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. (=Y
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IAYEIA
S 'I'_'ﬂ I Nissan 6,600.0 7.0 Honda 77770 83
A
u'II-EEIﬂE Miles 76.6 0.1 Mazda 6,840.0 7.3
YEDC
Polaris 33.0 0.0 Fuji/Subaru 6,600.0 7.0
GM 76.6 0.1
TOTAL 93,776.6 100.0 TOTAL 93,781.6 100.0
A& H2|2ESFSH 2| AK|ME Xt &: CARB(Callifornia Air Resources Board), 2| 2525 # 2| A X|MH
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O|= 2| ZL|0} ZEV (Zero Emission Vehicle) =z 72 ool

"18EEE| ZEV T2 7|E = ZEVE 3E E7 THOf 2RO 2t O Y M| (LVM: Large Volume Manufacturer)2t 53 &1 A IVM:
43} (62 — 22HCH) Intermeiate Volume Manufacturer) 2 2 k| (SVM: Small Volume Manufacturer)= ZEV =2 ~12H
CH 2Ol A & 2]

= 185 E LY YH(LVM) HE 7|=0| 2T = 7|=0| BH B SYLHIVM2 2 275 H BMW,
SiCH, 7|0F HIX S 2 [HEAK|(LVM)CZ 22 4l M2

= O|= BiLH, 7|OFKFS H| R8O BMW, HIX 0| MI|XHEV), A 7| XHFCEV)Q| 220 Yet
A2 30| AQ NEVE £A% 187, M7|XF 5802 36H{C| 5! X2

HAZLOl SEAI X AYWES MIHE IEVIIEN ME 71 25 AEH2016)
i+ | 2012  2013]  2014[  2015]  2016] =wa
296,880 368,909 35,8614 457,055 385,694
229,337 234,349 224,135 274,145 313,136 Fiat Chrysler BMW
159,999 175,583 199,563 219,062 208,319
143,625 215,277 209,072 173,976 205,649 Ford Hyundai
118,150 125,542 152,064 176,212 166,995
135,021 143,535 146,490 188,286 142,811 GM KIA
85,017 96,405 98,109 105,189 98,471
Honda Jaguar
66,272 120,599 61,396 79,869 94,515
47,695 72,664 58,412 82,827 89,703 Nissan Mazda
57,983 87,255 87,465 100,168 86,356
34,111 30,719 42,583 46,877 85,624 Toyota Mercedes
57,904 68,717 84,555 80,598 75,393
21,184 36,167 44,522 62,322 56,942 Subaru
7,246 11,477 11,512 12,379 21,738
Total 1,462,436 1,789,211 1,421,892 2,060,980 2,033,362 Volkswagen
XFE: Air Resource Board, 2| 2EZ =S 2| M K| MIE XF&: Air Resource Board, H|2| 2EZ =S 2| A K| MIE]
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3)3018 EHALE S2EH 24 =8
4) 3093 ofjel X2 0|2 O|HXIE 283 =24 NE/MY S S5 MESONY 5
5) 40| =& H XNT2 R7ISI0|E2t0|E Bl Aot 49| HE{ =2 T

Kawasaki =2-JtA B4l

rH

A& : Kawasaki, Google Map, HIZ| =523 2| A X[ HH X2 : Kawasaki, H 2| 2E2 =3 2| A x| ME
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od [= | 2019
Phase 2 = O & 7IcH =1t
= M2 st
A AHEX{ /A AT A|AEH 1) CO: HiE M 5
EE'L'.'I_ “tes = ) MOBlst O| =L = A

3) AAI:II-x-l Eoloi H A A A 7|.¢ Z+E} % Clokst

_I_ 1 01
4) 77|5I0| E210| &, Mopp4, 4 Sy 20F 7= 2=

xﬂ 3“7:! I.x-"gl. I:II-0|-
1) =a2d™ JtAHEL ) SHRIZRH =2 XY, 258 7= 24
- oHEHE, 7lerE s M Vs 2 2 E

>

Kawasaki H43+4 =

op
rx
1
B>
2
ko
1y
1o
I
HL
i
im

HELIO|ZHE] 44 49 BREE 4 29

QW eHIYoDA Iwatani

CORPORATION
S rower
$ ,@. B Kawasaki
V' A N
MITSUBISHI MITSUI&CO. =
Marubeni
At=: Kawasaki, H2| =523 H 2| MA|HIH Az He =525 S XA
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= SLE |44 20 FES T HBHY U AR SAHHAR
ol 2O Phase 3. 2215t CO, Free 432 A|AE 812 oo |

Phase 3 = =0 oA 1H| e} viot
CO: Free $ A B3 AlAH 1) CCS 7% 7Het X B — *H9I°I S, HOUEA, UE SO S28 Mitels IHOIA CO7}
= coy 4. CCS MEOE O[AEAE B2, ZHTH & Y=, MESHY O|LtztEta HiES K

