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Abstract

Two scenarios were assumed to analyze the unit price of hydrogen implementation and build a blue
hydrogen supply chain between Australia and Korea. Scenario 1 was the case of the unit price for
transporting blue hydrogen produced at steam methane reforming (SMR) facilities in Australia to
South Korea by three methods. Scenario 2 was the case of the unit price of hydrogen produced through
domestic SMR facilities with CO, sequestration in Korea and Australia, respectively. Considering the
various implementations and the unit price depending on the technology level and process efficiency,
Monte Carlo simulation was used to calculate the implementation unit prices statistically. For scenario
1, the results were $12.4/kgH, (liquid hydrogen), $6.3/kgH, (ammonia), and $13.8/kgH, (liquid
organic hydrogen carrier, LOHC). For scenario 2, they were $21.5/kgH, (Australia) and $13.7/kgH,
(Korea), depending on CCS site location. This analysis showed that the implementation of blue
hydrogen as ammonia in Australia is the most feasible option.
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Fob gk 7 MG FFE TS A R AR & 7Y E A )l S e ANE
H| W8T Aluhe] 2 1 55 W) SMR(steam methane reforming) A 8] of| 4] AJAHE g M 445 71
O T @53 A9-o|m, 424:0] Aut 28-S 13t A R B2, ehEU o}, Liquid organic
hydrogen carrier(LOHC))'H ©71-& B w8} th AlUhe] 2 2= =] SMR A H| 0| A} =42 AJAF A E
Aok CO & Tt e 39 AFA A Aeloke 492 UHro] 975 Bl &9
©7He] g vl 7ol whet 7P A o] BB HEIZFER AlET o] A 02 SA A 7|9k Het =
o S =S AU 12 $12.4/kgHy(A3hpa), $6.3/kgHa (U, $13.8/kgH,
(LOHC) 9] =% @71 =&31t) AlyE] 2 2+ $13.7/kgHy(=U] CCS), $21.5/kgHy( 3.5 CCS)
O] = B7HE EE&IGITh o5 Boll B 7[e R oA Mg AL S Lol FE R
=Y =Yool 7P AA| Aol

FR0|: B, CCS, 3%, 4 B/L REHER Sl 4
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232 71598k 970l Hgsh] Slat Wk wmelol
7|3 QLo T AR 2050 7kA] Sk E
Soge GHS IR HaFURNPLS Sedelalr)
(Korea Policy Briefing, 2022). o4 24 7FA0 &9 2
A ARE HAZ vl o YA Qo2 FERT 9o
o, Sasd AN £ oA Lo R TR Xt
(Hyundai Motor Group, 2022). A 4=A= A A7t A 7|4
O] =4 A& CO, 27 H Au|7|eE AAIst] 4=
SE AN 7|2 S A oA A A RO M A
F8 983 T A& A ETHKEE] 2023).

o A7 |2 A A T B of| what 34, A,
A FREFITE 352 (grey hydrogen) = w gt 4>
715 Egotar kg5 Bl AR ao|w, M
=24x(blue hydrogen)+= 3] M4=4s AAF A WA 6= CO &
3% 9 Azg](carbon capture and storage, CCS)3}o] AJAF
3t = AF oJulgitt. SAl=4(green hydrogen)+= AAJoll
YR Z A Ags g-8ato] AR A =ao]
o 2 A PARE Q1o ANl 7] Y] vleS At
2 712 48%, 2871 712 30%, A& 712 18%, =8
= 4%E ARSI Gas news, 2023).

A A AR A BAYSH= COE CCS 71E2
Aestu R A7k i EeFo] At} 53], CCS B 7=
ko] X&) et 22 7S EE AHE 2O R o
FElo] A7 072 7 Ajdgt A o] H A
% 2 AYE i Hyundai Motor Group, 2022). tf g7l %
220199 A 245 2e S Fof el
s 59 AR S WS v Qlth CCS 7o) aL%3}
EHA 23 @77 askgl o, o] 2 s AT &
HollA] HMg=A7} = Mg=av0]] v]sf 290l QITHKEEI,
2023). 3, 3| 4240 Akt ghA & Ll e]--
o] Tl A 7% MG AJAato] F g ALk T A
o] 71 o7 BAETHMSIT, 2022).

