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BEMEFIA, MREWESEIE, Fcv

Fuel Cell Electric Vehicle: FCV. FCEV

MIRAI, FCV, Toyota, 2020

20208 2. 71085 ~. E1T750 km(135 km/kg-H,)
FCV 128 kW, E—%—134 kW, FC 3301E&, H2%5>7141 L
Li-ionEt (4Ahx844El)

https://toyota.jp/mirai/gallery/?padid=from_mirai_grade_navi-menu_gallery
http://toyota .jp/mirai/O% 1_p_001/spec/spec/
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HYBRIT — the world’s very first pilot
plant for fossil-free steel, SSAB Oxelésund

1. 100% k3T J—7Kzx%R(Green H,) Ci#xi®c. Green
Steel&&

2. 2021FRFEVolvo, Mercedes-Benz/\ &

3. SSABIF2016FER&DMIEL. 5FETERIL

4, 2025FKREBEFGHAL

HyBRIT, SSAB, https://www.ssab.com/ja-jp/news/2020/08/media-invitation-hybrit--the-worlds-very-first-
pilot-plant-for-fossilfree-steel-is-now-to-start-oper
https://www.ssab.com/news/2021/09/ssab-to-deliver-fossilfree-steel-to-mercedesbenz
e ¥ah—Ky TR¥—HEHR

Laboratory for Zero-Carbon Energy
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P BARERE B

(AFN>70nFH = MLIY)

METI, 2050FH—/R>—1— bSILOER(CEFT=1&%ET, 2020/12/21
https://www.enecho.meti.go.jp/committee/council/basic_policy_subcommittee/035/035_004.pdf
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NEDO. (#k)A##E &) IGET (FK) |

A (CH 1T DKFRRL100%DH RS —E &
S HE. BEHHATHRYER. IMWIR | s

7](3%7] ZQ_ t“ /%EE.E’-RL'{}_ (7}<$CGS) HEm., KRAY— T HFEB1E, 2021/5/14

https://www.city.kobe.lg.jp/a22668/shise/kekaku/kikakuchosekyoku/energy/hy
drogen/20190106040301.html

. . . . _ NEDO. 2018/04/20. https://www.nedo.go.jp/news/press/AA5_100945.html
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{3 TOYOTA WOVEN CITY _ ovora =exeos

woven
’) planet

[1] Toyota, 2021/05/10

https://www.woven-city.global/
https://global.toyota/en/newsroom/corporate/31171023.html

[2] Toyota, 2022/03/23,
https://global.toyota/en/newsroom/corporate/36977466.html? _ga=2.243
21658.1719709169.1651680956-1413414356.1651680956

[3] https://global.toyotaljp/newsroom/corporate/37405940.html
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(BR$ Btk R ISEEV Lk =EE) AR IKFEGRE (>800°C) -
H,O(L) — H,+1/20,

AH =286 k3/mol CH,+2H,0(L)-> + 4H,
o) (a) AH = 253 kJ/mol-CH,
2 H,

=63 kJ/mol-H,

HENESZ TE K,
COFEEZHD
—Gray/K#E

CO, % [EINETEZ
(CCS)fF=ehEKz=
— Blue/kZ%

BARRET )L+ —.
[RFHZHNTRE
— GreenzkZ

e ) ERh—RY TRUF R
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[1] https://ieei.or.jp/2021/02/yamamoto-blog210203/
[2] https://www.cleanenergywire.org/news/government-defines-green-hydrogen-decides-rules-rapid-market-ramp
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+ KRHEFIRILF—BREHI. KRZFLIENZEREES
T=A DR,

o PAREEMFI4ENKYEM (F99F) HZhEM,

A
< BR > KE —> HE : =ith

351100/ JNack 1
SRS ORI ¢ - BEEM KRI—EY |
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o :
H S V| 749 o ! 0
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Fig. BREERLET OIRILT—DEDEAL (RN
%E’J&% . IOt I)LF—)(AG/ A H) (HHV)

Exergy: thermodynamic quality of energy
Ex. 100 J@300°C > 100 J@30°C

Y. Kato; ISIJ Int., 50(1), pp. 181-185 (2010).

eC ¥ah—Hy TRNF—RERR
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IKZEA DT> )

BIXR->PIVHYVKERE >KFE->IEHEKEDE>FCFIA
PV: KfZE Photovoltaic

Sa i AR e T
62,000 m2™

KiE(Pv)BIR(20 MW)ZFIA U /- Bk = RISEHEESE (10 MW, 1,200 Nm3/h)
BEERIHE, Fukushima Hydrogen Energy Research Field (FH2R)

