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1) IRENA(2020), Global Renewables Outlook: Energy Transformation 2050, p.25
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Xt&: Urusua et al.(2011), pp.418-420; O|EH2|(2020), p.24 TJ2! X2l

4) O|Ef2|(2020), p.24; & 2/(2019), pp.391~392 &=
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© EU H3¢¥3](European Commission)+= 20204 7¢€ EUS 7|59 2A4S
£Jst $472HA hydrogen strategy for a climate-neutral Europe)d< W33},
20509714 GAME $4 ik 9 &8 2HS F AAIES AXF

* EUQ| 2AKIEFS 2018 RfjAliaA THEH HES =06t ‘44 O|L|ME|E(Hydrogen Initiative) £ A[RIOZ,

T =T [yl
0|= 2050E7IK| &g £|=x0| 7|==2! AIghclimate-neutral bloc) 2 BIEE S =2 2HEZ LHMR
‘FE 2122019, 12y EUS| “AAATER2020. 3) S0f| 7[EtE F1 US6)

- EUe A 9 12190 AENIHX| T2Kclean energy transition)S EAot7| Ist sHal @42
E=17|-
* 2050E77kX| RMOLAK| 2 2E Atz H20] FEC| HEIASIY| 4YEE 7|02 A= ofjdt
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SR FA HEks gEtash= Aols e S
A

o SPARNCIS, 2 RFMOl AMABHUIM M AZE EH?‘HIEF 2 US it o2t 5,

72 & 1 8X7t Cist, OflX| ME-24&0| S0l6etaZ RF AKX Fete| EfEtAS|o|
Hatst X

* 2018 7|&E A7t EU OILX|ZIA0)A XEX[5H= HISE 2%0(2H0[X|2E 2050 F0f= 13~14%

TR ShE ez 7|y

* EUE 2050 ©F 2 250TWhe| A5 MAte & Ql= ZXHEE 7HX|1 o0 0= EU & OflHX] £R9|
24% 2:758)

- (EU eaZiEfo| Ma2]) B 221 S MAMoILIXof 7 (2 T2l MA| Q1004 20503 7EK|
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59 4 9l XEtA Salow Fkn 9
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Nelectricity-based hydrogen)Z &2|

W-Ca
* EU SAHZOIME MEK: 248 BATE] U ME 712(CCS)12 Hg

_I_
arbon hydrogen)?| ZRME A5
MEFTIASE BH) ARL LI 2ARI0| T HXIE Sl MAEl 4~

5) European Commission(2020), 301 final, A Hydrogen Strategy for a Climate-Neutral Europe

6) CHOIZRIERITRI(2020), TR +-A712t0| F7 YETH AN, p7

7) European Commission(2020), 301 final, A Hydrogen Strategy for a Climate-Neutral Europe, p.1

8) Cell, Fuel, and Hydrogen Joint Undertaking(2019), Hydrogen Roadmap Europe: A Sustainable Pathway for the European Energy
Transition
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T OliRIiTe] JIZAIE Y 4 e Wl T3

|
* GW EHR|9] o MME Qfsl| i S, By 4 d8 A= A=

(2T, 2025~2030) EU SRIOLAX] AAEIOfIA 40| SLMO| MACl= THAIZ 40GWe| s
AME st 1T 20| 10810 siEtehs 1X0E Eo| OZIpAE Mt

s MZHIE EY HE 5 MERS £4 2 20(2 Ethsly| fIet MHee SHol HEX|el
o 240 MEY 52 &85t oHEH ofuX| 332 MA =5

« Bt ZEVISS MESH 2244 MAMOZ 2MTKA ZIE0| 7(04

o £ Z2AH E= A M2 (Hydrogen Valley)E Solf 2458 THAMOLAX] L X[AX A MAE

HRH J2IC U 44 FHA MAPYEIS $2I5 2030LH] HHYROID ULl EU £
N
(3B, 2030~20505) 20301 O|FRE JBISA At 7le] & EZE YEIASP) 01
BE 2opo| J24AZ CFDR #8
* 2050LVIHK| RPOILARIZEE] MAE T2 5 O 25%7} 214 Miiofl MBE 2O Ty
+ SA0F A 7|t BIIRE BIF-MUfEDH OfLIRt IEHASIL Of212 419 U 74201 012 IR
Yol L20IM 28

* HIO|QUIAE 28510] HAVIAZ T

[O2 2] EU A2 ED|E S5

The path towards a European hydrogen eco-system step by step :

a—-2%
1
/B lﬂ\l
> ~ 5 -
Ay 7 ) s i
7 % - @
= WS S
B AN G
RS @/
( Today - 2024 )—»—( 2025 - 2030 )—»—[ 2030 - )
From now to 2024, we will From 2025 to 2030, From 2030 onwards,
support the installation of hydrogen needs to become renewable
at least 6GW of renewable an intrinsic part of our hydrogen will be
hydrogen electrolysers in integrated energy deployed at a large
the EU, and the production system, with at least 40GW scale across all

of up to 1 million tonnes of of renewable hydrogen hard-to-decarbonise
renewable hydrogen. electrolysers and the sectors.
production of up to
10 million tonnes of
renewable
hydrogen in the EU.

