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TCorresponding author :
jmpark@kepco-enc.com Abstract >> This study presents a techno-economic analysis of a hydrogen pro-

_ duction system integrating a 60 MWe small modular reactor (SMR) with a 10
gzszzzd 22 jﬂ:;eéigfj MW-class solid oxide electrolysis cell (SOEC). A process model was developed
Accepted 5 August, 2025 using both electrical and thermal energy from the SMR, confirming stable oper-

ation with only 0.84% steam extraction from the main steam line. The SOEC pro-
duced 290.9 kg/h of hydrogen with a specific energy consumption of 41.6
kWh/kg-H.. The levelized cost of hydrogen was estimated at 3.87 USD/kg, and
could be reduced to 3.15 USD/kg under optimistic conditions. Sensitivity analy-
sis highlighted capacity factor, electricity price, and capital cost as key variables.
The results demonstrate the technical and economic feasibility of SMR-SOEC in-
tegration for clean hydrogen production.
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Fig. 1. System configuration of SOEC electrolysis system in-
tegrated with SMR
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Fig. 2. Performance analysis model for SOEC system
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Fig. 3. System configuration for SOEC system modeling
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Table 1. Modeling conditions of 10 MW SOEC system
Item Unit Value
Operating temperature c 800
Operating pressure bar 1.3
Current density Alem? 0.75
Electrolyte area cm? 250
Stack Steam conversion fraction % 85
Stack mole fraction (H,0O) % 90
Stack mole fraction (H,) % 10
Number of cells - Calc
Electric power of stack kW Calc
Pump efficiency % 75
Compressor efficiency % 75
Process | Make-up water temperature ¢ 20
Make-up water pressure bar 1.1
MTA of heat exchangers ¢ 20
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Table 2. Modeling results of 10 MW SOEC system o o
(tandem compound) 2! TF(single flow) EJHI-S 7|
Item Unit Value Zo= kg on F4 7Fa7] 2] TEFWHI-4)= E
H duction(k k 290.9 =
o 1uc o : W1 AAES] AloF B iR E1ke Ao 5= aLEst
Electrolysis power ey -
k X €} 2 13} (¢} A5t
commtion wo| 99530 o &@7)712 makslo] agtom sl
o _ -
Electrical heating power W 2400 das g Alg Aol 8% dFE vAE
consumpiion | F57) 24T B4 G719 LX), B4 gre
Pump&compresso.r KW 12.9 = 29 wdg ¥al Kim %15)% Azstg o A
SOEC power consumption _ .
cycle . KW 10.205.9 2|5} Table 33 2tk
Total electric power ,205. o alel A4 2l 2] Ao A
consumption kWhikg 35.1 Table 49| =dlg] Auto] =W 37| 37104
iy § o A7 =g o
External waste heat kW 1,898.8 saE G 187,097.8 kifsolu} W7 S
consumption kWhikg 6.5 60,979.7 kWe= W3 8§82 32.6%%S aRlsh 4~
Total energy kW 12,104.7
consumption kWh/kg 41.6
Flow rate kg/hr 3,158.4
Heat duty kW 1,898.8
Steam -
Temperature (in/out) C 138.9 | 135.7
Pressure (in/out) bar 35 35
Flow rate kg/hr 45,190
Cooling Heat dllty kW 415.9
water | Temperature (in/out) (¢ 20.0 | 28.0
Pressure (in/out) bar 122 | 1.22 Fig. 4. System configuration for SMR steam cycle
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Table 3. Modeling conditions of SMR steam cycle glgj\u} s o iu]%% %:7] HEAY 7] o]]/\ﬂ T;L_/,\_
Item Unit | Value = 5710 7Rl 9o duikE aeAo s Eul
Main steam pressure bar 60 Aol ZoA o] &Rl=7HE YE= EHA dEY
Main steam temperature c 270.6 A2 AMSE Qlom & w0 A plant auxiliary
Main steam flow rate kg/hr | 376,700 power”} H|E7J O] B & gross heat rate, < steam cycle
SMR Generator power factor - 0.9 heat rate%t 11,045.5 kI/kWhE FA4] =] ¢ct
Condenser back pressure bar 0.086 3.2.2 SMRT} SOEC AJAE| o =3t muiay
Condensate pump efficiency % 80
Feedwater pump efficiency % 80 oAl =<5 SOEC systemi} SMR A€ Alo]&
Main feedwater temperature c 232.2 o] Als& AAISH Fig. 58+ 2] 58 mdde &
3sl3ich. SOECS| 4% SMR AR RE F7] &
Table 4. Modeling results of SMR steam cycle o] Fashy ojuf Z7] &L 25)A= SOEC|A]
ltem Unit Value 88h= 371 = WSSk SAl9l 71 SMR
Generator output kWe 60,979.7 W2 A A A sl MRl S AL
Steam generator heat input kl/s 187,097.8 2{sfojof gl
SMIR Steam cycle heat rate kJ/kWh 11,045.5 SOEC9] 57| o4 &d& 12 1 SMR &F
Steam cycle efficiency % 32.6% AolEolM 71 771 A= #3571 AR 71, AL
% Note: cycle heat rate (kJ/kWh) = SG heat input / generator A Yl ok 7] 52 T = Qo AA A
output cycle efficiency (%) = generator output / SG heat input A9 A=A o] ZH AL &5, oFE 270 33t
———F==