A2 A4 RS 257] wgk 7l E(steam methane
reforming, SMR), {3 AFSH(POy), A4 712 (auto-thermal
reforming) 5] itk SMR 342 wgkof| 11 H(700 ~
1,000°C) 8] =575 &7} Al A= Ealuh-s-2 53l
FA5 AT o] oJgl migtat =571 9] g2 o]
B3l =0t YA AR Ak 1S 2dtel= A
W7 A, 7S o), wiwts], A S A
ZIEHKISTEP, 2023). SMR $=3) A] &gxk2( 4] 1) 2 dF
ARk 2)0 2 QA Fie YYH G (pressure
swing adsorption, PSA) W ol o]&f| S|=H ) u|= U] 4=
4 AR % OF 80% 5 SMR 402 A4, A A7)

= A58 A

. 7]14—§]_. ﬂ?ﬁ%

2 0 2= 40%0°] EeItHKISTEP, 2023).
CH, + H,0— CO+3H, )
CO+ H,O— CO, + H, )

o]} o] HAIG AR M, A Ao
)] AALETLoF 2 A7L B & Sl 4 99l Qo
252 A] 75 A Bor 0 7 mesjof gk AR, 3
Lo Al A AR]) WRAZIAE F|2l4g]of o) 25}
3900, CO, A EA S §I5k T dipm A Bhn
7h ol 4= glo] 39] A4S 2Hglof 8 2Hg o] et
ol Qs ool A SR P4k T 75 ALt
2]9.9F 7 3PgolA] ALS B 7|50l nhet 54w Bt
7} e 4= olek whebA, B ol A S 55 1
Ags BRY TEL Y2570 Auel 28 7Pk
7k Alubel 8 WbE Hlaste] ZA|Ae) BAgd £
R ERO RIS

2 B

HAMAA £9l 27} W 2X| MY 7|E

=R N P I P Rt 2 o S A s s b et
S AR TPl A MRS COLE ARl a A A AR 47}
Zasjrt. a0l AR o7 CCSARY o] MagE|aL §le
u, COyZ AP 4 Gl A 87} ok 2t
(Gibson-Poole et al., 2007; Allinson et al., 2009; Ali Khan
etal.,2021). B3t gk Y& 9 Foff Aofli= 7k o] 7
Aso] Al A AR HA7A B B A7
2~(liquefied natural gas, LNG) =¢]of o]&sjjoF gt}
2022 71 FHLNG = H|50] 7 & =7h= 2500]
(Fig. 1), T=12} 7P H|<9H NG 3 $a P HE
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Fig. 1. Korea’s LNG import proportion by country (Korea
Gas Union, 2023).
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25 A4Sl AU 2.0} Fhol| A 4 E A AlSH= ALt
2 Q2 FEE 4= Qlek A Al v 2= T304 A
g Aol g0 2 = sl WHAo|th(Fig. 2). &
= W SMR "4 9] 5=4x A8, CO, 227 H]E, 55 U
CO, A FAE H|-E, HMFLE 08 5k &
= 2AFSE] 2F =Y @7 4RSSt CO, 254
£ 1R B A= 70 A8 CCS A% 5 71 o]
ZH3H$7.43 ~ 16.19/tCO,) Latrobe valley 2] Gippsland
AR AASFACKAL Khan ef al., 2021). J24= o5}
2, G YoKNH;), HARG7 =<4 414 A(liquid organic
hydrogen carrier, LOHC) 2] J e} & AA 8] &40| 71535}
CH Wijayanta et al., 2019). H3}<pi= g8}253°C 2 Yzh
AlA &8, R0k} LOHCE= +4aE dd 3ikE
A W A7dsto] 25k oot whahbA, AR Alvt

Liquefied Hydrogen
Ammonia (NH;)
H 2 e

Liquid Organic Hydrogen Carrier (LOHC) \#s s s s s /

Aueled a w9 w7 74 17

2]9.0] 44 Q) TrHe 4 24 o] ulet 212t Ak
Bsiet.

