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From Hydrocarbon
Feedstock to Recyclable
Carbon—Based
Automotive Bodies with |© 4 2 BAYUY=FH A= HA7122019.09.27.~
OPEN 2018 .. _ 3,297,862
Positive Hydrogen AR TA N 2023.06.26 $
Output
Transportation Vehicles,
Transportation
Co—Synthesis of
. Hydrogen and e
1 S BHA UxeFH FAZ FW8)51=(2020.04.13.~
Specia High-Value Carbon | .| - H=RES TA2 QR $1,465,139
Projects T AA 2 ads Fu 2022.10.12
Products from Methane
Pyrolysis
ngélariz\ge;eif:asllty - D4E3(Tubular) SOFC% 7}~AEH AA7E
. AASte] uEH P uags FF7]E $4|2021.07.12.~
REEACH Electrl?al Power. A28 A 1KW SOFCSE Ar] aAAe 2023.07.11 $1,440,282
Generation for Air )
s 78 o4
Vehicles
High—Efficiency and |- ARHA(SOFC), wiEle], 7k=ERlS S3e
Low—Carbon Energy slol Bl = A2~ 9091.04.26.~
REEACH Storage and Power — 7PHa HAEZ 2" oly|HA, AHEY ZOZES 0;1 Zé $2,131,246
Generation System for vl 22 Ao g vtE uEd AA ug o
Electric Aviation A=A 7))k
Advanced Alkaline
Membrane Ho/Air Fuel Z}=x} HEMFC Al&"=le] AL &£AA]7]+(2018.12.19.~
OPEN 2018 . - o — 1,979,998
Cell System with Novel | CO, #AA3}7] €3+ B st 2022.03.18 $
Technique for Air CO.
: ¢ 7] FAE S wde, 24", A7
" I:lf_hsper e Sopc | B AR aAteE AR AA(MS-SOFC)
el oupborte A 9 FHAR-volow NALS 9% Z0)[2021.03.15.~
REEACH System for Range $2,263,000
Extension of Commercial s 2023.03.14
Aviation — 1kW MS—-SOFC =¥ 73 2 gAE,
5kW MS—SOFC T2 EE]] A4
Hybrid - A% V)8 slo|HB|E SOFC—-E R 7 9021.03.16.~
REEACH SOFC—Turbogenerator AL DYFHA, AHEEE Zr= Y i 202é 0'3 15 $2,798,489
for Aircraft /NA3E SOFC 7l (vlolegr g &-8) o
Mi —Pl1 - AL AP A ZEFEeE ALES AABA71,12017.04.01.~
REFUEL [erowave mHasma j C,j‘d I Seherta Argetel A4 $2,900,000
Ammonia Synthesis & =58 onyolz A3 2022.08.31
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st om, AHA AR, Aae) AAZ 4 A AS ATE A 3
T2 A o AT 71
ol AR AE S0 oM, Souther
~ e AT} $2/kg BAlO] 7] PNNL Cahforn.la .G.as Co.mpar%y,
West Virginia University
- ABANAA AAE T MW PEM A8 7 NREL Giner ELX
Hydrogen | W8 7% BAE AT s A= T
_ SArEE = = = A el
Production ShedRt dAsAr &, P w4 obd A NREL GTA, Inc.
T8 5 PE A4 TY, B M PE MW
FHs] Asgl e By
28 2T bES =olY] gk s Al
— dHx =7 glo] 4 Lo AHE JMsd NREL Honda R&D Americas
a4d A3 A 2~E(700bar)
Ak spelseel Qmebe] fa £9 wgg| (b ST | Amerean Ar Liuide
} nc evron
H7E 93 4 T3, £ BN 3k < ' X ' L '
9718 A1 e 284, T8 Al W AT NETL Enbridge 5
AT A B = o SNL Air Liquide
CA Governor’s Office of
Heavy—Duty Reference Station Design, Test SNL. NREL Business and Economic
Device Development, and Capacity Modeling ’ Development(CA
GO-Biz) &
C T AR ERA AR Al e, AT HlE,
VAR T ZAEA . .
_ E=oloMCH Subae] Sl 2oa T W g ANL Chiyoda Corporation
AlvEle A 9 24
TN T TS fe HrAHY )
TR AE SdE A% Hu AR (Turbo NREL Honda R&D Americas
Expander) 7§2
A7)k 4 oSS A9 g A LBNL HyET Hydrogen B.V.
7887 i AES A% MEA Az AHs3 /& NREL HyET Hydrogen B.V.
FThTHNLE T2 AT AFAHE =ol7]
Aa He FhR FREE Hole AA(AEAD, PNNL NanoSonic, Inc.
Hydrogen U744 e FAL B3A A
Infrastructure |- 272 FA #E] 24 5 74 9E AU SNL Quong & Associates,
2dd code L7AE A 5 Inc. (QAID)
- Tatsuno coriolis %4 A% HEE
— Tatsuno? 70MPa $4& YA 2 g3A o NREL Tatsuno North America
3] "HAE
FAaAINA D FAFAL HEHE 2d .
_ s HES Zoll AlxwE Al S NREL, ANL, SNL| Frontier Energy, Inc.
. — Aol ZalEy FHAZ Ao .
fleavy—duty =8le]fd 2F™ 985 TN GpNL SNL, ANL | Nikola Motor Company
FoFd 4
Seattle City Light, Port
e, nAAY, A9k HdES 99k 4 T PNNL of Seattle, Northwest
2 ATHA A|z=" AHA Seaport Alliance, and
PACCAR/Kenworth
Shell Oil Products US;
Air Liquide Advanced
I AT AT Technologies U.S., LLC;
— H J g 31719 95} o \r = NREL
10kg/min, 60kg ° A8 T3 Y3 A 7 5 Toyota Motor North
America; Honda R&D
Americas. Inc