—F 2) JKH’“”OHHXI g f%&* e S 7|§ ok — B, 28 5 MU0 X|E 0| 8%t =49

3) PZG(POWGF to Gas) 7|= 7HHF — XSO X] LT Of ZHd o 2 ESSet 22 o X|Q] MY S 4Lt

|: -
HEt SS 2 M= 712 & 2
CCSIO| MR EHA TR A A EY) P2G(Power to Gas)
sl =g +5 RE o Het
fat 3 Electrolysis i Refuelling Station
HOISCR SRR AESNE  HEEHEE :
- = Transport
= Xy 7 CH
'JD“@ @ ® 'O : o Gas Grid
i Green Power &
Il
R il
g i Heating
¢ ';.:: ;
) 8 B
i i
| - Hydrogen ﬁ
. = J xE xR i Fuel Cell Chip “T-" Power
: - =1
i 3 j " = & Feedstock ;
B Industry
LTS
CO, E& U X2
Az e =E5aSd 2l MAME AtZ: Powertogas, M2l =25 55¢ 2| MX|ME
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AN X ZHa| |O}=20]| RIZEA} 44 ZHO| BES R WY Y UL LA AR
DIELHT-éSJ ’ E'i'hl"o'l' 3‘!‘1 2019

O|=ze| =4 SHA sgn} = Ol=2 A2|ZL|0tF YFE =4 X &8 5 2Kl O|= U =2 ST2= 5 800{7
x{a} — . .
HY = Zg|ZL|otof 18 6EE 7|FE 362 ZHA 2 F, 20ENK| =7t2 283X 22 € o™
= FEF(First Element Fuel)2 ZHE2|ZL|OIFOME EEXE ASHTA 197 2YS, 7127 ™A
7N 5, EQEY/SCHE 2E 15429 X2 AL
= QP otEO 8 A F O E LA (Califonia Fuel Cell Partnership)g 4+, Q1= 2t 2 =11F, THE
U QI RESALBIAL O LIX| SIARZES] THE L4 T
= Z2|ZL|OF F= 7|F 190 =AHAS H3 30CH7HA| =gt A 2
0= £4A SHA g HAZLIOIF =4 A F0IA MY
(Oh)
1,000
1,000 -
ool 1
oA HeE e
58 o HARAX 800 -
o =c
=2 Q AL o
o I((. LAx| 600 - o
g e o
ZL[Otg o liil fa.!E 400
e = YayEnC 400 |
[ ) -
NQA
Jl=zjolLt
ZEV £¢ 200 1 g 73 100
o A
) ]
2015 2017 2020E 2025E 2030E
A2 e =52 53 2l MR ME] AtZ: CARB, HIZ| =555 d 2[MX|HH
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=2 A w4 22 A B 0|18 St 7t I

Oj=2 $£49| 8, H2@Scale * H2@Scale
Ol | HX|R(DOE)7 =M EHel 2o FXE MY ™ ST, dRt2| =S s 2= LUSHA

_I_A )\HM E|| gl-Q_ 7|.'—A-|° EI-__I_I_ |'E 7H'r:=|'

= 23, Y, Natual GasOf| A LH2 O K|S M A0 28, S E 42 XEstD
T2 AZHX|XHFCEV)S O{E2|H 0| M0j| A+

= 2 El =2 (Hydrogen)E ZEtst0] A Ltshs A2 ¥l 0|52 =2 =2 &2 10 MMT/roj|A] 60
MMT/r2 34 37t 7ttt

0/= DOEC] H2@Scale Y < Ol= =2A1R] ME JRZAl &0l 2ot =48 AISdI0lM
Value Added iy~ - i Industrial Use Market potential
Applications oy \ (million metric
Hydrogen/ g s s tonne H2 / year)
Natural Gas ‘ - .
Infrastructure ). .‘ Refineries & CPI 8
Storage/ Neice. ‘h > Metals 5
Distribution
3 Ammonia 5
5 X
- Natural Gas 7
o 74 Biofuels 4
“p
-~ . .
Light Duty Vehicles 28
Nuclear, =" Other Transport 3
Thermal, o £
Geothe:ml, ete. a in ;-O'N_R EL Total 60

Current U.S. market: =10 MMT/yr
Near-term Outlook for Hydrogen

Hydregen Metals
€o, Generation Refining

Total market potential: 60 MMT/yr

Production Volume: 5% CAGR
(2014-2019)

AtZ: NREL, H2| =555 2| MRIME AtZ: NREL, H2| =555 2| MXME
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A (=) '_ll S ZHO| FBE T YRHU Y AR AT
DIE 0""‘17"%9-' T—égﬂﬁxl HI o }— 2019 I

