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Abstract >> In this study, we design and quantitatively evaluate an integrated am-
monia-to-hydrogen power terminal. The process consists of an ammonia crack-
er, hydrogen purification, and a power block in which a hydrogen gas turbine and
a solid-oxide fuel cell (SOFC) operate in parallel; the cracker furnace is fired with
an NHs—H:z blended fuel for tighter thermal integration. Under blue and green
ammonia scenarios, we compare the levelized cost of electricity (LCOE) and car-
bon intensity (Cl) while optimizing the hydrogen split between the two units. The
most balanced cost—efficiency outcome is achieved at a GT:SOFC fuel-allocation
ratio of 1:1. SOFC model and sensitivity analyses confirm the influence of key de-
sign variables. The proposed scheme delivers simultaneous economic and envi-
ronmental benefits through heat- and mass-integration.

Key words : Ammonia terminal( 2.L|o} E{0|'d), Ammonia cracking(2 2 L|o} &3lf/
32 #), Hydrogen gas turbine($=4 7tAE{HI), Solid oxide fuel cell, SOFC
(DX ASLE A 2 M X]), Levelized cost of electricity, LCOE(T-5 SH X H| L),
Carbon intensity,CI(EfA T Qf )

1. M2 Qrauo} Enld Qlstel 3o Wao] A1 9
on, Bud gAeA o] B4 e Awrt AA

QPHUOHNH)E AR, AloA A3t eho] Aol AAQl oare nAT. 2 A7 of
st A oAl WEALS MILYE okt ele Bl kLol F4e] $i 2 2ol
B RO SEAstE AT S Uk Sk & (U B HAR, 10 eiEY TR
Wz 3t Ly, ol ufet 2zt skl A 7140 AAsks ehuyol Eelu)e MAskn

& TAMEHD), BAlL THAE s AAR F= Adee WRITL

765

2025 The Korean Hydrogen and New Energy Society. All rights reserved.


https://crossmark.crossref.org/dialog/?doi=10.7316/JHNE.2025.36.6.765&domain=https://journal.hydrogen.or.kr/&uri_scheme=http:&cm_version=v1.5

766 UZL{OFEO|ZQ| 4 Pl 7PAEEI-SOFC S22 S8 A7

o2
H
°
(o]
-
M
o)
rr
o
ot

o 5 S
=2
A
__m

O
o
ok
o
E=
;&
o
vl
_EL

_L

II
%
ozi
é
ME

u
)
o
rﬂ
22
> 1
°
<
z 1
H
?01
>
)
T
z
o
2L

A 4—.{GT SOFC) HH7]7}/\
3449 H det d-EA Sl 4
o, 2 Oﬂ?-«l E1U1 = %‘_% W GrL o=
oA 7Kl gste] a1gF 2xdoflA] EalfstaL, g
A7 A (=AY A E BAIGE F, GTLE SOFCO

Hufjshs 125 st ojnf 44
#iH(GT-SOFC) & 34 AAMS= dAsto] A
| AS3HPAR]8(LCOE), EHAZOFE(CI) 2] FA]

HUN)

=
HZ
=

&

ﬂJﬂHn:oEozr_ﬁrEB-iEOHr_ﬁjo\:o
[e)

o}qu]_
oo, 2 Oq:rL— e Y 714 AR
Atk (1) gmyol gujde] 24 AAS o
1 Aol (2) BEafi dYog ognyokgAa
= Agsto] o Y YERE B, (3)
x| 7|8 SwIHHEN)Z SaEESE Ui 24
7} TAI71 30, (4) 24 Eulju]7} LCOE/CIo] 1]3]

;=

)Jl

H
Zg%m FFE AAHoR BAE BT AR
= 9 I3 ghuLjols B THjgos
Slststel, B B Aol AT A

o
8 Chell W7l F24 4 guHos Brie

4

ESE =Fo ofwfo} Ejud F4]9] A|ztojA
19} Ea-AA-H(GT-SOFC WE)e] 3} A7
oF SAHS Aok, 4 HujHlE o2 A
AY(LCOE)} g4 4(CN 2] 3 7& gt A8
=l s 24 A, THHH]7} OF|:] HEI1o|
A A4 2919} SOFC] & 97t Atz o g

8 A5k

8o Y Aol st AT el
_]

[
£ AT A ghmfol /| Sdiky mEZY]

>> a0 A S| =28

2.1 NAY i ¥ S8 7=

Fig 12 & AtollA AIQket Etvjo}l 7]ut F3t
Aol =S vehdct. Attol A A4k ofmo}
ZHb7)/0]| 97| (Vaporizer/Preheater) S Z1}5h1 7]
=i, Y2 S 7FE & (Furnace) Hj7]7kA
W Seee S0 Baels ol
0}% ARG oF Ea7)E FU =] 20
SElo] e, A, mlHE Qhmolz TAH
g et ade Bas de 37
7tz 7F 238k, A w7)7kAe] dB s o
Ad7|2 ghFEo] duggS AT
odele gEEe HAsic

off b rlr ot
2
o e

X > b x> C

o H N Hﬂi

o F—Q

2NH, — N, +3H, (1)
1-X | = exp(—k,(W/F)) @)