A ALk o BRI A HATIAS AT
2 Sqioto] BASAS PASHE WA ot EFoA
U S UTFLNGE AH3) i SMR AulofA] 5245 4
AVREIFig. 3). 44 AV THgol A £ O B0
CCS A7 = S CCS A3 0] 2] 4= ek CCS
APEE T 7K AR Hefdt ol S AHAd
€O, AR7Hs g0l 27] woleh. Fa) 1atszlel
7ol 9I7E 1208 E] o] Ab}eEAS Zelg 4 ot
(KNOC, 2023), %22 A4k A WHAY5H= @Ak 5208k <)
0,2 Ae3t7]olis 53 §3o|THEG-TIPS, 2023).
ufebA), 559] CCS A2t AlLke] 9 19 Gippsland 4
Y28 o §US /HIBAO, Ff olArEREE AL
2 7P540] 9l A3, g, Boke BaH oz vjwg
o) AR FRE FUSH BrhEE A B
§ BAO|BE T CCS Aot 2F BA9 Aa
o] &5tr}al 714 S tHKNOC, 2023).

e o wlo

Hydrogen Production: CO, Processing:

SMR Cost in Australia

CO, Capture and Sequestration Cost

Storage, Transport, Reproduction:
Liquefied Hydrogen

Ammonia(NH,)
Liquid Organic Hydrogen Carrier(LOHC)

Fig. 2. Diagram of Scenario 1.
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Fig. 3. Diagram of Scenario 2.
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ALzl 44 91 £t H|TE I3 HIS

A ALk 2. 55 U A AP O] .6 Al
B2 SMR Alu| S F3 424 A4k CO, 7, CO, 4|57
o, o A, Sod S, d AAALO.R THHLE S
SS9 S HES Bk, QU of, LOHC
& FEsto] GE ul 8-S EASIETK Table 1). 559
SMR A1u| S AL§ Spd AR} CO, 3 M1 8-S $1.24
/kgH, 0] (Al Ghafti ef al., 2023), A3 CO,2 A% 2
)5k H]--& $0.07/H, 0] TH(Ali Khan ef al., 2021). 4
A2} B]--o Bl $2.75/kgH,(Al Ghafii ef al., 2023),
Yol $1.69/kgHy(Al Ghafri et al., 2023), LOHC+=

Table 1. Cost of each category in Scenario 1

$5.32/kgH,©|ci(Hurskainen and Thonen, 2020). &3}, 4=
2 Aol tet g vlo] chzul, ofsied 52,85
/kgH,, 2 L]0} $2.05/kgHa, LOHC $2.25/kgH,0|tHIEA,
20230). S 518 A4 4] S| Wl E3} o] §AHH
Ak-2457] 218 08,000 km 2 1AL 54 A
Hoj whe} A4t u)g-o] thE ], NS4 §5.5/kgHy(Raab
et al., 2021), AU o} $1.65/kgHa(IEA, 2023a), LOHC
$4.95/kgH,(HYSTOC, 2018) = AR5t

T AlLele. FU) B AAFS NG A,
LNG 2%, LNG 47|38}, 4=4= A4l CO, 223 H|-8-0| 35
o2 waeil, 350] CCS A4S o8 A5l

Location Cost Unit Mean

Standard deviation Reference

H, production with carbon capture $/kgH, 1.24

0.19 Al Ghaftri et al. (2023)

Ali Khan et al. (2021);