Xt=: European Commission(2020), A Hydrogen Strategy for a climate neutral Europe, Factsheett
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© 2E ARL 20179 12¢ $47|2™(Basic Hydrogen Strategy)& $%H3}o]
FAAE APE 93 AW B2 w3 AL AAE9)

T = 1 - o = 1y
- (HIB) Y22 247IA S 22 stE=A(et 20 of|HX| ofe ZetE flsl 4 T 20FE
Cles fa7lERiee A
o U= HBLE= 2016 AR ZE7|0IZ2ENNDO)O| 2|7{510 2030E7tK| 2ATtA BiERFS
(2013 CHH|) 26% =g 2|27t U210
* 2018 7IF, Xt OlI4R| SE2| 94%E = SHAOYLAX|0l| 2|ESh= OfAX| FEo| 2% Fof
M2 DusP| Plal 44 JZU SR B0 B 24 MBI OIBH 7ES £

- (3E+S M) Y= H4xt OLX|7[2AE(2014.4)0M= OFHAM(Safety)2 T2 Of|LIX] ot
(Energy security), 224(Economic efficiency), Z12F4(Environment) SEE F5H= Of|{X| =Y
7|=E MF
o pAE 3E+S SHE ZHolY| 2IEt B LOEMN 4R Of7 [2OIM £AAE] FE HME

A7

FAAEIE Y% HHGAIE 3PAR el 9AE Bxe SANAE AF
- (1T - ~2025) 4 O182| ST THAEM, 4 HIE H2S 2ol 2Tt 52 alfel 0|0l ojILX]
(unused energy)ES CCSQt Zefstn Mot MMOHX|ZRE MAEl CH2Fo| £AS £¢|

- BEEO 4 NI28 T8 LS S 2 42 2L 75 TS 4

- (2EM : 20200} Fgh 203060 CHRR 4 ZBYS =Ysiof izt of 302t 29| £48

SRt 4TS 309/ Mo HAE AE
© SRS ZES DUR|E| BEO| a4 £QF STt iR A YHAARS Z2I510]
+QE s|Hoz 52 A&
- (3 - 204080~ ) DIHXIEE SHE F76HE COr-free pAAMS] A B £471245 2090
[Nm*OR EHSI0] 7IE ORI 71 $ECR VAT EHS M
o X A ZZYO| MUIS thyst Y 1EE5}610] XEHRl £33 HIg FYS AlE

© A ALoINE 1) 4 TFF L L 2) Aol AL BT 2248
7.

=
(MH|2 £A0|8) AAH|IR 2=

(unused energy)2t CCSE Zglich=

9) Ministerial Council on Renewable Energy of Japan(2017), The Basic Hydrogen Strategy
10) OfLLIXIZRIITLI2018), it $A47| 2512 271 YT SHALHE 24, p6
11) CHRIZ R T R(2020), ZQ= 4A%H2H0| F71 YR A, p.10
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- (RHOLAR] &8 28} 7|%) HHHRIR TS 42 MESH= Power-to-Gas 7[=2 BHEE(2
SHZ0| {2 71|7é = A0 CHSH Hiotog ==2g diy 9|2

Ix|Q| 7SS 2SR Al/kW)SHD 2030EHCH7IR| THOILARIR a4
|.

0 =1
GEE LT AIA>| MoAvA B A4S Ze5i0] ARRY AlE
- (2A0ig DEIBIE|) ZEIZE| |M 4 BFo| sAle FCV(Fuel Cell Vehicle) 2! $AAE|0]
M i%*%!.

