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Abstract 

In this study, 2 models are developed to investigate the performance of a solid oxide electrolysis 

cell (SOEC) for CO2 electrolysis at different levels.  The first model is a one-dimensional model 

which is basing on a previously developed electrochemical model for steam electrolysis and 

considered all overpotentials in the SOEC.  The second model is a two-dimensional thermal-fluid 

model consisting of the 1D model and a computational fluid dynamics (CFD) model.  It is found 

that the mean electrolyte temperature initially decreases with increasing operating potential, reaches 

the minimum at about 1.1V and increases considerably with a further increase in potential.  At the 

thermal-neutral voltage (1.463V at 1173K), the calculated mean electrolyte temperature matches the 

inlet gas temperature.  Increasing the operating potential increases both the local current density and 

the electrolyte Nernst potential.  The electrochemical performance can be improved by increasing 

the inlet gas velocity from 0.2ms-1 to 1.0ms-1 but further increasing the inlet gas velocity will not 

considerably enhance the SOEC performance.  It is also found that a change of electrode 

permeability in the order of 10-16 – 10-13 m2 does not noticeably influence the SOEC performance in 

the present study, due to negligible convection effect in the porous electrodes.     
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1. Introduction 

Because of its good ionic conductivity at high temperatures (873 –1273K), yttria-stabilized 

zirconia (YSZ) has been widely used as an electrolyte material in solid oxide fuel cells (SOFCs) for 

electricity generation and solid oxide electrolysis cells (SOECs) for H2 generation through steam 

electrolysis [1-8].  In addition to steam electrolysis, SOECs can also be used for CO2 electrolysis to 

generate O2 [9].  In recent years, NASA has initiated a few projects to study the CO2 electrolysis for 

O2 generation by an SOEC with platinum or nickel cermet electrodes [9-11].  In addition, a few 

other groups also started their research on CO2 electrolysis [12].   

Since most of the research works on CO2 electrolysis are experimental in nature, the present 

literature is lacking detailed mathematical modeling of CO2 electrolysis.  Although there are some 

valuable modeling studies on steam electrolysis for H2 production using SOECs [5-8], a pertinent 

modeling or reliable analysis on CO2 electrolysis is needed to understand the physical-chemical 

processes in an SOEC used for CO2 electrolysis.  Chan et al. [13] developed an electrolyte model 

for CO2 electrolysis, however, the important gas transport phenomenon in porous electrodes was not 

considered.  In this study, two models are developed for CO2 electrolysis by an SOEC at different 

levels.  The 1D model is basing on a previously developed electrochemical model for steam 

electrolysis and considers all irreversible losses, including ohmic, activation and concentration 

overpotentials.  The second model is a 2D thermal-fluid model where the heat and mass transfer as 

well as electrochemical reactions in the SOEC are all modeled.  The models presented in this paper 

are different from the previously published models, as the Nernst potential and all the source terms 

in 2D model for carbon dioxide electrolysis are different from SOFCs or steam electrolysis.  For 

example, fuel cell reaction is exothermic while carbon dioxide electrolysis is endothermic in nature.  

According to the author’s knowledge, this is the first comprehensive modeling study on carbon 

dioxide electrolysis for oxygen production.  Parametric simulations are performed to understand the 
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coupled transport and electrochemical reactions in an SOEC used for CO2 electrolysis.  The effects 

of inlet gas velocity, electrode permeability and inlet gas composition on SOEC performance are 

investigated.  The thermal neutral voltage of SOEC for carbon dioxide electrolysis is discussed.   

