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FCEL YT 4 DREER L L TOESH b2

B FCVLEFCHZ v 7 DEBEAMAKRBEESH-VY OERMEIX. BE. 7Y —VXF—I, FIHILEERTHL

B FCVBLUFChZ v 713/%U T 4 &R ZKBMEAEXVMBOKRFAEZEL LR THBEAZANLONL T, KEITK
REHBETORE - EEAT EURTHBORBPEAOTREYE CKkFA V77 - TR - 8EXaIXF2E0)

B RAENBNADSORE - RRBAOKERAGWEYL, BBE (XK BBEZRFORAKDEXRTHY, KE
L&V —VRREBEICEWT [M/ =y av ]| CERHRSNERRL. BERNOFCE£%238bLT 2L TEE
DR <

KFEHES - ) O3 A MIE
100 » KFEEHESH - OB AME ﬁﬂ%

Bo I’-\\ = A
L 4 PN =1

i :;\;\ Y >2FM/kg BRIS it
Rl I \ | J <2FF/kg SRR B - AR - ERES
© 70 F 1 1 e =]
5 \ \ <1F¥M/kg 7R EXRS
E \ | & ARG o e ms
N’ - N l 3
| i s | R SRS EES
L= WS FGAEBTFER. )
& | | & FONSRTHR RS IRS
2 BN — kS hi KRFEB WA EDEE

20 (TFL 4ELEBER) Y-V RF—IL

0 . . . - - -40 -30 -20 -10 0 10 20 30
0 20 40 60 80 100 <A @  OEM)
migHRE kM) HARS : 20224

x  WATAL V(T ADETRIR

(A7) NEDO MAKIEM - KEKMEFE D — F~ v 7 (FCV - HDV FAMKIEM) @BHE (2024/3/823F) [HAT] MBET —RICEDETE Y bvRP A FOnefERk
[BADEEREE Rt Rt 2~ DB D IFHEIC |
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FCEL U 5 4 OISR L

KREEDOY 774 F -2V, ARV A FOBBERFC - ARITE S AT L7 THIHRERES.0IAD KT
vy, BEIEE L TOREOHHAEIZH36I5A (FCEV 4005, FCHZ v 22,0005 M % 5ite)

ZDHRHDTKEFBY AT LIZOVWTIENILIKAOmSHGHRE (ka3 X b2BM/kg-H,, FERE - NEIEEESKe,
5w 260kg, /NR20kg/kEBH % (RE % (RE)

ESITHABAR - MATCY T4 ~OZERERL PG CRIKE LB IS, Mk o)
FCEBIE kR Lkgd7- Y ORSME L L THDEE L b TEBIMICS L

-

NEDKBZEEDERE, FHFNERICEITFC - BT XA T L~ DMFHHIKE FEE

nE M5 K&KlkgE7z | W&
Y) DB ffifiE

MARIE it B Eh 363kM 4.9F M /kg 2050 FCV (NEUFGAEZEE) 380F4&/&E. FCh5 v /100 5/E
(FC - BFEI> X T L) (5.095F9) (k> =7 by IEA[1]. NEDOO X FBiEfEL W EH)

Y-V RF—I 603kM 1.3FM/kg 20505 TRASMEY/E by IEA (BBl 125M/t, EF @& H LIRN)

JY—>4r AN 6.6k  0.1FF/kg 20504 T AB,700/t/4E by IEA (TF L &, Ex3|E{H140M/kg)

IKERHE 973kM 0.2FM/kg 20505 T1,850GW by IEA (#X{81250%., FKEEHM12M/kWh)

KBRS X T L 1038M = KBRS ZT L 200GW/4E by IEA (3 27 Lffitg 575 F3/kW)

TP 5.5JkM - 2050 121 A ERSEG| S 3 £ 5,500/5t/4F (FH9ERE | ffit& 100 /ke)

[1] IEA, “Net Zero Roadmap - A Global Pathway to Keep the 1.5°C Goal in Reach”
MNEDO MARIE M - AEEMEFO— K~y 7 — (FCV - HDV BMARIEL) ME - (2024/3/80F) ICHtRANA % 2H
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BENMERKRIT IR OBEE

B KFF. PENICKEXEREE L TEEDLNAIE, KRzexEeE LTIRYT SICE. BEIKAL L TRESERS
(350~700bar) —MMITH Y, KFEZREE L TIET 21, IRETDOKRDHBRA-253°CTH S 7=, &

BEBERANLF THAANDONIGH HLE

B —75. BoXRE (RE) £REEFEAR (RN IR 22 &b A ORRETEMED

How is hydrogen stored?

Physical-based Material-based

Compressed Cold/Cryo
Gas Compressed
Q ﬁ

BICRSEKR  KiEKER

SEKE

FrE

Adcorhent Liquid Interstitial Complex Chemical
organic hydride hydride hydrogen |

Ex. MOF-5 Ex. BN-methyl  Ex. LaNicH, Ex. NaAlH, Ex. NH,BH,
Y ; cyclopentane WO

Btk ¢ ¢ BCKE o
wox ) © (3 A0 0X

'iiﬁ': as : 2 s @@ ‘

= .H: accessible k

surface

@=H @=A P=Na

[{HFR] https://www.energy.gov/eere/fuelcells/hydrogen-storage

MIZWKHO 333 Ub—F852/09—X

@=H @=N @=8

Gravimetric Density (kWh/kg)
0 5 10 15 20 25 30 35

T T T T T 1 1
® Diesel =
- JP-8 @ 10 <
- E-10 .o Gasoline o
- . c
é 30 18 CBD
% Ethanol ¢ Propane (liq) &
3 20F ® ® Methane (liq) 16 g
8 2
% e Methanol 14 :.-{
£ Methane (250 bar) z
s 10+ ° i =
5 H; (liq) @ 42 =
> H, (700 bar) o A
H, (350 bar)®
0 1 1 1 1 1

0
0 20 40 60 80 100 120
Gravimetric Density (MJ/kg)

KElZ, HowrREORTHRVLEEHT-Y
DIFIILF—AEWH, BUFEH-YOT
FILF—DEL, VELWIRXLF-FE%
EFRTZ25ERTEALTORAEIER

MDOIR M, BEM., TEBEEOEHZHT:
LAadA o, KOG ((FEIRFH) Zalse
ICT AEHAKRETEB S AT LNKOONS
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K - R 1 CHIE & N B AR hE

B RAKRIEEEKRRICEANTIRLF-BENS WO, RE - RIBEEHHEE T REAKRITE > R T L DRFELEAR

B RIAKETE S X T LA Medium/Heavy DutyAEOBEEH%E7- L. $8/kWh ($266/kg) UT & WS EFE IR k
BiE%ERT DREEINREINTWS

