May 20%, 2019
Waseda University-AVL
Joint Symposium

Future Fuels and Energy
towards Electrifying Vehicles in Japan

A& #5464
Yasuhiro Daisho

Professor Emeritus
Advisor to the Laboratory of Research Oraganization
for Next Generation Vehicles, Waseda University




IrrgH=iliT %
\ -

EETAICEDLKIZEDFRRE

<K B> <IRILF—
x/_—: sh : .A: E 5 ﬁ E-I-AI:.

X\ /A=< = _ e




BEEDEE-ITRILT—X0ED=HD

3IDOF7J7O0—F

g
[1JEREORFRE (HyyrsE F—EILE N(TYyRE)
EHMCRET, S LERERETLESLYE
D020F IR B REEEH L ELEABBLTIND, S

~

([20HBALATL-FREOBE (R EHH)
PHV, EV, FCVDtERER EEOQR MY
HRE I RLF—(BR, KR, RATR, NAFHHF)
| — SROEBRNFGFEINDD, LCAKBETH S,

.\
2020 R (SLUBRISH T DR EENREINTWND, 0 )

([3BBEDRT—EFIFICEH T #
<R BRABIEEEHRBLEDT=HDITS, ICT, ITOFA> e
-#E (BEHNEOHRE, EBEHE, E—4 /LT

CEBITTREEIR, TLT—7%Z0EEhRE)

=5

\ CFARIFIR (B—SMT0RE()LDERE, T2-Z2-BENER. 7))

AC
1

~




[2050F(ZHITHBHERAE N ATLEE? I(FD)

HEEDERAPNVATLZEAR(BHERM=201653H)

(1) T O+ R MARERF D TTHENE
QI DOUICELT, BRIEREEEMTHS, TDHFEMIEETFRD

A HOEIEEEREEDNIRE - TRIL X —BERICKEURTET S, J—
OB EF-HIE=D VLM ERE~NDT LN E, e
AT DU DENRFBRMIZIERTHELEE, ~—

OIL _
QT OFERRBRHE $ERLIXOTECTREN. gl

- #hEHEE DR (NS A RFPRAHT R),
- B AR CTL, GTL, BTL, e-gas, e-fuel) = /K&FE F7VEZT

(2) LU R EMEE + IE R BREH TRV —) IO AT REH

Q2050F F Tl KF=HBAUISDILEBLTEEITEHLL aXk
=2bH-T, MMAEEME (FCV) DERIIEER,

AFBRDZHREERTEAVITDZEDEZ SN, /NyT!)—
B BEHENE (BEV) hNE 71,

Q/\yT)—148EIE, 2050FEEEX TICRARBRE D MEE-OX D
IKEEITET A EIEIREET, BEV (X IEEE (BB A) E£1TH
[ZEHND, 4




[2050F(ZHITHEBEHE N ATLEIE? (FD2)

MEEHERF AV ATLEER(BEERT=-2016F3AH)

(3) SR D RENHR BT DT M

QESERAIRILF—OHEHAMERADEHICHI=E5MBELGHE-81T
TEDHSAKRELT, MAZFES>EEBEITHA AIEELPHVINE H7AER
BD—D2THbd, TNDMHREM L EORMERIL, /Ny T)—42EH=FH
ATLDEELLZREELELEAS,

QEFHEFI0~ISFEBEFRAINLEMDG,
MDEI N AT LIZFEITT H=0IZ1F, TR
DEEFIZEETIHENH D,

(4) SEDEEY T S EDEEE

SHFPEINDZTRILF—HEEZTNICRET S HRBFAD Ak
FRMRTHIC(E, BBERKOERELFRRT DEELIC, TRILE—

HEDQVDLBWEEYTAHHEDEEXBIETAE,

QZFNERIEEIZT S/ \—F -V I NHEO iz TLCRHRF-ERAIEL, &
5, EUDITHEREIZERELERLTUNKIEN, EELERBELSD,
ZDF—T—FIX, [BREYT14/R—a>DREIH] 5




IrrgH=iliT %
o/

FEDHIE B ZIEESIZEE S HEENSIER/IC
IHESINT=FEZEUNJIHTE) ] (20155108, HE2:JCCCA)