 

2. Model development 

2.1. Operating mechanisms 

The fundamental working mechanisms and a 2D view of an SOEC for CO2 electrolysis are 

illustrated in Figs. 1 and 2, respectively.  Similar to an SOFC, the SOEC used for CO2 electrolysis 

consists of a porous cathode, a porous anode and a dense electrolyte.  During operation, a sufficient 

electric potential is applied to the SOEC.  CO2 molecules are fed to the porous cathode and 

transported through the porous layer to the cathode-electrolyte interface, where they are reduced to 

CO and oxygen ions (O2-).  The generated CO molecules are transported out of the porous cathode 

and get collected, while the O
2-

 are transported through the dense electrolyte to the anode side.  At 

the anode-electrolyte interface, oxygen ions are oxidized to form O2 and electrons (e
-
).  The 

generated O2 molecules are subsequently transported out of the porous anode while the electrons are 

transported to the cathode through the external circuit to complete the cycle.  The net reaction of 

CO2 electrolysis by an SOEC can be expressed as: 

2 2CO CO 0.5O→ +        (1) 

 

2.2. One-dimensional electrochemical model of an SOEC used for CO2 electrolysis  

The required potential (V) applied to the SOEC can be written as: 

, , , ,conc c conc a act c act a ohmicV E η η η η η= + + + + +     (2) 
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where E is the equilibrium voltage; E0 is the equilibrium potential at standard pressure (about 

0.924V at 1200K); F is the Faraday constant (96485 Cmol-1); R is the ideal gas constant (8.3145 J 

mol-1 K-1); T is the operating temperature (K); 0
P is the partial pressure at the electrode surface; and 

the subscripts CO2, CO, and O2 represent the carbon dioxide reactant, carbon monoxide and oxygen 

products, respectively; 
,conc cη  and 

,conc aη  are the concentration overpotentials at the cathode and 

anode, respectively; 
ohmicη  is the ohmic overpotential; and 

,act cη  and 
,act aη  are the activation 

overpotentials at the cathode and anode, respectively.   

At a temperature between 800K and 1200K, the equilibrium potential E0 can be 

approximately calculated by a linear formula as,  

( )0 1.1043 0.00045 800E T= − −      (4) 

The ohmic and activation overpotentials can be determined with the Ohm’s law and Butler-

Volmer equation, respectively.  It should be mentioned that the Butler Volmer equation may not be 

the best formula for describing the activation overpotential of SOEC electrodes, as for many good 

SOEC/SOFC composite electrodes, their current density-voltage relationships are usually rather 

linear.  Nevertheless, Butler-Volmer equation is used in the current study and can be easily 

modified in the future if more experimental data are available to support a better formula for 

activation overpotential.  Since the materials used for CO2 electrolysis can be the same with those 

for H2O electrolysis, the electrolyte (YSZ) conductivity and electrode exchange current density for 

steam electrolysis [14] are used for CO2 electrolysis in the present study.  However, the parameters 

should be updated if reliable data for CO2 electrolysis are available.       
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In a previous study on SOEC used for steam electrolysis, the concentration overpotentials at 

the electrodes have been derived and analytical solutions have been obtained [15].  By substituting 

H2O and H2 with CO2 and CO, respectively, the analytical solution of the cathode concentration 

overpotential (
,conc cη ) of an SOEC used for CO2 electrolysis can be obtained [15],  
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where J is the current density (A/m
2
), 

cd is the thickness of the cathode (m), and 
2

eff

COD  is the 

effective diffusion coefficient (m2/s) of CO2, which can be obtained using the Bosanquet formula  

2 2 2 ,

1 1 1
eff

CO CO CO CO k
D D D

ξ

ε −

 
= +  

 
     (6) 

where /ξ ε  is the ratio of electrode tortuosity to porosity; 
2CO COD −  is the molecular diffusion 

coefficient for CO2-CO binary system; and 
2 ,CO kD  is the Knudsen diffusion coefficient of CO2.   

The molecular diffusion coefficient (
2CO COD − ) and the Knudsen diffusion coefficient 

(
2 ,CO kD ) can be calculated as [16, 17], 
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where 
2COM  and 

COM  are the molecular weight of CO2 and CO; r is the mean pore radius; 
2CO COσ −  

is the mean characteristic length of species CO2 and CO; and 
DΩ  is a dimensionless diffusion 

collision integral.  
2CO COσ −  and 

DΩ  can be calculated as [16], 

2

2 2

CO CO

CO CO

σ σ
σ −

+
=       (10) 

( ) ( ) ττττ 89411.3

76474.1

52996.1exp

03587.1

47635.0exp

193.006036.1
1561.0

+++=ΩD   (11) 

where the values of 
2COσ  and 

COσ  can be found from Table 2 (ref. [16]).  τ  is the dimensionless 

temperature of CO2 and CO binary system and can be calculated as, 

,

b

i j

k T
τ

ε
=         (12) 

where ( )231.38066 10 /bk J K
−= ×  is the Boltzmann’s constant.   