B cHa, 350 bar, Type3
EcHz, 350 bar, Typed 17.7

811 816 823

@ cHa, 700 bar, Typed
[ CeH,, 500 bar
ELH:

[RiAKFE~NDEHFOEER
B 5/E25MPaT18kg/m3, 7T0MPaT40kg/m3ic
L. &AKIETIkg/ MO EETEEE
- —ERETCORMBERL
—  finfkiERE DR
— KEBRBOBHEDIBEKX
- BRMERRE D LR ORI
n }.'.TZI%TEE j] D 'fg'—F Internal Volume Stored H, Usable H, Gravimetric Capacity
- RVUBMEOEMICLY. BE - {ED - o o *
2 ME : ' 2o @ cH., 350 bar, Type3
1 @ cHz, 350 bar, Typed
' @ cHz, 700 bar, Type4
@ CcH;, 500 bar

CRIAKERETE S X T L OBIER 74 &)
- KB NZvy (BFICRER)

- FnZEH
\ ELH,
—  fRfH
LH, A cH,IZEER T
KELEBAEZ RIE
A
[HA7] DOE, EERE Funding opportunity exchange, 1)11 l %j:i
Liquid Hydrogen Technologies Workshop Feb. 22-23 2022, Argonne Volumetric Capacity Carbon Fiber cost
“On-board Liquid Hydrogen Storage for Long Haul Trucks” kg/m? kg-CF/kg-H, $/kwh

RIEEtEIE 7 v ZRITKREITFR Y A7 LDEE (Auto Electrictt)

MIZWHO & FUud—Fe52/0V-A © 2024 Mizuho Research & Technologies, Ltd.




247V (54F—LR) OEEKETBEERS ﬂ

B XAV (FAF—LRABE) ITAZBT7 A4 F—%2F-HhWizH, EEMEIAZINRNY FEHEXEESOmMAE LT
Bae, ZA4F—DHWiH, A4 F—LEEMOBOEEEEHOLEEALLL R YESERELAEL, 10~20%DE
SRV EERTEDAREULH DA, AJEAEHEHIFE/ATEICERATINATUL AL

B REEDTATAVENTAVT 47 (FW) ICLPEEIIHMRAENSV—H, BEOHIELAH Y. LVEELRE
HikE LTEICORY MEEMRIELER T TH 5 BENHAEAutomated Fibre Placement (AFP) & W o 7-tER
DIRELH Y (AFPIXEFDFWHH % ¥A1L)

EEKERIEFD X A TR

Type- | Type- 1l Type-lll Type-V
Shematic Al-metal
steel or
aluminem Al
composite
) . Metal Liner with  Plastic Liner with . . .
Composition Al Motal CI\."IetaI L_ltneerth Full Composites _ Full Composites _Full Composites Cg)mp93|te Cryotank Technologl_es and Demonstratlo\n (CCTD)
omposttes Layer  gyenwrapped Overwrapped A 7 MIHEITBOE5mT T A4 A X DAFPRLE
Tank Price ++ b - -
(5/kg) (83) (86) (700) (633) = Target $266/kg 1L ARELOFY BH
—— . — AR Y —LEERL
Gravimetric Capacity - " ++ ot rle -y 0Esn L 2 ERAOMYMY -
i e i : e
C°ﬂzzsgﬁa';fnygers 45% Load Bearing 80% Load Bearing 100% Load Bearing 100% Load Bearing P N Lflic neSOEE s mgvsbLie N
T AFPA —/8—5 5 7 3
[{EFF] H. K. Shun and S. K. Ha, “A Review on the Cost Analysis of Hydrogen Gas Storage S S
Tanks for Fuel Cell Vehicles”, Energies 16, 5233(2023) ) | |
* *
Tape Feed
Automated Fibre Placement Feeding and 7
(AFP) 0)71@/%% Cutting Units |
Bt ntz7
Heat Placement EaiAdt w4 — A K=
Source o Direction
) — ; ; o~
. s s, FTLWAFPICL 2 24 7V ENBRBROESEHES
ip omt_\)
o Tool [{A7] A. Air, M. Shamsuddoha and B. G. Prusty, “A review of Type V composite
Substrate pressure vessels and automated fibre placement based manufacturing”, Composites

L= SR Re) Part B 253 110573(2023)
MIZU-IO_ HFIFUY—F&Fo/O05—A © 2024 Mizuho Research & Technologies, Ltd.
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M+ AT ORAD 7O Y £ 7 b (CHP) B

m FRJNClean Hydrogen Partnership TI3EEERFIDOMFRAFRK L L THRRIEBOS MR, mMALELITT 7Y 75—
v avOEIREEHLE T, BEKRITEEMTOMITH R % #HE

ExMClean Hydrogen Partnership (2 1T 2 X afFIDOR&D D ZEE _-

CAPEX*1

2010 20m 2012 2013 2014 2005 2016 2017 2018 2019 2020 2021 2022 2023 2024 2026 2026 2077 2028 (lﬁlr7}<$’§%§)

CAPEX*2 = 320 245
Building Blocks (5&%*5%@%5)

BEIFREE*3 5.0 6.0 7.0
(Wt%., =EKE)

BslTHEE* 8.0 10.0 12.0
(Wt%. ik/k3E)

AETEZE*D 35 38 45
(g/l—\ L VIED)

*1 200,000 =y M/EFEOBERIR. TV F777 12 EYIRNILT
AP0 & Ty TVARELCEEXR VY I7OBEIR B

*2200,0000 =y M/FEEBEFIR. TVRTT77 120 Y IRNILT
A0 8 TEyTVEECREKEZEZ Y OB IR b

=
&
=
=
=
o
@
&
=
=
=
Pt
P
=

Waterborne BERYATLOBE (KEODBEAEE) IINTI2ITREAZEEDL
applications R, BEODEAFEMICEWVNT, 2> 7 ORNIERS LM A TEERRET R
Rail Aplicatos R—Z2DH25%TH HH . 2030FICIFEREFRAR—RADEASYEERT S
ZExBEYT

ﬁmﬁs . MRV RTFLALRLTD, BFRYATFLOESE KEOEEA

o NMPHEA ©) 1T 2EBKEEEDILE,

» *5URTLDONRRESHT-Y OFBKELEE
[£7r) Clean Hydrogen Partnership, “Programme Review Report 2023” @COCOUHZT

[{£Fr] Clean Hydrogen Partnership, “Strategic Research and Innovation
Agenda 2021 2027

M-I—Z-ll-l-(l HFIFUB—FF /09X © 2024 Mizuho Research & Technologies, Ltd.