0|=t DOE= AEH(Stack) 5! = 0|3 0| X|=t(Department of Energy)= &7} 7|&2 H|A|

F48x|(BOP) E7} 7|F oA « AEH(Stack)2 A 5HE BEE0|= £2|E(bipolar plate)2t Mol & 22|2 (Membrane), 7tA 2 S(GDL,
Gas Diffusion Layer), Z0{(Catalyst)2f 2= ™ SHA|(MEA, membrane—electorde assembly)

- M| RIE 2|2 (Membrane)2 TA| AEH(Stack) A|AE! = 258%, BF-F 2 HSHA|(MEA) LHO| A=
332%0| H{EO 2 Ctal BxH 7P“i8 HIS 2 XHX|

© TN BOP & 718 &2 HIS S XtX[St= A2 &7|=2gXI(Air loop) 2 37.5%S XtX|

AS M A8 HIE+X (Stack cost breakdown) BOP HI8 X (BOP cost breakdown)
Annual Production Rate I System/yr 1,000 10,000 30,000 80,000 100,000 500,000
System Net Eleectric Power (Output) kWnet 80.0 80.0 80.0 80.0 80.0 80.0 Annual Production Rate I System/yr 1,000 10,000 30,000 80,000 100,000 500,000
System Gross Electric Power (Output) kWgross 87.7 87.7 87.7 87.7 87.7 87.7 System Net Electric Power (Out
Y - o 2 b ©ute | et 800 800 800 800 800 800
Bipolar Plates (Stamped) $/stack 1,985 772 698 668 658 653 ut)
MEAs $/stack System Gross Electric Power (Ou
Membranes $/stack 3,167 961 589 386 351 191 tput) kWgross 877 877 877 877 877 877
d-PtNi Castalyst Ink & Application $/stack 2,307 1,326 1,052 973 957 928 BOP component
CCM Acid Wash $/stack 506 51 34 17 19 14 -
GDLs $/stack 2602 506 328 213 196 129 Air loop $/system 1813 1,394 1,095 951 920 891
Humicifier & Water R L
M&E Hot Pressing $/stack 39 17 17 10 10 9 umidifier & Water Recovery Loo $/systemn 1176 274 158 128 19 90
M&E Cutting & Slitting $/stack 0 22 10 5 4 3 p
MEA sub-Gaskets $/stack 917 272 152 126 124 115 High-Temperature Coolant Loop | $/system 480 446 417 369 352 330
Coolant Gaskets (Laser Welding) $/stack 410 53 53 40 38 37
Low-Temperature Coolant Loop | $/system 7 68 65 61 59 56
End Gaskets (Screen Printing) $/stack 1 1 1 1 1 0
End Plates $/stack 99 80 70 64 63 55 Fuel Loop $/system 346 306 291 261 251 238
Current Collectors $/stack 8 7 7 7 7 6 System Controller $/system 172 152 138 103 97 83
Compression Bands $/stack 10 9 8 6 6 5
Stack Housing o/stack 64 13 9 s 7 6 Sensors $/system 512 290 226 184 176 131
Stack Assembly $/stack 80 61 42 36 35 34 Mescellanesous $/system 263 165 136 123 119 115
Stack Conditioning $/stack £0 18 18 1 16 L Total Stack Cost $/stack 4,833 3005 2526 2180 2,093 1934
Total Stack Cost $/stack 12,255 4,259 3,088 2,576 2,492 2,198
Total Stack Cost (Net) KWnet 1532 532 386 322 312 275 Total Stack Cost (Net) KWnet 604 387 316 273 262 242
AtE: 0j= o X[ = (DOE, 2016), HIZ| =B =5 H 2IMX|HEH AtE: 0j= o X[ = (DOE, 2016), HIZ| =B 53 2IMX|HH
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—4 AL [ m | 1] = =X 4 A0 FE F= AEAM L UE S AAK| AR
ﬁ'l'é il gﬂ;ﬂxl E EIIIIQ-I ;J‘d?EE' NEV 2019 I

NEV = Of%l A
iT%EEEévemde)#E* - F3 HE MOjL{X|KHNew Energy Vehicle, O]} NEV) 242 A2 S0 2 TISHAX} AT 28
2 1 QI510| E2| E(PHEV), M 7| KHEV), =AHE M 7| KHFCEV) FLOJA| FE M| 10% HA| &|EHX|Z (~204)
« 3DHTH O] 4 A Ator £Q)sH @K CHY 7|@ 02 NEV SEEY 28 Al CHE SIAZLE NEV 2o
- YEETO| Of7|2 NI} Dl SR FEHS BY| A 2FY T
A H

o |
* AQUZRTI|XHFCEV)= T7|XHiH| 2 F=dA 2], B2 STAIZL HiZ|7tA RHiE, t7|1E DM X
A= SO §H2= XA tletsitiz =5