At the anode, oxygen is the only gas transporting in the porous electrode.  Darcy’s law can 

be used to describe the mass transport of O2 in the anode.  The analytical solution of anode 

concentration overpotential (
,conc aη ) has been obtained in a previous study as [15],  
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where Bg is the permeability (m2) of the porous anode and can be determined with the Kozeny-

Carman relationship [18]; µ  is the dynamic viscosity ( ( )/kg m s⋅ ) of O2, which can be obtained 

from reference [17]; and da is the thickness of the porous anode.   

 

2.3. Two-dimensional thermal-fluid model of a planar SOEC used for CO2 electrolysis 
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The 1D electrochemical model is useful for quick estimation of the current density-voltage 

of SOEC.  However, in practice, the temperature, gas composition and current density are all varied 

along the gas channel.   In order to obtained detailed information inside the SOEC, a 2D thermal-

fluid model is needed.  

  

2.3.1. Governing equations 

The 2D thermal-fluid model is developed to study the coupled heat/mass transport and 

electrochemical reaction in a planar SOEC used for CO2 electrolysis.  The transport phenomena in 

an SOEC can be described in the general form as [19],  

( )
( ) ( ) S

t

ρφ
ρ φ φ

∂
+ ∇ = ∇ Γ∇ +

∂
V     (14) 

Where φ  is a general variable to be solved, t is time, ρ  is density, V  is the velocity vector, Γ  is 

the general diffusion coefficient, and S is the general source term.  By setting 1φ = , the above 

general transport equation is reduced to the continuity equation.  Replacing φ  with U and V, Eq. 

(14) becomes momentum equations in x and y directions, respectively.  By setting jYφ = , the mass 

fraction of species j, the general transport equation (Eq. 14) becomes the species equations.  

Substituting φ  with temperature T, the general transport equation can be transformed to the energy 

equation.  As a summary, the governing equations for conservation of mass, momentum, energy and 

species are written below,  
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The density of the mixture ρ  is calculated as 

1
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where 
iY  and 

iρ  are the mass fraction and density of species i.  

The mass fraction and molar fraction of species i are related by 

i
i i
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M
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and  

1

N

i i

i

M X M
=

=∑         (22) 

The effective heat capacity (cp) and thermal conductivity (k) can be calculated as, 

( ), ,1p p f p sc c cε ε= + −       (23) 

( )1f sk k kε ε= + −        (24) 

where kf and ks are the heat conductivity ( ( )/W m K⋅ ) of the fluid and solid, respectively; cp,f  and 

cp,s are the heat capacity ( ( )/J kg K⋅ ) of the fluid and solid, respectively. 

 The source terms in continuity equation (Eq. 15) and species equation (Eq. 19) represent the 

change in mass and specie’s mass fraction due to the electrochemical reactions at the active surface 
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(electrode-electrolyte interface).  At the cathode-electrolyte interface, the source term for continuity 

equation can be calculated as,  

2

2 2

COCO active
m

c

JMJM A
S

F F V

 
= − 
 

      (25) 

where activeA  is the area of active surface and Vc is the control volume.  The ratio of Vc  to 

activeA  is the width (in y direction, y∆ ) of the control volume at the electrode-electrolyte interface.  

At the anode-electrolyte interface, the source term for continuity equation is calculated as, 

  2

4

O active
m

c

JM A
S

F V
=        (26) 

The source terms in momentum equations (Eqs. 16 and 17) enable the momentum equations 

to be valid for both the gas channels and the porous electrodes and can be determined with the 

Darcy’s law (Eqs. 27 and 28).   
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The source term in the energy equation (Eq. 18) results from the (1) heating effect by 

overpotential losses, including the ohmic, activation and concentration overpotentials and (2) 

entropy change of the electrochemical reaction.  The source term can be calculated as, 

2

active
T t

c

AJT S
S J

F V
η

∆ 
= − + 
 

        (29) 

where 
tη  (V) is the total overpotential losses, which can be calculated as,  

, , , ,t conc c conc a act c act a ohmic V Eη η η η η η= + + + + = −    (30) 



 10

The entropy change ( S∆ , ( )/J K mol⋅ ) for the carbon dioxide electrolysis can be calculated 

as,  

2 2
0.5 O CO COS S S S∆ = + −       (31) 

where 
2OS , 

COS  and 
2COS  are entropy of O2, CO, and CO2, respectively, which can be found in 

Table 3 [20].   

