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kyahn@kimm.re.kr Abstract >> Reversible solid oxide fuel cell (ReSOC) system was integrated with

waste steam for electrical energy storage in distributed energy storage application.
Waste steam was utilized as external heat in SOEC mode for higher hydrogen pro-
duction efficiency. Three system configurations were analyzed to evaluate tech-
no-economic performance. The first system is a simple configuration to minimize
the cost of balance of plant. The second system is the more complicated config-
uration with heat recovery steam generator (HRSG). The third system is featured
with HRSG and fuel recirculation by blower. Lumped models were used for system
performance analyses. The ReSOC stack was characterized by applying area spe-
cific resistance value at fixed operating pressure and temperature. In economical
assessment, the levelized costs of energy storage (LCOS) were calculated for three
system configurations based on capital investment. The system lifetime was as-
sumed 20 years with ReSOC stack replaced every 5 years, inflation rate of 2%, and
capacity factor of 80%. The results showed that the exergy round-trip efficiency of
system 1, 2, 3 were 47.9%, 48.8%, and 52.8% respectively. The high round-trip effi-
ciency of third system compared to others is attributed to the remarkable reduction
in steam requirement and hydrogen compression power owning to fuel recirculation.
The result from economic calculation showed that the LCOS values of system 1, 2,
3 were 3.46 ¢/kWh, 3.43 ¢/kWh, and 3.14 ¢/kWh, respectively. Even though the
systems 2 and 3 have expensive HRSG, they showed higher round-trip efficiencies
and significant reduction in boiler and hydrogen compressor cost.
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Fig. 1. Schematics of SOEC mode couple with waste steam — system 1

Fig. 2. Schematics of SOFC mode couple with waste steam — all systems
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Fig. 3. Schematics of SOEC mode couple with waste steam — system 2

Fig. 4. Schematics of SOEC mode couple with waste steam — system 3
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Table 1. System specification and variables
Constants Value Units
Stack operating temperature 750 T
Inlet steam temperature 700 C
Maximum inlet steam pressure 3 Bar
Stack working pressure 1.1 Bar
Hydrogen storage pressure 20 Bar
Norminal current density at base case 0.579 Alem®
Electrical efficiency of motors 85 %
Maximum heat exchanger effectiveness 0.9
SOEC mode
Stack inlet temperature 760 C
H; volume concentration in fuel 40 %
Steam conversion ratio 50 %
Temperature change 20 K
ASR 0.55%<10™[1]| Qm’
SOFC mode
Stack inlet temperature 700 C
H: volume concentration in fuel 97 %
Fuel utilization factor 70 %
Maximum temperature rise 100 K
ASR 0.41x107*[1]| Qm’
Stack power 250 kW
Year of cost calculation 2017
CEPCI 562.1
Inflation rate (i) 0.02
Lifespan (n) 20 Years
Capacity factor 0.8
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Table 2. Purchased equipment cost”"*
Components PEC (or $/kW) CEPCI Year Refs
ReSOC stack 200 576 2014 7
Blower 148 402.3 2003 8
Heat exchanger 36 5254 2007 9
Condenser 19 576 2014 10
H, compressor 450,000 (W/1000)" 4023 2003 11
08 08
HRSG “ [( A% ) " ( A% ) } Famat Gmit gy 1994 12
C1=6570, C,=21276, C5=1184.5
Heater 46 562.1 2017 13
Feed water & other Bop 17 576 2014 14
Accessory electric plant 80 576 2014 14
Instrumentation & control 34 576 2014 14
Piping & valves 34 576 2014 14
Eex = n(ech + eph) ” 58
55 | msyst 526 526 528
€cn = Z yiet™ + RT, Z yilny; o .zfz 79 0
45 437
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