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1. Toyota's Approach to Environmental Problems
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The Global Environment

Environmental problems are becoming more serious

START YOUR IMPOSSIBLE TOYOTA



Toyota's Approach to Environmental Issues

C[lz TOYOTA= =ecs &

@ Challenge of Achieving Zero COz P4 © Net Positive Impact Challenge

Toyota Environmental Challenge 2050 was announced in October, 2015
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Three Challenges of Achieving Zero

CO2 (1)New vehicle zero CO2 emissions
Cha"en e umerica
9 90% reduction by 2050

(2) Lifecycle zero CO2 emissions challenge
N
Az A

(3) Plant zero CO2 emissions challenge

s Achieveing zero by 2050

? (4) Challenge of minimizing and optimizing

=== water usage

@\ (5) Challenge of establishing a recycling-based
\.H/ society and systems

QQ (6) Challenge of establishing a future society in
@ﬁw harmony with nature

Develop and accelerate
widespred use of next-
generation vehicles

Environmental friendly
design, from materials to
disposal

Advanced technologies of low CO2-
emitting production

Use renewable energy and hydrogen

Throughly reduce usage
Clean throughly and return

Deploy resource recycling
systems globally

All-Toyota group activities
connecting society and the
world

TOYOTA



2. Efforts to Realize a Hydrogen-based Society
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Clean Energy Source Usage Among Large Overseas Companies -

Announced September 2016 Announced November 2017

By 2050, switch to clean energy 2020 target: Use clean energy for all power needs

for 100% of energy consumption BMW% L—F . R BAEBAETRETRILE—HD...20204 B 18

HE POWER OF COMMITMENT

e T

r : I - e d
BMWA L —Z12118 148, -1y - TRE o201 7aEEsEsigars > BMW RS

HABSR 23R IEISTE (COP23) T, TH L —BBEITHIT D%l BVWE LRI I IMaNIUAL ), Vas—KI3BED620. .
e e RN e & ABRIRFE. BMW IR 3{IEEE . 1200 BSW CRTFSEE FE. .

BMW 22— 1TH4F P o —c L ABVF L T B
T L —BE (IR TSRO ST (BT 2kt 20208 HREER —oo e — 8D
ICHFRIRRET. BE gL T —Rhrom AT HEELEDIE.

 ENERAL MOTORS

CHC L. BMWA L —Z13. CO2E ST E EE L DRIABEC—RA D 20165 R (213, BMWS )L —ZOBEolseT

Source: General Motors' website FILF RSBy T, HRPTEE o,

BMW I — @b —= A -~ D—a it R, [kiolal TiEReyadmne o —2 3 Q3L 77O —F SR EE Ty
Y AGEFRYIE S R 2ET L. RO eEE T DR C DL T, iRl TS T LS,

Source: Response.jp website, November

Clean energy usage is a global trend
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How to Achieve the 3 Zero Challenges

Industry initiatives

Clean energy

Pursue innovation aimed at further adoption

Particular attention must be given to:

- Economic Efficiency
- Energy Security

START YOUR IMPOSSIBLE
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0% Japan
Germany Spain UK France Italy u.s. Canada 15.3%
BTy e . 2 BT HE BTxHE BIryH=E Rl o R, e
(2015 %) (2015 ) (2015 ) (2015 %) (2015 ) (2016 ) (2015 ) renewable
30.6% 35.3% 25.9% 16.3% 39.8% 13.6% 63.8% energy
il [BEE A 20165587 —. |IEA Energy Balance of OECD Countries (2017 edition), [EH#] #2TxL5 —#H2016E K EiRE usage
ERTE=RNERS, (2016)

The slow speed of clean energy adoption must be resolved

TOYOTA




Picture of a Hydrogen-Based Society Using Clean Energle

EIectrlc vehicles and plug-in hybrids

Wind power -
Power storage equipment
Thermal power generation
Clean
. power grid
M £

SOlar power I '- Cities and homes Industrial usage

- n Hydrogen to power
& — “- conversion
-I-

Water electrolysis
Biomass

ﬂ Power generation units
Hydrogen grid
Hydrogen tanks i 4 .
ngh -capacity, long- E = - ‘_ i

Vehicle fuel

term storage
Wastewater treatment CltleS and homes

Fuel cell vehicles
Fuel cell buses

TOYOTA



Characteristics of Hydrogen -

Offset clean

Can be produced

T £ BTG energy fluctuation

primary energy
sources

Store &
Transport
capability

Japanese

Hydrogen
technology

Leads the world : m@w

START YOUR IMPOSSIBLE TOYOTA



Characteristics of Hydrogen

12

Use as energy

START YOUR IMPOSSIBLE

Zero CO2
emissions in

hydrogen use

Can be produced
from a range of
primary energy

sources

Japanese
Hydrogen
technology

Leads the world : m@w

TOYOTA



Japan as a World Leader in Hydrogen Technologies13
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Photo provided by Aisin Seiki Co., Ltd.