=3 NEVOIl IHE XISE EQIE NEV TR JI=E
(pt) A5 RIS il
6 -
> 1 REISFEH2): 18] Mo
o 0012R*08 QiS4 & 4 9l HH2l(km)
4 4
3 4
PHEV 2 P(HHE|2| ZZA|AE] kW)
2 4
]
Ay BF 3352 5EE
0 ‘ ‘ A ZTR|XY 0.16%P j[g_& EE
BEV PHEV SELINEE:
K2 MIT, 2| =E 22| MR ME] X2 MIT, H2] =S 22| M| ME]
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70Mpa =AXMEE7| BE N

UEHX| Y ARTX| LSI| &Y

SATIIR S 71 ol U st 57
OREHE E U Aetel 62

S84, 82X, BA S BAZ J|F U 0I5R7 oY
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= 2K ZEY
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2019

20301 258
& &5 42 1002ty
+AZHA 1,0007] 044
i HIE A HEHE oA
0| 8H|& 50% Ol

(THh)
120 -
100 A
80 -
60 -
40 20259 22
2020 =QEH B &3 g2 5T
20 | AYSg =xm SH) YEA 1EIH, SRA AR
g}-g_xr 60%, %g_tl. 40% —T—i§$_'|¢ 3007' Olg
2ASHA 1007] 0|4
0 |
2020 2025
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22 HAUARH 2

SAE-CHINAZ| "Hydrogen

Fuel Cell Vehicle Techonology

Roadmap

53 54

FECV

HIIXHFCEV) &

27915

48t

Control tech

SA AREHT

P
¢
of
il

1
id
ob

ra

AZTA

e

A=

‘ 2020

TR s

Yot 300N EHE
oI Eel ditIg

Cost < 1,500,000 £(¢t

Max speed = 160 km/h
Lifespan 200,000 km
Cost < 300,000 /2t
5t 30 Of5tAHE
£33k 2.0kW/kg
Lifespan 5,000 hrs

=22t MY

10074

XFE: Society of Automotive Engineers of China,HIZ| =525

S| A -2%(FCEV 5,000C)
AZTXIA 21,0007 O A4t

U128 HEHRIRZ Y, HF 8l

2025

EA|X|S MH|A A|ZHFCEV 50,000CH)
A TX|A| AR 10,0007H0|Af A&t
e

ot 40=0M = 2FIHs
Sto|EE|=AtE Ol it S

Cost < 1,000,000 2|9+

Max speed = 170 km/h
Lifespan 250,000 km
Cost < 200,000 2|2t
Aot 40 O[5} Bt
£33 2. 5kW/kg
Lifespan> 6,000 hrs
HI=H {01 nF 0[], 22| TPt 5l oM

o— (ol

Sl A A (Compressors, a4 22| AR, 70MPa =4 M 2IE) H| 200 #{2t/kw 0|5t

2019

Fi YR U UB SAZHARY I

2030

CHAE A2 SHFCEV 100%HCH 04
A2 TX|A| A 100,0007H0|Af A&t
ekl

Ueriigel 22 B

Cost < 600,000 ¢/¢t

Max speed = 180 km/h
Lifespan 300,000 km
Cost < 180,000 £I9t

Lifespan > 8,000 hrs

SATZ ALY B XY
SAT |G X2t
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E,E.z A A Ol I - OH 2 AA|of| S F= HEHM U U= S AAX|ALY
T = = Eiﬁl L = 2019

Fuel Cell Vehicle Techonology . 2 74z |£|_|or0| ZEV(Zero Emission Vehicle)% [t2}st NEV(New Energy Vehicle) T2 1340f| =
Roadmap FAHZHI|KHFCEV)O]| CHEH LHE =

- HI—'?'—’S*.O._ A7t AR =, OE‘E"*XI E 5, Power density 7kX| 2& 2F5 51
2 A2 HX|KHFCEV) £ 2F OtL| 2} - &AL, —?—iEEEXI(FUd Cel) 7HX| 25 7| Plang ER7

- 7I%’519§ SEELE 8X0| 28 B HETX Ay £52 MEAZ SUHEA =8

Passenger car fuel cell system technology roadmap Commercial vehicle fuel cell system technology roadmap

