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A new solid oxide electrolysis cell (SOEC) plant powered by solar energy for carbon dioxide reduction 

is established, in which the electrical/thermal energy production process, electrochemical reaction 

process, heat transfer processes, inlet gas compression process and products compression process are 

considered as the main energy consumption processes. The efficiency expressions for the plant are 

given under different operating conditions. Thermodynamic-electrochemical analysis shows that the 

joule heat generated from the irreversibilities in the SOEC may be larger than the thermal energy 

needed for the carbon dioxide reduction reaction. Some alternative plant layouts are designed to 

reasonably utilize the surplus waste heat in the SOEC, and accordingly, the expressions of the 

efficiency for the plant are modified. It is confirmed that the alternative plant layouts can effectively 

improve the performance of the plant. The effects of the support types of the SOEC, operating current 

density, operating temperature, operating pressure, effectiveness of heat exchangers and inlet flow rate 

of the carbon dioxide on the efficiency of the plant are revealed. The problem how to rationally operate 

the solar concentrating beam splitting subsystem to distribute the incident solar irradiance is solved. 
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1. INTRODUCTION 

Conversion of CO2 to valuable substance has become an important issue because increment of 

CO2 level in the atmosphere leads to adverse impact on the environment [1]. CO2 can be converted 

into formic acid, methane, ethane, ethylene, propylene, methanol and ethanol under different 

electrocatalytic conditions in different solvents [2-5]. There are many ways for conversion of 
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CO2, including chemical, thermochemical, photochemical, biochemical, electrochemical and 

hydrothermal methods [6-9] . Among these, electrochemical method is an attractive technique due to 

its simple procedure and ambient operation conditions [10]. As one of the electrochemical approaches, 

the carbon dioxide can be electrolyzed into carbon monoxide and oxygen (CO2→CO+0.5 O2) through 

solid oxide electrolysis cells (SOECs), where the produced carbon monoxide can be converted via 

Fischer Tropsch or methanation reactions to hydrocarbon fuels. NASA applied CO2 electrolysis in 

SOECs as a mean for production over both platinum and nickel cermets electrodes [11-13]. Jensen et 

al. [14] showed the voltage-current density characteristics for CO2 electrolysis in SOECs and the 

internal resistance was found to be 0.28 Ω at 1223 K. Ebbesen et al. [15] studied the carbon dioxide 

electrolysis in Ni/YSZ electrode supported SOECs consisting of a Ni-YSZ support, a Ni-YSZ 

electrode layer, a YSZ electrolyte and a LSM-YSZ O2 electrode. It showed that long term CO2 

electrolysis was possible in SOECs with nickel electrodes.  

As we know, the carbon dioxide splitting process is endothermic and it needs not only 

electrical energy but also thermal energy. A solar concentrating beam splitting system is a combination 

of photovoltaic (PV) and concentrating solar collector, which allows to produce both electricity and 

heat from one integrated system [16, 17]. With the rapid developments of the concentrating solar 

collectors, some scale up to 10 MW Dish concentrators with working temperature 1500-2000℃ have 

been already reported [18, 19]. The high operating temperature properties create an opportunity to 

combine the solar concentrating beam splitting subsystem with the SOEC subsystem for carbon 

dioxide reduction.  

In this work, the concept of a solar powered SOEC plant for carbon dioxide electrochemical 

reduction is described, in which the main energy consumption processes in the plant are characterized 

and the expressions of the efficiency for the plant are specified under different operating conditions. 

Some alternatively plant layouts are designed to further utilize the waste heat produced in the SOEC 

and the corresponding efficiency expression will be modified. The effects of some microstructure 

parameters and operating conditions on the efficiency will be revealed. Finally, the problem how to 

rationally operate the solar concentrating beam splitting subsystem to distribute the incident solar 

irradiance is solved. 

