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A Study on Thermodynamic Efficiency for HTSE Hydrogen and
Synthesis Gas Production System using Nuclear Plant

DUKIOO YOON-', JAEHWA KOH-
*KEPRI, 65 Munji-Ro, Yuseong-Gu, Daejeon, 305-380, Korea

ABSTRACT

High-temperature steam electrolysis (HTSE) using solid oxide cell is a challenging method for highly
efficient large-scale hydrogen production as a reversible process of solid oxide fuel cell (SOFC). The overall
efficiency of the HTSE hydrogen and synthesis gas production system was analyzed thermo-electrochemically.
A thermo-electrochemical model for the hydrogen and synthesis gas production system with solid oxide
electrolysis cell (SOEC) and very high temperature gas-cooled reactor (VHTR) was established. Sensitivity
analyses with regard to the system were performed to investigate the quantitative effects of key parameters
on the overall efficiency of the production system. The overall efficiency with SOEC and VHTR was expected
to reach a maximum of 58% for the hydrogen production system and to 62% for synthesis gas production
system by improving electrical efficiency, steam utilization rate, waste heat recovery rate, electrolysis efficiency,
and thermal efficiency. Therefore, overall efficiency of the synthesis production system has higher efficiency
than that of the hydrogen production system.

KEY WORDS : Hydrogen production efficiency(54 A& &), SOEC(ZAAF8HE- A o) A), VHIR(Z L&
7}2=2), Synthesis gas(F4d7+2), HTSE(AL-24 7] %-3)

Nomenclature
Hunv : high energy value of hydrogen 1, : generation efficiency
Hre : reversible energy nry © heat production efficiency

7., - electrolysis efficiency

+ . . ; Hry @ thermal energy
Corresponding author : djyoon@kepri.re.kr
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Fig. 1 Hydrogen and synthesis gas production efficiency in
various electrolysis efficiency of the HTSE coupled with PWR
and VHTR.
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Table 1 Electricity generation efficiency of Nuclear power
plants in various temperature

Temperature | Efficiency (%) Type of nuclear plants
300°C 33 PWR
500C 40 SCWR, SFR
600°C 42 LFR
700C 45 MSR
800°C 47 GFR, LFR, MSR, HTGR
900C 50 HTGR
1000°C 52 VHTR
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Fig. 5 Hydrogen and synthesis gas production efficiency in
various steam utilization rate of the HTSE coupled with PWR
and VHTR.
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Table 2 Effects of the parameter on the hydrogen and synthesis
gas production efficiency in VHTR

Parameter | Effects of the parameter on the production
(range) efficiency in VHTR
Electrolysis | 13 percentage of the production efficiency increases
efficiency | when the electrolysis efficiency is improved through
(60-90%) | material and design of cell stack.
Thermal | 5 percentage of the production efficiency increases
efficiency | when the thermal efficiency is improved through
(60-90%) | thermal production system.
14 percentage of the production efficiency increases
Generation | when the generation efficiency is improved. However
efficiency | it is very difficult to improve generation efficiency
(33-50%) | with low cost because of high temperature material
and maintenance cost.
4 percentage of the production efficiency increases
Steam e . L
e when the steam utilization rate is improved
Utilization . .
o through optimization of operating parameter and
(60-90%) .
design of cell stack.
Waste heat | 2.5 percentage of the.production efficiency increases
recovery | when the electrolysis efficiency is improved through
(60-90%) | the addition of a waste heat recovery system.
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Fig. 8 Comprehensive effects of parameters on the production
efficiency in the HTSE coupled with VHTR.
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Table 3 The reversible oxidation of hydrogen and carbon
monoxide in the HTSE (from ideal gas properties)

Hydrogen Carbon Monoxide
Energy PWR | VHTR | PWR | VHIR
(300C) | (1000C) | (300C) | (1000C)
Total Energy
(l/mol) 241.82 | 241.82 | 28299 | 282.99
Hel (kJ/mol)
Electricity Energy 2153 1774 | 24455 | 17298
Hth (kJ/mol)

Thermal Energy 36.52 74.42 48.44 120.01
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