@ B A£& 20305

- AL7 2030 #z<c

$E 2025z

2030 =<

2030 =<

2030 =<

HI B 12
GDP%7: D DOk %

60-65% u=
40 % =

GDP¥7chDCO28E i %

33-35x u=
26 % HliR

X2005F K TIZ25.4%HIR

70-75% com

26-28« nx

20054t

19904 Lk

20054 Lt

20134 Lt
19904 Lt

\
20054t S>

Y 20504125 EEH I BELI R A REZH RN S80%HIFEL, £AELT
50%HIEZEBIET CENEEIN TS, 2 HRTHBADGONE EE
I HEREFATIE, EUDITEEEOIRIILTF—FIHADORRFIEDE

A MNERETHD,



IrrgH=iliT %
\ -

HOEIZETH2017EEDEHEPFADCO2HEH =

(Ex3@E%E, 20184F)

HEMADHHEIS CLikie Ak EE %

HEE 18,388 86.2

BXRAERE 9,850 46.2
BXBEEYE 3,532 16.6
EXAEY=H 4,240 19.2

Z Dt
14.4%

n = N R 417 2.0
CO,#HH = .

I 11.90{&E k> 2y — 269 1.3

3 (20175 E) — bk 0.4
34.7% = _ B E 80

fin 2= 1,040 4.9

AfniEE 1,025 4.8

&% B 867 4.8

& &t 21,300 | 100.0

* HhHAEDBEENSHHEINS CO2 (T2 ADHEED15.4%F HHTULNS,



=l 2030 | =51 5 T3 )L F— 2R

"B RFHIBE SBEADXIE)

~ EEICIRETSAEBERDNRE., BERE ~
(FEp278FE7 8178 thBkEEEE X REERERRTE)
HOREDERENRARAEEDIRZEHHAIR/ILF—RE_EBRILREZDHEHZIZD

LTI, 20135 E L A 25.0% (20054 E Lk A 24.0%) D 7K #E ($99182,70075t-CO,) TH Y.
ZEFIZH T 52030 FEDNHHENBRIITRDERSYTH S, CNhY, 20165513 H

[HhERRBR{E X RETE I EL CREEREINT-, [ B H§Ht-CO, ]
“ 20135 2030 &

A (20054EFE) | 20134 FE % (20054F FE H %)

E X 429 (457) 401 . 4A6.5 (al2.3)

X - Thith 279 (239) 168 . A39.8 (a29.7)

X B 201 (180) 122 -« A393 (A32 D)

C 225 (240) 163 . a27.6 (a32.1)

IR)LF—Enif 101 (104) 73 A27.7 (A29.8)

8 & 1,235 (1,219) 927 . A24.9 (a24.0)

WERBH-Z DM, RE, EFDIFMICERBELZREBNBDEESN TS



EAE-BSsEORERELDOEILLER
(NEDCIZ R H#LFEE, ICCT 20155F)

. CO2

= it I km/L /100 km i

HAK 2020 22.1 4.52 105
= U 2021 24.4 4.10 95
(2030) (38.6) (2.59) (60)

* E** 2025 22.5 4.44 103
& 2020 19.8 5.05 117
(2025) (25.0) (4.00) (93)

AK 2021 20.5 4.88 113

( ):IREME *:2030%(122021F L TCO2%37.5% 1K
*RSUTBHEIREET AR RERHA

NEDC: New European Driving Cycle

ICCT: The International Council on Clean Transportation
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The International Council on Clean Transportation
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Europe's vehicle CO2 targets
i Airline fuel efficiency

US heavy-duty vehicle regulation

In-use NOx emissions
= e 6O0=

CNEEEBEIZ, BN TIE T —EIILERERSHNERXL, VWHDOEENE~AD
MR, KEBHIZHEFTE2T—EILEHAEDEY ANEL, 2040FFHiEET D

IVOVEDQRFERLEZFDERNEOND,




SHEOEBEOEHL v

IN-RRIEV

—1970F4X,1990F X -
. = A\

~ BRI DR~
& il 2]