 

 

 

2. SOEC PLANT POWERED BY SOLAR ENERGY FOR CO2 REDUCTION 

2.1. Plant layout 

Figure 1 shows the schematic diagram of a SOEC plant powered by solar energy for carbon 

dioxide reduction, which is adopted and modified from Refs. [20, 21]. The system is mainly composed 

of a solar concentrating beam splitting subsystem, a SOEC, two heat exchangers, a separator, three 

compressors, and two product tanks. The solar concentrating beam splitting subsystem converts the 

incident solar irradiance into electricity and heat. The generated electricity and heat are transferred to 

the SOEC to drive the carbon dioxide reduction reaction. As the products and remainders at the SOEC  
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Figure 1. The schematic diagram of a solar powered SOEC plant for carbon dioxide reduction. 

 

outlets contain a large fraction of the heat added to the feed CO2, most part of the heat can be 

recovered by using a heat exchanger [22], such as heat exchanger 1 in Fig. 1. After leaving heat 

exchanger 1, oxygen gas is cooled down, compressed, and stored as by-product. Mixture CO/CO2 

flows into the separator and get separated, and then CO is cooled down, compressed, and stored as 

fuel. The hot CO2 from the separator is mixed with the feeding CO2 for the next CO2 reduction cycle. 

Before reaching the desired operating conditions, the feeding CO2 should be compressed by 

compressor 3 and further heated through heat exchanger 2. If the operating pressure of the SOEC 

equals to 1 atm, the compressor 3 in Fig. 1 can be saved. 

 

2.2. Thermodynamic-electrochemical model of the SOEC 

As shown in Fig. 1, the overall reaction of CO2 reduction in a SOEC can be expressed as 

2 2CO heat electricity CO 0.5O         (1) 

The total theoretical energy demand for the above reaction, )(TH , is the sum of thermal 

energy demand Q(T) and electrical energy demand )(TG  [23], i.e., 

( ) ( ) ( )H T Q T G T   ,        (2) 

where )()( TSTTQ  , )(TS  is the change in the entropy, )(TG  is the change in the Gibbs free 

energy, T  is the operating temperature of the SOEC. These thermodynamic parameters can be 

calculated by the thermophysical data provided in Ref. [23]. 
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The reversible potential predicts the minimum electrical potential required to split CO2 with a 

specific temperature and gas concentrations, which can be determined by the Nernst equation [23-25], 

i.e., 
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where FTGE 2)/(0   is the equilibrium potential at the standard pressure; R  is the universal gas 

constant; F  is the Faraday constant; and 0

COP , 0

CO2
P and 0

O2
P are, respectively, the partial pressures of 

CO, CO2, and O2 at the electrode surfaces. 

As previously described in Ref. [23], some irreversible losses are inevitable when the 

electrochemical reactions are proceeded in the SOEC, which primarily originate from the activation 

overpotential ( actV ), concentratin overpotential ( conV ), and ohmic overpotential ( ohmV ). These 

overpotentials can be determined individually as follows: 
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where J  is the operating current density; 0, ,exp[ /( )]k k act kJ E RT   is the exchange current density 

( cak or ), subscripts a  and c  represent the anode and cathode, respectively; k  is the pre-

exponential factor of the anode or cathode; kactE ,  is the activation energy level at the anode or cathode; 

)/(2 CO

0

COCO c

eff

l ALDFCJ   and )/(2
222 CO

0

COCO c

eff

l ALDFCJ   are the equivalent limiting current densities 

resulting from the mass transfer of CO and CO2, respectively; 0

COC  and 
0

CO2
C  are the gas 

concentrations of CO and CO2 at the anode interface, respectively; effDCO  and 
effD

2CO are the effective 

binary diffusion coefficients of CO and CO2, respectively;   is the dynamic viscosity of O2; gB  is the 

flow permeability; aL , cL  and eL  are, respectively, the thicknesses of the anode, cathode and 

electrolyte; a , c  and e  are, respectively, the electrical or ionic conductivities of the anode, 

cathode and electrolyte. Zhang et al. [23] used the above electrochemical model to simulate the 

dependence of the cell potential on the operating current density for different inlet gas compositions, 

and found that the modeling results were in good agreement with the experimental data obtained by 