L 2015 2020 2025 2030 > [ 2015 3020 2025 7030 >
2015 Status 2020 goal 2025 goal 2030 goal
g * Rated power 30kW * Rated power 60kW * Rated power 75kW * Rated power 100kW % 2015 Status 2020 goal 2025 goal 2030 goal
b * Highest efficiency 40% * Highest efficiency 45% * Highest efficiency 50% * Highest efficiency 55% % * Rated power S0kW * Rated power 60kW + Rated power 100kW * Rated power 150kW
z * Power density 260W/L or * Power density 400W/L or » Power density 600W/L or * Power density 850W/L E‘ * Power density 180W/kg * Power density 300W/kg * Power density 400W/kg * Power density SOOW/kg
T 350W/kg . 450W/kg 550W/kg or 650W/kg © * Highest efficiency 50% Highest efficiency 55% Highest efficiency 60% Highest efficiency 60%
: f}"‘e‘:;‘a"n’;‘;gach“ f?‘e'::;‘“sgi . f""e‘l;;ﬂn"s:; C;, A f,‘f’:!‘:;;ﬂn"aﬁ Cm T | *Coldstart-10°C + Cold start -20°C + Cold start -30°C « Cold start -40°C
* Li X * Li i I = Li X Lk X ] o Lif i o Lif 7 h o Lif Y ki o Lif ; h
* Cost RMB 5,000/kW * Cost RMB 1,500/kW - Cost RMB 800/kW * Cost RMB 200/kW o _‘é' ecpan 9,000 s L smer 10,000 bes Ufsran 2,000 s Liftspan 0,000 bes
ost RMB 8,000/kW * Cost RMB 5,000/kW * Cost RMB 2,000/kW * Cost RMB 600/kW
- i s
3 E;ﬂ\oderaﬁonm;:m;:ﬁ;::‘:(:;;;o Pa) >> Cathode high pressure (2.2 x 105 Pa) operation, pressure/flow optimization > = o
, >4 -
é @ 5. ¥ Cathode low-pressure gas supply >) Cathode medium-pressure gas supply » hligh pfrf.esls urte g.as supply. >
‘é § Gas membrane >> Water management technology without }) Closed-loop water content control > '§ E Té' st F N b
5 e FRp=s = S 2
T2 bmlAfication P {dhfication WiHhou hmdification 5 i g Cathode membrane humidification Cathode water management without humidifier >
g g Gas- closed snodes )> :m::ﬁ:ﬁ::ﬁ;::ﬂ?&mm >> :‘?:g‘eiopnu:;::;hvdmgenrecirculaticn. hydrogen pressure > =
g 3 e 2! Anode ejector reflow technology Ancde hydrogen recirculation pump ’ e ej?clor and hydrogen
E External heating >> Energy-efficient quick start strategy >> Energy-efficient quick start strategy > &~ 3 recirculation pump
I 20 d _30% 40
roRmn Lol a2 Cod At s € Fuel cell stack status estimation, ruelcall system oparating control
& 3
. High speed oil-free compact air Mass production of air compressors, Mass production of air compressors, = g | Durablefuel cell stacks water-thermal management technology technology for fuel cell system
£ & | compressors, compression ratio >2.2 compression ratio 2.5, flow rate > 75g/s // compression ratio>2.5, flow rate>150g/s durability Improvement
g %
1 iz
g § | Membrane humidifier No humidifier §= o
8= £=2 = Fuel cell system adaptability control Integrated fuel cell system energy
% £ 2 | Fuel cell system cold start-20°C b .
pre, : % 3 5 s T z e th at low- and high-temperatures management
< ® | Hydrogeninjector, Recirculation pump, inlet/outlet pressure ratio Recirculation pump, inlet/outlet pressure ratio = 8
© | injectratio> 2.0 'of 2.0, standard recirculation quantity > 24m*/h >2.0, standard recirculation quantity >60m?/h E ©
AZ: SAE-CHINA, H 2| =523 3 2l X|MEH AtZ: SAE-CHINA, HIE2| =25 =53 2| MX|HE
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2019
SRS TASHA FF7| = =AU ERHI|XHFCEV) 23t OfL| 2 =AFHA(HRS)E 12
E Az HS . o
TEAL R * JANMOE £ASTAE="18108 7|& 257|= 32874 &9, 92 1417|, OFA|OF 1177, sh= 127,
S0/ 70742 &, TH =25 & 43%= 7O 25
= ST =ATHAE 1674 R H|S2 MAM|A 2] 48% = O0|0|5t =F. 20 1007 =AM 44
=8, 167| 2 £, 267] 75 .
= X992 E5| ATOM A|LHH A 16T 25 M7|Xt= Wk, HH{ AL H A7 SEE= A=
RS MK S XeE EnE 20 MI3E - 2 ST sAFHA =S Aol MY
= TASHMA(HRS) HE('18.108) ST $ASHA XYY MEH=
&) (?H) HIOIE  45}o| 45 RS izl 5{H[0] |t Al
160
483t 0 2 0 0 0 0 0 2
140 \
120 1 i Al EEH| 1 1 5 2 0 1 4 14
100 1 o, éqg
g0 | HeiriHl 24 0 3 12 2 0 3 6 26
HojEo=z
| RIS SEA
60 ; g 0 0 43 0 1 0 0 44
40 i
20 ¢ A& 0 0 20 1 1 0 2 24
. |
=3 o OFA|OF Ehl ot A 1 6 80 5 2 4 12 110
AR HAEANE, M2 =253 5H 2IMR|HE A2 MIT, M2 =53 58 2l MR HE
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= HlO|E, X%, U KoM SLEF O XY FF 11 Exg K|, Z[CH 402H{ 2H(SF 6,5002H),
12169 R Ex7 Xlg 7ts

