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Thermoptim model of  a SOFC burning methane  
  
 
Let us call α the molar ratio of water and methane flows (α must be greater than 1 so that all methane can be 
processed). 
 
At the anode, given the high operating temperature of SOFC, we can consider that the whole fuel is converted by 
the cracking reaction: 
 

CH4 + α H2O  →   CO + 3 H2 +  (α - 1) H2O     (ΔHv = 206 140 kJ/kmol)  
 
Then, only a fraction τ (rate of fuel use) is transformed in the cell, the rest coming out of it. The overall reaction 
giving the output species is written: 
 
For the part used: 

τ (CO + 3 H2 + 2 O2 + (α - 1)  H2O)   → τ (CO2 + (α + 2) H2O)     (ΔH0 = - 1 008 450 τ   kJ/kmol)   

 
Heat of reaction ΔH0 is calculated here by considering that water remains in the gaseous state due to the 
temperature (LHV). 
 
For the unused part: 
 

(1 - τ) (CO + 3 H2 +  (α - 1) H2O)   

 
We therefore get at the anode outlet: 
 

 (1 - τ) CO + τ CO2 + 3 (1 - τ) H2 + (3 τ  + α - 1) H2O   

 
Of the amount used, a fraction ε is directly converted into electricity, and (1 - ε) is transformed into heat (some 
of which is used for steam cracking). 
 
Moreover, λ being a parameter representing the incoming air, oxygen is removed from the oxidizer air at the 
cathode: 
 

Intake air:  λ (O2 + 3,76 N2)    

depleted air exiting:  (λ - 2 τ) O2 + 3,76 λ N2  

 
The model retained is the following (classes SOFCCH4inlet.java and SOFCCH4outlet.java): 
• species composition is given by solving the equations above: we determine the molar flow rates of fuel and 

humidified air at the inlet, which provides values for α and λ, we deduce the molar flow at the output, the 
values of τ and ε being read on the screen; 

• heat released by fraction τ (1 - ε) of the fuel is used to provide the energy needed to heat gas and by steam 
cracking. 

 
The enthalpy released is equal to τ ΔH0. It is divided into electricity (ε τ ΔH0), and heat required for steam 
cracking (ΔHv) and heating of gas (τ (1 - ε) ΔH0 - ΔHv). 
 
Figure below shows the synoptic view of the fuel cell. The settings used are similar to that of the hydrogen-
powered cell model: inlet gas temperature 500 °C, flow rate 10 g/s for fuel, and 80 g/s for air. 
 



 
The figure below shows the upstream mixer screen where appear the settings of the electric model, the fuel 
utilization rate and the fraction of the thermal power extracted by the thermocoupler. 
 

 
The SOFC component screen is shown in Figure below. We have taken a fuel utilization rate of almost 85%, 
corresponding to the figure announced by Siemens and Westinghouse for this type of cell operating with natural 
gas. 

 
Synoptic view of the SOFC cell  

 
Screen of the mixer upstream of the SOFC  



 

 
The gas compositions that are obtained are given in Figures below. 
 

 

 

 
SOFC component screen  

 
Fuel, flow-rate 10 g/s, LHV: 22,562 kJ/kg  

 
Air, flow-rate 80 g/s 

 
Fuel at the outlet, flow-rate 25.6 g/s, LHV: 1,477 kJ/kg 

 
O2-depleted air, flow-rate 64.4 g/s 



Model implementation  
 
The main changes to the fuel cell model are displayed on the screen: it is essentially the calculation of the 
composition of gases leaving the anode and that of the thermal power generated, which is reduced by the heat of 
reaction required for steam cracking 
 

 
 

 



Model of the cell with recycling 
 
At the anode inlet, we get: 
 
CH4 + α H2O + β CO + γ CO2 + δ H2  
 
Steam cracking being supposed complete (with the condition α ≥ 1), the composition after cracking is:   
 
(α -1) H2O + (β +1) CO + γ CO2 +  (δ +3) H2  
 
For the part used: 
 
τ [(β +1) CO +  (δ +3) H2+  ((β +δ)/2 +2) O2] → τ [(β +1) CO2 +  (δ +3) H2O]  
 
For the unused part: 
 
(α -1) H2O + γ CO2 +  (1 - τ )[(β +1) CO +  (δ +3) H2]  
 
We therefore get at the anode outlet: 
 
[α -1 + τ (δ +3)] H2O + [γ+ τ (β +1)] CO2 +  (1 - τ ) (β +1) CO +  (1 - τ ) (δ +3) H2 
 
At the cathode outlet, we get: 
 
[λ - τ ((β +δ)/2 +2)] O2 + 3,76 λ N2 
 
 
Influence of pressure on the cell performance 
 
Tests made on Siemens Westinghouse cells have shown that the pressure mainly influences the open circuit 
voltage E. 
 
We choose a model exponential in relation to pressure: 
 
E = E0 + E1 e E2 P 
 
The settings of this equation are defined in the inlet mixer. 
 
 
 