FR K EETRHIEEORAD I A £ 4 K 9

B OEFTIIEHAOEEKRITEEM A O MZEEA O REKRITERMANEES L BT

- OMNIUM#B A TE, FEFHHIREMNDKEITE S AT L (T XTOHEE
EHRELEF R ONLTREES Y R —) OFRICSEN
OBJ#1: &LV RE, e, BELEEEICNT 2EE 2R AR

(DTAnk HYdrogen Automotive DHDHKEFTBY AT LEIRMET 272D DEREEZEDERR € 3.996.943.75 2018/1/1-
(TAHYA) OBJ#2: KELENFIRET., IR MRENDH ZKEBTE S AT Lxik A 2021/6/30
3
OBJ#3: 7R~y =z 7 MAMFICHBON/-HBERICEDOEZ, GRT13&
ECTODEH % IRE
- FAURECIA#t A £ &, BEIEAKRITEO7-HDERMNHRDF L EL
AU VRY Yy FEADRIBIORR
@Thermoplastic Hydrogen tanks  =/kKEM#E~DHEEHE. BLUVBHEHFTHEOREEE~ADOHRTE LD & 2019/1/1-
Optimised and Recyclable TEMEDH Y € 2,884,330.29 2022/9/30
(THOR) - BV E, SEABETT Y v O, EFNARETEIE. B
AIBURIE = (ERT 5 Z & THEE. R2omLE. ¥ 7 BRORE1L.
gEl (10%RE) . EEIX MEIRZIAES
- PLASTIC OMNIUM#A £ E, e &M KigIicm LS, Mg
SSTORAGE OF HYDROGEN: &2 /-3 aRIER - HBAI7 5 v FEBOARBRS 27 L EH Y0211/
ENCLOSURE DEVELOPMENT %, Eﬁﬁﬁ%%ﬁ’@ - - L o LB S 2023/12/31
(SH2APED) 'Wkﬁ@%ﬁﬁﬁﬁ#ﬁﬁ%ﬂﬁib\%#@N@ﬁ?ﬁt%&tf
20%DARETVDREL
@COmposite COnformal Llquid - Collins AerospacettA’FE, MEHHFIAITORLLEEEMB LUVER 2023/2/1-
H2 Tank (COCOLIH2T) WL H2 R > 7 Z R, £FEIXRILT —HESEZ60%U EHIBR L. £E 2026/1/31

i & A7 < & H50%HI5R

AV 74 —VIIAIEMNERY 7 ARy s OEEERA. YILFIT
Y 7 IVERRIEBMESMEIOMRICE OV THEY . MEKOEBERS %R
L., YRTLEEEREL

€8,726,770

(HAF] &£ 70220 b 72794 b5
MIZWHO & FUud—Fe52/0V-A © 2024 Mizuho Research & Technologies, Ltd.




BN BEAREAEEOBHE (D TAHYA)

B EAEEE. FRVATLAKROER AR NERTH D REMMBEORAM L IR+

B SH, HREFORRMHEDOFREESITHI80,000 b > TH AL R ZBEDNTON ITANZ—EY DT L — kX
fRZE F /M ZE O ICER

B FREI0OFEDOFCEVEEETY 5IC13595,000 b » AREFA, BUA ST L — FORFMHMEISEICERMNAA (BAR, KE,
B2E) THE. Y774 F z—VBEICMIT-REEBRRINLE

7.0% 6.5%

6.0%

n
w
o
53

iciency

4.0%
3.0%

avimetric effi

N
(=]

%

G

COPERNIC

1.0%

0.0%

Cost per kg Hydrogen Storage
28 € 501 € _

2012 2016 2017 2018 2020 2024 2030

MFCH-JU projects =e=MAWP - Target

BNZ ALY 27 b TOEEFREEBREOHTD

(TAHYAZ' B = 4 b 1320194 8 5 ©5.3wt% L £ % 3E /%) 332€
£€3,500
£3,000
gtzz,soo S
02 FRMEO#R
L2 — =718
§€1,500 (EEZHJ_ v b HIHTE) Derivation from actual design
£ €1,000
£ €1,000 -
500 Tank On Tank  Assembly & Total
€500 €450 Valve Hycrogen
€0 testing
2012 2016 2017 2018 2019 2020 2024 2030 Q D 7 R R A*ﬂ%g <‘_’_ aOR |\ 7]%‘1%
=+=TAHYA =s=MAWP - Target [{£7r) TAHYA, TAnk HYdrogen Automotive, FCHJU Programme Review Days 2019

MIZWHO & FUud—Fe52/0V-A © 2024 Mizuho Research & Technologies, Ltd.




B 2 75y MEHARER S 27 AOBH (3 SH2APED)

B @S EINA-EHNARESEE 7 7y NEFRDOKRITE Y X T LZHE., ABRZEHE
B AP RESARENICAEL, BHOIVEIZ Y 7 EEERL T20%DIX YYD REBL

I

B B OB WEEHEZFERT-. BEMELH Y BERHROSLVKETOMPaT

By AT LERES L OT R MEGE

B EFNBRAMNL =Y RTAIEE, Ny T U=y 7 ZAR=Z~EHA

B 1,800x1,300x140mm®D BT A R— X ICIN X 39K HBFERDO T 7Y T
AL, TN & M ERE A KRIBICAE L, RFOX A FIVERE & LB L
TaXR LAH20%HIiRE

BCD7—FT77FvI&Y, WNEEOT7VE—KRT4 DT Ty FAR—=X|(Z
WETDEY 27— AT LEBRHATEE

B SH2APEDa >V — 2 7 Lk, KERIJIREEDPLASTIC OMNIUM,  #&is0
T HMisal Srl, BEEESY v X —DREFMEEREBAM, KELZEHMED
T IR R —KEZETHERK

BRXALT—, bAR, TIT14. FF. FIA, GreenGTAR EDBEIFE X —
Hh—TEBRINDIBFMEESICLY ., NIFCYANDSH2APEDY R 7 LGS
IZo2WT 7Ry MIBIE7RY 27 bR %ZIKREE

BHY OKEBE5.9kgD1,800x1,300x140mmMDFEF R R— X ITEET 3IADOHER
BOTEYTVICEDL, EFHAKEIOMPag Y 23 X7 L (7L A4 X
DTFEVAIL—Z—ZV I RT L) DIKE
QORB., TELaT7—VATLABLUVINLYAZXDTEVYR ML —R—R2V 0
AT LLRNILTORMN, BEM. BLONRT7 +—< > ROKEEE
QBEHHEEXDIFICH 7. KElkegH/=VA4002—0OKFNDIX M E2BIEL
THITEBAASEED I X FFHA

[HHAF] SH2APEDZ7 B =7 b= 7H 4 b+ (https://sh2aped.eu/)

MIZLHO_ HFIFUY—F&Fo/O05—A © 2024 Mizuho Research & Technologies, Ltd.