FE FA73 2 A7z N
Hydrogen | A2 sho|Tapel Za Ea SNL, PNNL, Souther.n Company
Infrastructure NREL, ANL Services, Inc
CA GO—Biz, CEC
- AP FEYol =4 X A ALAY ’ ’
de] o} 5 g AT 14 NREL CARB. SCAQMD
LA A e o&;ﬂ |
Safety, Codes| " 14] 37k PNNL CEC
and - Hydrogen Safety Outreach by the Hydrogen Connecticut Center for
Standards Safety Panel to Expedite Hydrogen Fueling and PNNL Advanced Technology
Energy Project Deployment (CCAT)
- A8 350bar 4 A HE AW NREL Frontier Energy, Inc.
Valuation of Hydrogen Technology on the NREL Electric Power Research
Electric Grid Using Production Cost Modeling Institute (EPRI)

- A i At TSGR )l W 7]E A .
Fe 4 At 7he g (Aol e 71E 24 INL, ANL, NREL | Exelon Corporation

4 A
oy Pacific Gas and Electric

- AR 9} FAE] A 2~E AR HA NREL

JA N A=} 3] Al 2=H | &4 s} Company (PG&E)

Southern Company

- S 889 AxE 9xE dhA A9l AAE A7)/D i .
G“d. Of”i . ¥ Fe i set <l Ve 5 SRNL, SNL Services, Inc;
Integration A T4

Terrestrial Energy US
Southern Company
Services, Inc.; Xcel

Energy; Exelon

4A
9ok 32| INL, ANL, NREL

Corporation
- Electrolytic Renewable Fuel Production Optimal University of California,
Operation Investigation NREL Irvine — Advanced
— AR e} A F/H FL A7E 2% Power and Energy
teFst R ades ALk HAsE AT Program
Hydrogen End|- ®lo]H et 4 AXS 913 =d3] A|~E 714 NREL Southern California Gas
Uses A7 2 a8 A Company

T 3417 FaUg

C ZAIY A AR Vs S ek He
— 37 7]3}8(Photoelectrochemical), B} %< 3}38H(Solar

Water—Solittineg Material thermochemical), A< Z7]4%3l (Low—temperature
aterTopiiting Materials electrolysis), -2 7]% 8} (HTE)

HydroGEN Overview: A Consortium
on Advanced

CEAA vpol e RS Fhw AEe] T AR
: A7)el Al =8 A

Advance Fermentative _gAFEES Ea Sea A £E 2 E 228 (moles of
Hydrogen Production e Y =

BioHydrogen(BioH2) Consortium to

>
B>
o
2

hydrogen/moles of sugar) 7§14 %

Binary Chloride Salts as Catalysts
for Methane to Hydrogen and - e R
Graphitic Powder

oH

A
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T A TFaUE
. domiy waunAfe  Fas  Adas
Extremely Durable Concrete Using i ET_1 it _,—r gatal
Methane Decarbonization Nanofiber CVD(chemical vapor deposition) 57 7%
. — 480,000kg/day 4 A2, CHy— H, H#EE 70%
Co—Products with Hydrogen g s 2H A
Scalable and.nghly Efficient Microbial AR 2 S 9F Solns WA 475
Electrochemical Reactor for Hydrogen A A
. T =
. Gen.erat.lon from ~ W= DOE EE $2/kell, o3 94
Lignocellulosic Biomass and Waste
H2NEW Consortium: Hydrogen from |- 2025374 $2/kgH, ©]3tE AT += A& AHsta
Next—Generation Electrolyzers of | <FgAelm FE&Hl FH3|(PEM S, iL573l)
Water s
High—Performance Alkaline Electrolyte
Membrane Low—Temperature - WlgE ZulE ALRERR] e dzkeEel 715]] MEA A
Electrolysis with Advanced Membranes, | — AHFLE : 1A/cm*(@1.75V), WA :© <4mV/1000A]7F
Ionomers, and Ast, 4 AL 7FE C $2/kgH, ©]8)
Platinum—Group—Metal—Free Electrodes
Performance and Durability s 2 UlAde] sk Al Al A dsidet A
Investigation of Thin, — gka1 7}3}El PFSA wWH gl /g, 7t~ wxlE Fola
Low—Crossover Proton Exchange WTAd &4es A Jt2AZd S (GRC), o
Membranes for Water Electrolvzers AAA E3SH
Pure Hydrogen Production through WIE o] gl Zdld] AlsE 2w M, Bamo|
Precious—MetalFree Membrane N
We g Sy 2 Ak Az
Electrolysis of Dirty Water
Advanced Coatngs to Enhance e |, 5 ngpe sl 4% B4e A 28 /1% AMHEE
Durability of Solid
54, Cr uA W)
Oxide Electrolysis Cell Stacks
G A

Scalable High—Hydrogen—Flux,

wvlul = 01:}\-11} LA A —E,—H AR 7] gto 7 5}.‘_‘:,.
. . . . = -, S, oo ol o ol == gl
Robust Thin Film Solid Oxide SOECS] 7124 9 #A4 ehga 2a
Electrolyzer
A Multifunctional Isostructural Bilayer
Oxygen Evolution Electrode for Durable . SOECE T84, 2% AL Hojs Aa A

Intermediate— Temperature
Electrochemical Water Splitting

Perovskite-Perovskite Tandem

Photoelectrodes for Low—Cost

Unassisted Photoelectrochemical
Water Splitting

CH 2R TP E~

HznsgtolE Wy BAFS ALgstel
HA71FHPEC) A3 AA A

Development of Composite
Photocatalyst Materials That Are
Highly Selective for Solar Hydrogen
Production and Their Evaluation in
Z—Scheme Reactor Designs

- DOE 5391 STH(solar—to—hydrogen) &% 3% ©7%3d}l7]

NE(sks 2"9E F=50 )