Ebbesen et al. [15].  
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To drive the carbon dioxide reduction reactions, the required voltage and electrical power of a 

single SOEC, are respectively, determined by 

ohmcconaconcactaact VVVVVEV  ,,,, ,     (9) 

and 

eP VI ,         (10) 

where JAI   is the electric current through the SOEC and A  is the effective surface area of the 

SOEC. On the other hand, the overpotentials involved in the SOEC operation will result in joule heat 

flow generation JQ , 

IVVVVVQ ohmcconaconcactaactJ )( ,,,,  ,     (11) 

this amount of heat flow can be directly transferred to the carbon dioxide reduction reaction, and thus, 

the amount of heat supplied from solar concentrating beam splitting subsystem can be reduced from 

1Q  ( / 2IT S F  ) to [20] 

JSOEC QQQ  1 .         (12) 

If 0SOECQ  , it means that the joule heat generated from irreversible losses is equal to or larger than 

the theoretical heat required for the carbon dioxide reduction reaction. In this case, no external heat is 

necessary to provide to the SOEC and the surplus heat should be immediately removed to the 

environment via radiation and/or convection to ensure the SOEC’s normal operation.  

 

2.3. Heat exchangers and compressors 

The exchanger 1 in Fig. 1 absorbers the heat contained in the products/ remainders and preheats 

the inlet CO2 to attain a certain temperature, and the inlet CO2 will be further heated by the solar 

concentrating beam splitting subsystem through heat exchanger 2 to reach the operating temperature of 

the SOEC. The heat flow required for heating the inlet CO2, 
2COQ , is given by [22] 

2 2 2 2 2 2
0 0 0

, , , , , , ,

1
[ ( 1) ]

T T T

CO CO in CO reacted p CO CO out p CO O out p O
T T T

Q N N C dT N C dT N C dT


       ,    (13) 

where 
2 ,CO inN  is the inlet flow rate of CO2, )2/(,2

FIN reactedCO   is the consumption rate of CO2, 

)2/(, FIN outCO   and )4/(,2
FIN outO   are the outlet flow rates of the CO and O2, respectively [20, 23], 

  is the effectiveness of the heat exchangers, mpC ,  (m = CO2, CO, or O2) are the molar heat capacities 

of reactant/products, 0T  is the temperature of the environment. 

In order to reduce the storage volume of the products, gas compressors are usually employed to 

compress the products, and the electric power consumed is given by [26, 27] 

   
2 2 2 2

-1/ -1/
0 0

O CO p, O O , ,O p, CO CO, ,CO

1 2

+ 1 1com out r out r

com com

T T
W W W C N P C N P

   

 
       
    

,    (14) 

where 1comp  and 2comp  are, respectively, the efficiencies of compressor 1 and compressor 2;   is the 

specific heat ratio; 
2,OrP  and ,COrP  are, respectively, the compression ratios of O2 and CO after and 

before compressed. 
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If the operating pressure of the SOEC, P , is larger than 1 atm, compressor 3 in Fig. 1 should 

be put into operation and the amount of electrical power cost to compress the inlet CO2 is given by [26, 

27] 

 
2 2 2 2
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,     (15) 

where 3comp  is the efficiency of compressor 3, 
2,COrP  is the ratio between the operating pressure of the 

SOEC and the ambient pressure. 

 

2.4. Efficiency expressions of the plant 

The efficiency of the system can be evaluated in terms of energy efficiency or exergy 

efficiency [20, 28]. Compared with the energy efficiency, the exergy efficiency provides more useful 

information which can directly impact process designs and improvements because exergy methods 

help in understanding and improving efficiency, environmental and economic performance as well as 

sustainability [29]. Thus, the exergy efficiency is adopted in evaluating the performance of the plant 

here. The overall exergy efficiency of the solar-driven SOEC CO2 reduction plant,  , is equal to the 

product of the exergy efficiency of the solar concentrating beam splitting subsystem, s , and the 

exergy efficiency of the SOEC carbon dioxide reduction subsystem, c , i.e., 

cs  .         (16) 

The exergy efficiency of the solar concentrating beam splitting subsystem can be defined as 