= (=] A (=]
3 UEEFY XHE 2T XAZY
x| S A CEE Y U8
Y BARAM |00 2712 "13.5' Mo xRS A2 BT 3~53 30}, ARTX| 22X 5000 AlY 28
(L) o (" = 15 RE T2 M) 20X Ef2 HH &l - Bg
MPYEROAS |, 01, XSApL o] B3t oF2tol o] ARTXS A S U
(HHLH M) Y CRTRHRTR P IL R R B TR L) Fa0f|HX| EF20M| & 1609 9{2t £XHOf 2258009 2)
13,54 &,
20171 o1 372025 5 AU AT AR 2 e
ZH0]4 LA (BB =T R, i 20254730 40 %) = EEEAAe A e = HES
(WIERIR)
2018.1 Pt ihe] Xt 2020E7HA| A5 5~203 7t »2ARTR|A} A'E2 712 2000~3000CH
o (RO R Ml A e M5 ) 20250HA| =45 T 4 30~1002 32}, SaX & 120~30 O, MEH|Q1 12H e 10009 fIeH(ef 162 #) S0t

- " s 2020 97K A5 T4 5~102 FIH HY, 24584 28 72 30000 SH
CEICR AB10|A] AR HR|RHSA LT ' o s

; 2017.9. e o o g A b B 2025EIX| £AF5TA 50R F7} 24, A4S X 204, J|EFAIR 18O 4 2% ST, LAHQ 22t il 30009 ¢
(1) (b i s R A ) Do oL T SOR SN, SASEN 2R CL VI AT R 01 S S, HANT B2 S8 30004 9

=\ - 0=
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(L735M) o (5 H T ZURE Ml e 5 2 L) 20250HX| AF T 40R Ft, AR} 12T 24
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Sy T M2t o] 3 PEEAEE 2 20199 £4FHA 102 271, $201L{%] {2 10000h Al 2% Z2HE
%) 2017.12. 2R DR XS} 2ot S ool ot

- (%~ BEESHARLTLEREFTASRSLS) comTaniEETEess
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Summary

Japan Hydrogen Economy AJARY O $A2HA &g EfS0) M2 &7 HI=LIA X1, Ci7 180 S27182] HAl =8

= 2= 7| (Honda, Panasonic, Toshiba, Hitachi, KOBELCO, JFE S)1f
GH| EHt0 CHH|. =2 23 H|F 72 A H[ =LA =Y &

- AT AR AITIE FH|BHS 7|20l Brother(Fuel Cell A|AE Z1Z5) Sat A7 MZIAH! Tokyo R&D(QIX|L|0J2] 7|22 0|3t FC
E & M=), HySTRA(F20|HX| HFEH Q) S22 12

Z 27| Y(Tatsuno, Fujikin, Cosmo -&)0| & isf| 304, ‘50 A
I

=L

=

= = AHO|M 2HE A| C|AHM(Dispenser) A, Y2 A2 OPH A |0 [HE =4 Leak B! MIX{(sensor, detector) At & 7ts

= 7|E AR E LM S22 L ARTR| Q| AEY(Stack), T=HEKX|(BOP)S == ol| 2 ARTX|(Fuel Cell), FCATIS H| =0t Lt
= Y A2 AKX H A= Stack)S HY M8 SS0ts YHS0f tioh 2t AEE ER

* Y22 2 FH|(Hydrogen Economy)E /s HRA T 7| €0| 22 YHOE Lo7kn S 7] X 47|90 H B

« SATT|RHFCEV) S Qo $ASTA BF0| BAE, YRAH 9 AT =0 T, A Cfet RaD X £X B

Japan Hydrogen Economy AJARE @ 202041 SIS J|HOE 2415 12

= Key Word Trend: ‘174 A2 ™ X|(Fuel Cell) 4! — 18 AZMX|E HESF O{E2|AH 0|M2| SHL{(FCEV, EH, 7IHE 5)
— 194 ZEHQI £ Supply Chain FAOE F7|X0l 2 43 WIS Sof £ ARElo] AHS AlAf

= 1414 Q& HE L= F3E(Energy Security, Economic Efficiency, Environment Conservation)+S(Safety); & 7| 2122 2 o4 X| Al2l=S
2SI =A-AETX| Eg 2SS 2ot WY 2 EMS 3T = F2510] HA|
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HySTRA -

CO, free Hydrogen Energy Supply Chain

Resourcing country (Australia)

Production of hydrogen at low
costs from unused resources

(brown coal) and/or abundant
recyclable energy

Affordable ] ) Liquefied
Liquefied Hvdrogen
renewable energy hydrogen i gntai% n
cargo ships

- y
:*’— 1
o~ |

Liquefaction CO,-free Liquefied
Brown <o~ /loading  hydrogen hydrogen
t
il ceseo, g
capture/storage)

Hydrogen production

Utilizing country (Japan)

Process uses Semiconductor

’ and solar battery manufacture
Oil refinement, desulfurization,
etc.