)

o 2L G

Highly Efficient Solar Water Splitting
Using
ThreeDimensional/Two—Dimensional
Hydrophobic Perovskites with
Corrosion—Resistant Barriers

CgRAsME Her

_/]k_q/k]-

1l

27Fo] E(HaP) B« <} EL
W

WA =2 Adksle] STH &8 20% 2 500417k
HolE HaP-PEC A=A A

o [

New High—Entropy Perovskite
Oxides with Increased Reducibility
and Stability for Thermochemical

Hydrogen Generation

- AElel A RS 913 w2 H gte| E AFSIE(HEPO) Zid

— AF3}Egd 400umol ©]Ate] H2 &5 T

HEPOZ 7R#star HA 50cycle 3o 20% w|vke] Haj=

o [CHNo) =3
=& oHA S 9=

A5k

0] =
AT
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T A Faug
A New Paradigm for Materials Hlorel elsial o 1S sl Amg A
. ) 5] 5] 20 Ao 3k A N X n
D‘ D 1 f [e] E__ = b I R o = o LA
PN iscovery and Development for — gEat Ao STH &8 26% o4, 24 A1 oel/ke
Lower—Temperature and Isothermal ozt 9Al 7}
Thermochemical Hydrogen Production
fnovating Fhdrogen oSt | aig dare S2 B4 FAAS AW
Hydrogen Materials Compatibility
Consortium (H—Mat) Overview: T4 vlo]=Zghel H|g AS 93 e AH dE AT
Metals
Hydrogen Materials Compatibility _ o
Consortium (HMat) Overview: CTe AE 2 TGl AHgS AT ZRES,
Pol ' 3y 37t T Y
olymers
Magnetocaloric Hydrogen Liquefaction|- 25kg/day®] 45 3} A|7]+= PNNL A|2~8] A=
Free—Piston Expander for Hydrogen _ .
Cp ; YETOgen | &4 W7+S 93k Free—piston B37] 7N
ooling
_ b IHFE, 1Y A T4 GV f\]i%ﬂ 7H Ely
Ultra ?ryopumf tf.or II{;ghl. Demand Zoms E%‘ o x oz woo o P B
ransportation Fueling A W pE =
Self—Healable Copolymer Composites } )
for ExtendedService Hydrogen Caa HadA B2 JRR(5rE 25,0008 o], @A
o . Haga 2% A8 1,0008 5 & m4 14 24)
ispensing Hoses
Microstructural Engineering and
Accelerated Test Method
Development to Achieve Low—Cost, | 4 &5 A>xetg& AuE uAde 243 &35 /e
High—Performance Solutions for
ol g} Hydrogen Storage and Delivery
o . . L2 11 00 ols ° PARY
Tailoring Carbide—Dispersed Steels: "ﬁi A7 S 93 2 LU E/HEeE S
Uikt
A Path to Increased Strength and | _ o] FZO [ =o Brel 2k AL 2 so] S
Hydrogen Tolerance AR A o] = dkakat 7pA A zke] 7)o
CSa AR D AR R AZe A¥ FAY, 834
. . Hg H7} 24
Hydrogen Delivery Technologies °. et v _
yaros N ly, & — Lifecycle Auko]l AA ThFs Fa 714S BAdn
nalysis A2 Eggel ww B0l WAL GFol Y Re
e B
Tailoring Composition and
Deformation Modes at the
Microstructural Level for I HA EAE AT 4 9= AR AAe g2
Next—Generation Low—Cost, AR, Fa 35 Az Al FHo &8
High—Strength Austenitic Stainless
Steels
Reducing the Cost of Fatigue Crack
A AR 2719 92 49 AP ESE=(Fatigue crack

Growth Testing for Storage Vessel
Steels in Hydrogen Gas

growth rate)& 743}7] 93 HXE

Micro—Mechanically Guided
High—Throughput Alloy Design
Exploration toward
Metastability —Induced Hydrogen

Embrittlement Resistance
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System—Level Analysis of Hydrogen ]
Storage Options

Hydrogen Storage Cost Analysis -2
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Hydrogen Materials-Advanced

Research Consortium(HyMARC) | = 7Hc\’jl
[e} =
Overview
Hydrogen Materials—Advanced
~ T4 A48 MOF Fuf 7
Research Consortium(HyMARC) s 6 ] = . .
Seedling: Theory—Guided Design and| maleld %13}%—% (HEehe) A FHS A
cecne: . o e dolElWlo] 2 THale] H# o] MOFE 7%, PT £9
Discovery of Materials for Reversible A HEE
Methane and Hydrogen Storage
Hydrogen Materials—=Advanced
Research Consortium(HyMARC)
- MOF 7§t

Seedling: Methane and Hydrogen
Storage with Porous Cage—Based
Composite Materials

Hydrogen Materials—Advanced
Research Consortium(HyMARC)
Seedling: Hydrogen Release from
Concentrated Media with Reusable
Catalysts

Hydrogen Materials—Advanced
Research Consortium(HyMARC)
Seedling: A Reversible Liquid
Hydrogen Carrier System Based on
Ammonium Formate and Captured
Carbon Dioxide

YEA E YENN IS EHEEEYH FAa A
- Ammonium formate 7|RF 4 F2F 9 FZ A|2E s

High—Capacity, Step—Shaped
Hydrogen
Adsorption in Robust, Pore—Gating
Zeolitic Imidazolate Frameworks

Cost Assessment and Evaluation of
Liquid Hydrogen Storage for
Medium— and Heavy—Duty
Transportation Applications

O
FaA N

HE EYe AF ens AASE A9 B ngd 4
A A, AHsE AAFE A A2 A7

- refueling rate,

capacity, insulation and dormancy,
and hydrogen venting loss

Integrated Onsite
Waste—Heat—Driven Hydrogen
Carrier System for Steel and

Renewables

MaterialsBased Hydrogen Storage for
Stationary Bulk Storage of Hydrogen

Determining the Value Proposition of

R L]
AP R L

FEFLRE W AP AT DFS AT AR
= s
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o (EU) HA44 3= A(Clean Hydrogen Partnership)< %3