NEDO, FH2R, 2020/03/07

https://www.nedo.go.jp/english/news/AA5en_100422.html

Nkken, https://www.nikken-cm.com/project/FH2R/

UREPTI#EME. https://www.ur-net.go.jp/aboutus/publication/web-urpress61/special6.html

e ) ERh—RY TRUF R
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NEDO, B&H(CRIT 37 —4/R—2(2020),

https://www.nedo.go.jp/library/nissharyou.html
[FRFRIHSIET —5X—X (METPV-11) | ©2023 Yukitaka Kato, Tokyo Tech 15
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[1] HySTRA#XATEAZTHAE  http://www.hystra.or.jp/project/
[2] JIIIFET %  https://www.khi.co.jp/stories/articles/vol55/
[3] EREFEBIE https://www.namura.co.jp/ja/product/ship/case/20200326.html
[4] AKIBA, Etsuo, The Method of High-Density Hydrogen Storage and Transportation, 7K3=%Z &2 E (CATEEME I 27574 & TDEE, J. the Combustion Society of Japan, Vol.53 No.163 (2011) 16-21
[5] LNG COMPOSITION EXAMPLE , The Source-The Japan Gas Association [LNG small scale plant (Technical Guide Line)] (2000) , http://www.miyairicorp.co.jp/miyairi/ingcng/15.htm

[6] BimiERE MREHIER REGRE—E(2018) https://www.paj.gr.jp/statis/kansan/

[71 B RIAOKRD > T F ORRE—RIKRORM E@PT—. EHEHT42(3), 2004

https://www.jstage.jst.go.jp/article/hpi/42/3/42_3_146/_pdf
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Laboratory for Zero-Carbon Energy
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200 BIRBERA =R === \ 20304FH§= 20504F8§=

Fiil ABYL+
180 #1170M/Nm3|_+x74, AI30M/Nm3 | 5% /#I20H/Nm3
160 1
|
140 | (FiBIRER)
| R + A b o E AR bR ML
e I
Z 100 1
T |
80 I
: JSET. ALK
60 I http://www.khi.co.jp/stories/hydrogen/
40 :
|
20 1

BKERS m0-Y- miEle mEEEE eRbkFEER
(Hi88) FREAOLPVINSERIRIA -k

METI, 2050FH—/R>—1— bSILOEIR(CETTeH&RET, 2020/12/21
https://www.enecho.meti.go.jp/committee/council/basic_policy_subcommittee/035/035_004.pdf
e ) ERh—RY TRUF R
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CCS, co, [EURATEE

1,300 k>-Cc02/y

= 1 GWFHEFT3Ex108Z 5118
-> 1 GWHEFT1EXx305ED
SBITNNIFEEPR70GWiEE
[BIN\DE (TR E

Tokyo Tech

CCS, CO, Capture and
Storage (A e=yey STopjey N

Bk (Gray/K®&) THE
ESZ@“ZQCOZ%‘:IEIHY HTES
Blue /K=& 9 35,

432 million-ton-C0O2/y for 913.5 TWh with,
0.473 kgCO2/kWh in Japan in 2020

Large scale thermal power plant of 1 GW
emits 4 million-ton-C0O2/y

[1] JOGMEC, 2023/06/13
https://www.jogmec.go.jp/news/release/news_01_0
0034.html

[2] MOE, 2022/04/15
https://www.env.go.jp/content/900445408.pdf
[3]METI,2022/01/25,.
https://www.meti.go.jp/shingikai/enecho/denryoku_
gas/denryoku_gas/pdf/044_05_01.pdf
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iRF=RIRERXE S AT A(ACRES)
EIKZFE

Active Carbon Recycling Energy System

Y. Kato; ISIJ Int., 50(1), pp. 181-185 (2010).

e ) ERh—RY TRUF R
Laboratory for Zero-Carbon Energy ©2023 Yukitaka Kato, Tokyo Tech 20



RFRRRERS AT L, ACRES

ACRES: Active Carbon Recycling Energy System
BITR. BEFH—C0E7—~>CORK—COMBERFA |

Fe,0, > RERERR \
B > TOHL—MR>IRILF—
- (ZCE)ZRW\zh—R>
—1— ;SIL(CN)RZEME

US4 1— M2l X
= DOEEMSEIC KD TTOL—
JOtX TR Bk

> IKZERER. MIDREX,
MIDREX H,Zi{8X 2 3THRMD

H REMA o > 205y THREETNE
2\9502 +H2 . Cg)ﬁg}?{?aﬂﬁb
=yitle 2

> YOH—AR>ITHRILF—

Fig. MK DR IIEHS 27 L(ACRES)DM (L0 &R ECOBSnH

IACRES: Ironmaking process based on ACRES > KFRECOZEAREUTTH—
R>Za1— IR
Y. Kato, ISIJ Int, 50(1), 181(2010). ZEIRAAET B,

e@ R H—HEY TRE—HRH
Laboratory for Zero-Carbon Energy ©2023 Yukitaka Kato, Tokyo Tech 21



EAEEMBESDBREIVIC L BC0,87T

BB LYIER AR TIL » CO,(DCONDER I (C KDEIRE
SOEC: solid oxide electrolysis cell  § %?%'Jﬁﬁxﬂz':b\mb\

» DILOERBIFICKDATE=LH BI6EE

Cathode reaction:
CO, +2e > CO + 0%
Anode reaction:

0% > 0.50, + 2e

T Total Reaction:
=4 CO,> CO +0.50,
AH° = +283 kJ mol-!