[30, 31] 
4 4

0 0 0

,solar 0

[ ( ) / ( ) ( )](1 / )

(1 / )

x m m R A R A A S m m A L s s s
s

x s A sun

E I V F A CA I I V A U T T T T T T

E I CA T T

  


      
 


     (17) 

where xE  is the output exergy from the solar concentrating beam splitting system; ,solarxE  is the total 

exergy from the incident solar irradiance; mI  and mV  are the voltage and electrical current generated 

by the PV; RF  is the heat removal factor of the collector; AA  is the area of the absorber surface; C  is 

the concentration ratio of the concentrating solar collector;   is the Stefan’s constant; R , A  and   

are the reflectivity, absorptivity and emissivity of the collector, respectively; SI  is the solar intensity; 

LU  is the convection heat loss coefficient; sT  is the outlet temperature of the heat from the solar 

collector; sunT  is the temperature of the sun. The existing literatures have shown that the exergy 

efficiency of a hybrid photovoltaic/thermal (PV/T) system is in the ranges of 10.31-15% [31-33], the 

main exergy destruction of a solar powered SOEC plant for carbon dioxide reduction happens in the 

process of converting incident solar irradiance to electrical/thermal energy. For conservative 

consideration, the exergy efficiency of the solar concentrating beam splitting subsystem is set to 10% 

as not only the convection heat losses but also the radiation heat losses from the high temperature 

concentrating solar collector should be taken into account [31, 34]. 

The exergy efficiency of the SOEC carbon dioxide reduction subsystem can be expressed as 

[20] 
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where 
COE  is the exergy content of CO, the value of xT  may be equal to sT , T  or 

0T , which depends 

on not only the sign of SOECQ  but also the layout of the plant. 

The exergy of a substance contains four parts, namely, physical exergy, kinetic exergy, 

potential exergy, and chemical exergy. Neglecting the small kinetic and potential exergies [35], the 

exergy content of CO is the sum of the physical exergy and the chemical exergy, i.e., 

physCOchemCOCO EEE
,,  ,         (20) 

where the value of chemCOE ,  can be directly found in Ref. [36], and the physical exergy of CO can be 

determined by using the following expression: 

)()( 00, ssThhE ophysCO          (21) 

where h  and s  represent the molar enthalpy and molar entropy of CO respectively, the subscript 0 

denotes the reference environment condition. 

 

 

 

3. DISCUSSION 

It is clearly seen from Equations (2)-(21) that the exergy efficiency of the solar-driven SOEC 

carbon dioxide reduction plant depends on a set of designing and operating parameters such as the 

geometric parameters of the solar concentrating beam splitting subsystem, the microstructure 

parameters of an SOEC, operating temperature, operating pressure, operating current density, and 

efficiency of the compressors. In the following, parametric studies are carried out based on the 

parameters summarized in Tables 1 [20, 23, 36], and these parameters are kept constant unless 

specifically mentioned. Figure 2 shows that the thermal energy required for a SOEC per unit time, 

SOECQ , first increases from zero and then decreases to below zero as the current density is increased, 

and there exists a critical current density cJ  corresponding to 0SOECQ . SOECQ  increases as the 

operating temperature is increased and the value of cJ  shifts to a larger one as the operating 

temperature is increased. 

When 0 cJ J   ( 0SOECQ  ), the amount of heat from the solar concentrating beam splitting 

subsystem, SOECQ , should be supplied to the SOEC to make it normally work, and the exergy content 

of the heat provided to the SOEC carbon dioxide reduction subsystem is determined by 

20 0(1 / ) (1 / )T SOEC s CO sQ Q T T Q T T    . For this case, c  can be expressed by substituting s xT T  into 

Eq. (18) or Eq. (19). 
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Table 1. Parameters used in the modeling [20, 23, 24, 36]. 