RRN - BAATEBME A MIRIEKER 7 DFFE (@ COCOLIH2T)

B SRENOBREALAABEMESMEDOREKRZ IR O 27 b2ERF. 2025FFICTRLAZER L. 265

1B £ TIZ2E DEIE DO BUE % ZHE
| E/“LJ??'?ME%}__J ‘WEAELHORAR2ZMEEO T o R —VHNFIEEEDRKRTICKRET AAIREEDOHZ X7 TH
. EEFE(Cm T -EERICETh
B2
#1 MEIOFIRE 2R X B ZBEMEWM (ML) ( E&ENY 738
LMzl 7 b LTHKRESES
#2 BENARRO T EEMEFRLH2Z > 7 0% EBEER (Bvb L 0E
v RS HEBEZEE)
#3 2o BE EEMB L UOHTLH2%Z » 7 0 ElE
#4 YT RT LA VAT LDLREIEEET B I-HD RV JiaH. &
2. 5=, RN AT LDKET LR
#5 RUTDANIVAEZ Ry IDT7A4A 7Y A4 7 LEETCBELAERECEE
RYVITVRATL TEBABRECBERIAVIANILREZRY VTS
2T LEBEREY X T LDOKEE R
#6 ZhL— R LH2R V7V RT LEERDBES L EF
TLOBEE TR
|~
COCOLIH2T @£&i§59@37t7 ) KT A o DRAEME ’;'?/7;2;1'0)/3%[5 L& BS54 THA oL EReMl
(ERIEMRE : NLR) LCA DEEHIBIR L - BY R RE S E% R

MIZWKHO 333 Ub—F852/09—X

[HHAF] COCOLIH2TZAaY =2 bz 744 + (https://www.cocolih2t.eu/)

© 2024 Mizuho Research & Technologies, Ltd.




BN © IPCEIIC 514 3 EERADEIE

m [PCEl (Important Project of Common European Interest) (34 / R—> 3 VO ELRBBLSEEANDERDIMNBEEIC
HEXEEAEEE 5. EUEREBIIL—IILOEHEE

B PCEUCHITBAKETBY =7 FHy2TechdTF3 [BFE - &k - BT ORER] Tld. KRITE - BICET 51
ERIEESRICERZY T TLWEI=KEDRENLEIXL RBDI-ODA > X — 7I—xtﬂﬁéc_\ EERP & UBE
ETE S R T LIS T 2R % X iE

BFIX b - BiEEMEAI e RIZELL I
7= X7 Li&ET (Plug & Play)
AT —Z 7Y AT LERE

Truck Bus Train
H, system H, system H, system
Total H, weight (ka) 398/ 66,6 34,1 91
System weight (kg) 1300 /1700 800 2500
Vessel dim. (mm) 2000 x 400 2000 x 400 2000 x 400 )
S T H2 Capacity - s i = Hz Cu.r-'mv!':é 0k
o J 2 approx.
Number of vessels S5to7 6 18 CHG . ZDWOX- 50 kg SLH2 : ; i R:Zc g
Pressure (bar) 350/ 700 350 / 700 350 (compressed) |+ TS 700-800 km Giquifed) Sl - & @ 10001200 km
ZIN o AN = - _
ﬂ__u é Z /\_Z/[t\ E{Z'SEE—F/\@%}EA Fros and Cons
FEHE - NEE - ] « Short term higher demand & X Short term lower demand &
= e commitment from infrastructure players # commitment from infrastructure players
e X Lower tank capacity - » Long term better economical and
technological feasibility (lower
infrastructure cost)
s ~/ Higher tank capacity
Passenger cars Light duty
H2 sysfem |.|2 SYSfem Technical Spacifics
= Communication between tank and fuel station required to = H2 hold time restricted - boil-off management system required
Total HQ We'ght (kg) 25-35 6 enable high flow refueling = Tank layout: Steel vessel with vacuum-insulated container
N | = Tank layout: Plastic liner with carbon-fibre wrapping
System weight (kg) 20 180
Vessel size (mm) 2000 x 200 2000 x 300 . I — = >
( Daimler Trucktt O KB + Z v JmlFmEKR - Y 77—
Number of vessels 5-7 3 el & — ——
RISKERITE Y R T L O - Eif
Pressure (bar) 700 700

[£7Rr) IPCEL “Session3 Storage Transportation Distribution®, 2nd General Assembly, Berlin
MIZWHO #3(3Ud—F8F7o/0J—A © 2024 Mizuho Research & Technologies, Ltd.
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KE : KEBIFEEMEE (§EK%E) ODRDZ7HAY 7 + (DOE)

VATLETYVIEAER-—RICVRT LA, AXMNEEEERE. MEHBEEIPEMY AT L L NLIIHT %5 EIE
EFEOII 2T AILAANEEITTWS

=EKREFE TIHMEI X Melcm T2 RFBIHEC 7O X

DRI o1 5 R A % B

Da1—X - YUY A Z IO ER

G-@ : AutomotiveHydrogen
Storage System Modeling:
Public Access, Maintenance, and
Enhancements

G-@ : Hydrogen Storage Cost
Analysis

G-® : Precursor Processing
Development for Low Cost,
HighStrength Carbon Fiber for
Composite OverwrappedPressure
Vessel Applications

G-@ : Novel Plasticized Melt
Spinning Process of PAN Fibers
Based on Task-Specific lonic
Liquids

MIZWHO #wFUdy—F857o/09—-X

- MRIBEREHDDOEEHEL NILEZEICKH L TR Z25HET 2 D= XiE
TR AT LAET VA, B, 8t
-BEOETIEER - @bl. SYLEVWEGREEWEFEER

- HYMARC TR & N 7= /K REFEM B O e MY — L DR

- REOKEFTBET LVOER%., NEELIFTHRL, BFRBEE NI
7 ITREIRAMTIC B YLK

- Design for Manufacture and Assembly (DFMA) Z{ERL T. H2X
b= RTF LD, EEEOFVR LT Yy Z7OHIM - AR b
D% R HE

cOZX MEREEEL. £77/ 07— 0UREN’DLEL NS EFZDOE
ICHRE

CH2R P L =PV R T LDBREDRRAEFRFAIND IR MCET S
SRBARER LR — FZDOELIER D I 2 =7 « (CIRfH

- RZEREMMETH B, Hollow carbon fiber (HCF) oFHEIZL S, &
FEXZEZZ7ODOX MEBZ BT
-HEAX FDRES. MRIOESEICEY.
FIL/kglli b Z & HRENT-