Fig. 1 SOECDCO,BS5MRIEEE

LSCF
mncce) - R

e . YSZ —7 NiO-YSZ (Cathode)
| B LSCCr /sus430 mesh (wire ¢ < 10 um) SUS430
zS=voll &F | |
$20 mm |
[1] Kato, Japan Patent 2018-140934(2018)
] Takasu, Kato, ISIJ Int’l, 60(12), (2020) Flg 2 $F§}%SOEC[1 2]

eC ¥ah—Hy TRNF—RERR
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CO,%=COICEHL TK

HENEFEN., SN
e |

— 1 g
1+ /C
0.8 |-
0.6

04 -

0.2 -

Equilibrium conversion, o [-]

0 L 2~

CO,+3H,=CH,OH+H,
(H,/CO,=3) |

O+2H,=CH,OH (H,/CO=2)

'I:I
"= Oe=s
@)

180 200

220 240 260 280

Reaction temperature [°C]

Fig 1 CO,ET=IZCONBDAY J —
| #EiEDOKR L= (CODEFI)

CO ,— CO+1/20

300

,, AH=283.0 kJ/mol

CO+2H,,— CH,OH, AH=-91.0 kJ/mol

ee

EAH—FRY T RXVF—HRRFR
Laboratory for Zero-Carbon Energy

e-fuel, SAFIZ/KZRFIA
ACRES& HIETCNAOE

Dicas|

v

CO, - CO + 1/202

7 |FTas

eOn—mR> o SMACRES|

THRILF— |2H
3n, SO e o
—3 C,H;OH . 2
n

CxHy+z m )
Fig. 2 7k3= & ACRESOiE : COlCKZRMM

(FT, Fisher-Tropsh& ik ) Te-fuel. SAFhYE
ET=3, FECO,IZACRESTREEBFA,

CO,+3H, — CH,0H+H,0, AH=-49.8 kJ/mol

* CORZHTIZFMAH,H'3h' 5 2mol[CHHTE 3.,

©2023 Yukitaka Kato, Tokyo Tech 23



I2E. e-fuel

45.0 _ 350
. <> Energy density of
"-’E 40.0 liquid state fuels 250
A3 35.0 E Qv [GJ/m3] ©b. p.[°C
= 150 &
o 30.0 s
- Ref.: -
g 250 70 MPa-H, 0 £
o a
2 15.0 LB 5
© 150 m
£ 10.0 ‘
& -’250
L 50
X 350

RAA ) =)IVEHSE
E. E8R{FETxEH
ik e-fueli®fd

£%E LRBE  Fo6hR. E. https://www.chem-
reference.com/searchmain.php
Toyoko Kagaku

K3, &Eith
(FEEBE.
BdX b

(2021),https://www.toyokokagaku.co.jp/product/gas/physical/

e ERH—KY TR —HER
Laboratory for Zero-Carbon Energy
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Co,

RABREEE Y7 2 X5 /A, VACRES™[1]
*Vehicle system based on ACRES

- EINDEZEEIR CHDEZRINRFIFZ AL Z/KEE ELUNCO,Z= A
L\ze-fuel@iEz 9D &, BEMAMITDRFRIBIRELIS A X5 A1
MR TE B,

« IKRHWVERHTE., IERAOVY ARG > ITSHFIETESD,

« BNIREFHIEEE CEBMBERL—RITRILF—IR

[1]JREAF. SIP. AY¥— FIRILF—IRIAS M XFTLADIEE(2023)
https://www8.cao.go.jp/cstp/gaiyo/sip/sip_3/keikaku/06_smartenergy.pdf

e@ R H—HEY TRE—HRH
Laboratory for Zero-Carbon Energy ©2023 Yukitaka Kato, Tokyo Tech 25



Tokyo Tech
Green Transformation Initiative
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Tokyo Tech GXI
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[1] Harada, J. Materials Chem. A, 7, 21827(2019 : [2] Murakami, Chem. Com, 57. 6656(2021): [3] Takasu, Kato, ISIJ Int'l, 60(12), pp. 2870-2875
(2020): [4] Morita, Kobayashi, ffif k43, 71(4), 150-157 (2019): [5] Funayama, Kato, Energy, 201, 117673 (2020): [6] Takei, Yasui, Jpn. J. Appl. Phys.,
62, SM1025 (2023): [7] Keller, Otomo, J CO2 Utilization, 40, 101191 (1-11) (2020).
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