E
<

—52 BTt T4N\A(X

T Y BE=EiE

N7 Yyh

77940117y E

¥ 2030 HICIL, M
IV VEDMT Y9k E
WREERET B



IrrgH=iliT %
o/

EEDNAT)yE ARERERE

(FANWANT, B, NI-TYRAMEED S =
o S AR oA sV Y AT A 2 15) | <5 mnsEE] |

4 S ROV M: E—4&
G:VxzrL—43 B:/\wT!)
C/l: avbka—5 /A2 1\—4

T Z&ERATL C:O999F
Ps: B AR BNV AT A
Pl

— ) FEE e O

~

J/

G55 4 AL B E O BiEE
AT YRS R L E &

| <8SLL(RALE) > [10-50%] |

FCV, H ENote, e-Powert,[F447°

[ E ]-Ps

G

S B —C/I—wic
D~Pi DPi

[ <SU=Z (1) > [50-100%]) | | <2U—Z/s85L0L(F) > [50-100%] |

16



ITTa=iliT ¥ 1 7

SIEDHMNEICETEH/N\(T)yrE

.

Plug-in Outlander,
Mitsubishi

Solio, Mild hybrid (I1SG) Note, e-Power, Fit Hybrid,

Suzuki Series Hybrid, Nissan Dual Clutch Transmission
B T Honda

Diesel Parallel Hybrid Truck, Isuzu Diesel Parallel Hybrid Bus, Hino
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Leaf, Nissan Model 3, Tesla Honda Urban EV Concept
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hOSABEO/N\YT)—F=, ElRE=E, MEDLEE

= 7E NYT)—B= HRME=SLt WAE: Lt
kWh (RAVILE) | AV E)

AV E (1.0) (1.0)

- - (BA%1:400~500)

T4—TEILE 1.06 1.15~1.20

HV =2 1.05~1.15 1.20~1.90

PHV 10~20 1.15~1.20 1.8

BEV 20~80 1.20~1.30 3~4*

1~2

* ETEOEETRILFE— (Wh/km) NSNS B

41



/

AEEAM QARER
EI

A ATLDF OB ADUTE

HlmDE=/LOHEFEIR

RHEIRIZIE, 20~40%R
BEILEEET.
- = A RTLD
E HOEEL Q@%%D

BthEZE [CNF

Iml

<EEEER-ER>Y = 0 <IyIy> 7
M e AE Bk ZEVATA I
JBADIL : | <EBVATL>
| RE EfTHEE ) Bt £—4% BFHE

|
|
|
|
|
\

RIEERER AT
2ER REMERK

42



IrrgH=iliT %
o/

Passenger LDV sales (million)

f IENETPO)%FQE"&JL$ Fuel Cell Electric Vehicles
Al (2012)
150 ...................................................................................................... Electr|C|ty
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50 |

SRITOEEE

2050 F([CEAHAFEHED LT
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- APPENDEX -

Power Generation Costs in Japan (METI, 2015)

¥/kWh
>0 30.6
Ol " 43.4
e T e
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S I Wind 294 Hydadie 297
(inland) 27.1
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20 e .. ... el R NN
16.9
10.1~ 13.7
12.3
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0.8 X10° 1.0 X10°
¥/kWh ¥/kWh
0
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- APPENDEX -

Power Generation Costs in Japan (METI, 2015)
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- APPENDEX -

Power Generation Costs in Japan (METI, 2015)

¥/kWh
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Net CO2 Emissions from Various Electric Power Plants

Net CO2 Emission kg-CO2/kWh

1.2
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Central Research Institute of Electric Power Industry
Japan, 2016
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Roles of Intelligent Transport Systems

Drivers, cars and roads are connected using advanced ICTs to
achieve safe, eco-friendly and convenient mobility (ITS Japan)

Mass Transit Management

A A
- A e~ o Moy H32
Commercial Vehicle Pedestrian Ambulance Vehicle

Management Assistance Management

56



IrrgH=iliT %
o/

How to create the Processes

for Disseminating Next-Generation Vehicles

- Social acceptance -
- Performance *Fuel economy -Price &%‘)

-Zero emissions -Durability -Safety <Cruising >
- Continued policies - - Commercialization -
: : : ?
Incentives -Financial Support —7 20X0"
-Deregulation = Standardization 6\&\9’ Almost 800,000 FCVs
- Public awareness 600“ with 320 hydrogen
Ay stations in 2030
y - For next two to four decades - N
- Coexisting and competing with conventional
| : | vehicles
<Taxmg > -EVs are competitive for short distance drive.
- Demonstration - -HVs and PHVs are competitive for long
2002 — 2013 distance drive.
o - Significant cost reduction is essential.