A%,
— AA 5
o O :1

T
 (Fd)

=

W 2| (Hydrogen Valley) 7% 5 4413 Agt 71<45381=

Ak 1% A7ksket WA 2R, BE Eerk(

a
THF ARAA 22y Y YL UG
A

=

(‘21.5)8t4] 809 = A9, 307k A& 10GW T-Foll 99 Fr= F2

#¥ IPCEI(Important Project of Common European Interest) X ZAE 627] AA
-

ETRAEY AFHE T3P 7|3k o 4t
Fgatel HAstE AREHA 28 Y3 2
MORELife AEA LS A A A
(Material, Operating strategy | — A= U % 1.2W/cm?(0.675V/cell), PGM loading 9021.01.09.~
and REliability optimisation for <0.3g/kW, 10% vt AT £AZ 30,0004 7F 2024 Oé 3’1 €3.499.910
LIFEtime improvements ol WA g e
in heavy duty trucks) - FEASE % M 2B 2 AY, diind
e M
HyUsPRe s W Agadl ) AR e ity oL 00| €3.514.850
(Hydrogen Underground AAS F3steE AT 202;9) 1'2 3'1 (EU
storage in Porous Reservoirs)| — R 44 A2 g4, 98, A4 371 5 43 e €2.499.850)
WINNER
(Worlliljar?:sli;ingoiigivzi dNovel - T A 55 9% PCC(proton conducting ceramic)| 2021.01.01.~ €2.931.790
Electrodes And Iélectrolytes A7 aEHelal W SlE vlE S 2023.12.31 . '
For Electrochemical Reactions)
StaSHH 9021.01.01 ~ €15.167.500
(Standard—Sized Heavy—duty | - 828 A8AX] ZEof 3t 1+ 7t 202é 1'2 3’1 (EU
Hydrogen) T €7.500.000)
SO—FREE dulg THS $35 SOFC Al2=E N, A8 -5
(Solid oxide fuel cell —AlE) QIE o] HE3) 2021.01.01,~| €3015-360
combined heat and power: - 650°Cel N Hpes 55 AAY A8, dHd 202;1 Oé Si (EU
i e v ARG 28-S 747F A, 6HATHORLTY) A V0N €2.739.090)
uture—ready Energy HAE A3
SHERLOHCK .
(Sustainable and - LOHC 71& A =8 7bAS 3€/kg Afshs 215
2y A G843 MA
Cost—efficient Catalyst for wE= LOHC 4%, ﬁgg 7],1, ol g
Hydrogen and Energy Storage| — PGM(Pt group metal)®] & Ee \__X:ﬂ'é‘ | 2021.01.01.~ €9.563.320
Applicati based Liquid A ¢ e g L d8d SFulek Ful #| 2023.12.31 U
o e e | AL i @ &8 Hxseta 34
oo G b (et & el A9 1%
SH2E
(Sustainability Assessment of} gy g o) Cell and Hydrogen) A12-81¢] LCSA(Life
Harmonised Hydrogen Energy L. - N €2.142.780
Systems: Guidelines for Life Cycle Sustainability Assessment) A% 74t 2021.01.09.~ (EU
Y C Cie Sustainabilit — %7 (Environmental), “d#|(Economic), A}3]| 2024.06.30 €1.997.620)
Asses}s]ment and Proschtive (Social) FRF7] #7F A7 A . .
Benchmarking)
SH2APED
(Storage Of Hydrogen: - TOMPaw 2 g A 25 2021.01.01.~
Alternative P E 1' = 7%, 2t A% AT AA(AE, REAIZE FF 90931231 | €1-993-550
emative Pressure Encosurd ~ o1.3) "oy 94 51 st A% 71 12
(RElifb%?i’g\I;anced - SOE Bl rSOE A8 % AZRS #f3 BuE,
Ak o= @ o] =7 At 01.01.~
Diagnostics and Control Tools S R A e ' 2021.01.01 €2.712.320
— SOLIDpower(SP) 5kWe SOE A]Z=®El3} rSOC 2023.12.31

for increased lifetime of solid

oxide cell Technology)

xkWe A]Z=Elo] 3k B|AE A A
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ZT2HEY AFHE T3P 7|3k o 4t
PROMETEO A FHE Sl AR Thsd d 2 A ek
(Storage Of Hydrogen: OEFAS YAk 2021.01.01.~ €2'7(%%210
Alternative Pressure Enclosure] — 25kWH SOE(¢F 15kg/d g4 XD AAZ 2024.06.30 €2.499.530)
Development) A 2Eo] Adty Z2EEY] N 2@ AZ B
SH2APED g B AT A THEN 2 S8
(Offshore hydrogen from AA A== s 2021.01.01.~ €4.999 840
shoreside wind turbine #* PEM 448 tl®71g<l ITM Powerst 53 ¥ 2024.12.31 DA
integrated electrolyser) #1719 (rsted, Siemens ZHod
MultHyFuel FRFALE 7S S TR A% 7E,
5 = €2.121.910
(MULTI-FUEL HYDROGEN | A% 5 /B 2021.01.01.~ (EU
REFUELLING - Fh e b, BTN (el AA Y, | 2023.12.31 €1.997 410)
STATIONS(HRS)) A4S, 37 B2 Vst §) T
MegaSyn
(Megawatt scale e—fuel WS AT & FAA MWF 2AAg 2021.01.01~| 7109400
co—electrolysis as syngas B 2025.03.31 (EU
generation for e—fuels T €4.999.450)
svnthesis)
- dE EF AnAA A|2"d AL Thse 5145
IMMORTAL 9 3T MEA A
(Storage Of Hydrogen: - uAT Fof, S weEgel o] gojvl 2021.01.01.~ €3.895.930
Alternative Pressure Enclosure MEA, =% A5 A3t H7F 4 59 o5 2023.12.31 e
Development) * AEEE 1.2W/em?(at 0.675V), W74 39A7H
2B ) A 7l Eo] AR AlE vlE A7t 5 o]
HyStorlks Sn AFAGE AT NE-2AH By A7 2021.01.01.~
(Hydrogen Storage In 23] 2092.12.31 €2.499.910
T . N
European Subsurface)
MAA AuAA] dur R AAFA FEE TS AR
HyShip — TopekaEs /N3, 2AtgFo s st&S st €10.796.600
(Storage Of Hydrogen: WAl 22 (RORO)SHEHOE SMWH ALzl 2021.01.01.~ (EU
Alternative Pressure Enclosure Aafd FaA5dA9 1,000kWhs wiE 2] Al 2025.03.31 €7.993.940)
Development) ARk & ERE oYzt AAFAE A WA R
AeolUE YAH sIHR FHdte % 73
HYPSTER 1%5’\;—%\_9] AT AS AR 71EA Bl A €13.246.300
(Hydrogen pilot storage for N . s = s 2021.01.01.~ (EU
large ecosystem replication) - A S, A A, A FEW 20231231 €5.000.000)
T FE T 5 4 ke T
GREEN HYSLAND C R Hxe H2 slB FE(2H9¢ vt EIHA)