REMMED 2R FH11.97

- REBRMEDOA F KA (L) ICESLC, BEOAKRHLA7O0ERIZRD
2% L WABCARE R 7O R DR, =l YA 7 ILH AR

- PANE ORJEBLEEER %2 B 2 12ILODFEEDHE. ILOER{L%
HfE g B2 PAN & DL ERBEERAOMREICHEE. ZDORREHE L7IL
BRI R Y R T L DORFE

2015/10/1-
$2,090,000 2022/9/30

2016/10/1-
DR 2021/9/30

2017/9/1-
D 2020/12/31
FY18-20 2017/10/1-
$900,000 2023/6/30

[{EFR] https://www.hydrogen.energy.gov/library/amr-presentation-database
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B FY23EEFOEEKRITERMICOVWTIICFPREZT AL XDEIX Muh oML R 7 A X CRIEEED EREH

7. VUa—X - UH A 7 igEE%R ERlL < REH

G-(® : Cost-Optimized Structural
Carbon Fiber for Hydrogen
Storage Tanks

G-® : Carbon Composite
Optimization Reducing Tank Cost

G-@ : Low-Cost, High-Strength
Hollow Carbon Fiber for
Compressed Gas Storage Tanks

G-® : Low-Cost, High-
Performance Carbon Fiber for
Compressed Natural Gas Storage
Tanks

MIZU'IO_ HFFUY—F&To/O0I-X

- JR b EHREEORBELICAIT., R E TENRERS LD S % R
L7=. FBEENICEEINTNBPANR — X DORIERIAHHED b 7 > X
L—3 3 FILEFSR

- BERDFIEEZE T HHREKPANRIR AN THEOM L. ZEZE
BEMICLE2EmAN—Ty PR EHEE - EEHEHI W -mEER L
DR = BRy & L 7= EEHR

- 15 FL/kgRimm a X b, 700 ksid5|3RIEE. F &L U35 Msid 5| 3R3H

MEZET20RECF2RET 570 0H L LWREL S N KT DR

- HEERAHERL—Ty boAELE L =-S5 CRETOREL. aViR
Cy boMiER L, BBRFEFEETY I Dk, FREARRMELY
YA oI EHEE

- G-@nHhZEREMME (HCF) Hffog# 0z 7 +

-HCFORE =V I DESERTr—ILT7 vy 7, S8EICHIF=HCFix1t
78774 ) 7 e REEMNOHIE, HCFEIEL > 7 &S L ERED
VDaA—X - YUY A 7L EIZTOVTHEZ IIHE

EOX P CEMREAREMED Ry — 5 TIVEREER EDORR &R
- ANSI NGV2IRIRICEA T 2EaIR b, BED XA JINVERETFEBEX 7
DEE

CfHEBE, QYR Y Y FBEDELTI0SEREUL, AD1/212E
DEE IR A EE

2021/4/1-
HEB0 2024/3/31
2021/10/1-
DSBS 2023/9/30
2021/10/1-
$2,545,000 2023/9/30
2022/10/1-
$7.809,744 2027/9/30

[H7Rr) https://www.hydrogen.energy.gov/library/amr-presentation-database

© 2024 Mizuho Research & Technologies, Ltd.




KE  KEEREEE GRAKE) OR&DZAY 4 + (DOE) 17

B H2@ScaleX°Hydrogen ShotBIREmRKIC[A |} 7c B RH D BE A TRIFKRITEICE T 2 EHT — ¥ HFREFIR

B KE R Sy 4 FRTRERH2 (LH2) BRRES R 7 L ORSAE & 447

2dE A7

L-@ : Cost Assessment and _[if%%{gw kgL
cyoluation of Liguid Tlydrogen | Moty 71C & £.8-10 ke/min oD fa sEEE $500,000 ggg%%é
o °rag% ‘;f Ae Il'l::r:tiorr]m — Type-1B#h & > & THRIERDORNICET 2 B4 87

e BRI - BfE3 X 18-9$/kWh, 15 wt.%DEBEE &35 g/LOREEEE B

Z 5 %8
CEHIHAX—IFNICKRESNIEREGREED-HD, HEAPDFLE
- . RS DBAERIAEKSE (LH2) BFE R >~ 7
(L:O?nm;'s;[)sigﬁnit;it"d"” e czoFaY s M. 2-10m® (1,400-7,100 b ¥) OEETERT
. EEARRREL X V& BIET 2021/9/1-
nyO:“;ge” f.t‘“aﬁ Tznk Design | i hBOR (boiloff rate) <0.1%/H $6,000,000 2024/8/31
orinternationat frade — CAPEX%LNG (R{EFAHR) FEIR FD150%UTF (105m3<HB
Applications X F$175MKRH)
- REMEEIC L 2L HETEHDER
L-® : omposite LH2 Tank for 2023/9/21 (= 5
Heavy Duty Trucks and H2 KBNSy I BLVH2 IMBEADESLH2Z >~ 7 DRIF $2,900,000 =
*x

Aircraft
L-@ : Conformable, Composite
Tank for Liquid Hydrogen Storage . \ynemps g (- 515 2 UK RERAOBAMES X~ 7 OBE%  $3,800,000 QS Rl
in Heavy-Duty Ground *=

Transportation

L-® : High-Capacity Onboard ) e I BB gt ks s -
Storage System for Off Road 7__2-07)%% FihlB L OBKREMAORREF VY HF—FX L=V X $57000,000 33—%023/9/2:“\_%

Mining and Construction Vehicles

[{EFr] https://www.hydrogen.energy.gov/library/amr-presentation-database (L-@ - @& 70y =7 FERD
[{EFr] https://www.energy.gov/eere/fuelcells/selections-hydrogen-and-fuel-cell-technologies-office-funding-opportunity (L-@~L-®)

MIZWHO & FUud—Fe52/0V-A © 2024 Mizuho Research & Technologies, Ltd.