 
Parameter Value 

Charge transfer coefficient,   0.5 

Faraday constant, F (C mol-1) 96485 

Universal gas constant, R (J mol-1 K-1) 8.314 

Operating pressure, P (atm) 1.0 

Pre-exponential factor, γa (A m-2) 2.051×109 [23] 

Pre-exponential factor, γc (A m-2) 1.344×1010 [23] 

Activation energy for anode, Eacta (J mol-1) 1.2×105 [23] 

Activation energy for cathode, Eactc (J mol-1) 1.0×105 [23] 

Electrode porosity, ω (%) 40 [24] 

Electrode tortuosity,ξ 5.0 [24] 

Average pore radius, r (m) 0.5×10-6 [24] 

Anode thickness, La (m) 5.0×10-4[24] 

Anode electric conductivity, σa (Ω
-1 m-1) 8.4×103 [23] 

Cathode thickness , Lc (m) 5.0×10-5[24] 

Cathode electric conductivity, σc (Ω
-1 m-1) 8.0×104 [23] 

Electrolyte thickness , Le (m) 5.0×10-5 [24] 

Electrolyte ionic conductivity, σe (Ω
-1 m-1) 3.34×104exp(-1.03×104/T) [23] 

Diameters of the CO molecular collision, σCO (Å) 3.690 [23,24] 

Diameters of the CO2 molecular collision,σCO2 (Å) 3.941 [23,24] 

Effective surface area of an SOEC, A (m2) 6.4×10-3 [23] 

Cathode interface gas compositions 70 mol% CO2/30 mol%CO 

Compression ratios of CO and O2, Pr,CO =Pr,O2  50  

Isentropic compression ratio, γ  1.4 

Efficiencies of compressors, ηcomp1=ηcomp2=ηcomp3 80% 

Effectiveness of the heat exchangers, ε 0.8 [20] 

Exergy efficiency of the solar concentrating beam splitting subsystem, ηs 10% 

Flow rate of CO2 at SOEC inlet, NH2O,in (mol s-1) 1.0×10-3 

Chemical exergy of CO, ECO,chem (J/mol) 2.7543×105 [36] 

Temperature of the SOEC, T (K) 1073 

Temperature of the heat from concentrating collector , Ts (K) 1300 

Temperature of environment, T0 (K) 298 
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Figure 2. The curves of SOECQ  varying with the current density for different operating temperatures, 

where cJ  is the current density corresponding to 0SOECQ . 
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When cJJ   ( 0SOECQ ), the joule heat generated from the irreversibilities is larger than the 

thermal energy demand for the carbon dioxide reduction processes, no thermal energy from the solar 

concentrating beam splitting subsystem is necessary to provide to the SOEC and there exist some 

surplus joule heat. If the surplus joule heat is directly released to the environment without any 

utilization, as shown in Fig. 4 (a), the exergy content of the heat provided to the SOEC is equal to 

2 0(1 / )CO sQ T T . For this case, the plant configuration is simple and c  can be described by 

substituting 
0 xT T  into Eq. (18) or Eq. (19).  
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Figure 3. The curves of TQ  varying with the current density for different operating temperatures, 

where TJ  is the operating current density corresponding to 0TQ  . 

 

 

As an alternative, when cJJ   ( 0SOECQ ), the surplus joule heat, SOECQ , can be transferred to 

heat the inlet CO2 such that the thermal energy from the solar concentrating beam splitting subsystem 

can be reduced and more solar irradiance can be converted into electricity for SOEC, and c  cannot be 

described by Eqs. (18) and (19) any more. In order to quantitatively explain this problem, one may 

define the algebraic sum of the exergy content of SOECQ and the exergy content of 
2COQ as 

)/1()/1( 00 2 sCOSOECT TTQTTQQ  , the curves of TQ  varying with the operating current density 

for different operating temperature are shown in Fig. 3. It is seen from Fig. 3 that TQ  first increases 

from zero and then decreases to below zero as the current density is increased, obviously, the critical 

current density at 0TQ  , TJ , is larger than cJ , and 0TQ   in the region of TJ J  and 0TQ  in the 

region of TJ J . 

