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Introduction
As the world transitions away from fossil-based energy production to reduce carbon emissions, technologies that can

transition to low and zero carbon systems that are also compatible with the emerging use of hydrogen-based energy

production are needed. As large-scale hydrogen-based systems are not feasible in the present, and the need to

substantially reduce carbon emissions from human activity is every increasing, technology that is compatible with

existing global infrastructure and can integrate into future hydrogen economy models is needed. Solid Oxide Fuel Cells

(SOFCs) can run on a range of fuels including hydrogen and so show increasing promise as a sustainable transition

technology that can be incorporated into future hydrogen energy network. This research explores the suitability of this

technology, in combination with a two-component fuel blend containing a non-carbon and a carbon-based hydrogen

carrier as a sustainable marine power, heat and cooling system through a life cycle assessment.

Methodology
A Life Cycle Assessment (LCA) of an SOFC and the binary fuel

blend consisting of two hydrogen carriers was undertaken to

determine the associated CO2 eq emissions of producing 1 kWh

of useful work from the fuel cell. This allows easy comparison

with other competing technologies A waste heat recovery unit

was added to the simulation to improve the efficiency of the

SOFC by reducing the parasitic load from heating and to

demonstrate the potential for refrigeration via heat recovery

from the exhaust.

The LCA scope will include CO2 eq emissions for:

• The production of the fuel blend

• The production of the SOFC

• The production of water

• The emissions associated with the fuel operation

• 1% environmental losses (best practice)

The SOFC contains several different rare earth metals and their

environmental impact will have to be considered as part of the

LCA work.

The preheating of the SOFC block, fuel and air lines were also

simulated to determine the parasitic load to show the true fuel

requirements for 1 kWh of ‘useful work’ as opposed to 1 kWh of

power output.

Results
Aspen Plus (V9) was used to model the SOFC system with waste heat recovery to preheat the fuel line and air intake via a cascade heat exchanger

series (Figure 3). A booster heater and turbine are included to represent the cooling potential of the system as the super heated, high pressure

liquid fuel stream loses pressure as it enters the SOFC unit. This can be used to simulate the electrical energy that could be recovered from this

process via an Organic Rankine Cycle or the cooling load produced by the expansion of the fuel into a gaseous form.

A kinetic model has been developed to simulate the SOFC stack. This model has been used to analyse the effect of varying the proportions of the

binary fuel blend to determine the peak power, associated efficiency, as well as the hydrogen concentration within the SOFC stack. (Figures 4 and 5).

This simulation will be used to estimate the amount of fuel, and ultimately hydrogen, needed to produce 1 kWh of power. This allows comparison

with other units such as diesel and battery powered systems.

Conclusions
The research investigated here shows the potential for SOFC based system to offer a lower carbon, transitional technology that is also future ready for hydrogen-based energy systems, while also supplying heating and

cooling systems as an integrated energy system.

• CO2 tail pipe emissions from SOFC and this fuel blend are much reduced compared to traditional engines of approximately 45% (Figure 1)

• Due to high temperatures (750 °C) produced by SOFC, waste heat recovery system can be used to improve thermal efficiency of system and reduce preheating requirements

• Binary fuel mixture can be used as a working fluid in both heat and cooling applications while in storage due to thermodynamic properties

Future Work

Further development of both the kinetic modelling and the system modelling in Aspen Plus are needed to more accurately replicate the real-world conditions this system will be used under. To aid this, experimental

data will be obtained from future experiments to validate the modelling of the system. Carbon utilization via circular economy will also be investigated through alternative fuel production pathways to determine if the

system can be made to be carbon zero or ideally negative.
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Figure 2: 3D diagram of the layers of an SOFC

Figure 3: Aspen flowsheet for SOFC/Refrigeration system

Figure 4: Power curve for SOFC at different fuel compositions Figure 5: Modelled H2 distribution across the SOFC stack for both pure hydrogen and binary fuel blend 
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Figure 1: Tail-pipe CO2 emissions for a range of energy systems[1]

(SOFC emissions associated with the studied fuel blend)