Photo provided by Toshiba Energy Photo provided by Iwatani Corporation Photo provided by Toyota Industries Corporation
Systems and Solutions Corporation

Japan is home to many of.the world's leading materials and parts manufacturers
—Developing and deploying hydrogen applications in Japan will strongly impact international

competitiveness, industry growth, and the creation of jobs

START YOUR IMPOSSIBLE TOYOTA



14
The Japanese Government's Scenario for Basic Hydrogen Strategy

2030 Target future picture

v' Developing international hydrogen

supply chains YA CO2-free hydrogen
v Establishing technologies for (BI’OWﬂ coal combined with CCS,
utilizing renewable energy)

Fossil fuel-based hydrogen
Supply (by-product hydrogen, natural gas reformation)

pply chain development and demonstration, scale-up

renewable-based hydrogen
production in Japan

Scale-up

Substantial cost cuts (Reference comparison)

Hydrogen (Present) (2020)
volume 200t —> 4,000t > 300,000t —>~10 milliont+g | Newsl g imports
(commercial supply chain capacity) (depending heavily on consumption for million ty
power generation)
- Natural gas
COS'[ h ilj'oo yen/Nm3 > 30 Zgn/:\lm3 —_—> 20 yen/Nm3 import price:
(hydrogen station price) (1/3 or less) (/5 or less) 16 yen/Nm3*
*Conversion based on
c — 17 yen/kWh 12 yen/kWh hydrogen’s calorific value
(&) i _ ) .
5 dengggggtgg‘;gée) (Commercial  ——2 Replacing gas Ug';e;':'ignpggzsf
% qh) Demonstrating hydrogen power generation, establishing an environmental operation stage) power generation 912 /KWh i
o c value assessmentsystem (Reference) 300,000 tin hydrogen (Reference) 5-10 million t represents yen
<) consumption represents some 1 million . ep . Fossil power
O KW in power generation capacity 15-30 GW in power generation capacity A p ]
Roadmap targets Profitabilit generation capacity.
rofitanility 132GW
P (Present-) (2020) _ SR (2030) : improvement will allow Number of gas
L 100 locations =2 160 locations —— >some 900 locations =3 v q0en stations to station:
Halving hydrogen station costs lace qas stations 31,500
2 |GG 2000units —> 40,000 unites ——{FCV/Hvdroaen k5. 800,000 units —  "eP1ace
5 Strategic hydrogen station development, regulatory inb(fgsemn:jr:g%]t FC stack teChnOIOQy
§ reform, technological development development and cost
- - ] : cuts allowing FCVs to Number of
@ 2 units =2 100 units “narait ofthe [ 11200 UNILS =gy Dy T passenger cars:
) ] 2020s . P g 62 million
40 UNits === 500 UNItS — e 10,000 UNITS s _
\ J G Sl P
developing hydrogen supply networks ) Number of
Utilization Ene-Farms e Ene-Farms replacing
@ 220,000 units becoming > .3 million ~_s  traditional residential households:
of fuel cells independent units energy systems 53 million
Source: Agency of Natural Resources and Energy, Ministry of Economy, Trade and Industry

TOYOTA



3. On Mobility Innovation
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CO2 Reduction Target

90% reduction

Average
CO2

emissions
from new
vehicles

Units
Sold

Vehicles with engines

(Ttw) 2010 2050

=7 A

New vehicles in 2050 emit 90% less CO2 (compared to 2010

E

START YOUR IMPOSSIBLE TOYOTA



Reducing CO2 Emissions !