(GREEN HYSLAND - - HEgem Fa skl AN 2MI(EE, 00 1 01 | €20-498.300
Deployment of a H2 Ak, oA Sol A 4 AR 2025 0'3 3’1 (EU
Ecosystem on the Island of | — 7.5MWw Fdsl] Ax], #48 FFst7] $1%h R €10.000.000)

Mallorca) A (gto] el Efdy, Td4) B 5
FCHZRAIL CAmel 489 & At mEA AuA sheluels| 20210101~ Tt
(Fuel Cell Hybrid PowerPack Shej@l Aul wE gaE. Az 2o 9024.12.31 (EU
for Rail Applications) TS T HEE e e e o €10.000.000)
e—SHyIPS
(Ecosystemic knowledge in A A EEAA Fire EYSE 93 AR 2021.01.01.~ €2.500.000
Standards for Hydrogen A HE i, g4 wE A= Ay e gA 2024.12.31 A

Implementation on Passenger Ship)
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ET2AEY AT E 37|17k o 4k
_eGHOST . o o €1.133.540
(Establishing Eco—design - PEMFC 2, SOE(Solid Oxide Electrolyser)°l| 2021.01.01.~ (EU
Guidelines for Hydrogen gk X134 AA 23 (Guideline) 70 2023.12.31
Systems and Technologies) €998.991)
dolHAHE AsgdA A 2@ Az €3.521.480
(oo Edee po , | - delEaE A FEe dmad wz: Ayl Y 00T
Eco Edge Prime Power Aze =3 goly 44 = 023.12.3 €9.499.720)
COSMHYC DEMO
(COmblI}ed Solution of .Metal €3.773.860
HYdride and mechamcal. ZrZALG GolHaE QtEv] A W A= 2021.01.01.~ (EU
Compressors: DEmonstration 2023.12.31
: €2.999.640)
in the Hysoparc green H2
MObility project)
CoacHyfied , e S
(Coach “th hvd fuel | A9 2 FAY 58 Ads8AA W22 s $E;
ceﬁacoivse::;ainsyforrofzniorllfl A4AHOEM) 3 7)Z (retrofitting) €7.329.180
P & — AR A ARAA ws 9 R B, | 20210101~ e
and long—dis agc; passenger ozl @ vk Alze Au AmnAd | 2025.12.31 o)
transport with energy M A, gAY, FF AF e, Y
optimized .po.wertraln.s and Mz=ysme 9 A GA g =
cost optimized design)
- PEMFC, SOFCel & PGM(HFH3F%), I EF
BEST4Hy W4, ILE 9 YA T A=A 3, sl5E A8E
(SustainaBIE SoluTions FOR | &-&3}o] SOFC 4, PEMFC 2% A|=38la A% 2021.01.01.~ €1.586.020
recycling of end of life H7LE AA| 2023.12.31 U
Hydrogen technologies) * SOFC A A% A 3FEd HA 30% £
PEM 2" Az A 3|+EH 4 95% XF 5
CAAEE A W 2" A T 2 7H4
NewSOC AAEES &
(Next Generation solid oxide | — W2 v]A & 25% 74, A A= 8L 25% A7H 2021.01.01.~ B
fuel cell and electrolysis A/RE AlolEFY HAA 25% F7F, 488 2022.12.31
technology) 1%/1000h m|RFel A AFUE 25% F7}
— 50cm® o)A A Al SeEl ol 7E A
SWITCH - _
- A7) BE(SOE)¢E aE AnAA] EE(SOFC)E
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T = =27, H T T x Uy A=
Akl PR et AibrEad 9 2 28adE EE e AAA deadE
o 4 LA, A, 75 B deEd 4

ap Z BFaa-4azt
2030 2050
Ao g 667,921 2,466,433
B}z e 216,529 815,057
Agsdas 281,095 1,467,978
1g&f¢as 237,531 1,234,695
AQaH 106,485 333,534
1EETY 105,803 295,055

— (Adn] 89 sF857) 2021~2050d AAFHE = 855.38 4, }
g3= 323.3x2 o, AR1Ea = 595,065%, M-S a = 3,164,443 =&

[.)s\
-z
N
N
N
e
Jo
e

s CAPEX F7¢| #5537

21-"30 +3 ‘31-'50 ¥3 2030 €zt 2050 Azt

A5k E 7 1,453,172 7,099,841 145,317 354,992
B} g 473,107 2,760,108 47,311 138,005
AL as 458,542 2,211,110 45,854 110,555
18 aT 369,130 2,795,313 36,913 139,766
HAdaz 96,463 1,275,002 9,646 63,750
1gET 89,642 505,423 8,964 25,271