KE : hzE

SRR (HCF) of% (G- @)

B OD (AR) H%50 u mkK.

| EP TechPANﬁu,%[%%ﬂz‘fﬁ?b‘b0)7}<:a—/J\1I:,<‘:1£E:|:z~)l/ﬂF
EIFABEZ. SRECF (T700S) LR TIEIX MeiaEERE®EL

77 ANITHARTIOEU RN &

ID (RE) H25 umEKiED R 7 —ILHollow FiberDFEII=» X & [ZHHUVVHF O BEH

BEEIROFEEICE T 523X FoiT. HFOBRLRE A B

2) Water minimization
and activated carbon
solvent recovery

e
& T

o Low energy adsorption de-watering
to concentrate spinning solvents for
recovery

Use of activated carbon modules to
capture solvent, followed by thermal
regeneration of the activated carbon
modules

Potential to avoid energy-intensive
distillation process of millions of
gallons of wastewater

Effective Fiber Stress (GPa)

1) Proving of low cost,
high-volume, high
quality polyacrylonitrile
(PAN)-based precursor
terpolymer

> Special acrylic grade terpolymer,
non-exclusive (TechPAN)
o Anticipated cost $3/kg

o

4.90 3.:’5 3.3[2 2_I95 2.40
$30 ¢ -
% 4 P e -
l%n $28 .{/._._._._._._._/(_. _______ ./,.r./ ______ L g0 :——:
£ 526 >
% [ 5.35 é
6 $24 3
g 822 z
T os20 b oer =
L - =
g 318 HCF cost reaches DOE goal of 70 &
-g v - 515/kg* at HCF OD of 7 um (at | |-7.90
@] $]6.(.j:’ 44% open area) L s7s
$14 . :
7 8 9 10
HCF Outer Diameter (um
() OA: Open Area (hZ
4-30% OA -e-38% 0A -+-44% 0A -»-T700S8

MIZWKHO 333 Ub—F852/09—X

o Hollow fiber is then

System Cost ($/kWh)

3) Development of
hollow carbon fibers

—'—l:lﬁh’-

[(Eax b, BEE. awE
RETER{AR U v — DRI FE]
- FA R F$3/kg

DFRYT727 YAz kY (PAN)

¥

[k EDIEiR &M RIBE D REIX]
- BN O REH & RET 57 DET 3L F —RERK
EMREY 2 -V EER L TR LR, EERE

Ya—ILEHEBE
[z R =it DRI ]

R —=ZTNBRETAY MT =R O&T7 A —F
(ZCHX n+)
- BTERIIAEE KON OB T 5 Z & TBR{IEDEERL

Scalable segmented arc spinneret approach
(2C design)

W\ 2C spinneret
)/ ] capillary

o Lumen supported by air
entering through the heal
points between the 2Cs
2Cs "heal” in the air gap to
form a hollow filament

capable of oxidizing from
the interior AND exterior - (

FASTER OXIDATION AER
24 T700S: $17.46/k Wh
/ $27.39/kgCF
22 4 / _»
/| 2019 Record: _—
20 1 J | $15.67/kWh
18 - /| $22.46/kgCF P
16 - '
44 : , _
— System cost using 7 um OD [HFr)
12 4 HCF (44% OA) achieves https://www.hydrogen.energy.gov/docs/hydroge
10 4 $13.13/kWh nprogramlibraries/pdfs/review21/st231_weisenb
8 erger_2021_ppdf.pdf
6 '? é (') 10 https://www.hydrogen.energy.gov/docs/hydroge
K) - . ' nprogramlibraries/pdfs/review23/st238_weisenb
HCF Outer Diameter (pm) erger 2023_o-pdf.pdf
--30% OA --38% OA —-44% OA

© 2024 Mizuho Research & Technologies, Ltd.




KE : HDVAKRIL AR X7 L3R bt (L-O)

B SREEZE0aXRMIEBEKEZEELERL <$8/kWh (<$266/kg-H2) . R—XZ 4 > D110.4/kg-H2D 7 L — LIEE
HRICKEZITB Y AT LDRNLT Yy FICEBFEEIOFI= Y FDOOXR % Eh

B BOPLWIEW DNTZ VANV RXTLAOAR M XL, IR MNEEIIRDAEZATEZEZRD
B =EER7OEE, RIEEREICEK 2/KEFERRIGEEZ 9N

]

Property Value Insulation Usable H, Usable H,

Tank placement Frame-mounted Thickness,mm  Ullage, Vol % LH;Heel VoI%  storage Density, gi  Storage Volume. L ¢capacity, kg m KREEEDSS.2kg, S1 (FCANE
: a7 47 batm - ZERV7H) . S2 (F
C 55.2 kgH,/tank :
I;T:::Zn MM"S oftan 210 210]| 82 ‘0 8atm) . S3 (FCAHES5atm - 2
o " ERY 7)) O RTF LEZETEH
nsula |<.3n ickness mm B (fRiEBERT : 18)
Shell thickness 3.98 mm Al 2219-T78 B ANELSICE YH23%D R T
Liner 1.57mm Al 2219-T78 LERED B (EEAIREARKEIL
MAWP 10 bar 49.2kgh* 5 37.2kg R
Pump Single on-board pump B =FE Ry 7 (AP=4atm) OHEE
Target cost <58/kWh I & > CEFAAREZR KSR I£49.2kg
Vaporizer  Vacuum Pump d §14d S24d $31d  S$11d $21d $31d S14d S$24d S34d S14d S$24d 534d  S$14d S24d S$34d  S1-1d S24d S34d 75\'5354kg‘:;m/}\
1% 0% m:: Insulation Usable H, Usable H,
Assembly i 5% Thickness, mm Ullage, Vol % LH; Heel, Vol % Storage Density, g/L  Storage Volume, L Capacity, kg
. so 210 s _— o s e m KEEHEE5.2kg/> X T L, Sl
;:l = (FCAAEbatm - ZFER> 7
a% B) DY RT LAEBETRIERRBIC
Fueling and controls L BREE R
a% B KIEEEAIBEAS2B8ICENS
LT, EAABEAKEIZ49.2kgH
546.1kg|ZE A
B X5 (TRIEREREIAMER U B & 42.6kg
SR

$14d S$1-2d $1-3d  S11d $1-2d S$13d  S14d S$12d $1-3d  S14d 124 $1-3d  S1.4d  $4.2d 134 S1-1d S12d 51-3d

EERYT7OEE, KIEEMIC K 2/KkFEFERTIEEED DT

[HFr)
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review21/st100_james_2021_o-pdf.pdf
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review21/st223_ahluwalia_2021_o-pdf.pdf

MIZWHO 53Uy —F&52/09—A © 2024 Mizuho Research & Technologies, Ltd.




