
Ammonia fuel cells for  
deep-sea shipping 
ShipFC  Interest in ammonia-powered fuel cells for the maritime sector is growing, but stakeholders have 
been hesitant to commit to investments in large-scale systems. Now the EU-funded ShipFC project is aiming to 
secure a place for ammonia in the future of deep-sea shipping.

W ithin the ShipFC project, the 
offshore supply vessel (OSV) 
Viking Energy, owned and op-

erated by Eidesvik Shipping and on con-
tract to energy major Equinor, will be 
equipped with a 2-MW ammonia fuel 
cell. It will allow the OSV to operate for at 
least 3,000 hours annually on clean fuel. 
Following the completion of that phase, 

the project will ramp up to qualifying 
20-MW fuel cell systems for ocean-going 
vessels.

“The ultimate goal of the project is to 
demonstrate the feasibility of ammonia 
fuel cells for ocean-going vessels and long 
sea voyages,” said Dr Michail Cheliotis, 
research associate at the University of 
Strathclyde, lead partner in the project. 

“The huge difference in scope makes 
ShipFC much more interesting than just a 
replication of Viking Energy,” said Cheliotis. 
“The similarities basically end with ammo-
nia, because a 20-MW power plant requires 
significantly different treatment.” 

However, scaling up the project is seen 
to be well within reach, given the prior 
knowledge of both fuel cells and ammonia 

The OSV Viking Energy will be equipped with an ammonia fuel cell Source: Eidesvik
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as an energy carrier, according to Chelio-
tis. The project will consider three vessel 
types, including a bulk vessel, an offshore 
construction vessel, and a container ship. 
The work will involve close cooperation 
with shipowners and a thorough examina-
tion of vessel requirements.

A known commodity
Technical and economic knowledge 
developed in the Viking Energy pilot will 
be incorporated in a broader analysis of 
ammonia in the maritime sector and com-
parison with other alternative fuels. 

“Ammonia presents certain technical 
challenges, but even though it is corro-
sive, the safety trade-off between ammo-
nia and hydrogen favours ammonia,” said 
Cheliotis. “It is less explosive, requires less 
complex storage and transport solutions, 
and it is a well-known commodity from 
the industry. Based on this experience, the 
necessary safeguards can be built in.” 

Experience with gas fuels will be a 
significant building block, he added. “We 
have seen that liquid ammonia is similar 
to liquefied gas in the handling process. 
Industry has a high level of maturity and 
an excellent track record in handling LNG 
and LPG, and this experience is proof that 
it can be done safely.” 

The supply chain
ShipFC will closely examine the ammonia 
supply chain, Cheliotis explained. “We will 
be looking at the entire life cycle of am-
monia, from production to transport and 
bunkering. One of the ShipFC partners is 
a major supplier of ammonia, and we will 
be working together with them to address 
these issues.”

Ammonia for fuel cells can be produced 
with a green profile, Cheliotis noted, giving 
ammonia a positive overall environmental 
footprint. “Ammonia can easily be made 
from renewable resources, making it one of 
the fuels that will likely meet part of ship-
ping’s future green energy demand.”

The University of Strathclyde will also 
provide maritime safety analysis for ship 
systems. “Part of our work will be to pro-
pose new safeguards and accommodations 
for marine installations of this size,” Chelio-
tis said. 

The efficiency of ammonia in fuel cells 
is good, he added. “Successful cases have 
taken advantage of the most efficient fuel 
cells. We believe that we can hit the sweet 
spot of fuel cell technology with ammo-
nia.” 

Fuel cells have favourable character-
istics in the configuration of vessels as 
well, Cheliotis continued. “As they do not 
require the same dedicated space as large 
two- or four-stroke engines, fuel cells can 
be distributed in modules, saving space 
and exploiting otherwise unavailable op-
tions.”

Various options for different  
profiles
Cheliotis sees the relationship between 
hydrogen and ammonia in fuel cells as 
more complimentary than competitive. 
“This is simply because different solutions 
will be required to meet different chal-
lenges. The choice of solution will depend 
on a case-by-case evaluation.”

Solving the ammonia fuel cell equa-
tion for deep-sea shipping is a step in the 
right direction for ensuring progress in 
the decarbonisation process, Cheliotis 
concluded. “We will need many solutions 
to meet diverse needs in the maritime in-
dustry, and fuel cells powered by ammonia 
can be among them.”

Prevention of NOx gases 
A critical factor for the viability of high 
temperature ammonia fuel cell systems for 
maritime use is that formation of NOx is 
managed and prevented as far as possible. 
Within the ShipFC project, the German 
Fraunhofer-Institut für Mikrotechnik und 
Mikrosysteme (IMM) will develop a com-
pact catalytic afterburner, specifically to 
minimise NOx emissions. 

Fraunhofer IMM has about 20 years of 
experience in the development of burners 
and reformers. Development of the fuel 
system is led by Wärtsilä Gas Solutions, 
building on leading experience in compa-
rable fuel systems, as well as smaller-scale 
initiatives on ammonia. The fuel cell sys-
tem will be developed by the Norwegian 
company Prototech. The 2-MW system 
will not have any direct greenhouse gas 
(GHG) emissions, and specific adjust-
ments are planned to prevent NOx, SOx, 
and particulate emissions.

Project coordinator Tore Boge of NCE 
Maritime CleanTech said: ”ShipFC aims 
to demonstrate a fuel cell system for ship-
ping capable of removing GHG and re-
ducing NOx, SOx and particulate matter 
by at least 80% compared with conven-
tional diesel-based solutions. A key task 
in the development work is thus to ensure 
that formation of NOx gases is managed 
and prevented as far as possible.”