&Decarbonizing hydrogen
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Smart Mobility, Housing and Community

Cloud (Internet) \

twnl:ber

We, drivers must

Smart Community
with Smart Grids

Smart House

(HEMS)
&= Smart Mobile
(Smart Tele- Phone

Smart Probe Car communication)



Power Generation Costs in Japan (METI, 2015)

¥/kWh
>0 30.6
Ol " 43.4
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S I Wind 294 Hydadie 297
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21.6 Geo- 23.3
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10.1~ 13.7
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Market Share Targets for Passenger Cars

in 2020-2030 ( proposed by METI, 2010)

< Targets Achieved by Automakers’ Efforts >

Vehicle Type 2020 2030
Conventional Vehicles >80% 60 - 70%
Next Generation Vehicles <20% 30 - 40%

Hybrid Vehicles 10 - 15% 20 - 30%
EVs and Plug-in HVs 5-10% 10 - 20%
Fuel Cell Vehicles <1% 1%
Clean Diesel Vehicles <1% <5%

< Government Targets >

Vehicle Type 2020 2030
Conventional Vehicles 50 - 80% 30 - 50%
Next Generation Vehicles 20 - 50% 50 - 70%

Hybrid Vehicles 20 - 30% 30 - 40%
EVs and Plug-in HVs 15 - 20% 20 - 30%
Fuel Cell Vehicles <1% <3%

Clean Diesel Vehicles <5% 5-10%
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Comparison of LDV Fuel Economy
Standards based on NEDC, ICCT 2015

Country Year km/L L/100 km g(;(k);]
Japan 2020 22.1 4.52 105
£ U 2021 24.4 4.10 95
(2030) (39.0) (2.56) (59.4)
USA 2025 22.5 4.44 103
China 2020 19.8 5.05 117
(2025) (25.0) (4.00) (93)
India 2021 20.5 4.88 113

( ): Proposed

NEDC: New European Driving Cycle

ICCT: The International Council on Clean Transportation
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Projected Long-term Reduction

in Motor Vehicle CO2 Emission in Japan

Reference A30-40% A45-55% A65-85% [ Measures ]
<Fuel Economy
A20-30 _ ~ Improvements>

ao | [2300] | ass-4 Efficient power systems,

Hybridization, Vehicle
A1-2 \ weight reduction
A15-25

A5-10 <Use of Low Carbon Fuels
and Energy>

009

4 Electricity, Biofuels, Hz
T <Improvements in Vehicle
Use>
T TS, ICT, Modal shift,

Change in car lifestyle
2010 2020 2030 2050 (By Y. Daisho)




g Projected Next Generation Passenger Vehicles’ Share
Worldwide and Relative Importance for R&D

Passenger LDV sales (million)

200 |

150

100

wn
o

Relative importance

IEA/ETP 2012

Fuel Cell Electric Vehicles

Plug-in hybrid diesel 2030

...................................................................................................... Electricity

............... Diesel hybrid < Plug-in hybrid gasoline

4_"!

5 ) (o)
Gasoline hybrid 0%

Diesel 2050
99%
00 2010 2020 2030 205
Decarbonized electricity and hydrogen (EV, PHEV, FCV)
Advanced batteries and electrification (EV, HEV, PHEV, FCV)
Advanced engine technologies (ICEV, HEV, PHEV)
Reduced vehicle weight
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Let’s keep our Planet clean and cool!
Thank you for your kind attention.
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Future Passenger Car Fuel Economy Targets

by Y. Daisho
[COZ . 116 7.4 58.0 46.4 J
50 100
40 80
30 60
20 40
\ 20 3KkmiL

10 20
0 0

2020 2030 2040 2050

Average Fuel Economy, km/L
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EV Recharging Spots in Japan
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Honda’s CLARITY FUEL CELL

(Announced in October, 2015)

dVehicle price: ¥7. 66 million including value added tax, March, 2016

JFC stack volume is 33 L, reduced by 33% compared to FCX Clarity.
The FC system is installed in the front, enabling to carry 5 passengers.
Energy density: 3.1 kW/L, FC output: 100 kW, Motor power: 130 kW

JdRear hydrogen tank, Pressure: 70MPa, Full-recharging time: 3 minutes
Range: 700 km (based on JC08 mode)

d Electricity storage: Li-ion battery unit
QSize (LXW X H): 4,895 X 1,875 X 1,475mm
d”Power Exporter 9000” can provide

electricity to the home for 7 days.

dRenewable hydrogen can be
supplied by utilizing a “Smart
Hydrogen Station.”
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Honda’s FCV-Related Systems (March, 2015)

“Honda Power Manager”
for a V2H system

“SHS”: Smart Hydrogen Station
(Solar and wind energy is used to
produced electricity.)