E  KEEEREE (BEME) OREDFAY 4k (HyMARC)

B 2015FEA OAEFBMRIOMEREFE O 7 b (HYMARC) #%#i#., IR7E(ZPhase3 1T
- Phasel (2015/10/1-2018/9/30) =»Phase2 (2018/10/1-2022/9/30) =»Phase3 (2022/10/1-2026/9/30)
- EFEORKDFEIZ$T.0M (FY22) . $6.3M (FY23)

B 6 DODODOERATOEMNHMEFRIHR L. KEFBEMEBERICEF, >Ia2L—arEibERLEETY v Ieds
FX & B ST % @i S B /- “co-design” IC L ARHIFRERE % B (E=2025F DB EE BIZ5.5wt% (BTE > AT LXR—
R) HERLIZMBEHIEFAEAERRINTUOAWY, MEHERZAE— FOBIAINRICAKT) (f ﬁ*ﬁ*?ﬁt{t/\%)

B 71— X3TIE. BEDOIHTBAE. BICEEAROME 288 (LT 52-00MRNEHEZRAMN=Z>TT47 FUE
ET Y VT EEAIREST A EASHYE) OMEILISESN

oy -t
o b . & _Lm:“_m .
Approach: We employ a “co-design” approach to identify and test new BUIMARC © e BT -2 X=X
3 L A8 b} " = V) —
hydrogen storage material concepts w - | 3R M EHEY -V
e
Reproducible synthesis of well- - . A w
characterized materials ? mincar ags ey
LINRE Phase purity, control over size/shape, 25 $ / k g MOF . a, il chasgeg ua Gou st
@ = ) doping, additives, crystallinity £ % . e
I W o
i > 25 $/kg MOF |, e
DFT, MD, thermodynamics P _ production EBNSAF “ § Dawdid oter
Phase field o : : 9071 (agaressive =581k | ey
Moachine learning/data science pemsa || e charging) B sk e —
Systems models 80 1 — -
/\19 PCT, XAS, STXM, MAS-NMR, NVS Zon
e e - = 70 K w w  w o« — 4
Model validation Characterization 2 g
. s ﬁ 60 1 ‘ 350 bar
- Predicted future material compressed
8 50+ manufacturing costs. Achieved (aggressive 350 bar
© Optimized h‘.{ using cheaper raw mlaterial . o charging) compressed
nE; 40 A charging & + improved manufacturing. Engineering improvements & (optimized
k7] operating material breakthroughs at charging)
o 301 c:nditions lower pressure and/or near-
E 10 $/k_g ambient temperature
Provide high-accuracy validation Measure thermodynamic and kinetic properties 2 201 {::::I';' If::" 5 5/ke MOF - (current work within HyMARC)
of computational models and determine reaction pathways end 25/kg MOF
10 manufacturing

cost)
HRKFRETEM A Dco-designy X T L o)
TR R TR M AR g = e
(:77) - MER  BaA MER  CORHMNE

https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/ https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review23/
review21/st127_allendorf_2021_o-pdf.pdf st127 allendorf 2023 o-pdf.pdf
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R (DXTER D#HEE

&20)

Example: P,..= 100 bar H,

6-D (MM, AS, fisy. 0.k, Prax)
sensitivity analysis

e o o
% o o
%“ %% .
. s o o
- LY

e L

%
®e % X
95 % %
LR
0
-

f“z % 00

. Misses Objective
O Meets Objective

007

Across p and k space:
Bulk LisN
2 [ke/m3]

s16s

[W/(m K]
Target fora
successful material

Current
nanoscale
amide

p = bed density [kg/m?]

k = thermal conductivity [W/(mK)]
Pinax = max operating pressure [atm]

[W/{m K)]

p (kg/m7]

[(£EKk&1LY] 2025 E¢§>60Vol%0)7k$1t%1‘7f*40)?§$\ N RS

A—REMIIGLAEDEE (T2, T bEEE

. KENK, F

3 2T /=
E. #McEX RXFEBHEN) 2BHERTIZ7/LTY ZA%EEJ%
4.00
Results: 23.50 J
9 * New synthesis routes using both porous E3.00 ]
rite carbon and rGO 2250 o=tnm
Tiflusic . ) . " £ Li3N@Carban
XRD analysis shows transformation o £2.00 —8—1:1 LiNH2Z:MgH2
/.' precursors to Mg(NH,),+LiNH, £1.50
E wnenees * 3X increase in thermal conductivity S1.00 4
I et affects. . . N =
s * Theory: strong host-amide interaction key to £0.50 o @ ‘NREL|
shemisty ) E
reduced AH(dehydrogenation) £0.00 ' '
50 100 150 200 250
/ selution infiltration @ | In-situ reduction  eeee A Temperature (C)
—t :.:./ﬁ' Buli + Bu,Mg IMg NPs from MgCl, LI- © .
e carpacte v A H, 240°C, = g o
. g 15 bar H, g
= Wt ol X LiH + MgH, + CHyg et £
i - MgH. @ rGO >
&5 - l A, NH, eH:@ B
aa— . Ball milling e
—t LiNH; + Mg(NH,), + H, LiNHZ,120 min 5
‘ lDesorb under 3
a—————. vacuum Li-Mg Amides 3
encapsulated by rGO b

LizMg(NH); + NH; + 2H;

Mo, LML KL,

wt% H

—2.5 -

—5.0

7.5

In(P,/Ps)

O Benchmark
¥ expt.

—10.0 A

—12.5 1 "
0 synthesized
—15.04 new materials *
o predlcled by ML W
T T
Id m 1R 20

Dpa [A” /atom]

AH [kJ/molH,]

S AMW,

60

-
(=1
1

30 44

140 S TizrNbHf

g TiZrNbHfTa
e _Tivaroin]
TiVNDbHf
TiVZrNb
TiVNbTa
TiVCrNbTa
TiVCrNb
TiVCrNbMo
TiVCrMo
AITiVNbTa

120

100

Tpa [A 8 Jatom|

AlTiVCr

O O 32254 5%

(£EBKZF(Y] BHFEICLZ2TLE(STY FAE—F%E (HEA) X

FY. 62BEOHREBRRCEYDET
NARBTER. AV Y =T LREEICL

V,Cl, 4{btdd)

2.415 (16} A

]
@

Cl-v—Cl angle: 175.8(6)°

2.278(17) A

Vzmz.a[btddl'lbx:'n.s;

e

1.966(8) A

198 K, 250 bar/
313K, 5 bar

198 K, 150 bar/
313K, 5 bar

208 K, 50 bar/
313K, 5 bar

298 K, 100 bar/
298 K, 5 bar

Cl-v—Cl angle: 167.9(7)°

Az 18

£ ) FRM R SR & IR

Compression Il Adsorption in V,Cl, (btdd)

o 10 20 30
Usable H, volumetric capacities (g/L)

[(MOF) ®:RTOH,RE % i¥f. V,-H,DHEEEADIREE. V,Cl,g (btdd)
Aﬁ&m_%iUNﬁb(%m)Aﬁ(ATVWAFF4%mmg$iU

6.1mmol/g) .

25°C,100bar ¢HEsE D Ni, (m-dobdc) (ICEERTEUAEA MEE

KLn(oxalate), (Ln = Dy, Er, Ho, Yb, Y}

[£EBKFZzY) BEDOAITEARDER% AJ4E
BEATIRERERET
7zv) EHALHLOERRE.

