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RE\?EZZ >7 Nz\/‘;;gery 2020 operates at temperatures above 700°C, so that the water required for water-elec-

Accepted 30 December, 2020  Lrolysis must be supplied in the form of steam. When the steam to be supplied to
the SOEC is generated by the SOEC system itself, an enormous amount of latent
heat is required to vaporize the water, so additional energy must be supplied to
the SOEC system. On the other hand, if the steam can be supplied from the out-
side, a small amount of energy is required to raise the temperature of the low
temperature steam, so that the SOEC system can be operated without additional
energy supply from outside, which enables efficient water-electrolysis. In this
study, we figure out the size of heat exchanger for various steam temperature
and effectiveness of heat exchanger, and propose the energy efficiency of the
system.
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Table 1. SOEC stack specification 0.2
25 20 -15 -10 05 00 05 10 15 20 25
Variables Value Units Current density (A/cm?)
Stack temperature 700 C Fig. 2. Validation of SOEC model
Stack outlet temperature 680 T
Stack air inlet temperature 720 T Table 2. SOEC system specification
Stack H, inlet temperature 690 T - ;
- P Variables Value Units
Current density -0.312 Alcm’ -

Ha2/H,0 ratio 1:9 -

Average cell voltage 1.264 v -
Extra steam temperature 200/400/600 C

Steam conversion ratio 45 % p
T " HEXI1 outlet temperature (13) 80 C
Heat t 7 %

o o Tom T ° HEX effectiveness 0.85/0.9/0.95 -

Supplied power to stack 60 kW - -

> Isentropic efficiency 0 o
Cell area 100 cm (blower) 3 o
Cell number 1,530 ' Isentropic efficiency %0 Y
ASR 0.55x10™ om’ (water pump) ’
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Table 3. Result of external steam-related SOEC system (steam temperature: 200°C, HEX effectiveness 0.95)

Units | 1 2 3 4 6 7 8 9 10 11 12 13 a b © d
T | C | 200 |40.16 [119.73| 44 [196.23|327.55| 315.6 |631.32| 680 |334.57|203.24|190.03| 80 |28.61 | 649.3 | 680 |183.38
H, |kg/hr| 0 0 0 | 044 | 044 | 0 | 044 | 044 | 224 | 224 | 224 | 224 | 224 | O 0 0 0
HxO |kg/hr| 3227 | 3 3 0.34 | 0.34 | 3527 | 35.62 | 35.62 | 19.59 | 19.59 | 19.59 | 19.59 | 19.59 | 0 0 0 0
O, |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 | 13.79 | 13.79 | 28.02 | 28.02
Ny |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 45 45 45 45
Table 4. Result of external steam-related SOEC system (steam temperature: 400°C, HEX effectiveness 0.95)
Units | 1 2 3 4 5 6 7 8 9 10 11 12 13 a b © d
T | C | 400 | 40.16 [276.72| 44 |365.38(454.77|446.88|647.15| 680 [458.91|381.19| 351.8 | 80 |28.61 | 649.3 | 680 |183.38
H, |kg/hr| 0 0 0 044 | 044 | 0 | 044 | 044 | 224 | 224 | 224 | 224 | 224 | O 0 0 0
HyO | kg/hr| 28.56 | 6.72 | 6.72 | 0.34 | 0.34 | 35.28 | 35.62 | 35.63 | 19.59 | 19.59 | 19.59 | 19.59 | 19.59 | 0 0 0 0
O, |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 | 13.79 | 13.79 | 28.02 | 28.02
Ny |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 45 45 45 45
Table 5. Result of external steam-related SOEC system (steam temperature: 600°C, HEX effectiveness 0.95)
Units | 1 2 3 4 5 6 7 8 9 10 11 12 13 a b © d
T | C | 600 |40.16 [432.25| 44 |531.58(576.77|572.88|664.16| 680 |578.39|555.83|511.53| 80 |28.61 | 649.3 | 680 |183.38
H, |kg/hr| 0 0 0 044 | 044 0 044 | 044 | 224 | 224 | 224 | 224 | 224 0 0 0 0
H>O | kg/hr| 2553 | 9.74 | 9.74 | 034 | 0.34 | 3527 | 35.59 | 35.59 | 19.59 | 19.59 | 19.59 | 19.59 | 19.59 | 0 0 0 0
0, |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 | 13.79 | 13.79 | 28.02 | 28.02
N, |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 45 45 45 45
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Table 6. Result of external steam-related SOEC system (steam temperature: 600°C, HEX effectiveness 0.85)

Units| 1 2 3 4 5 6 7 8 9 10 11 12 13 a b © d
T | C | 600 |40.16 [232.11| 44 |443.01|555.46|545.76|648.47| 680 |566.23| 509 |472.87| 80 | 28.61 |587.58| 680 |238.31
H, |kg/hr| 0 0 0 | 044 | 044 | 0 | 044 | 044 | 224 | 224 | 224 | 224 | 224 ] O 0 0 0
H>O | kg/hr | 25.15 | 10.13 | 10.13 | 0.34 | 0.34 | 35.28 | 35.59 | 35.59 | 19.59 | 19.59 [ 19.59 | 19.59 | 19.59 | 0 0 0 0
0, |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 | 13.79 | 13.79 | 28.02 | 28.02
N, |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 45 45 45 45
Table 7. Result of external steam-related SOEC system (steam temperature: 600°C, HEX effectiveness 0.9)
Units| 1 2 3 4 5 6 7 8 9 10 11 12 13 a b © d

T | C | 600 |40.16 [332.09| 44 |485.47|567.33]560.27|657.08| 680 |572.48|531.63|491.57| 80 | 28.61 |618.53| 680 |210.92
H, |kg/hr| 0 0 0 | 044 | 044 | 0 | 044 | 044 | 224 | 224 | 224 | 224 | 224 ] O 0 0 0
H>O | kg/hr| 2536 | 9.92 | 9.92 | 034 | 0.34 | 35.28 | 35.59 | 35.59 | 19.59 | 19.59 [ 19.59 | 19.59 | 19.59 | 0 0 0 0
0, |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 | 13.79 | 13.79 | 28.02 | 28.02
N, |kg/hr| 0 0 0 0 0 0 0 0 0 0 0 0 0 45 45 45 45
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Table 9. Comparison of efficiency (T=6007C)

T=200C T=400C T=600C £=0.85 £=0.9 £=0.95
nl 66.77% 66.79% 66.83% nl 65.99% 66.40% 66.83%
n2 92.39% 92.93% 93.52% n2 91.35% 92.45% 93.52%
n3 85.22% 84.60% 83.68% n3 82.06% 82.88% 83.68%
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