A key NOx prevention and mitigation 
measure includes the development, design 
and manufacture of a compact catalytic 
after burner. The development work will be 
led and performed by the German research 
institution Fraunhofer IMM.

“In relation to increasingly stringent re-
quirements for international shipping, it is 
considered a key benefit that fuel cells op-
erate at lower temperatures than potential 
ammonia combustion engines, which in-
creases the likelihood that NOx emissions 
can be managed properly. However, it is 
essential that critical components such as a 
fuel afterburner is designed so that temper-
atures and flow compositions can be easily 
controlled, and further that the NOx con-
tent in the exhaust can be minimised,” Dr 
Helmut Pennemann of Fraunhofer IMM 
said.

The institution’s work in the project 
specifically deals with the treatment of solid 
oxide fuel cell (SOFC) off-gas to convert 
hydrogen and the remaining ammonia into 
water and nitrogen. The aim is to ensure 
full conversion particularly of the remain-
ing ammonia in the SOFC off-gas without 
forming harmful quantities of NOx. The 
final result will be a reactor for the off-gas 
treatment that will be integrated in the fuel 
cell system installed on board Viking Energy.

First results of NOx mitigation 
Since an experimentally determined compo-
sition of the SOFC off-gas was not available 
at the beginning of the project, Fraunhofer 
IMM has started its experiments with a gas 
composition based on simulation results. 

“This gas mixture is mixed with air and 
fed into a reactor where hydrogen and am-
monia are combusted, and the product gas 
compositions are determined, particularly 
the concentrations of ammonia, NOx and 
N2O. Catalytic performance of various cat-
alysts are tested under different conditions. 
This allows us to identify the most suitable 
catalyst as well as suitable process condi-
tions,” Dr Pennemann explained.

The first results have already given 
important insights into the catalytic com-
bustion of hydrogen-ammonia mixtures. 
Important information has been obtained, 
such as the light-off temperatures for NH3 
and H2 over different catalysts and thus 
about feasible temperature ranges for the 
operation of the afterburner. 

Furthermore, the NOx formation dur-
ing combustion of the off-gas was studied 
in detail. The studies showed that the for-
mation of NOx, as well as the compo- >
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sition of the NOx (NO, NO2 and N2O), 
are affected by different process param-
eters. The burner temperature especially 
proved to have a big impact on the NOx 
formation. This information is crucial for 
the design of the afterburner and specifi-
cation of the afterburner’s operating con-
ditions. 

Fraunhofer IMM also made consider-
able progress in the development of new 
afterburner catalysts, which reduce NOx 
formation. While usually, high activity at 
low temperature is the key requirement 
for the selection of afterburner catalysts, 
here the selectivity to NOx species is 

more important for the ShipFC afterburner 
design. Fraunhofer IMM showed that the 
proper choice of the catalyst support re-
duces N2O formation. 

Figure 1 shows the N2O concentra-
tion for three different supports, (activity 
increases from Support A to Support C). 
This makes the less active support A more 
suitable for application as afterburner cata-
lyst in the ShipFC project. Generally, the 
amount of N2O formed is rather low in the 
few ppm range.

A newly developed bimetallic catalyst 
formulation showed very promising results. 
The catalyst produced much less NOx at 

low afterburner temperatures, compared 
with a standard afterburner catalyst. 

Figure 2 shows the NOx concentrations 
in the afterburner exhaust gas over the reac-
tion temperature. At an afterburner temper-
ature of 300°C, the NOx formation is about 
65% lower compared with the standard 
catalyst. In addition, the newly developed 
catalyst showed a good light-off behaviour 
similar to the standard catalyst. This is im-
portant for the startup of the afterburner. 
Further studies dedicated to NOx mitiga-
tion at higher afterburner temperatures and 
stability of the catalysts are on the way and 
results will be available soon. 

Fraunhofer IMM is also planning to 
carry out experiments implementing NOx 
removal processes such as selective cata-
lytic reduction (SCR) to eliminate NOx 
emissions altogether. The SCR uses small 
amounts of ammonia, which is conveni-
ently already available on board, to convert 
NOx to nitrogen using a catalyst. The am-
monia SCR is a well-established process 
and applied in large numbers for the ex-
haust gas cleaning of diesel engines. Thus, 
the catalysts and reactors for ammonia SCR 
are commercially available, which makes 
the SCR process attractive for the ShipFC 
project. 

These results will allow for an efficient 
off-gas treatment of the fuel cell system. 

Figure 1: N2O concentration in the afterburner exhaust gas over the reaction  
temperature for three different catalyst supports Source: Fraunhofer IMM

Figure 2: NOx concentration in the afterburner exhaust gas over the reaction  
temperature for two different catalysts Source: Fraunhofer IMM

 > THE SHIPFC PROJECT 
PARTNERS ARE:

The University of Strathclyde (UK) and 
National Centre for Scientific Research 
Demokritis (GR), which will assess safety 
criteria. 

Norwegian members of the European 
consortium include NCE Maritime Clean-
tech, Eidesvik Shipping, Equinor, Proto-
tech, Yara, and Wärtsilä Norway, respon-
sible for fuel systems, ship design and 
stability, and vessel energy management. 

Fraunhofer IMM (DE) will assist Prototech 
in the development and construction of 
the ammonia fuel cell system. Persee (FR) 
will provide expertise on energy manage-
ment controls and data. Vessel owners 
are StarBulk Management (bulk vessel), 
North Sea Shipping (offshore construc-
tion vessel) and Capital Ship Manage-
ment Corp (container vessel).
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