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Abstract >> Hydrogen production using solid oxide electrolysis cells (SOEC) is a
promising technology because of its efficiency, cleanness, and scalability. Especially,
high-power SOEC system has received a lot of attention from researchers. This
study compared and analyzed the low-power and high-power SOEC system in
term of economic. By using revenue requirement method, levelized cost of hydro-
gen (LCOH) was calculated for comparison. In addition, the sensitivity analysis
was performed to determine the dependence of hydrogen cost on input variables.
The results indicated that high-power SOEC system is superior to a low-power
SOEC system. In the capital cost, the stack cost is dominant in both systems, but
the electricity cost is the most contributed factor to the hydrogen cost. If the
high-power SOEC system combines with a nuclear power plant, the hydrogen
cost can reach 3.65 $/kg when the electricity cost is 3.28 ¢/kWh and the stack
cost is assumed to be 574 $/kW.

Key words : SOEC(1L ¥| At 31891 8 M X|), Hydrogen(4: 4 ), Electrolysis(4 M 3j), LCOH
(538 & A MAHH| L), Economic analysis(Z KA £4A)
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Fig. 1. Schematic diagram of low-power and high-power SOEC systems
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Table 1. Systems specifications and parameters

Parameters Unit | LP-SOEC | HP-SOEC
Cell working temperature c 700
Cell working pressure bar 1.055
Current density Alem’ 0.32 1.0
Cell voltage \Y% 1.262 1.3
HEX effectiveness - 0.92
Pressure drops in HEX % 2.0
inle?iei;geaiure ¢ 30
isentrolsils \Z:f;ciency ) 08
Inlet steam temperature ¢ 150
Ambient air temperature ¢ 25
Ambient air pressure bar 1.01325
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Table 3. Parameters and assumptions used in economic anal-

BA9] 7|Zo0] Bt e BE37] Slo) QA APy ysis
1} W22 Aolgjof slt). webd 128 SOEC 9 Parameters Unit Value
28] 712 700 SAW, AL A7) v, 227 u)e Nominal inflation rate % 1.9
Design time (base year) Year 2020
16.4 $/ton, 7[5 85%% 7|8 AolAR AEHFH - -
= s gre 7 o Y Construction duration Year 1
= Z Z 3 o] o
o e G 2 = Weo] High LCOHS] < Economic life of power plant Year 30
2L 3ol olal Wt EAo o]
== BAstr] sl 1 Hie Ao AREE AT Required annual return by
common equity % 7.0
(fraction: 50%)
Table 2. Variables used in economic analysis X
Required annual return by
Variables | Unit | Value remark debt % 3.0
1,650 Current stack price in South (fraction: 50%)
’ Korea
Resultant average annual
SOEC stack| $/kW . % 5.0
stack| $ 700 2020 stack cost based on experts return on investment °
225 2030 DOE target Average combined income
% 25.0
Nuclear power electricity price tax rate
5.57 in Korea Average property tax rate % 1.5
- (67.9 W/kWh) Average insurance tax rate % 0.5
Electricity . - ..
¢/kWh Industrial electricity price in Labor position for operating
cost 877 Korea (107 W/kWh : Persons 2
orea ) and maintenance
Renewable electricity price in A 1 salary f
11.89 verage annual salary for the
Korea (145 ¥/kWh) operating labor $/year/person 40,000
0.00 Low value (%0/ton) Annual fixed O&M % PFI cost 6.3
Middle value 9
16.40 . % of annual
Steam | $/ton (20,000 ¥/ton) Annual variable O&M electricity cost 2.0
High value C
2. ost of heat exchanger, and
32.80 (40,000 ¥/ton) blower Based on matches.com
Capaci 80 Low value Inverter cost $/kwW 325.0
ffctorty % 85 Middle value % of main
Auxili i 10.0
90 High value uxiliary equipment cost equipment cost
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Table 4. Purchased equipment cost of the investigated sys-
tems

Item LP-SOEC HP-SOEC

Steam HEX (HEX1) ($) | 1,966 | 3.6% | 1,759 | 5.9%
Air HEX ($) 1L138 | 2.1% | 724 | 2.4%
Condenser ($) 1,966 | 3.6% | 1,656 | 5.6%

Air blower ($) 517 | 0.9% | 310 | 1.0%
Recirculation blower (§) | 414 | 0.7% | 310 | 1.0%
Water pump ($) 1,656 | 3.0% | 1,656 | 5.6%
Inverter ($) 6,831 | 12.4% | 6,831 | 22.9%

Auxiliary equipment ($) | 1,449 | 2.6% | 1,325 | 4.4%

SOEC stack ($) 39,265 | 71.1% | 35,888 | 51.1%
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Fig. 2. LCOH of low-power and high-power system with different sources of electricity
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