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ABSTRACT
Solid oxide electrolysis cells (SOEC) can be used

for efficient hydrogen production. However, the SOEC
needs both high-temperature steam and hydrogen as
feed gas. This paper proposed a new system that
combines a solar thermochemical reactor and SOEC
together. The simulation results indicate that although
the combined system can avoid additional hydrogen
sources, it also lowers the hydrogen yield by 61.41%
due to the discontinuous H2O/H2 supply. Multiple solar
reactors can provide mixed H2O/H2 alternatively thus
extending the gas feeding period for SOEC. A combined
system with double reactors can increase the hydrogen
yield by 94.67% compared with a single-reactor SOEC
system. Compared with the traditional SOEC system,
the single-reactor SOEC system and double-reactor
SOEC system can save heating electricity by 25.69% and
42.2% respectively.
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NONMENCLATURE

Abbreviations

SOEC Solid oxide electrolysis cells
PEC Photoelectrochemical

Symbols

N Diffusion flux
R Reaction rates
E Electrical potential
T Temperature
P Pressure

1. INTRODUCTION
Compared with other hydrogen production

methods such as photoelectrochemical (PEC), Solid
oxide electrolysis cells (SOEC) feature high efficiency
and high conversion ratio. However, High-temperature
steam source and additional hydrogen source are
essential for operating solid oxide electrolysis cells
(SOEC) normally. Instead of providing steam and
hydrogen using fossil fuel, this paper proposed a new
system that combines a solar thermochemical reactor
and SOEC together.

2. SOEC SYSTEMS USING CONCENTRATED SOLAR
POWER
An experimental platform has been built in the

Institute of Electrical Engineering, Chinese Academy of
Sciences (IEECAS) to generate high-temperature steam
for SOEC using concentrated solar power. Figure 1 is the
photo of the platform. A 30-unit stack is used in the
concentrated solar SOEC system. In the case of testing
stack V-I curve, the peak electrolysis power and
hydrogen yield can reach 5kW and 23.5 slpm,
respectively. The tests prove that the constructed
concentrated solar SOEC system is feasible for
producing hydrogen.

Fig. 1 The photo of the concentrated solar SOEC system
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Using concentrated solar power to provide SOEC
with high-temperature steam still needs an additional
hydrogen source. Thus a new system as shown in Fig. 2
is proposed to utilize a solar thermochemical (STC)
reactor to provide SOEC system with both high-
temperature steam and hydrogen. In the reduction
step, the oxide materials are reduced. The exit N2/O2

enters the anode side of the stack after passing the
anode gas preheater. In the oxidation step, the reduced
materials capture the O2- from H2O and produce H2. The
mixed N2/H2O is used as the feed gas for the solar
reactor. The exit N2/H2O/H2 is vented into the cathode
side of the stack and further converted into mixed gas
with more hydrogen proportion by electrolysis.

Fig. 2 The combined STC-SOEC system diagram

3. MODELING OF THE STC-SOEC SYSTEM
In this paper, NiFe2O4 supported on porous

ceramics of ZrO2 is chosen as the redox material [1]. The
reactant constants for reduction and oxidation
reactions can be found in the literature [2].

The porous ceramic is divided into N elements along
the flow direction. The diffusion flux of the gas at the
wall is considered equal to the reaction rate:
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The reaction rates are calculated according to the
literature [3]. The solid phase conservation of NiFe2O4 in
element i is listed as:
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The one-dimensional energy conservation
equations for solid and gas are omitted here.

The stack is composed of 30 cells. The voltage of
single cell is calculated as [4]:
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Where Eeq,i is calculated using Nernst equation.
The concentration overpotential is calculated as:
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The activation overpotential of both electrodes are
calculated using Butler-Volmer equation. The ohmic
overpotential is only considered for the electrolyte.

4. RESULTS AND DISCUSSION

4.1 Solar reactor performance

Figure 3 depicts the outlet hydrogen and oxygen
molar flow rates from the solar reactor under multiple
thermochemical cycles. Totally 8 cycles are conducted.
The rest 7 cycles except the first one have almost the
same molar flow rates for hydrogen and oxygen. The
first cycle differed a lot from the others because the
initial conditions such as temperature and reactant
proportion are not the same as the other cycles.

Fig. 3 The outlet hydrogen and oxygen flow rates from the
solar reactor

4.2 Performance of the STC-SOEC system

Figure 4 depicts the outlet hydrogen and oxygen
molar flow rates of the STC-SOEC system. The peak
hydrogen flow rate is 2.5 times larger than that of only
using the solar reactor due to the contribution of SOEC
electrolysis.

Fig. 4 The outlet hydrogen and oxygen molar flow rates of the
STC-SOEC system
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A single SOEC system operation case is studied to
explore the effect of a discontinuous supply of steam on
hydrogen production. Compared with a single SOEC
system, the hydrogen yield of the STC-SOEC system
decreased by 61.41%. A double-solar-thermochemical-
reactor-SOEC (DSTC-SOEC) system is proposed to fix the
discontinuous steam supply problem. Two solar
reactors are used to provide the SOEC with steam and
hydrogen alternatively. The outlet hydrogen and oxygen
flow rates of the DSTC-SOEC system are depicted in Fig.
5. Although the hydrogen flow rate still fluctuated, the
cycle number increased and the hydrogen flow rate is
always beyond 0.1 mol/min. The hydrogen production
in the same period increased by 94.67% compared with
the STC-SOEC system. The results prove that deploying
multiple solar reactors can increase the hydrogen yield
of the STC-SOEC system effectively.

Fig. 5 The outlet hydrogen and oxygen molar flow rates of the
DSTC-SOEC system

4.3 Heating Electricity comparison

The outlet gas temperature of the solar reactor is
larger than 1200K and can be used to heat the pipes
and equipment of the hydrogen production system.
Thus, the electricity consumed for system heating is
compared for SOEC, STC-SOEC and DSTC-SOEC systems.
Figure 6 indicates that the heating electricity of the STC-
SOEC system is 25.69% lower than that of the SOEC
system while the DSTC-SOEC can save the heating
electricity by 42.2% compared with the SOEC system.
The advantage of DSTC-SOEC in saving heating
electricity also implies the importance of providing gas
continuously. The outlet gas temperature is actually
beyond the operating temperature of the SOEC system.
However, the gas flow rate in this simulation is so small
that the gas temperature decreased significantly during
the transport process. Increasing the flow rate can
further save or even eliminate the heating electricity
consumption. One should also note that overheating
SOEC may cause damage of SOEC sealing parts.

Fig. 6 The comparison of heating electricity among different
systems

5. CONCLUSION
A new system combing the solar thermochemical

reactor and SOEC is introduced in this paper. The solar
reactor can provide SOEC with high-temperature steam
and hydrogen using concentrated solar power. The
simulation results indicate that although the combined
system can avoid additional hydrogen sources, it also
lowers the hydrogen yield by 61.41% due to the
discontinuous H2O/H2 supply. Multiple solar reactors
can provide mixed H2O/H2 alternatively thus extending
the gas feeding period for SOEC. The DSTC-SOEC system
can increase the hydrogen yield by 94.67% compared
with the STC-SOEC system. The electricity consumed for
heating is also compared among different systems.
Compared with the traditional SOEC system, the STC-
SOEC system and DSTC-SOEC system can save heating
electricity by 25.69% and 42.2% respectively.
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