 

2.3.2. Numerical methodology 

The governing equations presented above are discretized into algebraic equations by using 

the Finite Volume Method (FVM) on a staggered grid arrangement [21].  The details of the 

numerical method and the boundary conditions can be found in the literature [22].  The source terms 

in the governing equations are related to the local current density, which is computed based on the 

updated gas composition and temperature for a given terminal cell potential.  Computation is 

repeated till convergence is obtained.  The in-house CFD code was written and developed in 

FORTRAN.   

 

3. Results and discussion 

3.1. Model evaluation 

In literature, only Mogensen’s group [12] reported the detailed J–V characteristics and 

operating/structural parameters of CO2 electrolysis by an SOEC for O2 generation.  Therefore, their 

data are used for model evaluation.  In their experiments, the J-V data of a cathode-supported SOEC 

were measured.  The cathode, electrolyte, and anode were made of Ni/YSZ, YSZ, and LSM-YSZ 

(YSZ is Yttria Stabilized Zirconia) with thicknesses of about 312.5 mµ , 12.5 mµ , and 17.5 mµ , 

respectively.  Measurements were performed at an ambient pressure, a temperature of 1123 K, and 
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various molar ratios of CO2/CO (70/30 and 50/50).  As shown in Fig. 3, the simulation results agree 

reasonably well with the experimental data from literature [12], thus validate the 1D 

electrochemical model developed in this paper.   The validation of the 2D thermo-fluid model has 

been reported elsewhere [22] and is not repeated here.   

 

3.2. Parametric simulations using the 1D electrochemical model  

The typical parameters used for SOFC are used for SOEC simulation and are summarized in 

Table 1 [14, 16, 23].   

3.2.1. Overpotentials of an SOEC  

To understand the electrochemical characteristics of an SOEC, individual overpotentials of 

an anode-supported SOEC for CO2 electrolysis are studied and shown in Fig. 4.  Despite its thin 

thickness, the ohmic overpotential dominates the total overpotential.  Activation overpotentials are 

also important electrical energy losses in CO2 electrolysis.  This is because the thermodynamic 

stability of CO2 makes the electrolysis of CO2 sluggish and CO2 electrolysis involves complicated 

processes, such as gas adsorption/desorption and charge transfer.  Although the concentration 

overpotentials are lower than the ohmic and activation overpotentials, their effect on SOEC 

performance should be carefully studied, as they can be high and can limit the SOEC performance 

under certain conditions.  Among all overpotential losses, the concentration overpotential at the 

oxygen electrode (anode in SOEC mode) is the smallest.  It’s smaller than 0.02V even at very high 

current density (20000 A/m2), due to very small resistance of the porous electrode to the permeation 

process of oxygen.  

 

3.2.2. Operating and structural parameters on SOEC performance 
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The effect of operating pressure on SOEC potential is shown in Fig. 5.  As can be seen from 

Eqs. (6)-(8), the binary diffusion coefficient (
2CO COD − ) is inversely proportional to the operating 

pressure (P), but the Knudsen diffusion coefficient (
2 ,CO kD ) is independent of P, thus, the effective 

diffusion coefficient (
2

eff

COD ) is less sensitive to P.  On the other hand, the gas density significantly 

increases with increasing pressure.  The combined effects result in an increase in molar diffusion 

rate and a decrease in concentration overpotential with increasing pressure (Fig. 5).   