- Transport equipment
’ E\ Hydrogen stations
.=\ Fuel cell vehicles etc.

Electrical generator

’ % Hydrogen gas turbines
Hydrogen gas engines
Fuel cellsetc.

s Electrical power plants
’:ﬂ :

~ & Combined Cycle
~ 5] power generators
etc.

Hydrogen use

A= Kawasaki, H 2| =52 353 2| A X|HIEH

F4 ZH 0| e = YREW L U= SAFH AR I

2019

CO,-free Hydrogen energy supply-chain Technology Research Association
'16'3 Kawasaki, J-Power, Shell Japan, Iwatani S 47 7|} 'HySTRA' A &
- 70| UES AIBBHO] 4

AZHo00te| =2 dLH0] 7hs

4 MY 2522 00K = =2 ME2H0IM 2 7=

st oz Mot

Strategic Energy Plan 2030
2014

2020 2030

“Strategic Energy Plan" ~ Tokyo Olympics

ﬁ
1oy
" Pilot
l . demonstration

Technologies also
in the possession
of this company ¢

Commercial
chain

Ol s

L T

Liquefied

hydrogen
technology

A= Kawasaki, H 2| =52 353 2| A XM
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o e - O L-O 2019
= 144 Y2 YR = Strategic Energy Plang &3l =2 7142 2 S ?lot 782 =2 55 Y=
A=

- {0t XY S HRHA| H20| 4F XY U SIS o) 2SS TABI0] $40| 225 B

= 0|0 CHt —3— CHRtS 2 Hydrogen Energy Supply Chain(HESC)S M| o 2 Aldlist7| /8l HySTRAZ}
H

HYSTRA =4 MEZ2I0lHI2!
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J-power (ZHE), lwatani(5S), Kawasaki(£14}), Shell Ja| 2019
" J-power= *EJOI I E 23 dX|0| +=45 FEY 5 U= 7tLs EYE 715
HySTRA * IwataniZ7} dLtEl =25 HiZS SOl 52 O[S 7 Hfsl tint 2 A0 MY
= Kawasaki= 1’85' TAE YELE 25 Mot 2HME AX
= Shell Japandt IwataniZ7} =2 &l Q&
* HySTRA= Hydrogen 2+ 7|2 S1t R&D, 2l S ?[ot HIAE § I +
HySTRA &S 39
Gasification Gas Treatment H, Liquefaction Liquefied H, Liquefied H,
Facilities Facilities Haédling Termina;ls carriers Storage and

Handling Facilities

| . | " 1 Applications
.

Scope of planned HySTRA test, research and demonstration

AtZE: Kawasaki, H 2| =52 353 2| A X|HIEH
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2RO $48 M A2oR 2905
SPERA = &0 Y X| 2= Mitsubishi, Chiyoda, Mitsui, Nippon Yusen Kaisha 52 2 /4

= HEZL}0|0f| A MitsubishiZ} LNGE A8 AL ChiyodaZt ZHEE HMB| LNGO|AM £=AE 22|, MitsuiZ}
Az=ot MEhE S8 NipponYusenO| 2202 =2 72

= A7 210te| Mot S Wi AR ol

HZ 0] T2ME &)} Chiyoda SPERA hydrogen system

—
\\\\“ CH IYO DA Methylcyclohexane (MCH)
\)
N\

’ NN
& \\\ " CORPORATION .

MITSUBISHI o _— - o : _+°

Toluene / ) ’
~— 5 ,/
~— -
L_._‘,__"

Transportation
NIPPON YUSEN KAISHA CHs CHs CHs CHa

1

() +3H —» () AH=-205KJ/mol () (0))#3H:  AH= +205Ks/mol
MITSUI&CO. Tolﬁene MCH MéH Tolu?ne
AE: HE| =523 2| X ME XtE: Chiyoda, M2 =535 3 2IMX|MEH
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Misubishi(LNG), Chiyoda(H2), Mitsui (M2}), NYK(%) " |

SPERA =4 ME0IHI2

SPERA . .
Energy-consuming nations

SPERA Hydrogen Supply Chain ey © " spERA

i ) Hydrog Regional clty
Storage/reserve tanks S f =
N Toluehe < B A T <7 a
- / e wdmgeﬂ fatec ”

P & ’ 1 Energy pro Hydrogen

" - through hydrogen o |

combh%lon (enheir
RA pure en or

ﬁ;grogm comum’;‘;% with

Gas fields, oil natural gas)

fields, coal fields o :
Oil refine A

. (ref cation,
- bypmdm“u::gi t?ya&smrogen)

rogen production
[ 02 separation)

