for all fuel cell installations and if the fuel cell unit is 
used for main or auxiliary power, the class notation FC-POWER is 

also mandatory. An important part of the FellowSHIP project was to 
develop and implement these rules to allow for safe installation on 
Viking Lady. In order to stay ahead of the technological development, 
DNV is positioned at the forefront of development of rules for new 
technologies. In this context, a continuation of the FellowSHIP project 
was kicked-off in 2011. This project, named ‘HybridShip’, is concerned 
with introducing batteries for on-board energy storage, integrated 
with fuel cells and gas engines. The uptake of these technologies is 
hard to project due to high market uncertainty and current invest-
ment costs. The most promising avenues, to date, are the following:
•	 Harbour-mode	solutions,	with	the	possibility	of	decreasing	the	

detrimental health effects of emissions and noise from ship traffic 
in urban areas. Fuel cells can be used as an alternative to cold 
ironing for all ship types that have space available for fuel cells 
as an auxiliary unit. 

•	 Ferries	operating	on	short	routes	are	suitable	candidates	for	the	
first ships powered only by fuel cells due to their relatively low 
power requirements and frequent refueling possibilities. The 
same is true for ships operating on inland waterways. 

•	 Cruise	ships	will	benefit	from	the	reduction	of	noise	and	vibrations,	
as well as from reduced local emissions while in port and cruising 
in environmentally sensitive areas. Most cruise ships today are 
diesel-electric, and a fuel cell installation could easily be integrated 
into the designs. The public perspective of a soot-free cruise will 
be a huge advantage for the first fuel cell powered cruise ships. 
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This article is a scant summary of a position paper by Kristine Bruun Ludvigsen 

and Eirik Ovrum on fuel cell technology and a future of reduced emissions at sea.
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