123 %, <200°CTE&EH, B
ZIEH—KRv &rGO (BTiEts >
B8R A3MEICm L

I F/REFEEGMHRL

{v:ﬁkﬁ%ﬁ7v LT7—7) EBAF > H1-Y) BRMEDOH,»F% K
Erlge. AEY > Hh— t%)ﬁ/f?r/@ffﬁc&/\;bﬁ%zz%g_tLJ:Zﬁ“L\H
A, REH,OMEBEREICIISHRE TCEILELBERIBEL TV

[{HFF) https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review21/st127_allendorf_2021_o-pdf.pdf
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B KBSy I7mEIFT00bard S EKRDOFRBITEEZEICHEAT 5LI-Mg7

I R RAKFH) DEERFHE

B EECEMELAEETRESN/Class8 T v 7 DKRITEMEI X > 713, SERKRME ICHEL SR TDEERH A

gETH Y. BAR100barDESN T60kgD/KFEESH., 480~ 1 L DAITRIAE

Accomplishment and Progress: Li-Mg amide volumetric H

capacity equivalent to 700 bar pressurized gas achieved for a

heavy duty vehicle

laboratories © =T Northwest Il SpCalGas

Tanks for Class 8 trucks fabricated from light-weight, high-performance alloys would Rear and
enable operation at elevated temperatures needed for fast hydrogen desorption e
Pressurized Gas Li-Mg amide*
700 bar (Pmax @ssumed 100 bar)
30 230
1
[ \
25 . eeesesess—-—— - o e o e e e
-~ 350 bar -
% i =
I I 1 I
> 200 4 o 20t .
> =
Ei 3
§ 15 18 15+ . CARB Heavy-Duty Diesel Truck Cruise Drive Cycle
.8 _8 120|‘||I|||||||‘|I|||‘||‘||I|||||||‘|I‘|||||‘||I|||||||||I‘|||:
E 101 . E“ 10F - 3
3 3 100 3
g s E
5r 7 51 ] B 80 —
@ 3
i 0 2 gofl Coldstart 3
31685 AI60D61 CFiber AZB6 31655 AIB061 CFiber AZ86 G061TE A2618 A4032 MASA380 AIMSAD 31655 NOM4340 XM19 AZ86 NASAZ219 g — E:
* %k o F
. = _ . . Example: predicted performance for A286 tank: £ 40F
C:-rgznngr::é)\i;jr:n:lH-OlKH with 10wt% Usable H2 60 kg = E_ Tank 1 Empty  Tank 2 Empty E
. : 20F Tank 3 Empty 5
**Type Il tank (aluminum liner with carbon Distance Tra\fe_led 480 miles E
fiber overwrap) On board efficiency*** 75 % 0F e e L
0 2 4 6 8 10 12
***Percent of usable hydrogen available to operate the fuel cell Drive Cycle Run Time (h)

[{H7FF) https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/review23/st127_allendorf_2023_o-pdf.pdf
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KB -BFHHEEY T4 DKRRIFBRICHTEIERIRY 7

B NEDOHEMIFAF O — K~y 7D2040FFCEIE (VB ICHT2MBICE I BEXKRENDL, T TV T —> 3

YhoRODONDIEENBEE. AEITBEEEZEN

IEERRFfE
W& ¥fa 5H (120 hr)
BEREM 2H(14 hr)

BB x4

$HE 414 km3%3

2w (500 km)
EE(E x4 -

HES aRNIL 4 hr

20b>7 2R T 4 B

HES 3 NIL
13k 7R meAE KA —

BERALZI% 4 hr
50kW 2 3X(;§_L‘*ﬂﬂ) Tl X4 _

BERLNZIX 4 hr
50kW752(§L‘iE) E(E X4 _

BEE X4 -

X1 2040FIV¥ T alb—2avitk’

fnzetk (V—>a+u)

14.4 km/kg-H,
0.05 hr/kg-H,
0.06 hr/kg-H,

3.6 km/kg-H,

0.22 hr/kg-H,

0.35 hr/kg-H,

0.45 hr/kg-H,

0.39 hr/kg-H,

DEKRE

[kel
70
2,416
231

114 (138)

X2 AMMEYMIEEHFBRENH 570, BEFBREBEILREKZED2030FRBEEERTE
X3 VAT LBIERFTOTE— FICTSHBETORRETR~T, &bt To00kmEERTETI DT —2% () RITRT

[HHFT] NEDOMARIE M « KERIMiIBIFEA— K~y 7 (FCV - HDVAEBRKIE ) fRinE

© 2024 Mizuho Research & Technologies, Ltd.

XA KBZFIEREEZZR L B WHEEDOEEE

MIZU'IO_ HFFUY—F&To/O0I-X

400
X2
3,000

2,000

400

400

80
120

120

HRBHRAR—-X

(B#BFEE) (L]
2,500 (2,000)
72,000 (56,520)
24,000 (18,840)

5,086 (3,993)

1,463 (1,148)

1,280 (1,005)
(84)

500 (393)

500 (393)

138

90
28
56
25
73
146
86
172
330

L | ARETEE E

[g-H,/L]

34.8
42.7
12.3
43.1
28.6

64.2
15.7
31.4
11.3
22.6
23.8
22.4
44.8
26.3
52.6
35

(32.1)




AERERS 27 LIS 5| 2k REREERE 25

B FY22(2EEKFED2030/40F BIRH L OCITEIM KIS R T L D2050F D REAN A BIRZ KE
B FY23TIZ2035FDHEEKREIR MR LTRE L Z v 7 - ol - fZEHERNT OBRAKED BIREH7-ISEKE

-,

SEKE BEERE 6wWt% 10wt% 15 wt%

Spedan: 3 HREBE 20g-H,/L 28g-H,/L - 29 g-H,/L
BEFRUhERR a2k 14758 /kg-H, 4 FH/kg-H, - 27 M/kg-H,
SEKZE BEERE - - Awt% Awt%
BiZEHRR2 HERE — - 28g-H,/L 29 g-H,/L
B X i Oz bk — - 27 M/kg-H, (13H/kg-H,)
o BEEmE - - 20~30 wt% 30~40wt%
{%ﬁigi —— HRERE — - 35 g-H,/L 40 g-H,/L

RLE T FWR 444 2 Bk (GBHE) = 5HLLE 7HLLE

20504 8wt%LL £,

FrEt Rl BERE - - - LLE
S 27 KB - - _ 70g-H,/LIX
@IMPallF
70
°
60 a8 | . L _,
RERHN77%— i .
o (L) B v
_ 50 - T e ol
-'\N \ °® : £ W RERD
T 0 ] REF 25O wpEnh b
é —{EE i
@ Mton R k5 v 2 ] 5
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