K| 208k CH, 2030'A7FA| 80¢f CHE s2[1 fAFSTAE 2025F7HK|

© 5Y ARE= 20209 69 I7HpA%EH(Nationale Wasserstoffstrategie) S #3235}
T2l Y, 25 H RS 9% ZYAYIE AlFelal #1 VAT BAE

* 5 T2 =Yo| 7|z SH Aol 7ofetn SAl =Y ENIE 3 MER TIXAMESE TED =X
5] ni

ZFRAOIIA OllX| R =S EXISh=0 2Rt HHIE MG RUS.
AANE

- (L) A7IE & 2tA2 250 15HAQ1 20233 7K|= Al &t 2 V(5] &8s I8t A7,
2CHAIR1 2030 E7HK = =LIR| AR ZEte| AP|2 X %
o SiXl| EQUO| LA AH|ZF2 HA7F oF 55TWhO |0 CHE
* 2030E7HK| e QS 90~110TWHhE ks, 0]
Z[Cf sGwe| el ditdslE EX[E ol
c S YR= LY X&XeR DUERISI0] 2040E7IK| 5SGWe| HAEHISE FIt2 dRIZ
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12) The Federal Government of Germany(2020), The National Hydrogen Strategy
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Phase 2 .
2 0 2 3 Strengthen market ramp-up
Nationally & Internationally

Phase 1
Start market ramp-up,
Harness opportunities

2020

Xt=: The Federal Government of Germany(2020), The National Hydrogen Strategy
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© v|= JUAE(DOE)= 20209 11€ 4 Z 2713 A& (Hydrogen Program
Plan) WEE B3l FF vRe] 4 7)& RES T BE D PHHL AN

* 0| Algle 7|&=0| A2 AHigl(Hydrogen Posture Plan(2006)2+ DOE Hydrogen and Fuel Cells Program
Plan(2011) S)ol| Chigh YYC|0|E HZE0|H, DOE 4t} 021 7[2Z0| X[t 20137 ZIbsH 2 At A7y
2 3 S JuES FEI510] HMA|

- (17 &Y 2 OR| 7I0] FHSlEt ABSIOL S 2R 7142 ZX HEtoz gatstozy
012 HYS F75te 22 2350l SE2 41 Y2

- (20053 Of|LAX|&=HE) 7|Ex+0§ 0|22 20054 Of|L{X|[&ZHEH (Energy Policy Act, EPACT) X8
HE THE 2 L ARTK| 7|E AT L HYUSIE T Fof /IS8

- (54 £9) 20204 7|2 10008 EQI A 297} 2050E7KK| Z|C 4,1002KE H|LX|4R29]
14% &) EVHX| SthE Z4o2 ofjAE

- (R BH) AP0 MAMETL $2/kg 28 2 S HIE $2/kg, ALIRIE0] $1/kgC 2 4 35,
ATHE| THYEEE ARMXIAAE HIE2 $80/kW(=H 25000 AlZhH, AXIEE AL
AABRLS $8/kWh |, $2.2/kWh, Aal MH[HIES $300/kW(5E 80,000 AlZE &8 65%),
A2 AZTX|0 Cish A|AE HIZS $900/kW(5H 40,000 AlZhH

=

- (R Tl 20} 3 MR LB) 40| MATE-S&-OILIX| T S B2 Fo Anpe
20f 9l ZTEle Cign 28

« (44 AXIHIG DESO| LhT0] ZatE 4 2 24

S0, AR, SIARIE, XRIE BBE SIOIRIE 4 WA Bl ASIRIE, HOI2

13) KOTRA S| A|EHFA, https://news kotra.or kr/user/globalBbs/kotranews/784/globalBbsDataView.do?setldx=403&dataldx
=185519 (A=A : 2021. 6. 16)
14) StV | ST (2020), =Y =7pAtEf p.2
15) DOE(2020), Department of Energy Hydrogen Program Plan
16) OlIAR IS 2H HISFOl M= oo Mts 2I5H O K|, 40| 88 20F a4 REHA E £4 22 7|27id 20k 52

SIUAS.
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oA, M7 |22 ditste MHIE- IS8 a4 MMI|E, AG ZF-NME-EE(CCUS) 7|22
xI= 7HI:II-
HS =

* (235 ACjBt

1

B A 242 25t 7|2 2 QlZEt 1= AMSIA HE0| 7| &Al
5t

=
B
>

it B HRi XAIS /5t RED, A% EHIO]
&2 Jtsst sfeteA-2H|(chemical hydrogen carriers) SIEHS| K& 7|, A KEQ| OFHA:

5t
2842 1ot 7Is Y ARY 7E
(0]

* (OflAX] Tteh AL 3 FHM0| SfREl HIEXX| CH2F Mt ATSE = o AR 273
Tl= EEl AL SlO[EE|= AL JHEE S AIA

* VIERZ) AZL MR 2EE0I0IM Q75 ALY SE-AR-dS AREstE ME3E, 82
2| Mz A 2Ael NESE ASsl, AsAE0F ARA E VISAE Qe us § 2

Z20Y 2

© 1|3 AUAE(DOE)= 2021¥ 69 ©AFY FANE E7 9 AT 24| 312
23t of|Ljz] Hof TAZ oA o] AAF o|UME]E(Energy Earthshots Initiative) S
Wl O A WA S £4AZ A 4 AK(Hydrogen Shot)ol2ar sk
- (Hydrogen Shot =& L&) Sixl| $5/kg@! S& 0| MALIZIE 104 L 80% &2 $1/kg=

