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Outline

• Theoretical design and energy systems modelling

o Molten carbonate fuel cell for CO2 capture (flue gas comes from biomass grate 
boiler)

o PEM electrolyser for H2 procurement 

o Sustainable aviation fuel production through Reverse Water Gas Shift (RWGS) and 
Fischer-Tropsch (FT)

o Fractionation of the hydrocarbons 

• Multiscale modelling that combines multiphysics and process modelling

• Establishment of fundamental mass and energy balances

• Modelling using Aspen V11 and COMSOL



H2 + CO3
−− ↔ H2O + CO2 + 2e− (half reaction at anode electrode)

Τ1 2O2 + CO2 + 2e− ↔ CO3
−− (half reaction at cathode electrode)

• The MCFC can capture CO2 from various 
flue gases

• MCFC produces additional power while 
capturing CO2

• It can either use CH4 (reforming is 
required) or H2 as fuel

MCFC overview

Chemistry
Figure 1. Simplified schematic of a MCFC unit



Data as retrieved from TERC

• The size of the MCFC is 30 kW

• The flow rate of flue gas is 166 Nm³/h

• The system has been modelled so as to achieve 90% CO2 capture fraction, 18 

Nm3/h of CO2 are captured

• Hydrogen is utilised as fuel. Onsite electrolyser can produce up to 107 Nm3/h 

(PEMEL)

• The efficiency of the electrolyser is ~80% and it is powered by PV/battery. 



Figure 2. A schematic showing the main MCFC components and (b) the meshed 

geometry

Figure 3.The polarisation curve of the model as compared to that of Ramandi 

et al.†

MCFC model

†Ramandi MY, Berg P, Dincer I. Three-dimensional modeling of polarization characteristics in molten carbonate fuel cells using 

peroxide and superoxide mechanisms. Journal of Power Sources. 2012;218:192-203.



Figure 4. (a) Temperature profile (°C) across the fuel cell at 0.4 V, (b) 

concentration of CO2 (mol/m³) in the cathode channel at 0.4 V and 

(c) concentration of H2 (mol/m³) in the cathode channel at 0.4 V

MCFC model

Figure 5. Impact of 

temperature on (a) fuel cell 

voltage, (b) power density 

and (c) carbon capture 

fraction at 0.4 V



Reverse water gas shift

FSPLIT

Single stage

T=850°C

Equilibrium model

FSPLIT

FSPLIT

Dual stage

T=450°C

Fixed conversion

• Overall CO2 conversion ~80%

• H2:CO2 ratio is 4

• Heat provided by off-gases
†Juneau M, Vonglis M, Hartvigsen J, Frost L, Bayerl D, Dixit M, et al. Assessing the viability of K-Mo2C for reverse 

water–gas shift scale-up: molecular to laboratory to pilot scale. Energy & Environmental Science. 2020;13(8):2524-39



Fischer-Tropsch

FT 
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Figure 6. FT product distribution



Fractionation
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Figure 7. Gate-to-gate carbon distribution 

Naphtha - C5 to C7

Jet - C8 to C16

Diesel - C17 to C25

Wax - C26 to C30



Electrolyser FT plant

Electricity

363 kW
H2

5.8 kg/h

CO2

33.7 kg/h

Naphtha = 0.24 kg/h

Jet = 4.5 kg/h

Diesel = 3.17 kg/h

O2

46.4 kg/h

MCFC

Flue gas

166 Nm³/h CO2 vented

3.74 kg/h

Summary of M&E balances

H2

1.62 kg/h

Electricity

30 kW

Electricity

8 kW

Overall efficiency = 33%



Energy penalty of CO2 capture

• Assessment only includes the MCFC unit and the fuel hydrogen

• In the current design the energy input is electricity to produce hydrogen

• In the simulations 18 Nm3/h are required for the anode reaction but realistically 

this may increase to 20 Nm3/h

• The energy penalty is 4-4.8 GJ/tCO2. 

• This figure does not include potential steam generation†

†AECOM. Next Generation Carbon Capture Technology. Technoeconomic Analysis. Work Package 6. Department for Business, Energy and Industrial Strategy. 

https://www.gov.uk/government/publications/review-of-next-generation-carbon-capture-technology-for-industrial-waste-and-power-sectors. 

https://www.gov.uk/government/publications/review-of-next-generation-carbon-capture-technology-for-industrial-waste-and-power-sectors


Summary

• Develop and implement kinetic models for the RWGS and FT 

• Heat integration between the different components of the assembly

Future work

• A 2D multiphysics model has been developed and validated

• Establishment of the fundamental mass and energy balances for low 

carbon SAF production

• Based on the modelling, the MCFC appears to be an efficient capture 

technology with energy penalties comparable to traditional systems
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