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Abstract >> There is a growing interest in hydrogen energy utilization since an al-
ternative energy development has been demanded due to the depletion of fossil
fuels. Hydrogen is produced by the reforming reaction of natural gas and biogas,
and the electrolysis of water. An solid oxide electrolyte cell (SOEC) is reversible
system that generates hydrogen by electrolyzing the superheated steam or pro-
ducing the electricity from a fuel cell by hydrogen. If the water can be converted
into steam by waste heat from other processes it is more efficient for high-tem-
perature electrolysis to convert steam directly. The reasons are based upon the
more favorable thermodynamic and electrochemical kinetic conditions for the
reaction. In the present study, steam at over 180C and 3.4 bars generated from
a boiler were converted into superheated steam at over 700°C and 3 bars using
a cylindrical steam superheater as well as the waste heat of the exhaust gas at
900C from a solid refuse fuel combustor. Superheated steam at over 700°C was
then supplied to a high-temperature SOEC to increase the hydrogen production
efficiency of water electrolysis. Computational fluid dynamics (CFD) analysis was
conducted on the effects of the number of 90° elbow connector for piping, in-
sulation types and insulation layers of pipe on the exit temperature using a com-
mercial Fluent simulator. For two pre-heater injection method of steam inlet and
ceramic wool insulation of 100 mm thickness, the highest inlet temperature of
SOEC was 744C at 5.9 bar.
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Fig. 1. Schematics of solid oxide electrolyzer cell hydrogen
production
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Fig. 2. Schematic of solid refuse fuel (SRF) furnace, second
furnace, and superheater

Fig. 3. Superheater shape for one preheater (L) and two pre-
heater (R)
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Table 1. Inlet temperature of solid oxide electrolyte cell, h and
R values according to pipe insulation type

Method (kcal/m}zl~hr~°C) (kcal/R hr-oC) | o ()
1 772.7 0.54 682.7
one | 2 772.7 0.40 673.2
preheater | 3 780.4 1.50 699.8
injector | 4 772.9 1.16 697.0
5 807.6 1.23 697.3
1 1,047.3 0.54 721.6
Two | 2 1,047.3 0.40 711.5
preheater | 3 1,057.7 1.50 739.8
injector | 4 1,047.5 1.16 737.4
5 1,094.6 1.23 737.6
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Fig. 5. Secondary combustion chamber, superheater and in-
terface geometry. (a) Flue gas inlet, (b) flue gas outlet, (c)
steam inlet of superheater, (d) steam inlet of interface and
(e) steam outlet

Table 2. Boundary condition of exhaust gas and steam inlet

Inlet condition of | Inlet condition of
Item
flue gas steam
Mass flow (kg/hr) 667 100-300
Temperature (°C) 900 180

Inlet steam pressure: 6-9 bar

Table 3. Physical properties of insulation and piping materials

Materials
Items Insulation Interface pipe
(ceramic wool) (SUS310)
Density (kg/m’) 128 7,750
CP (J/kg-k) 1,130 500
Them(a\l)&/(;(r)nn_(lj(l;(:tiVity 0.05 183
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Fig. 6. Various configuration of steam pipe to connect 90° el-
bow between steam superheater outlet and solid oxide electro-
lyte cell inlet. (a) straight, (b) Elbow 1, (c) Elbow 2, (d) Elbow 3
(Z axis), (e) Elbow 3 (down), and (f) Elbow 3 (up)
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Table 4. Effect of various configuration of steam pipe on steam
inlet temperature and pressure of solid oxide electrolyte cell

One preheater injector | Two preheater injector

Case Temperature| Pressure |Temperature| Pressure
a 698 °C 7.4 bar 738°C 7.4 bar
b 697.5°C 5.6 bar 737°C 5.6 bar

c 697°C 7.8 bar 737°C 7.8 bar
d 696.5°C 9.8 bar 736°C 9.8 bar
696°C 6 bar 736°C 6 bar
f 696°C 7.9 bar 736°C 7.9 bar
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Table 5. Steam outlet temperature and pressure with triple
pipe connection

| One preheater injector | Two preheater injector
tem

Temperature | Pressure |Temperature| Pressure
Two 698°C 4.8 bar 738°C 4.8 bar
layer
Three | qogoc | 74bar | 738°C | 74bar
layer
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Table 6. Steam outlet temperature and pressure as steam flow
rate increases in triple pipe connection

One preheater injector | Two preheater injector

ftems Temperature | Pressure | Temperature| Pressure
100 kg/h 698°C 7.4 bar 738°C 7.4 bar
200 kg/h 572°C 18.5 bar 627°C 18.5 bar
300 kg/h 493°C 39 bar 544°C 39 bar

Table 7. Various types of insulation pipe with three layers

Steam Vacuum | Insulation | Vacuum
Case . .
pipe layer thickness layer
1 10A 25A 50 mm 150 A
2 10A 25A 50 mm 250 A
3 10 A 25A 100 mm 250 A

Table 8. Temperature and pressure of solid oxide electrolyte
cell inlet according to various types of insulations pipe with
three layers

One preheater injector | Two preheater injector

Case
Temperature| Pressure |Temperature| Pressure
1 698°C 7.4 bar 738°C 7.4 bar
2 698°C 6.6 bar 738°C 6.6 bar
3 704°C 5.9 bar 744°C 5.9 bar
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