SRZICHs chst Mateth ZiA =85S MY

< Tlot, Of| o] ZNIE Asia pigo] 7|2 Jio] O|SOfKIK| 2te Aol THIE! H2t glo] 4

st |

SLVIE iR o2 S2Inet £ a2 SHeRE BIEE AP

e

mE
H
=2
£
:oll__l
B

- OlIAX] OA%00] =45 Chdfe= Mg Eitel BFE, OIXIR(DOE)2| 2% O[L|ME[E0]| X|£XR
7

[y
o St = o
g 2km PEE Teo| US ZoR BY

af. ~Hsl| HEre| =718 ]

© ©r1F o= 203097HA] EUSF Y2 77 $6/kg(€5/kg), $3/kge] 4 4]

|
o
Hl
o
i
3
b
=
o
ofm
=o£
X
>
0%
$0
fr
>
E_L
oo
>
|—_I_
:Iog
0%
=
o
)
Jlow
_ol
&
¥0
|0
=
N
o
Ul
o
[
N
BN
©
)
10

- EEIHoR e MHt 2HRIS 204047 225 HIZLAE Jlsta 2g
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<E 1> I7HE fMe 2 MLH|IE HESE

27} 2020 2030 2040 2050
FU €5/kg €3/kg
A= $3/kg $2/kg $2/kg
=9 €25-55/kg
$2/kg(=8),
]
= $1/kg(4Hed)

F =2 MFPE 7 |02 25|01 0.089882] 2tV |=S M E510] kg 2 HiSIsIRI 0 2040F 0% 2001/ VP ($2/kg) =27tA
LAESEE 2050E71X| HRE!. D=2 20201 Hydrogen program planOilAf 71240| M7 |E8 THIHOZ HA[SHA| 4oL,
HIA FMEO| MY |7H2 205042 7|ZO 2 5111 §l0] 0|2 X123,

RHE: 20|A4(2020) p. 131} £ H1M 3R AR E 7 |Ho 2 KAt A7

© EUE 2030W71A] |4 40GWolide] 48] An)7t o3y, o] F 542 20304

7HA] 5GW, 2040Q7}A] 10GWe] Au] R E Zt& Ao 7 AwE,
- EUE 4l AM &E8 E5f Z[0H 1,0008F E9| X161 4 MAMS 2HZ KHAIGHD o0,
SIS 2030E7EX| 2f 100TWhe| HHE 4 MAS e Al8E Zo=2 MY
- U2 2017 2AT|2XEF AElofA 2030 7K 308t £E9| 2HMs| £AE 23S S AEl
SIZOLE 20203 122! 0| 2HE ZXA5101 2030E77HK| 10008t ECZ ASIREsI= 712 ZHE &
<E 2> F71E Ml 4 MAMHR S5
27} 2020 2030 2040 2050
EU 1,0008t £
A= 300t £+ 1,0000t £
= 55TWh 90-110TWh

7 EUS| 2030 SEL A[CHR|Z 7|E0R2 &b EYS 44 MAIS QI8 HEisozts Hat

*ol=e 2030 308 EO| 2EE 10002t E02 £Hsl= U2 HE S

X2 2 BN 35| XIRE 7|gho 2 XXt A

- 20204 9F 556kWh/kge| MAISES HO|D Qe AES MH|o| 1EE-CRHSIE 20304

47.8kWh/kgl| &8 NS 2HZ 51 2

* 22[LI2k= 2030 50kWh/kg, 100MWZ2| 7HEE SEZ ot /US
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AH £=A-(clean hudrogen) AAHIS

04 M A

(clean hydrogen) 24AHIE

© (EF5a) 8 AHAN R 48 AT 5 Y 7P AHE BAL Javks
MeF S AR (fossil fue) S 7|9ho s BA T AAY|S(CCS) S HLT B2
s4x(blue hydrogen)

- (SI= T[Hb 4O MAH|E) Bt XE-NE VIEs MESIA| 42 ©A7tA JHE 4T (0]
)| #S3} f7HLevelized cost of Hydrogen, LCOH,)= 20204 7|2 $0.71 ~$2.29/kg0|04,
MEL JtASKcoal gasification) 3ES E6F A M 27b= $1.36~$2.19/kg2 FHEL

