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1 – Aim
To reduce the climate impact of shipping the introduction of

alternative fuels is required. IMO has set a target of 50% reduction

of emissions by 2050. There is a range of different fuel options with

different characteristics. There is a need for more knowledge on

alternative marine fuels, in particular for fuels that are discussed

internationally but not yet introduced for shipping. Ammonia

(which is a carbon free compound) represents one such fuel that

has received a lot of attention in recent evaluations of marine fuels

(Kirstein 2018; Lloyds Register, 2017; CSR Netherlands 2017).

Ammonia can be used in both internal combustion engines (ICEs)

and fuel cells (FCs). It can be used as a fuel or as a hydrogen carrier

by decomposition into nitrogen and hydrogen in a reformer in the

propulsion system.

The overall aim of this study is to assess the potential of

ammonia as an alternative fuel for the shipping sector based on a

comparison with other marine fuel options.
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2 – Methodology

The prospects for ammonia as fuel for the shipping sector is

assessed by applying a multi-criteria decision analysis (MCDA)

approach that is based on the estimated fuel performance and on

input from a panel of maritime stakeholders. The MCDA cover ten

economic, environmental, technical, and social aspects.

In addition, a preliminary assessment of the cost-effectiveness of

ammonia compared to other alternative marine fuels for reaching

global climate targets is also performed using energy systems

modelling with the Global Energy Transition Model (GET) (Lehtveer

et al., 2019). GET is a cost minimizing “bottom-up” systems

engineering model of the global energy system set up as a linear

programming problem. The model was developed to study carbon

mitigation strategies with an objective of minimising the

discounted total energy system cost for the period under study (in

general 2000–2100) while meeting both a specified energy

demand and a carbon constraint. The model focuses on the supply

side and has five end use sectors: electricity, transport, feedstock,

residential–commercial heat and industrial process heat. GET is

divided into 10 regions.

We performed a Monte Carlo analysis with 250 runs varying the

investment cost of fuel cells and the efficiency and investment cost

of hydrogen conversion into ammonia.

3 – Conclusions

▪ Fuel cell technology for marine purposes and with different fuels has been tested in several

studies for onboard operation of different sea vessels. However, it seems like ammonia has not

yet been tested in marine FC applications. Therefore, there is a lack of data on emissions, power

demand, scalability etc. related to ammonia as marine fuel.

▪ Findings from the MCDA indicate that ammonia in fuel cells may be at least as interesting for

shipping related stakeholders as LNG and various biomass-based fuels (Figure 2). However, direct

hydrogen use is to be preferred. Ammonia used in ICEs does not seem very promising in the

MCDA and is ranked low.

▪ Findings from the energy systems modelling indicate that in climate scenarios the use of oil

based marine fuels decreases and in the short-term natural gas-based fuels as such LNG

represent cost-effective fuel choices. However, in the long-term hydrogen is seen as the cost-

effective fuel choice. Although ammonia has significantly lower storage costs on container ships,

this benefit does not outweigh the additional cost of converting hydrogen to ammonia.

▪ The Monte-Carlo analysis performed on efficiency an investment cost of ammonia production as

well as ship costs show that using hydrogen will be always more cost effective.
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Figure 2. Preliminary ranking of alternative marine fuels in the base

case. The highest ranked fuel is assigned “1”; the other fuels are

expressed relative to the top choice. NH3: ammonia, HVO: hydrotreated

vegetable oil, H2: hydrogen, MeOH: methanol, LBG: liquefied biogas,

LNG: liquefied natural gas, Elec: renewable electricity, NG: natural gas,

and Bio: biomass.

Figure 1. Scoring of different marine fuels in multi-criteria decision analysis. Higher value means better performance.

Figure 3. Development of fuels in shipping

sector in the GET model in a scenario

meeting the 450 ppm concentration target

with standard assumptions.
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