- (#dA

v 9 vgay) 2021~2050d AAFEEIE 250.8%8 Y, FU7H7EA| AR
3= 1025280, AF g ad= 217,4859, HH a8 a7+ 653,783 &F

s CAPEX F7¢| #5537
21-"30 +3 ‘31-'50 ¥3 2030 €zt 2050 Azt
A g 39 649,267 1,859,126 64,927 92,956
B} g 246,837 778,919 24,684 38,946
AL as 223,592 604,160 22,359 30,208
ZgHLET 178,630 475,153 17,863 23,758
HAdaz 67,888 171,997 6,789 8,600
1gET 61,067 156,418 6,107 7,821

3) vl EAe] A7t #53} G} A £4 W Gl 8% 1d JECR FFETNE VAT



(%49 8 3}%}14) 2021~2050d AL FE = 57415, FIH7HA
E9hE 160.4x oM, AP T EENE 202,140, 2 EEEIE 1,347,600 =F
oy CAPEX F#te| s}3ast
= 91--30 ¥4 ‘31-"50 3 2030 Azt 2050 Azt
A2k a3 803,905 4,937,731 80,391 277,563
B 7}7)x] -6 226,270 1,378,135 22,627 77,883
FHAeras 234,950 1,427,090 23,495 80,790
IEHEa 190,500 1,157,100 19,050 65,505
G5 28,575 173,565 2,858 9,826
1857 28,575 173,565 2,858 9,826
(A73Adv] 9 gSF853) 2031~2050d AT aat= 59838, REUp7bA|
9= 17620, AT EadE= 174,000, 788 a39= 928,000 =&
oy CAPEX F#te| s}3a
ping
‘21—"30 & ‘31-'50 3 2030 <zt 2050 <zt
A2k a3 0 598,560 29,928
B 7}7)x] -6 0 176,320 8,816
FHAeras 0 1,160,000 58,000
I 8HFaw 0 928,000 46,400
Fdadg 0 174,000 8,700
1857 0 174,000 8,700
Fh BE(ARAA) FR AT FAH 2L 2 5 EE
(ABHA Au] Fxb) 2021~20500 & 425.32 Y FAH(xaH=E HAow Hwut
FAASAA dAH BE
TE
2021-2030 2031-2050
FAIEHRA 1.94GW 61,300 12.4GW 364,000
FA F8 88.5RIE 53,1009 502%HE 150,639
2 114,400 514,639
(CAPEX FxF o3 &3) 2021~2050d AAFEaat= 101.958 Y, Bo7p7bx]
F3= 51.38 e, AA L FHE 63,6429, HHELaHE 2169039 =&
. CAPEX F7t9| s}3 a3
o
‘21-"30 ¥4 ‘31-'50 & 2030 |7t 2050 A7t
A ALg-at g 3 146,87599 ¢ 872,14491¢) 14,68791¢ 43,60791¢
B} Gt 73,9899 ¢ 439,348 ¢ 7,399 91 21,96791¢
FHAeras 41,500 246,428 4,150 12,3219
IEHEa 31,263 185,640 3,126 9,282
FHAdad 9,721 57,725 9724 2,886
185 9,173 54,469 9179 2,723
* e 2efe] g whdwrt A7 A A8 (509 40d e ] A8
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(4 8 IFa87) 20500 AAHEEI= 1055, 7P IRFREI= 5. 75 o,
AR TEaI= 37,6609, IFHESEINE 1280439 =F
23 AR EE A7 2509 dFay
™ 2030 Izt 2050 Izt
A g 3t 37,22391¢ 105,59791%1
BI}7 A -2 20,2849 ¢ 57,54494
FAHLadg 53,6319 152,145
AgaE 45,1353 128,043
A g 13,2759 37,660
ngax 13,2759 37,660
AEAA] HFEaF A4 F3 A= ]
TR 2020 F+ 33712 6,0009/kg
st - 2030 o A7) 3,50090/kg, 3 FH7HA 40009 /kg
°oHE - 2050 3 AAFTE 25009/kg, Hit FH7FA 3,0009/kg (ZEWe] 40w 52X A8
-+ 2020 (~"20) : 660MW(2Eo] A= AA A 9))
- 20308(°21-"30) : 1,940MW = 6.13%, 44 492 68.67HHE = 2.747%
* :1 ’ - : = _L Jq_ J’% =
P 2050 (°31-"50) : 12,400MW = 36.4%, F4& $8 417.99E = 12.536%
= o9 =R
(R 4/MW) 2020 2030 2050
CAPEX 5,400 3,160 2,935
) FarlEAtzege] nAg HARs) Az A% AL(509e 40dEe] Fx AL)
AR CAPEX 54 % $4 (A% F9)9] Foz & way E
- 8" A CAPEX H]-€ 2030, 20503 H]-& #&
[e] HLZH}\
5 _1?_ T = T
Eek T iR HIHR A4 g
A7 AR 2.396 1.207 6.77 5.1
T 0.701 0.382 10.1 8.5
D AANIA e =R AAN T ZI(2/4)°] 202005 ARAA Agad AFs 48
T FH(FLHL HRUT) FE AT FA Y Fo S 2E
— (FE o} MeEbbA AMu] EAb) 2021~2050d & 1829 FACraHE Ao g Hut
28 AedEYol &l #% CAPEX T3
= 2021-2030 2031-2050
E£420% 247] 6% 97] 7] A
EH20%%T - — 2171 (7} 67])= 1% 50009
A — - 77 10x 50009
24 247) | 377 12%
T 20927} Av)sh 71E 20% a4 AL Prhs Pge R F0) RAu0) o 54 g Ao /1A
— (YE ol 8) 2050 F 4.9%8 FAF=E Aoz At
28 AetdE ol W BE A7k gELo} =g
- 2030 2050
o} o} Q. 1,0007HE 57,600 1,3009HE 49,9209
24 57,6004 49,9209}
© AEw ol ol WA g A Fab BEE Ak BAE )7 RES A48, Augryol e A8de AR
2ael ghrohs TRt SFEaR A g




