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Abstract >> Reversible solid oxide fuel cell (RSOFC) has become a prospective de-
vice for energy storage and hydrogen production. Many studies have been con-
ducted around the world focusing on system efficiency improvement and
realization. The system should have not only high efficiency but also a certain lev-
el of simplicity for stable operation. External waste steam utilization was proved
to remarkably increase the efficiency at solid oxide electrolysis system. In this
study, RSOFC system coupled with waste steam was proposed and optimized in
term of simplicity and efficiency. Ejector for fuel recirculation is selected due to
its simple design and high stability. Three system configurations using ejector for
fuel recirculation were investigated for performance of design condition. In para-
metric study, the system efficiencies at different current density were analyzed.
The system configurations were simulated using validated lumped model in
EBSILON® program. The system components, balance of plants, were designed
to work in both electrolysis and fuel cell modes, and their off-design character-
istics were taken into account. The base case calculation shows that, the system
with suction pump results in slightly lower efficiency but stack can be operated
more stable with same inlet pressure of fuel and air electrode.

Key words : Hydrogen energy(4£0]| 4 X|), Electrolysis(£ X&), Reversible solid
oxide fuel cell(7t9 1 H| At3t= A 2 M X|), Renewable energy(M X A of|
L1 X]), Round-trip efficiency(%t3 &&), Hydrogen energy storage
system(£ A0f| L4 X| X &HA| A Ell) Waste steam(T| A El), Waste heat(H &)
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Table 1. System operating conditions

Base value

Parameters (range) Units
Stack operating temperature 700 °C
Inlet steam temperature 700 °C
Inlet air temperature (reference 25 oC
temperature)
HRSG pinch temperature 10 °C
Inlet air pressure 1.01325 bar
Electrical efficiency of motors 85 %
Ejector efficiency 15 %
Heat exchanger
Maximum effectiveness 0.9
Cold channel pressure drop 0.05 bar
Hot channel pressure drop 0.002 bar
Pr:}s]:;t:e(lisr;)p through RSOFC (both 0.03 bar
SOEC mode
Stack fuel inlet temperature 725 °C
Stack Air inlet temperature 725 °C
H> concentration in fuel 25 % vol
Steam conversion ratio 45 %
Temperature decrease 50 °C
SOFC mode
Stack fuel inlet temperature 675 °C
Stack Air inlet temperature 675 °C
H: concentration in fuel 97 % vol
Fuel utilization 70" %
Temperature rise 50 °C
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Fig. 3. Characteristic curve validation of RSOFC model

Table 2. Parameters for RSOFC stack modeling

Parameters SOEC SOFC

v - fuel electrode 3.598E+09  1.661E+10
v - air electrode 1.905E+08  9.900E+10
Equ-Felectrode (J/mol) 107,034 111,763
Eq-Aclectrode (J/mol) 93,758 80,000
oo-electrolyte 5,870,467 5,870,467
Stack operating temperature 700 °C 700 °C
H2/H20 (vol) 25/75 97/03
02 21% 21%
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