Steam extraction | |
naE I w=—11889 |
il v TE1| ., TBZ

C1=187098

=1

Q=22089
FWwHA4

AsZ
Condensate recovery

5
PP-102 131 —
LR =—

Fig. 5. Modeling flowsheet of SOEC electrolysis system integrated with SMR
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7] H&el O g AES| Horh

Table 59] 24 Ay} ©t=H 10 MW SOECE
AAIF] whel SMRO] F7] H&EH2 7|E HYl 5
¥ Z7120] 0.84% Y-S B9ld 4= itk o] l

ot SYE U5 0.84% st = Ed &

&2 03%p Fashs AuE etk A4 71E o
A A A $719] oF 5-10% F=rHA]= the
Al&gle] g H o sk AoR HrhER 9
cHeD o2 mE W & Aol 283 SOEC Al
2Rlo] AEIE 5719] HEFo] 1% Tlwhe R SMR
Ao mAl= Qo] AlRHol] nhief] g

=
Q1 Au] godo] JHsee BT 4 gck

Table 5. Analysis of the effects of steam extraction

Case 2
Steam extraction rate - - 0.84%
187,097.8|187,097.8

Item Unit Case 1

Steam generator heat input kJ/s

Generator output kWe 60,979.7 | 60,468.4
Steam cycle efficiency - 32.6% | 32.3%
Change in cycle efficiency - - 0.3%p
Steam cycle heat rate kJ/kWh | 11,045.5 | 11,138.9

Note - Base case |Extraction
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Table 63} Zrth AAA B4 AMY 717F> 71 &2
2 9y T 2049S 7ML
&5I51tk SOEC A4 k= Z2AE fu 5
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A3 7%, DOE B 9 A2} A5 ARk
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44513ty SMR] LCOE+= A A, 45, X9, 22
v, 24 W] Sofl mek Zpo| 7k QIAIRE & o
A Y i-SMR =3F LCOES] 65 USD/MWh?E
22 QAEF 9 Ay o ARk

L 3 pdds B3| &5 e F8st9gch

4.2 Base case Zu} 2AM U oIzl EM

BAAVd &4 71 2 712 78l JARt base
case2] AAA B4 A3}= Table 73 Zth LCOH=
3.87 USDkgo & T30 7] aF0] & o]
58.96%2 AA|FHL BHoldt 4= olk

olo] w2t SMRO] 2 ©@7}Ql SMR LCOE7} 4=
2 A el 74 2 FEE 7R a4 Ea
E}£2§ SOEC £=7A13|] Anje] Auje} Hx] v]L&2
L R H]8o] 3544%% FQ3F S nj
= A& ZgelF 4 Qo

g WES9| o] 8-E2 i 4w
T 7 HEAE el E ARz age] 24k 2t
£ Sl i A Tt A1 A
HAtoAs S AY wrlel Au] Expb|z o
Atk 7Hg skl 01852 10-100%2 H3HA| 7]
LCOH 3} W a7k 2o AYARFS B3k,

Fig. 622 SOEC A|AHl o]-8-Fo w2 LCOHLt
i AAREe] HSkE Uehdch oy fde AF
80-95% 9] ol §ER HH g AYAto] 7Hs
3 S e do|m SMRE &2 /M58 HRE
A= o] 95% = o[§-E 7t &= Y.
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Table 6. Economic analysis criteria and key assumptions 53]—3‘7‘ ] E)\ m 3 H] TE}O] A2 SMR Zj_é_\‘i]‘
ShEe ] Aol whet 100% 77k o] 8EE E
Item Unit Value A 7t o2 %3] LCOHS 3.73 USD/kg 0
SOEC capacity MW 10
Plant lifetime Year 20 = 7 AES AT 5 Gk 2 A% olgEol =
parI:ril};ter Capacity factor % 90 opdes ol e A vlige] A adke &
Discount rate % 8 Qg 4= Qlr}. o]= A o] §EC| woHE
Exchange rate KRW/USD 1,300 4 AAkgFo] ksl Au|o] BExHIE ¢ Y2 A
SOEC system USD/KW 2,400
CAPEX SMR integration | % of SOEC % Table 7. Base case LCOH calculation results
Electricity price USD/MWh 65 Item Value (USD/kg) | Cost breakdown
Heat price % of EP | To be modeled CAPEX |Capital cost 1.37 35.44%
OPEX | Water supply cost KRW/ton 1,200 Electricity cost 228 58.96%
Maintenance cost |% of CAPEX 2 OPEX Steam cost 0.14 3.62%
Other expense % of CAPEX 1 Water cost 0.04 0.97%
Product H, production rate kg/year  |To be modeled Other cost 0.04 1.00%
Energy consumption| kWh/kg |To be modeled LCOH 3.87 100.00%
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