The effect of electrode porosity on the concentration overpotentials of an SOEC is presented 

in Fig. 6.  It is found that the concentration overpotentials at the cathode and anode decrease with 

increasing electrode porosity.  The effective diffusion coefficient is proportional to the electrode 

porosity, as a high porosity implies that more space in the porous electrodes is available for gas 

diffusion.  Therefore, a high electrode porosity is desired to improve the electric performance of an 

SOEC for CO2 electrolysis.  However, it should be mentioned that the activation overpotentials are 

assumed to be independent of the electrode microstructures, which is valid for conventional SOEC 

electrodes and might be invalid for advanced composite electrodes [24, 25].  In order to account for 

the electrode structural effect on activation overpotentials, micro-scale modeling is needed.   

 

3.3. Results of 2D thermal-fluid model 

The typical parameters for planar SOFCs are used for 2D thermal-fluid modeling of SOECs 

for CO2 electrolysis and are summarized in Table 2 [22].   Simulations are conducted to understand 

the coupled transport and electrochemical reactions in the SOEC.  

 

3.3.1. Discussion on the thermal neutral voltage (TNV) of SOEC 
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In CO2 electrolysis, the CO2 reduction reaction is endothermic, while the overpotential 

losses during operation generate ohmic heating.  As the endothermic heat sink increases linearly 

while the ohmic heating increases rapidly with increasing current density, the net heat generation is 

negative at low current densities, increases to zero at a current density corresponding to the thermal 

neutral voltage (TNV), and positive at higher current densities.    

Figure 7 shows the calculated mean electrolyte temperature as a function of operating 

potential.  At a temperature of 1173K, the TNV for CO2 electrolysis is calculated to be about 

1.463V, with the method developed by Hawkes et al. [26].   Theoretically, the endothermic heat 

sink and the ohmic heat generation should be balanced at the TNV and the mean electrolyte 

temperature should be the same as the inlet gas temperature.  In the present study, it is found that 

the mean electrolyte temperature is 1173.1K at TNV (1.463V), which is very close to the 

temperature at the gas inlet (1173.0K).   

 

3.3.2. Operating potential effect 

The effects of operating potential on current density and Nernst potential are shown in Fig. 

8.  As expected, the current density increases with increasing operating potential and decreases 

along the main flow stream, as shown in Fig. 8(a).  The decrease in current density is due to the 

increase in electrolyte Nernst potential along the gas flow channels (Fig. 8(b)).    Along the gas flow 

channel, the molar ratio of CO/CO2 increases (Fig. 9), raising the Nernst potential (Fig. 8(b)) and 

thus decreasing the current density (Fig. 8(a)).  The change in current density and Nernst potential is 

significant near the inlet because of the boundary conditions, since the gas velocity at the inlet of 

the porous electrode (x=0) is zero.  It is also found that the gradient of gas composition in the 

porous electrode is higher than in the gas channel, indicating the resistance of porous structure to 

gas diffusion in the electrode.  At a higher operating potential, the change in molar ratio of CO/CO2 
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is more significant (Fig. 9(a) and (b)), due to a higher current density (electrochemical reaction 

rate).   

Figure 10 (a) and (b) show the temperature contours of the SOEC at operating potentials of 

1.0V and 1.6V, respectively.  As discussed above, the SOEC temperature decreases along the gas 

flow channel at an operating potential of 1.0, as it is smaller than the TNV (1.463V).  At an 

operating potential of 1.6V, the SOEC temperature increases along the gas channel, as the ohmic 

heat generation is higher than the heat requirement for the electrochemical reaction.  At the same 

longitudinal location (x), considerable temperature gradients in the y direction are found for the gas 

streams.  For comparison, the temperature gradient in y direction is small in the solid part, due to 

high thermal conductivity of the solid structures.   

3.3.3. Effects of operating parameters – inlet gas velocity and gas composition 

Figure 11 (a) and (b) show the effect of inlet gas velocity on distributions of current 

densities and Nernst potentials.  At the inlet, both the local current density and Nernst potential do 

not vary with inlet gas velocity, as the gas composition and temperature are the same at the inlet.  At 

the downstream, the local current density increases and Nernst potential decrease with increasing 

inlet gas velocity.  This is because at a higher inlet gas velocity, the gas composition along the main 

flow stream is more uniform than at a lower inlet gas velocity (Fig. 12 (a)-(c)), which in turn 

decreases the electrolyte Nernst potential and increases the local current density.  For example, the 

average current density is increased from 7505 Am-2 at an inlet gas velocity of 0.2ms-1 to 8300Am-2 

at an inlet gas velocity of 1.0ms-1.  Since the differences in current density and Nernst potential 

between 0.5ms-1 and 1.0ms-1 are small, it is expected that further increase in inlet gas velocity will 

not significantly improve the SOEC performance.    