- (SHIR 718E $A+CCS) CCSE ZEo10] HMATIA THE fAE MiksH= HIE2 =71 FHeIA

710 w2
- Bt ZE
Tkg 242

[ ]
[l
Q
¥_|
|>J

AN

$1.34~$2.91/kg AfO|0|04, MEfo| A= $2.51~$3.34/kg= 24!

r
NEPIG(CC9E HEY BRI E74L), Teias sEioZeel] ighe o

E o2 oOoT\—, =27 T/, T

°f $0.6, $1.19 FIIHQl HIgS WAL,
7124($1.1~$3.1/MMBtu)0| =2 0|2, FHLICE, 2{AJ0 A

FRLIOf2H[Ot= CCSE Xge
AAHI80| M B, P, 290], 24H 5 7E =/0ME dHiEe=z

T
g0l =5 B

A (oF $IOMMMBRISE AEKSI00-5126/02 210f oI5 P2l le} Aol 22 CCS
7|_+ SoMLF HIBO| 71 £2 rl2 25E

<E 3> I7PH B340 MAH|E(LCOH,) T} MOI7[A 2 MEL 7124(2020)

29} E?_Ufé 7HE HATIA T MEFT7[ASE MEHTHH
2 A+CCS($/kg) ($/MMBtu) 2A+CCS($/kg) ($/1)
o= 1.68 3.1 277 57
FHLCt 1.34 1.1 279 59
SELS] 2.36 7.1 2.92 73
=2 2.55 8.3 257 30

17) BNEF(2020)= =718 HAA7IA($1.1-$10.3/MMBtu)2F A4EHE30-$116/t)2| 714 L CCS HEE Afz|e
CAPEX, OPEX 5 7|12 7SS 78102 MRS 0|3t £4 MM RS8H 1242 RIS, Wiray

O1&& Arfof Chgt
4 LCOH, M2 2lsh

o
ruE_r

AEE 7|2 7FE2 B M Table 4(p.11)E &1




I 0i.ixi 0l HOIH

o j_*"dﬂﬁ 7HE HATIA 71 MEtJLAS] MEFIHH
$A+CCS($/kg) ($/MMBtu) 4A+CCS($/kg) ($/1)
ol 2.15 5.9 26 40
U= 2.84 99 3.19 100
5= 291 103 3.34 116
ol LAlot 2.06 53 2.84 64
[oES 1.92 45 251 30
4= 2.46 77 3 81
=9 263 8.7 26 40
2{A[OF 1.4 15 2.6 40
AZIC|LH|OF 247 7.8 3 81
AFRL|0f2}H|O} 1.36 12 2.92 73

Xt=: BNEF(2020), Hydrogen: The Economics of Production from Fossil Fuels with CCS(p.12)0| 7|Z=510{ R4

- (B7] 3 £4 MAHIR) 22 YEEl B0M(EA 2020; BNEF, 2021)0] =M, CCS 7|2
2ot ez J[8h SF440 B MAH|E0| B, 3 5 AR ZRES| HHS
ALZ510] MitEl= O2IeAHCH #55| MEst HY
o IAN(20191F1} 2021 7IEIHA| EFAt TRIeA0] MAMHIE2 FATIA 7[5 JiESA

+CCS7F 7HY W, ChgQ 2 MEF 7iASE 7 $A+(CCS, AHOfILAX| 7[2F J21a +=0= LIER,
* [EA(2020)18)1t BNEF(2021)192| AAHEFAIEE A MAH|E FHX|= CAPEX, OPEX & 242 25t 7|2

71t =8 AP| Soll W2k o Holsin fREel tEE2
* BNEF2021)= 287} 27} 21420 MAHIRS ZEGION, MAHIR0| 7F Se ZoK=arael 714
£2 FTHRIZHAORS] FHRIE 7[EICE $F LCOH, HIE LIEf. 7182 AmEH, B2ds Helst

