














       Figure 4 shows excellent agreement between numerical simulation results and 
experimental data, measured at 750°C and 850°C with an inlet gas composition of 25% 
H2O: 25% CO2: 25% CO: 25% Ar to the Ni/YSZ electrode. Initially, fits were made for 
H2O and CO2 based inlet gas compositions, individually, in order to determine 
electrochemical model input parameters. Then, simulations are carried for H2O – CO2 – 
H2 – CO mixtures, after calibration. In order to account for differences in voltage at open- 
circuit, leakage overpotential is considered. This is given by 
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where imax is the maximum current. In this case, we use � leak,max = 0.03 V and imax = 1.0 
A/cm2. The calculated ASR values at 1.1 V are 0.275 � .cm2 at 850 °C and 0.592 � .cm2 
at 750 °C. The ASR values correspond to the case where leakage losses are not 
considered. An addition of H2O reduces the ASR, implying the participation of both H2O 
and CO2 during electrolysis at the TPB. This is because the ASR for H2O electrolysis is 
lower than that of the ASR for CO2 electrolysis. For further understanding, interested 
readers are directed to an exceptional article - (10). For model validation, yy

N and �  are 
adjusted to reproduce experimental data. However, it is important to bear in mind that 
these parameters are not unique. The two parallel electro-chemical reactions normalize to 
a single value of current density (also at open-circuit) via charge and mass conservation 
equations. The model is coupled with micro-kinetics, i.e., a 42-step elementary 
heterogeneous reaction mechanism is used at the cathode. The mechanism, along with the 
applied mean-field approach can be found in (7). 

 

 
Figure 4. Comparison between numerical simulations and experimental data for H2O-
CO2-H2-CO-Ar mixtures. 
 
     In Figure 5, one can observe the variation in activation and ohmic overpotentials, 
during co-electrolysis, with current density. The overpotentials are simulated for the case 
where leakage overpotentials are not considered. The overpotentials decrease with an 
increase in temperature. It is important to remember that the current densities are actually 
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negative and only the magnitudes are considered for parametric analysis. An increase in 
temperature drastically improves the electrochemical performance of the cell. But, high 
temperature operation has two main disadvantages – (i) Cell degradation, and (ii) Cost of 
suitable materials. Thus, better thermal management techniques and/or materials that can 
operate at intermediate to high temperatures are required. The ohmic overpotentials 
decrease with increase in temperature as a result of Eqs. [10] and [11]. It is interesting to 
note that the activation overpotentials are greater at the cathode side as compared to the 
anode side. It is also known that the electrode performance is better when the cell is 
operating in co-electrolysis mode as compared to CO2 electrolysis mode. 
 

 
Figure 5. Evolution of irreversible losses, during co-electrolysis, with current density. 

 
 

Conclusions 
 

     A detailed electrochemical model for H2O and CO2 co-electrolysis has been developed. 
The model uses Butler-Volmer equations for both H2O and CO2 electrolysis. It has the 
possibility for incorporation into other macro-scale models for further study of internal 
multi-physics phenomena. It also has been validated with experimental data available in 
literature. The electrochemical performance of the cathode proved to be better for co-
electrolysis as compared to CO2 electrolysis, based on ASR values. Further work would 
involve investigation into the possibility of the methanation reaction to take place under 
certain operating conditions, and to better understand the underlying charge transfer 
mechanisms of SOEC during co-electrolysis. 
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