The effect of inlet gas composition on SOEC performance is shown in Fig. 13 (a) and (b).  

With a decrease in inlet CO2 molar fraction, the local current density decreases and electrolyte 
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Nernst potential increases.  This phenomenon can be explained easily by the formula of the Nernst 

potential (Eq. (3)).  In order to save electric power for CO2 electrolysis, high CO2 molar fraction is 

needed.   

 

3.3.4. Effect of electrode permeability 

In literature, the values of SOFC electrode permeability vary from 10-16 m2 to 10-13 m2 [27], 

it is therefore meaningful to examine whether the use of different values of electrode permeability 

can greatly affect the SOEC performance.   Figure 14 shows the local current density distributions 

in SOECs with different values of electrode permeability.  It is found that increasing the electrode 

permeability from 10-16 m2 to 10-13 m2 almost does not influence the current density distribution.  In 

the porous electrodes of an SOEC, the transport of gas species is mainly by means of diffusion and 

permeation is generally negligible.  Since the diffusion process is independent of the electrode 

permeability, changing the electrode permeability in the studied range (10
-16

 m
2
 to 10

-13
 m

2
) does 

not significantly influence the SOEC performance.   

 

4. Conclusions 

Two models of increasing complexity are developed to study SOECs for CO2 electrolysis at 

different levels.  The first model is a 1D model extended from a previously developed 

electrochemical model for steam electrolysis, which considers all important electrochemical losses 

including ohmic, activation and concentration overpotentials.  The second model is a 2D model 

integrating the 1D model and a 2D thermal-fluid model.  Detailed heat and mass transfer in both the 

gas channels and the porous electrodes are fully considered in the 2D model.   

Through electrochemical modeling analysis, it is found that the ohmic overpotential of the 

electrolyte dominates the total overpotential and activation overpotentials are also significant due to 
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sluggish CO2 electrolysis rate.   Compared with the anode, the cathode concentration overpotential 

is more significant as the large molecular weights of CO2 and CO result in small effective diffusion 

coefficients of CO2 and CO.  The cathode concentration overpotential can be considerably reduced 

by increasing the operating pressure or increasing the electrode porosity.  However, it should be 

mentioned that the current study does not consider the electrode structural effect on activation 

overpotential thus micro-scale modeling is needed in designing optimal electrode structures.   

Parametric simulations are conducted using the 2D model to investigate the coupled 

transport and electrochemical reactions in a planar SOEC.  At an operating potential lower than the 

TNV (1.463V at 1173K), the mean electrolyte temperature decreases with increasing potential, 

reaches the minimum at a potential about 1.1V and then increases with further increase in operating 

potential.  At the TNV, the calculated mean electrolyte temperature matches very well the inlet gas 

temperature, indicating that the heat requirement for electrochemical reduction of CO2 is balanced 

by the ohmic heat generation.  An increase in operating potential considerably increases the local 

current density, which in turn leads to lower CO2 molar fraction and higher Nernst potential.  

Increasing the inlet gas velocity increases the SOEC electric performance due to more uniform 

distribution of gas composition along the flow channel.  In addition, the local current density can be 

enhanced by increasing the inlet CO2 molar fraction, due to reduced Nernst potential.  It is also 

found that varying the electrode permeability in the range of 10
-16

 m
2
 – 10

-13
 m

2
 does not noticeably 

influence the SOEC performance.    