BE 2771l 710 IR0 LCOH,7} BEFAERDIA 7|2t HEAA+CCS)2T} 52 HOZ A

=

|- H 7P7< 7<|'_|

18) [EA(2020)2| LCOH, 2412 9let 7|2 7 181t 22
i) M7t A(natural gas)= 57| FHE S E(steam methane reforming, SMR), A1EHcoal)2 MEH 7tASH S & (coal gasification) 2
EHE{O| A MAHIAIQL MEHCoal) 2|10 MEHCCSE 20| shz|0d, MEHS M2 (low-carbon electricity)of| 7|HE5H 4
Zali(electrolysis)= AHAHOLAX| 7 |[HF AMAF HEAS J1RIGE
ii ) CAPEX(capital expenditure)0fl CHgH 7F42 SMR(CCS O|&E)2| A< $910/kWH,; SMR+CCSE= $1,583/kWH,; coal(CCS DM S)
2 $2,672/kWHs; coal+CCSE $2,783/kWHy; 2=F15H BHAI2 $872/kKW.Q.
iii) OPEX(operating expenditure)0i| CHEH 7}&(CAPEXQ| HIB)2 SMR(CCS OIXE)e| HL 47%, SMR+CCSE= 3.0% J2|11
coal(CCS HE & O|XE)2 5.0%; sl Zale 2.2%Y.
iv) Z|CH £5HAZ Hfull-load hour)ol| CHohA= Z7HAIS At MEH I tASE S 8,322 A7 £86Hi2| A<= 3,000~4,000 Al7HE 7HEEL.
v ) AEl(stack) 2t A|AEl(system) 2| =2 Zt2+ 100,000 A|7tF 30HS 2 71
vi) MATIAL| 7+ $1.4~$6.3/GJ; MER2 $1.6~$3.8/GJ; T3 BHAl2 $36~$116/MWhE X&8t
vil) OASHEEA(CO,) ZEIZEE SMR with CCS= 95%, coal with CCS= 90%E 71AEt
vii) O[AFSIERN 7HA2 $0~$15/tCO.E HE3IUCM & H XEof Chst HIEE2 $20/tCO.E 7HaEL.
19) BNEF(2021)2] LCOH = H2HMQl -5l B8 ALIZ|QE HIZC 2 FHE. MA0|LR] 7|2 a2 MiHIE S dTiXoz
L2 LCOHE B2 YZafel -8s MulHlE2 7[oZ, Mo R =2 MitH|= PEMELAH|HISS 71510 T8E. My
OllX|=REe| TV = EH%% = SY 8 S HE2HIES HESIL, 2 =7/10] tis 328 CCS HIES 71ag
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AH £=A-(clean hudrogen) AAHIS

USDIkg
10.0

2019 2021
8.0

6.0

4.0

20 =

0.0

Natural gas Matural gas Coal Coal Low-carbon ‘Blue’ H; from  ‘Blue’ H> from  Renewable H»
with CCS with CCS electricity natural gas coal with CCS (Green)
with CCS

XtE: IEA(2020), Energy Technology Perspectives 2020, p.74(%), BNEF(2021), 1H 2021 Hydrogen Levelized Cost Update, p.11(%)
ol 7 |z=5101 xH=1

© (537 FA 4 AiE) AgolyA] 7t 181440 LCOH= A&F SR
stefstol ¥ 107159 Foli BRpae] PAulguTt oty How A%
- 2715l AH|of| Ciet CAPEX & KAOILX] #5351 71(Levelized cost of electricity, LCOE)2| K|&%
S2faf T A A Z2HE E QIst &84 Mo 2}, 2030 JZIxA0| *oHHHI%%
2020 CHH| 62%77tX| 512t & 4oz Fatko)

|82 IS W JRleAe 2035 EF A0} HIE SH0IM

MRl RISRIS UR{RITHEE, J2Iea= 2025 00| CCSE
AL HISEL SofRlE Ax 7hs

[ ]
s}
09
o8 i
o
1 4
on
=
0z
=2
i
A

> T
[Ral
k=)
m-

=
- B dtidoz SRRl sl HIE ALRIQE 71Eeh BNEF(2021)2] E0Aof (=3, 20304
AT A 7[5 IHE A+CCS)E0L Mt HIg2= M|

* JUiHo= EH[HI80] =2 PEMEL SHSHE 71gSIERtE, B2t Of=, Y2 S 2871 =7t & 1671 =710fA
i

20| MAHIBO| SR440] MAHIBECH HOMY ZioR HAlE

20) Hydrogen Council and McKinsey & Company(2021), Hydrogen Insights: A Perspective on Hydrogen Investment, Market
Development and Cost Competitiveness
21) BENF(2021), TH Hydrogen Levelized Cost Update, p.13
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6.0 N
° | Low-cost solar and wind resources start to achieve

fossil fuel parity within the next five years

5.0

4.0

3.0
q

2.0

LCOH (USD/kg H,)

1.0

0
2020 2025 2030 2035 2040 2045 2050

- -0 -- Average PV Average Wind Best case PV —®— Best case Wind

I___"" Hydrogen from fossil fuels with CCS

Z el MH[HIE2 $770/kW(2020), $540/kW(2030), $435/kW(2040), $370/kW(2050) 2 7ot 20, EfA 7H4(CO; prices)2