Coal, oil, natural gas

Hydrogen

ElectrO'yﬂs of water

ﬂk = Solarpower
Fossil-fuel-producing nations Wind power

(coal, oil, natural gas) Large-scale producers
of renewable energy
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T2 2H|0|Y, FCEV 5)

27| H=0| =271 2ast ol27HX| S-S
coT L 7—||'I I:I|3O| ‘;'::;%

OF 2 Moo, Z2AHE FF2 AAEHZ=

27t SEZOH &

= SHS(Street Hydrogen Station)2 &+ =22 AH(generate), FCEV(Fuel Cell Electric Vehicle)Q! Clarity=
A& (Use), Power Exporter&

FHE T

Generate
Renewable S"ls
} energy Smart Hydregen Station !
1 Solar power Hydrogen : ‘
Generation P
of hydrogen i
3 Wind power ;
M, 7
Ll
-~
Hydreuiic Retum to
power nature
‘ Y Electrolysis / '
of water :
; Water
Biomass 1

Smart Hydrogen Station (SHS) that generates
hydrogen from water with the use of sunlight

: i FCV that generates electricity from hydrogen and |
B |Ie:mn|lybyuunnachnum‘luhw:ulmldsund

runs without emitting any exhaust gas

Get connected

Emergency power
source 100V)

Electricity fed to

households {200V)
@ Homes

Electricity fed to power storage
equipment (200V)

External power feeding device that feeds

public facilities

Power !
storage |
equipment !

Xt2: Honda, HI2| =52

S | MAIMEH

0|-85t0] Of|L4X| A Z(Get connected) = =L} ClarityE 0|-85+0]

7|2 UM ALE 7ts

S0 Wik AH|, THIAIAHE HI=

I --i‘_ S nad =
Hydrogen w

1999 2002 2004 2008

CLARITY
FUEL CELL

Prototype FCX FCX
CLARITY

Generate 0
Hydrogen =
2002 2003 2010
() () °
Basic Research SHSO SHS1 SHS2

Connected

=1 -

2013
°

External Power
Output Inverter

POWER EXPORTER

AtE: Honda, HE| =& 82 EIMXME
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' LA AN O] P Fe HEAHM U AL LA AT A
oOH o 2m9|
= SCh= Power Exporter2 &df +2AHZHX[XHFCEV)E &8I FIHE HM7|E LMA|7|= LR KA
=CHHonda) = =2x(Hydrogen)ZE 0|8 FMMN dAH S AH|TER| HZ FK| 7 g A 5 K| XHFCEV) 7}
#018 F7|2H7|2 ASE + 9182 ol
= =20 Ciet =2 X = AtsAF 2T OFL| 2} Of| X[ J(ex. T7))0] ER%t 2E A0 HE 7ts. AtsAt
S|AZ O HX|E X|-&5H= Provider 7} & &= &
= SCHe HERMX|E F/gshs A (Stack), FEEHK|(BOP)ELCH HEMX| M-S ME|A S application
Striof 72
Power Exporter : Hydrogen VehicleS

(V2L STaysaies aEss)
Vzl. COI’" atible Portable
er Output Device
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= g W EXE B0 TIAHNM 9870 S AHALZL 4871 2 M/S 19
TATSUNO = 2= oA 6IEHYI(HI’cachl o XAt 7 T

= Off-site, On-site 2tAl D= [ 7}s5HH, H|S 2 50:50¢
= ?IXll= AH|O[M SILIO| StLto| CIAHMEE AFE S

TATSUNO =4 OIE{DI TATSUNO 27| (Dispenser)

\__’__4-—.——-’—'
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HIJ|&3S 0|25 &4 ZHAR C|ATIA AAL I

o = TEHI A
TATSUNO « U2 W =7 HIZ M/S60%0| &= XHX|SED A2, 7570= 0| 40|l =& F. £E5| SHOF X[ Fof|A

TATSUNO HIZUARE TATSUNO LNGE ©

IH

= Product

g Inspection &
Manufacturing

Repair business

i t el
sy Design &

: gy, )T | Enviromental
Construction business/ = business
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Fujikin = 2009 Bt A8 WEAIY TIE 2[6 EfESCTE 4059 /0 1= (Bh= =X[Z)
= Ut X, &SR3 HO| 2t 22 FE UEIF HQoh A|Z0| XA Ak ¥E R O
P BSOISHS UHOR 44 SUL0 S d |RHFCEV) Of e L+ A el
= QS || S=AAHO|M Tt HiE M/S 90%, = EMX|XHFCEV)E et B 5 (PRD: Pressure Relief
Device) &

Fujikin & Fujikin PRD &8 [+AHS M X|XIE]
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KRAF—vavEe
oaam il | Vs VB by AV DT
Hamﬁ:?)b—-j '\Qmﬂﬂa}

Total Engineering for Hydrogen Filling Station
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