CO; sequestration $/kgH,  0.07 0.009 Al Ghafii ef al. (2023)
AU H, storage
- Liquid H, $/kgH,  2.75 0.08 Al Ghafri et al. (2023)
- Ammonia $/kgH,  1.69 0.19 Al Ghafri et al. (2023)
- LOHC $/kgH, 532 N/A Hurskainen and Thonen (2020)
H, shipping to KR
Ocean - Liquid H, $/kgH, 2.85 0.28 IEA (2023a)
- Ammonia $/kgH,  2.05 0.05 IEA (2023a)
- LOHC $/kgH, 225 0.08 IEA (2023a)
H, reproduction
KR - Liquid H, $/kgH,  5.50 0.37 Raab et al. (2021)
- Ammonia $/kgH, 1.25 0.12 Hydrogen Council (2021)
-LOHC $/kgH, 4.95 0.18 HYSTOC (2018)
Table 2. Cost of each category in Scenario 2 (CCS in Australia)
Location Cost Unit Mean Standard deviation Reference
AU  LNG production $/kgH,  0.75 0.03 Al Ghafri et al. (2023)
Ocean LNG shipping to KR $/kgH,  4.40 0.40 Al Ghafri et al. (2023)
LNG re-gasification $/kgH,  2.96 0.25 GIST (2018)
KR H, production $/kgH, 4.82 0.15 GIST (2018)
Carbon capture $/kgH,  0.74 0.06 IEA (2023b); Han et al. (2019)
CO; liquefaction $/kgH, 7.41 1.04 Al Ghafri et al. (2023)
Ocean CO, shipping to AU
$/kgH, 032 N/A Al Ghafri et al. (2023)
AU  CO; re-gasification
AU CO, sequestration $kgH, 007 0.009 Ali Khan ef al. (2021);

Al Ghafii ef al. (2023)
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Table 3. Cost of each category in Scenario 2 (CCS in South Korea)

19

Location Cost Unit Mean  Standard deviation Reference
AU  LNG production $/kgH,  0.75 0.03 Al Ghafti et al. (2023)
Ocean LNG shipping to KR $/kgH,  4.40 0.40 Al Ghafti et al. (2023)
LNG re-gasification  $/kgH,  2.96 0.25 GIST (2018)
H, production $/kgH,  4.82 0.15 GIST (2018)
KR Carbon capture $/kegH,  0.74 0.06 IEA (2023b); Han et al. (2019)
CO, sequestration $/kgH,  0.07 0.004 Kim and Choi (2017); Al Ghafri et al. (2023)

£CO, A3}, CO, 2, CO, Y713} CO, A 54 8] H]go]
Z7}=]w(Table 2), gH52] CCS #7H4x 0]-§- A] CO, A5
2 2] B]-g1} 27Fg ti(Table 3). 5 U LNG A 7128
$0.75/kgH,(Al Ghafii et al., 2023), $H20 2 9| LNG &4
H|-8-2 $4.4/kgH,(Al Ghafti et al., 2023)°]t} LNG A 7]
3} 18-S $2.96/kgHA(GIST, 2018), SMR AH]|& E3} 4=
2 AP B]8-2 $4.82/kgH, ©]THGIST, 2018). SMR “Ad 1]
YollA CO, 7 H-8-2 $0.74/kgH,0|H(IEA, 2023b;
Han et al., 2019), $F2 25317] Y3 CO, N3} v|&-2>
$1.29 /kgH,©|tHKang et al., 2014). 352 94 & 27|35}
H]-8-2 $0.32/kgH, 0] (Al Ghafri et al., 2023), T39]
Gippsland CCS #&}4~of] A 2] H]-8-2$0.06/H,©|cH Allinson
et al., 2009). A, Y CCS AA 40| Aa] A WAYsH=
H]-8-2 $0.03/H,0]tHKang et al., 2014).

SHIFIERZ AIEYI0|ME S5t AlLI2|2Y 4 =8
ChL 2N

A 7S A 0 & s
& T 34 ag) wEt /M Ao BE ZHFER A
EfolAE S5ty 4 £y T7HE ARSI BE
=0 v]-8-2- Y f-E-arof| TATEHE: 717y 8lal(Khindanova,
2013), 29| FE3to] BH7IEE AlEH 014 1,000
3] =eY5}olt. o] & Fall AFEH 1,000709] A =9
7He Btato] Aue] @7t A1 vlwstth AHA
AlE] 2= T AGAGa Aatol, 3712] A v o up
£ 8|82 B4 BHIZMER AlEY ol A, A%
WP A T9] 88 Ha gk A3kaeaA $12.4/kgHa (R
3=} 0.5), erEYo} $6.3/kgH,(EZEHA} 0.3), LOHC
$13.8/kgH,(EZHA} 0.3)S ©&319tHFig. 4). FHA
At oA CCS A4 A v g-EA Haf, 55
CCS9) Z9- v]g B $21.5/kgHy(FEZ2HAL 1.1), =
W CCS2 7% $13.7/kgHy(FEZ2HAZ}0.5) 2] =4 T¢] H]
o] EE&EUTHFig. 5).