$50/E(2030), $100/E(2040), $200/=(2050)2 Eot0{ FH&

XF=: IRENA(2019), Hydrogen: A Renewable Energy Perspective, p.34

© (T g AY) AdelR] Y o2l Y= Jdpae] #5357t
(LCOH,)= 2021 o] F43HA stetsto] 20500 tiF-22] 3710l $1/kg
O] o]—i ‘—"'()]—7q 7‘10 22)

- 20219 7|F, Jglea MAMHIE(LCOH2)2 S22 2ZEIRl(Chinese AEL) X5l MHIE 7FHE
AR $154~$577/kg +F0|0{, YAEH LdZ2fRl(western AEL)2 $3.37~$10.09/kg= LIEFE.
- 71 LCOH, FEX[Q| He7t &St LIEILK= 0lF= I/ Xiel A HIE2| Xj0|, =714
THAoAR| H24HIE, Hsl AH|2| 0|8& S0 CHE7| M2,
« &= YZ2[Rl(Chinese AEL) X5l MHHIEE $0.2/WEQE, Ol {YAH ARl
(western AEL) 4715 AH|H|ZECH E|C 80%($1/W) M5, PEMEL ZHAIHCE 839%($1.2/W)

LIS AXO|
R T

« HEC2 JhY MEet HElEHe| LCOH = 3378 %2 THAILX] TZHH|S($19/MWh)2t
=2 2| OI8E(G1%)01| 7121510, eh=2f LCOH,7 JtiMoR =2 A2 Hi AHAoHRI(SS
22 THH|I8($86/MWh)2t 2 0I8E(31%) =Y.

22) 21240 | COH, 24 2 Ak 7|2X o2 BNEF, 1H 2021 Hydrogen Levelized Cost Update(2021. 4)E HIEIO 2 ZHME|QO0,
S H M| LCOH, A2 287} 2712 CHAICR 6277 ZRME RES 7|BloR XE6IS
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a8 4

(clean hudrogen) &A=

- M6 dH|o| REUt KESHo= iFEHJ b= 7F Sfol] J2lA0| HAHIE(LCOH,)E 2030
HAXOZ 54%(Chinese AEL 7|&) ZAsh $0.84~$2.56/kg AIOI = Zioz Taf23)24)
* 2030'F01| H2FEO| LCOH 7t 71 W2 2($0.84~$1.31/kg)E RAISILL CHEES| =710f|M
JglA0| LCOH= $2/kg OISF 2 A2 OflefEl
[32! 6] 2 O2I4A MAH|Z(LCOH,), 2021
$/kg (real 2020) $/MMBtu
12.0 89.3
PEMEL electrolyzer
100 (top of range) 74.4
8.0 N =EEE 595
Western alkaline
6.0 —electrolyzer 446
(line) =
40 IIIIII III IIII I 29.8
2.0 14.9
Chlnese alkaline electrolyzer
00 (bottom of range) Powered by onshore wind 5
EEERRFETERE RIS ERI SRR IR ERET
S 3 g': > = = g % g E r & g 2 g § E% S e
Q b - o )
[97] = [95]

750 1) 2lsh Al
2) 27H AOLIR|ZRE(| H | Bl 84 B2 5 T W 8|82 HRsiiS

Xt=: BNEF(2021), 1H 2021 Hydrogen Levelized Cost Update, p.5

BFAIEH(Chinese AEL, western AEL, western PEMEL) CAPEX, OPEX S =Q 7}&2 BNEF(2021) Appendix p.272

=t
(=F

- 2050H0l= st Y2 HM2lsh 2671 =70l OTleA| LCOH7F 4 ke oF $1 52
0 0gk aF0] E AR FHot 2
* 2050 T2l LCOH, F8X[= HatEel 7R W2 $0.55/kg(YZEIR! £E16l)FE sh=2
715 =2 $1.49/kg(PEMEL £=Fs)7tX| 2
* 2050H0ll= Y2l PEMEL ~XaHe| HH|H[Z0| Hxt T A= A=, 0|2 QI5H
20215 7ol BiAIH 2 XI0IE HO|H LCOH,2| FHR[2| Mot ATEE Toia! Zo=Z O
- 27t 7k LCOH,2| X1O|E Otz 7HE 2 Q012 04715| MMO|LXITE AFZo| 2 HIZO|

| 7ol
= A
* 20504 EelEe

of 42%rECZ MY

23) 2030 7| =71 J214-4-2] LCOHp ZA{01| TS XPAISH LHE2 BNEF(2021), p.63 E 1L

24) QAT LRl SR0| ARl Tsle| MH| HIg2 2030EHS 7

I 61% 5126104 $1.31~3.37/kg £20| 2 .