When TJ J , the redundant heat |QSOEC| generated in the SOEC may be transferred to heat the 

inlet CO2 through heat exchanger 2, thus the amount of heat from the solar concentrating beam 

splitting subsystem can be reduced from 
2COQ  to 

2 0 0| | (1 / ) / ( )CO SOEC s sQ Q T T T T T      as shown in 

Fig. 4 (b), where  0 0| |(1 / ) / ( )SOEC s sQ T T T T T   is the equivalent amount of | |SOECQ  provided at 



Int. J. Electrochem. Sci., Vol. 9, 2014 

  

1155 

temperature 
sT  [22]. The exergy content of the heat provided to the SOEC can be reduced from 

2 0(1 / )CO sQ T T  to 
2 0 0(1 / ) | |(1 / )CO s SOECQ T T Q T T     . For this case, c  should be modified to 

2

,

0 01 1

CO out CO

c

e com CO SOEC

s

N E

T T
P W Q Q

T T

 
   

       
  

  ( P =1 atm)  (18a) 

or 

2 2

,
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CO out CO

c

e com CO CO SOEC

s

N E

T T
P W W Q Q

T T

 
   

        
  

    ( P >1 atm)   (19a) 

When TJ J , the amount of the redundant heat | QSOEC | is so large that the heat 
2COQ  supplied 

by the solar concentrating beam splitting subsystem can be saved and all incident solar irradiance 

should be converted into electricity for SOEC, as shown in Fig. 4 (c).  

 

 
(a) 

 

 
(b) 
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(c) 

Figure 4. The part schematic diagram of a solar powered SOEC plant for carbon dioxide reduction, the 

rest part is the same as Fig. 1. (a) SOECQ  is directly released to the environment without any 

utilization, (b) SOECQ  is fully utilized (
TJ J ), and (c) SOECQ  is partly utilized (

TJ J ). 

 

 

The amount of heat transferred from the SOEC to heat exchanger 2 at temperature T , 
2COQ , is 

equivalent to 0 0| | (1 / ) / ( )SOEC s sQ T T T T T   at temperature sT , and the amount of the redundant heat 

released to the environment is equal to 0 0| | [1 (1 / ) / ( )]SOEC s sQ T T T T T    [22]. In such a case, c  

should be modified to 

,CO out CO

c

e com

N E

P W
 


    ( P =1 atm)    (18b) 

or 

2

,CO out CO

c

e com CO

N E

P W W
 

 
          ( P >1 atm)    (19b) 

 

It is seen from Fig. 5 that the alternative plant layouts in Fig. 4 show their advantages when the 

operating current density is larger than cJ , especially in the region of c TJ J J  . The efficiency first 

increases and then decreases as the operating current density is increased, and there exists a maximum 

efficiency max . Both the maximum efficiency max  and the current density corresponding to the 

maximum efficiency mJ  increase monotonically with the increasing of the operating temperature. It is 

also shown in Fig. 5 that the efficiency of the system increases as the operating temperature is 

increased because the higher operating temperature will lessen the cathodic and anodic overpotentials 

and promote the electrode activity.  
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Figure 5. The curves of the efficiency varying with the current density for different temperature and 

different plant layouts, where the dash lines represent the waste heat |QSOEC| are without any 

utilization, the solid lines represent the waste heat |QSOEC| are utilized through the plant layout 

shown in Fig. 4. 
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Figure 6. The J   characteristics of the SOEC with different supports types, where the thicknesses 

of the anode, cathode, and electrolyte of an anode-supported SOEC are 500 μm, 50 μm, and 50 

μm, the component thicknesses of a cathode-supported type are 50 μm, 500 μm, and 50 μm, 

and the component thicknesses of an electrolyte-supported type are 100 μm, 100 μm, and 1000 

μm in sequence [37], respectively. 

 

 

 

The curves of J   with different support types of the SOEC are shown in Fig. 6. It is seen 

from Fig. 6 that the efficiency of the electrolyte-supported SOEC plant is the smallest among the three 
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types. The efficiency of the cathode-supported SOEC plant is larger than that of the electrolyte-

supported one, but it will quickly decrease after it attains the maximum because the cathode 

concentration overpotential increases very quickly when the operating current density approaches the 

limiting current density. As shown in Fig. 6, this limiting current density is found to be about 3140 A 

m
-2

, the comparative small limiting current density will restrict the achievement of higher reaction rate. 