The models developed in this paper are capable of predicting the SOEC performance at 1D 

and 2D levels.  In order to better understand the physical-chemical processes, 3D models will be 

developed in the future.  In addition, energy and exergy analysis will be conducted in the future to 

optimize the overall efficiency of the SOEC system.    
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Table 1. Parameters used in 1D electrochemical modeling analysis of an SOEC for CO2 electrolysis 

[14, 16, 23] 

Parameter  Value  

Operating temperature, T (K) 1,073 

Operating pressure, P (bar) 1.0 

Electrode porosity, ε  0.4 

Electrode tortuosity, ξ  5.0 

Average pore radius, 
pr  (µm)  0.5 

Electrolyte conductivity ( 1 1
m

− −Ω ⋅ )   4 10300
3.34 10 exp

T

 
× − 

 
 

Exchange current density (A/m2) 

            Cathode 

            Anode  

 

5300 

2000 

Anode-supported SOEC: 

Anode thickness da (µm) 

Electrolyte thickness, L (µm) 

Cathode thickness, dc (µm) 

 

500 

50 

50 
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Table 2. Parameters used in calculating the effective diffusion coefficients 

 CO CO2 

i
σ  

3.69 3.941 

/
i

kε  91.7 195.2 

 



 24

 

Table 3. Entropy (S, ( )/J K mol⋅ ) of O2, CO and CO2 [20] 

Temperature (K) O2 CO CO2 

800 235.921 227.277 257.494 

900 239.931 231.074 263.645 

1000 243.578 234.538 269.299 

1100 246.922 237.726 274.528 

1200 250.010 240.679 279.390 
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Table 4. Parameters used in 2D thermal-fluid modeling analysis of a planar SOEC for CO2 

electrolysis [22] 

Parameter  Value  

Operating temperature, T (K) 1,173 

Operating pressure, P (bar) 1.0 

Electrode porosity, ε  0.4 

Electrode tortuosity, ξ  3.0 

Average pore radius, pr  (µm)  0.5 

Cathode-supported planar SOEC: 

Cathode thickness dc (µm) 

Electrolyte thickness, L (µm) 

Anode thickness, da (µm) 

 

500 

100  

100 

Height of gas flow channel (mm) 1.0 

Length of the planar SOEC (mm) 20 

Thickness of interconnect (mm) 0.5 

Inlet velocity: Uin (ms
-1

) 0.5 

SOEC operating potential (V) 1.3 

Thermal conductivity of SOEC component (Wm-1K-1) 

Cathode 

Electrolyte 

Anode 

Interconnect 

 

11.0 

2.7 

6.0 

1.1 
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Fig. 1. Working mechanisms of CO2 electrolysis by an SOEC 
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 Fig. 2.   2D view of a planar SOEC used for CO2 electrolysis
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Fig. 3. Comparison of simulation results with experimental data [12] for model validation 
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Fig. 4. Theoretical activation, concentration, and ohmic overpotentials of an anode-supported SOEC 
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Fig. 5. Effect of operating pressure on concentration overpotentials 
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Fig. 6. Effect of electrode porosity on concentration overpotentials 
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Fig. 7. Mean electrolyte temperature versus operating potential 
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(a) Effect of operating potential on current density distribution 

 

(b) Effect of operating potential on electrolyte Nernst potential distribution 

Fig. 8 Effect of operating potential on SOEC performance 
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(a) Operating potential: 1.0V 

 

(b) Operating potential: 1.6V 

Fig. 9. Effect of operating potential on CO2 molar fraction distribution at the cathode 
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(a) Operating potential: 1.0V 

 

(b) Operating potential: 1.6V 

Fig. 10. Effect of operating potential on temperature distribution  
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(a) Current density distribution 

 

(b) Electrolyte Nernst potential distribution 

Fig. 11. Effect of inlet gas velocity on SOEC performance 
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  (a) Inlet gas velocity: 0.2ms

-1
     (b) Inlet gas velocity: 0.5ms

-1 

 

 

 
(c) Inlet gas velocity: 1.0ms-1 

Fig. 12. Effect of inlet gas velocity on CO2 molar fraction distribution at the cathode 
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(a) Current density distribution 

 
(b) Electrolyte Nernst potential distribution 

Fig. 13. Effect of inlet CO2 molar fraction on SOEC performance 
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Fig. 14. Effect of electrode permeability on current density distribution 