Alvte] 91 AAgA 29 ThyHE vl gk Al 24 A
7 2 CCS A7 A %] of) what T 7 2po ) 7F ZA Ay

7 35 v gL 7|

1 o
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Fig. 4. Cost distribution of Scenario 1.
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Fig. 6. Comparison of hydrogen implementation unit prices according to hydrogen storage method and CCS storage location in

Scenario 1 and Scenario 2.

Table 4. Final unit price analysis for the implementation of
hydrogen

Scenario Average cost Standard
($/kgH,) deviation
Scenario 1
Liquefied Hydrogen 124 0.5
Scenarlol 1 63 03
Ammonia
Scenario 1
LOHC 13.8 0.3
Scenario 2
CCS in Australia 215 1.1
Scenario 2
13. 0.
CCS in Korea 3.7 5

FAtH(Fig. 6, Table 4). AJUe] 2 104 424~ AAF 2 o)
EP% S7F AL A Yot FEI R AT AFste] 2F
3hH ZF = ¢ 9= $6.3/kgH, & 2 7HF A4 A Z o]t o
5} 5:2:9 LOHC B2 A% A] ghmufofe] 75-of u]3}
AAF 8|91} ARYAF H]-L-o] o} & w3l T} =) uwh
2hA), @A) e 7)% ol A AARE g ghey
ot Fe = Aol F7 2] e-Fdhs Alo] ARt A o=
57}t

AUFe) 9.2 CCS AR4 9] X0 uh2 v g BA4S 5}
L, AL 0 10f 13 2 s 9] S . ©
= A A AR FATIAE TR = A LNG A3}

2%, 71815 98] vl go] = E 7] ujolch 5], 557

2 3

= A58 A

CCS AFAE 0183 H9olli= ol A =4 A4k A] 3t
A= COE SF2 4531 -‘—]’7@ oA F=7} v]-g-o] 24
b1z 4o 2] 717 oS- S oA S CCS 4%
22 0]93F AL A0 1 4 LOHC A% w7} u]-g-o]
92} He Eaf FU CCS A4 2718 CCS 71470
HHS B9t H1E- AR, A A H 8- Tk St ol A

= R
AR A Q1 %

A= YA} Ol T2 712 22 Q1S A 07 )
it

O +="o0 Y—

N
rhu

2 =olAle A7k 7T CCS 7] Al A
AV HA0] AR B 918 Tk Al eE
7Pgstol sk 55 7k FAIGA a5 Al
S BQ) W7HE A 20229 71%, Bk S|
LNG %1% 5 714 B2 v15-S 2jatu], 5242 A4k A
byshs CO, 2 Zeja}r] 913 CCS A4 ol o] ol
slo] Al THY 75 A 7k ek Ay
29 19] A9 o A% W 2 ol whet $12.4/keH,
(sl 5\_) $6.3/kgHy(2Yop), $13.8/kgH,(LOHC) 2]
PWHH|8-S Hoju], AU e 2= $21 5/kgH,(&5= CCS),
$13.7/kgHy(ZU] CCS)2] H#H]-8-2 B i) ulg B4
21}, AA 71 s 2 T4 o A E CO, A5A Y
ke 01—51,]0]- -aigﬁg TAE EQ5= Ao] 7H AAAY
HeE v, S 2 LNGE =9l sto] a5 AAtskaL
i—row CCSE +35t= Aol 7MY w2 vl8S &

k. Wb, BB 7 WAL BEHYE T A B
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