Moz ssl= 2o JPEE! PEMEL

| THOALAX] T=HIZ(E=)2 $13/MWhE, Bh=2| THBIE($31/MWh, EfIZ)2|

fA10| LCOH=

19
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[12! 7] F23 J2I4A MAH|2(LCOH,), 2050
$/kg (real 2020) $/MMBtu
1.6 1.9
14 10.4
1.2 8.9

PEMEL electrolyzer —
1.0 = 7.4
0.8 — 6.0
06 — 4.5

\ Alkaline electrolyzer
0.4 3.0
0.2 1.5

Powered by onshore wind
0.0 0.0
T2 E 248U 8858 EE5ES8S82Exx28ES
SECESES ST EAES T EiETREE
2 SL237°°8 Eg+gsEy f£:x7%
= 5 < £ = S = 5
o o <5} o
w = [95]
Z=: ol BfAIE(Chinese AEL, western AEL, western PEMEL) CAPEX, OPEX & =2 7F&2 BNEF(2021) Appendix p.27& &1
KtZ: BNEF(2021), 1H 2021 Hydrogen Levelized Cost Update, p.7
© 20509 18449 LCOH= CCS7|&s &35 EF5A80 o} HAZtA

Adea@ziolra) Rt Yol Ao A

- BNEF(2021)0f| = H,
28701=22| J2IaA [COH=

* EtA IXLXEHCCS)7 [&2] Btz Qlst
JglpAet HIE ZHO|IM ZHst7(of

AOILAR] 7124t 2745} AHlHIRe] Xliol 5
S24a9) J2j0laaR WA BT
SF5A0| LCOH 7} EfA

=

X=1
=P

=

SEotK|
xore

2050E gl LCOH, H22 IRENA(2019)2]

MYy 2MZneL ol HE X8
* IRENA2019)= Z|Ao| XHAHO|LAK|
Ol= Jd2lA0| MAH|E0| ER4AHECT KO o2 of|Sst

—

25) Hydrogen council and McKinsey & Company(2021, p.13)IA &= EtA H|&(carbon costs)S E&at 42,

D240 HAHIE0| SR4AF0 OfL2} 2|04 B SOHE 202 MAUSI JIZ.

812 (Bast case of PV and Wind)2 7Fdsti= QIK|EE
i 5

2050E 7|

ZIoLt, 20504

'

7Moo 2(2050)
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AH £=A-(clean hudrogen) AAHIS

[28 8] =712 &I, 22, J2|0|20] YiH|Z(LCOH,), 2050

$/kg (real 2020) $/MMBtu
4.0 29.8
Eh ‘Gray’ hydrogen from natural gas without CCS chil
3.0 22.3
2.5 18.6
2.0 . * r . *® * *®
*e ete%el o 2 XXX
15 * ¢ 1.2
L 4
1.0 A 7.4
0.5 3.7
0.0 0.0
T 28248248 8SE8g s TEISFTEZEgGE8ZTEE2 22T B8 8
S5EE>ES 55 LE858 53> 28¢8¢86¢8
4 g% T S8 =22FEZf8& T2 s
& = 2 3

T HAZIA 7142 BNEF(2020) 2H 2020 LCOE UpdateS| FHX|E HESIAUCM, 7|2M O HMAIVIA 71 F0|= 8M 7|12 S¢F
AE AMSSHE A8 7FE(20213: $2.70~$8.97/MMBLU — 20504: $3.92~$9.32/MMBtu) &L,
KH&: BNEF(2021), 1H 2021 Hydrogen Levelized Cost Update, p.14

© (A% LCOH, A7) e Tu5n0] AL 7|2 BYZue vase
u odHT wEA Al s FA
- 2050\ 7|& J2lAo| LCOH, HAX|= 7|Z0f 22 Z2HBNEF, 2019)9f HIug}
OF 17% [ o2t ZIOZ LIEf:E26)27)
e J1E 2 Ze= MAH|E0| HoRRl Z7h= HEfEE, 0l 20503 MoK #S3t 7+
(LCOE) X7t 2 Z2= 52H($21/MWh — $13/MWh)3I7| 2! o= motE.
o Ui AQIRE XHAOILAR] TH[E($20/MWh)0| - AEHollM 235[2 2050 4H| 02 E0|
AE SHEH65% — 61%)515 2.
- Hydrogen Council and McKinsey & Company(2021)AHIME J2I2=A0| MAH|Z0| 7|E= 2EA0{|AQ]
TAUHC} #E K= A5t QI2S gctll 37K F2 20lg Ci2at 20| MAlah
(Tiolf HHHIE 2 M) X6l dH|2| ChRstt A TRl HA 2030E7EK(2] 45
CAPEX= 202001 2ixEst 7|& TAUX[($200~$250/kW)ELtH 30~50% Cf SOFE!28)
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