MoDbility Electrification is essential

START YOUR IMPOSSIBLE TOYOTA
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Tones to EV Adoption Intent in Other Countries/Companies

Other Countries

France

UK

Gasoline/diesel car sales to Gasoline/diesel car sales to

be prohibited by 2040

3 2A, EVHE~AZXKR AVUCERLEORE
ZDATITT 40:05 [WERREE]
#os Tun Bes &) F v § toa-

FELAENAT 8, 2 FETCERQN VU LREF s — DL REL R LT
SHEHERSHCLE. BECERAEOLA-D—ERIBEY. Hu) - RREYE
W SHLDOERTNGT. REIT-ACHERSGENNFSFTEENC. BE
CRACERSETEEMOEIRETCSsSREERR (Ev) EEFsHEERIZ D
FHEdr, RBGOSNN—BENET S,

G0N, FO0-ROTIIFE -1

man - To0-dmrs SEseR L., sRERTROoEEEla 1
gk cEElfrEs. SeEE (Co2) SREohETRELE. B0
=2, FETORNVULEGSEFNCICD 2 RIS T SROERRLE. FSE22
SEFTEFEYSERMONRATOEE S ESEECED, SOSFTCESEOCO 2
SEERERE AR EOCTS (=-fesa=- 5L EERT NS,

TEpa R oT2onE - o (G200 EESESRrNS. TL0- LR
MELE. uEreoRBERCRE=ENLTHETEHE RS TERERTE
AL, AF-FEERLRBRREELTeR. FELOEEPETEC20ERCLE.

o028 QLEESO—BrHR00RRTE.

ERN-oEEEREL IS5 —E—C P S ADS RSN
FEe, SoERECESS LS-EIEFRAE. WSFoREEERERENI00
AiE. BAY BECECENEICHREY. GERBETIRE (CCFA) TLB
£, BRERERCESTIONNME L. NARRSESHD LN LCET.

FSLAUBMTHREYERCELSCETHANSS. BN RS, 17E LR
FEERTEA YU - P — LS 2R S AU Fl (HY) 3
2.5%. EVRI.Z%CESEDOHRMTE.

Nihon Keizai Shimbun, July 7,
2017
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be prohibited by 2040
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2017

Other Companies

Volvo

All vehicles to be EV or HV

by 2019
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Nihon Keizai Shimbun, July 5,
2017

Volkswagen

Will introduce 50 EV models

by 2025
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=H. B LS=0F == - SxoFrilZ118, SHeFElTI000T -
O n U BRI R 2N TR LR, BRI VL
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Nihon Keizai Shimbun, September
12, 2017
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Electrified Vehicles and Electric vehicles

Electrified
HV, PHV, EV, FCV

19

Electric Vehicles hat run on stored power |

One of electrified vehicles

EV

TOYOTA



What Determines the Needs of Vehicle Feature?

20

"Customers” and "Markets"”

There's more than one option to choose from with electrified vehicles

START YOUR IMPOSSIBLE TOYOTA




Toyota Electrified Vehicle Sales

21

More than 11M vehicles sold since 1997 (20 years)

Sold in more than 90 countries and regions

Roughly 4,500 staff in electrified vehicle development

Roughly 1.52M annual electrified vehicle sales (2017, a record high)

START YOUR IMPOSSIBLE TOYOTA



What Toyota's Electrified Vehicle Sales Mean

22

Vehicles sold to date
More than 11M

-

- Customers choose vehicles
based on environmental

performance

- We have supplied products
that enhance customer
convenience

START YOUR IMPOSSIBLE
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Global Electrified Vehicle Market (2016)

23

3.23M units

HV EV PHV BEGY,
490K units | 330K 2KEMS

2.41M units units

Market share

TOYOTA 11k el p 7 43%

We are the electrified vehicle market leader

We will continue to provide electrified vehicles that fit customer
and market needs

START YOUR IMPOSSIBLE

TOYOTA
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Motors, Batteries, and Inverters: Core Electrification Technologies

N - ine '

Charging

Hydrogen
Tank

Fuel Cell

Core vehicle electrification technologies » Can be used In all electrified vehicles

START YOUR IMPOSSIBLE TOYOTA
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EV Issues
Vehicle weight Short cruising range
High battery costs Long charging times
Battery durability Need to develop charging
Difficult to procure battery =t cture
resources Lack of battery

re-use & recycling systems

There are still many Issues to resolve

START YOUR IMPOSSIBLE
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EVs Use High-Capacity Batteries

0.75kwnh

Other makers' EVs

<Battery capacity> 40kWh

TOYOTA

20
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Toyota's Battery Development Milestones