The anode-supported SOEC shows the highest efficiency as the transport of the reactant (O
2-

) in the 

anode is not limited by the porous structure, and there is no limiting current density even for a thick 

anode. Thus, the anode-supported SOEC is chosen as the most favorable design in the present paper. 
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Figure 7. The effects of the operating pressure on the J   characteristics. 

 

The effects of the operating pressure on the J   characteristics are shown in Fig. 7. It is seen 

from Fig. 7 that the effects of the operating pressure on the efficiency of the plant are less significant in 

the two extremes of the operating current density. Although the higher operating pressure may reduce 

the input voltage of the SOEC [23], the higher operating pressure also leads to more electrical energy 

consumption in the inlet gas compression process. As the electrical energy saved due to the higher 

operating pressure is smaller than that cost in the inlet gas compression process, the larger operating 

pressure will result in a reduction in the efficiency of the plant. However, higher operating pressure is 

more favorable in the practice because it will increase the reaction rate and thus increase the CO 

production rate. 

The influence of the effectiveness of the heat exchangers on the efficiency of the plant is shown 

in Fig. 8. The efficiency increases as the effectiveness of the heat exchangers is increased, however, 

this influence only happens in the region of TJ J . When TJ J , the redundant heat | |SOECQ  is so 

large that no more thermal energy is required and the influence of the effectiveness of the heat 

exchangers can be neglected. The influence of the inlet flow rate of carbon dioxide on the efficiency of 

the system is shown in Fig. 9. It shows that the efficiency of the system increases as the inlet flow rate 
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of carbon dioxide is decreased. Similarly, this influence mainly happens in the region of 
TJ J  and 

the influence can be negligible in the region of 
TJ J . 
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Figure 8. The effects of the effectiveness of the heat exchangers on the J   characteristics. 
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Figure 9. The effects of the inlet flow rate of carbon dioxide on the J   characteristics. 

 

 

How to rationally split the inlet solar irradiance for electricity generation or for thermal energy 

production is essential for the performance improvement of the plant. For this purpose, one may 

introduce a balance parameter defined as the ratio of the required electrical energy to the total input 

exergy of the SOEC subsystem [21], i.e., 
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to control the operation of the solar concentrating beam splitting subsystem, where 
TE  is the total 

exergy requirement of the SOEC subsystem.  
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Figure 10. The curves of the balance parameter varying with the operating current density for different 

temperatures. 

 

 

Figure 10 shows the curves of the balance parameter varying with the operating current density 

for different temperatures. When TJ J , the balance parameter increases with the decreasing 

operating temperature or increasing operating current density, and the solar concentrating beam 

splitting subsystem should be operated as a so-called PV/T mode described in Ref. [38, 39]. When 

TJ J , the balance parameter attains 100% and then keeps constant, and the solar concentrating beam 

splitting subsystem should be operated in the photovoltaic mode.  

 

 

 

4. CONCLUSIONS 

The concept of carbon dioxide electrochemical reduction through SOEC powered by solar 

energy is demonstrated in the present paper, the expressions for the efficiency of the plant are given by 

considering the main energy consumption processes such as the electrical/thermal energy production 

process, electrochemical reaction process, heat transfer process, inlet gas compression process and 
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product compression process. It is pointed out that the expressions are closely associated with the 

operating conditions and the waste heat recovery strategies. In order to effectively utilize the surplus 

waste heat in the SOEC, some alternative plant layouts are presented and the corresponding 

expressions of efficiency are also modified. It shows that the alternative plant layouts can effectively 

improve the efficiency of the system. The effects of some SOEC microstructure parameter and 

operating conditions such as dimension of SOEC components, operating temperature, operating 

pressure, effectiveness of heat exchangers and carbon dioxide inlet rate are also discussed. Finally, the 

problem how to rationally operate the solar concentrating beam splitting subsystem to convert the 

incident solar irradiance for electrical energy or for thermal energy is clearly articulated. 
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