— (CAPEX FAF gF&3) 2021~2050d At ast= 375589, Y7PHA ey
1295 o), AL g 387487, 71 &L a9 = 110,034 =&

=
e A etet 2 ol— CAPEX A9 s3a3
* 21-"30 ¥4 31-'50 ¥3 2030 A7t 2050 A7t
A At g 3 125,040 250,080 12,504 12,504
B T 43,020 86,040 4,302 4,302
FLHLag 45,321 90,641 4,532 4,532
2gFLEI} 36,678 73,356 3,668 3,668
Ada5y 14,477 28,954 1,448 1,448
hEE-+1 12,916 25,832 1,292 1,292
* A ZlENE REWe] HE dHuEvE A AW AL (50dS 40d R A A8
- (4 F2 FFE5F) 2050 YT EIE= 13458, Y7P RS EIE 4.05 0|0,
AR 1S EIE 63,3989, M EEETE 98,3429 =F
2 Azt gdEYol 89 WFaT
™ 2030 2050
AL aT 155,520 134,784
Brl7bx) a5 46,310 40,136
ey 130,176 112,819
IE&HTaT 113,472 98,342
AJa v} 73,152 63,398
1857} 73,152 63,398

[ F=uo} Herdd SFas A4 32 A= ]

qersEuds | & 577] 9 F 47] 1A F(°22.05), 203074 187]
B A c%lx?*, Z Mzl y] 437]

S -+ 20304, & AEkslE 437] & 247)9] 20% dRUol £ AL
- S (67) FHA F EF 37709 dlg 20% ol Ex9 HAx)

48 A - 3
2050, ¥ 3771 & 771% A2(100%), 2171% 20%%
7H3 B A 97 20% B4 v A
gmfop
Herdd A
A %
o4 Fa
o
- E AR (NEDO E#0]A]) 7]% @ 1719 2500909 (&%), 1.529(H2) 29,
£ 20301 247] H&, 1067} *FH Capex FAHIE 624, 20309 A% Rl o=

ok 1,000%HE (57,6009 9)

- 20500 E4 27719 HAA 77, 20% 23 E4 F 67]d FAF  1.5FY(FF EA4
CAPEX AH] FA)3 10524 7] B8 F2h), Ak dRyol 1300%HE $=2.(2F 5% A3
FALA ALt

o AT
AL

A [mobA | A9 | wg | AT | AT

2.084 0.717 7.6 6.1 2.4 2.2

gE Yo} 2.7 0.804 22.6 19.7 12.7 12.7
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o F4 BE(FLHY) TR A FAN U £4 £ 5F
— (FFaEul Adu] A1) 2021~20509 oF 532 Y FAGEAHE Aoz Aub
FAEHY &d 1 E
2021-2030 +3 2031-2050 +3
A 3371(eF 14GW)4) 18% 10719 -
A 30% 2T - - 127] 27.2GW5)
AL - — 347) 10% 50009
AA 18% 10719 35% 36009
— (4 F2) 20504 £ 39.82Y FAAHE Zo® Hut
FAEHY oA BE A7 F4 F8
2030 2050
I FQ 61.9%E 37,1409 13005HE 390,000}
27 40,260 398,1129]
— (CAPEX FA} sbF&3}) 2021~2050¢ Ak asts 111459, YA ase
38.32 o, AHEEFINE= 115,095, 7HHE &9 326,846% =&

FA2BW— CAPEX 49 353
‘21-"30 A ‘31-"50 ¥3 2030 #z+ 2050 Hz+
AArsata v 377,352 736,902 37,735 36,845
B b 129,828 253,531 12,983 12,677
FLHLan 136,771 267,090 13,677 13,355
Z&HEES 110,689 216,157 11,069 10,808
A957 43,690 85,318 4,369 4,266
1857} 38,978 76,117 3,898 3,806
* Fa Z)ENE 2y B g HHws A3 A A48 (509 40dE 2] AR
- (a2 8 gF57) 20509 AL EIE 1014588, 2P EAsEasts 32.629
o}, A 1-¢FIE= 393,9009, ZHHE S 97,500 =&
Azt F4 £ FFEH
2030 2050
Ardas 96,601 1,014,390
A hin s 31,086 326,430
FALHLaqg 37,511 393,900
i 31,569 331,500
A g3 9,285 97,500
a8 a3 9,285 97,500
[ 48R 387 AL 21 A58 ]