“Honda Power Exporter CONCEPT”
providing electricity via an outlet
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Toyota launched FCV “Mirai” in Nov., 2014

d”Mirai” is the world-first mass production fuel cell passenger car sold worldwidely.

d Specifications
-70MPa (2 tanks)  -Range: 700 km -Max. speed:170 km/h

-Power density: 3 kW/L (100 kW) -Cold startability: -30°C
Vehicle efficiency: 65%

Jd Almost all related patents will be opened.

QPrice. 7.23 Million yen (Tax incentive: 2 million yen)

[ Annual production schedule: 700-1,000 in 2014-15,
2,000 in 2016 and 3,000 in 2017

Electricity Hydrogen Hygrogen

Power control unit RIS tank

% -z

Cell unit

Converter
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A Variety of Toyota’s FCVs, 2014-2017

FC Truck, in U.S. California bay areas April, 2017

FC Bus with two Mirai’s FC systems The truck has two “Mirai’s FC systems, 12kWh battery
sold to the Tokyo Metropolitan unit and 500kW power motor unit with 1,800N -m
Government, February, 2017 torque. The gross vehicle weight is 36 tons.

Other automakers are expected to follow or collaborate with Toyota.
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A Roadmap for Disseminating Hydrogen Fuel

Cell Vehicles in Japan (METI, 2016-2017)

dNumber of reqgistered FCVs:

= 40,000 by 2020 = 200,000 by 2025 = 800,000 by 2030
(= 3-6 million in 2040 - 8-16 million in 2050)
JFCVs should include not only passenger cars
but also forklifts, trucks, buses, vessels, etc.
JdNumber of hydrogen stations:
= 160 by 2020 = 320 by 2025 (+ 720 in 2030)
JdHydrogen should be COz2 free in terms of production,
transportation, storage and usage by 2040.
JdHydrogen carriers including organic © —— T
hydride, ammonia and liquefaction | **\\\\\&\F‘wﬁ\\.‘\'",”//f%f//f;‘/’ﬁ —
are the most promising measures to 5 e Wl7a o
store and transport hydrogen. (SIP)
dTechnological and economical issues
should be discussed and overcome
to introduce renewable hydrogen.

"Lnsoo d" 70MPa H2 Refueling Station
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Examples of policies for reducing GHGs

in the transportation sector in Japan

dImproving conventional vehicles’ fuel economy

[ Disseminating next generation vehicles

Jd Other measures
*Enhancing advanced ITS measures
" Improving road traffic flows
*Enhancing the use of public transportation
"Increasing freight transportation using railway and/or coastal shipping
Improving efficiencies for road, railway, aviation and shipping freight
*Enhancing coordinated freight transportation
" Centralizing traffic signals/ using LED traffic signals
 Disseminating eco-driving, autonomous driving and car sharing

J Establishing specially designated areas for green transportation

J Establishing collaborative policy-making among ministries

% Effects of each measure must be quantified, taking into account its
side-effects and overall cost-effectiveness.
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Issues for Developing and Disseminating

Next Generation Vehicles

d Social activities for sustainable mobility in terms of environmental
protection, energy security, economy, convenience, safety, comfort and
resiliency to disasters.

d Continued governmental support and collaboration between industry,
academia and government for developing advanced mobility technologies

d Strengthening global competitiveness for transportation-related
technologies

dDeveloping and disseminating technologies related to renewable fuels and
energy such as electricity, bio-fuels, hydrogen etc.

dCreating new environmentally friendly car lifestyles

dDeveloping technologies related to ITS, IT and ICT for us to drive
conveniently, efficiently and safely.

dTechnological and policy contributions to emerging economies
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