_ 205974

RT *[N[_[S]O.W* [Hé]*l (3)8)

= 3.64*10%%¢

Reformer
50700C
bar
s1a%

CO; Free gas

—_—
Stream for heat supply

Fig. 1. Conceptual block flow diagram for the proposed
NH; terminal system

X3 M= 2025 128



oAl HS Y] X 8X

L
2t by =
2 99 Table 17} 22 gHzgo] LHYL:
Ni-PYALO; ZUiE AR W =415 4
o8] o] BaE Ax
& Ft vlastlon, t7]¢F Bl 540-560°CS| &
T oA o] Aeked 2akE 1% mlRto] 2ol
Ach(Fig. 2).
—:Lﬂiﬂ S TR E 2 A% FEHTSA) &
ojFEo] 2k g 7|Wke] HEd FEA
5H i 2EYY s 4R AEY(FRE A,
Yryohom Ze|HEch TSA Ao Zash
Sh= MR 7|7k B ARA w77k
Asl WiolA SEstes AAsA Hl4
2L Z4E(Scrubber)-E A (Stripper) Al
I dRUols &4, AAske] 3lelal,
mUol Y ello R HRY Ui o8-8

p)
2
rich

r\l
=
>
- 1o
[
r |

o
filo
Hﬂ

@,

ﬁ

12 P~ ol
I °S¥

r&
P>

M
[> 2
1m

=2

4>
i 2

Mo o u2 ox 1o
u&Z 2

H
ro
Hu)

oX

__)H__,(

)
oo

b

l >

I
i
~{m

2o SOFCY das ZIE,
‘EI_E}. SOFC2] 112 vj7|7}&
) TSA AJARe] Aow Aee

fr ok
N
rir
=

2
v
£
ne
N
e

Table 1. Operating condition of reactor

Parameter Reactor
Temperature, °C 550-700
Pressure, bar 40
Conversion rate, % 94.37

= Conversion Rate (Model)
Conversion Rate (Literature)

100 .
.

Conversion rate
=

—— T T ——
480 500 520 540 560 580 600 620 640 660 680
Temperature (°C)

Fig. 2. kinetic modeling validation
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Table 2. Design basis and modeling assumptions of the
TSA-based hydrogen purification unit

T g/ =4
A7 uFA] Temperature (i\)sv;il)g Adsorption
S2A Clinoptilolite
TSA #+9 49 9.5 bar
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TSA A &&= 400°C
4 NH; 5= ppm 43
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Fig. 3. Heat exchanger network of ammonia terminal using
Aspen Energy Analyzer
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3. Sensitivity Analysis
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Fig. 4. Power generation results of sensitivity analysis

Table 3. Power generation vs H, split ratio (GT-SOFC)

Case H, split Power GT Power SOF Power Total
ratio MW) C (MW) MW)
1 1:0 60.00 0.00 60.00
2 185:1 39.00 39.00 78.00
3 1:1 30.05 52.66 82.71
4 1:1.11 28.47 54.95 83.42
5 0:1 0.00 92.43 92.43
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4. Techno—Economic Analysis
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Table 4. Cost estimation parameters for gas turbine and
fuel cell

Parameter Value($/kW)
Gas turbine 1.175 [9]
Fuel cell 6,700 [9-13]
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Table 5. TEA results of sensitivity analysis

Split ratio  LCOE($/MWh) LCOE($/MWh)

Point

(GT:FC) Blue Green
Case 1 1:0 391.03 726.74
Case 2 1.85: 1 383.88 642.16
Case 3 1:1 370.31 614.71
Case 4 1:1.11 371.25 613.57
Case 5 0:1 412.78 631.22
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Table 6. Power generation, LCOE, CI results of sensitivity
analysis using blue NH;

Power generation LCOE CI

MW) ($MWh)  (kgCO»-eq/kWh)
Case 1 60.2 391.0 0.92
Case 2 78.0 383.8 0.63
Case 3 82.7 370.3 0.59
Case 4 834 3713 0.59
Case 5 92.5 412.8 0.50

Table 7. Power generation, LCOE, CI results of sensitivity
analysis using green NHj

Power generation = LCOE CI
(MW) ($MWh)  (kgCO,-eq/kWh)

Case 1 60.2 726.7 0.52
Case 2 78.0 642.3 0.32
Case 3 82.7 614.7 0.3
Case 4 83.4 613.6 0.29
Case 5 92.5 631.2 0.24
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5. Life Cycle Assessment
(Carbon Intensity)
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6. Conclusion
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Case 1 1:0 0.92 0.52

Case 2 1.85:1 0.63 0.32

Case 3 1:1 0.59 0.30 0.699

Case 4 1:1.11 0.59 0.30

Case 5 0:1 0.50 0.24
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