FAEH AX
Ad %
o4 ¢4
Fa%

2~ o)k

) FagEuel 22 Rok FE

5) @A LNG An8] 41.2GWell4 &4 An] A gk



'22-"30d &k 3371(13.93GW)ell el FApH] AE-to], 1037k 74 Capex FAHH|=
oF 18249, 2030d At 4 8+ 9F 61.9%E(37,1409¢)
31-50 FoF AA HA LNG HHA7 BF FAEL D As dHow g dnE
1oz & LNG 2A 6] 41.2GWolA 2030971 9] $A2E A1) 14GWE 4193t
BHOl 27 90GW7} =AY oZ A
#* KIER 7]€®A g I EJA FAEY IGW & 12 3HA(E2, d2) 29 714
CAPEX FAHH| EOIEE
dF 74 T8 Ex/Ax
Ak 173 CAPEX 123319 / 1GW*
#* KIER 7] %4 report 2—1
Al ]
e ) T an = 2 P
T A | 2R | FY 78 AR A+ | 2& A
Ak E =
d ir% 2.084 0.717 7.6 6.1 2.4 2.2
71 AH-E
$2 48 | 2601 0.837 10.1 8.5 2.5 2.5
* FAENG ABEE £a £o(7)H AL P - g (F)AFE LNG 3E
AGE AL, CAPEX FAo] me fasols 7 irne uEag /ARE ] A
g & (FHATE 44
'/l:—/!\—- /?J'Oé](-él%l') {7]_‘ /l ’H‘ TX]'H] x —/‘\—- ’/l: E—-%
— (48 Adv) Fx1) 2031~2050d oF 2629 A E How Hut
H7 2E CAPEX &
2021—2030 2031-2050
- - - 260,000}
AA - - - 260,000
— (4 F8) 20504 & 752 FAFHE Aoz A
A7t A FQ-AQPBE(ED)
2030 2050
% - 2504 | 75,0000]
— (CAPEX FAF 3F&3) 2031~2050¢ AJAHFHad= 59.82, FI7P7AlFdasdt=
1762 o, ARz g a3 174,000, 72 a2 83+ 928,000 =&
e H7 - CAPEX A9 d3a%
= 21-"30 % ‘31-"50 +4 2030 Azt 2050 Azt
A2k a3 - 598,560 - 29,928
B 7bx g — 176,320 - 8,816
FHAeras - 1,160,000 - 58,000
RS - 928,000 - 46,400
FHAas - 174,000 - 8,700
18 g7 - 174,000 - 8,700
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— (4 F£8 FFa57) 20504 AP EI= 12559 By gaks 3580w,

A-dTEaINE 67,5004, ZHHaEad+E 502,500 =&

- AR - & 79 5857
T 2030 2050
ik g 7 - 125,025
B A - 35,100
AdLdad - 652,500
IL&¢a - 502,500
AL & - 67,500
ngax - 67,500

[ @73 =5as At Fa A5 ]

3R AME FALS FAR QA(FLASYSAE) 7S 403744 FH 5 dAY e
g, 2030 o]F AMH] gAE ) 263 22.(H7FF3I)

- A SR 0 250WHE (50) = 7.5%

i

v

CAPEX F-zH]|

Az +2 S . FHAE - N
Az TE T Aw [l A9 | ws | oAt | 2EAT
27 2.064 0.608 4 3.2 0.6 0.6
FA2Ta 1.667 0.468 8.7 6.7 0.9 0.9
* A 4 Fa (e AA-RIHA - (AT E Agaazs 3 AaddaAE 48 CAPEX
Fapel we stgadels 71EEFe] dHE 9 23 At g A& (FEASE 48

O T4 g Fa Ayt FA " g4 8 BEF
— (5% Av] FAb) 2031~2050 °F 25028 FACrDE Aoz A
e & &% BE - A% 37
RS
2021-2030 *+3 2031-2050 3
Fas82t 61.757F6) 252947 52778 186% 1000419
T84} 2257ty 6% 750091 < 13%t 32% 25009
a7 64.07kty 312 750091 € 540RF 218% 3500914

— (4 F8) 2050d F 67x 8,195 FAHE AoE AW

& Fi A F42 F8
2030 2050
AN FA FR-5E 9.86WHE 3294509 ¢ 88.71HE 26262059 <
A7 A RS 18.3%HE 723200914 99.78%WH= 29%93409 ¢
24 28.167HE 112265091 € 188.51%% 56%55459 ¢

6) 2030 7| FA Ful(RF) ¢
7) 2030Q@7HA 9] FA FAaSE2 A (YA X8 T7]
8) 20509 7|+ 74 #ul(Ryg) dF

7z

9) 2031-2050d%F 3 FasEx AF(HA] £3H) A7)
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— (CAPEX Fx#} 1333 2031~2050d AL adE 635.5658, F7PHAIFLavt=
178.3x2 o, AR 1L F I+ 2250909, ZHHEEF I+ 1,500,600 =&
Fa3at a9 HFaw
TE 2021-2030 2031-2050
=& & =& W2
A2k a3 641,500 162,405 4,775,326 775,935
B.7}7}x] 44k 178,750 47,520 1,330,615 227,040
FHAreras 185,000 49,950 1,377,140 238,650
IEHEa 150,000 40,500 1,116,600 193,500
G5 22,500 6,075 167,490 29,025
185 22,500 6,075 167,490 29,025
— (2 2 FFa7) 20500 Yrrdaahs 12554, 2P asbs 3.55%00]H,
AR uEaIE 67,5009, HHEEE = 502,500 =&
FaA A7t 4 89 IFFad
TE 2030 2050
=& & =& &
A Ak a = 44,026 85,937 297,085 351,425
B7}71x])-8-ak 17,595 28,475 118,727 116,443
Fddasy 4,734 8,784 31,945 35,921
ygfdaa 3,551 6,588 23,958 26,941
FAax 395 732 2,662 2,993
ngEI 395 732 2,662 2,993
[ 45538 3388 A 3 A5 ]
© 582 (30) 82k 61.59H), BlA] 155k, 9.8%HE 8. (50): S-8XF 519.49Hd],
EA] 1499H- T, =4 88.7HHE Qo
AHgak 0 (’30) W& 159, Ef 75w, 18.3WHE 4= (750) WA 744, EE
5.69FTH, 99.79HE FQ
9] AR
CAPEX FAH] FhE5E FAHA
A7 F& FQ 1719 CAPEX 0.491¢ 3994
7",\]_ * ASME 2022
et A < L
H T T =] 2= >
TE [T [wA| @9 | ws | 1947 | AT
=& 2.566 0.715 7.4 6 0.9 0.9
Bl A 2.406 0.704 7.4 6 0.9 0.9
3akg 1.116 0.446 1.2 0.9 0.1 0.1
A5 1.174 0.389 1.2 0.9 0.1 0.1
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