1925 — Sakichi Toyoda puts public call
out to develop batteries

1939 — The Battery Research Laboratories
are established

1997 — The first-generation Prius is launched (using a nickel-
metal hydride battery)

v 2003 — Lithium-ion batteries hit the market

Sakici ' oyoda The ideal power storage device
Low-resistance, high density, doesn't 2020s — Commercialization of all-
lose charge, charges quickly, simply solid-state batteries
structured, and durable

Metal-air batteries, etc. /

Since its founding, Toyota has pursued perfection in battery development with an understanding of the

Importance of batteries

TOYOTA


プレゼンター
プレゼンテーションのノート




Next-Generation Battery Development -

High-output All-solid-state batteries
0
Q)
g Goal §
s =3
x o
Y &
2 O -
= i Groundbreaking batteries Z
< Lithium-ion batteries Now
S | (High-capacity models) (Research)
= Goal

(Metal-air batteries, etc.)

Energy density (Wh/L)

Long EV cruising range

Develop the next-generation batteries crucial to widespread electrified vehicle usage

START YOUR IMPOSSIBLE TOYOTA
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In order to solve EV iIssues

Develop and produce globally-competitive batteries with Panasonic.

START YOUR IMPOSSIBLE

~ Panasonic

Developing and stably supply
market-leading automotive
prismatic batteries

Contribute to the deployment of
electrified vehicles from Toyota
as well as a wide range of
automakers

TOYOTA
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Appeal of FCVs

Energy diversification Zero emissions

e Zero emissions when in operation
® Hydrogen can be
produced from a range of

primary energy sources

Driving enjoyment

°* Smooth ride and quietness Ease of use
unique to motor-driven vehicles il

® Cruising range similar to that of gasoline cars

* Good acceleration up to ®* Hydrogen filling time (about 3 mins)

low- and mid-range speeds
Emergency power supply

® High supply capacity

TOYOTA
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Competitiveness Comparison of FCVs and EVs for Commercial Applications

evedge FCedge

Increasing
costs

FCs
<Total cost of A-

ownership> —
Vehicle purchase cost, fuel costs,
maintenance costs, etc. /

200km/H 400km/H 600km/H 800km/H 1000km/H

Large EV batteries enable long cruising ranges but consequently hurt

carrying capacity, resulting in worse cost performance

START YOUR IMPOSSIBLE TOYOTA
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Fuel Cell Technology Applications

Cma

Passenger cars

O S R 7
‘C)EC)i Industrial applications
g AISIN

TOYOTA B

Toyota will upgrade and expand its lineup of passenger and commercial vehicles in the 2020s

TOYOTA


https://www.brand-yurai.net/detail/%E3%82%A2%E3%82%A4%E3%82%B7%E3%83%B3%E7%B2%BE%E6%A9%9F%E6%A0%AA%E5%BC%8F%E4%BC%9A%E7%A4%BE.html
https://www.youtube.com/channel/UCXmF4E8dWEzrRz9R0oTvFLA

Toyota's All-encompassing strategies

33

As a volume manufacture of approx. 10 million vehicles globally,
to provide its customers diversified electrified vehicles:-:-

Products

o O
09

TECnoIogies _

All-encomapssing approach to products, technologies, social infrastructure

START YOUR IMPOSSIBLE TOYOTA



Vehicle Electrification Milestones .

/\_/

2050
Zero CO2 emissions

challenge

2030 o ——
HVs/PHVs: At least 4.5M units
EVs/FCVs: At least 1M units

o
From around 2025:
Electrified version

available fot all
vehicle models

Vehicles with engines From 2020:BEV
rollout

in earnest PHVs
World's first mass-
produced HV . FCVS
) — EVs
1990 2000 2010 2020 2030 2040 2050

TOYOTA



Future Electrified Vehicle Positioning (image of popularization) >

FCV domain

HV/PHV domain

- i

— (e = r ---._.___.-—‘

R = 5 —
Small delivery vehicles Short distance ‘___.-»-"‘?

Fixed-route buses

Large trucks

Delivery trucks

9ZIS SDIYUSA

<o\
A Personal mobility

Travel distance

Greater diversification Is needed for HVsS, PHVsS, EVsS, and FCVs alike

START YOUR IMPOSSIBLE TOYOTA
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Motors, Batteries, and Inverters: Core Electrification Technologies

Core vehicle electrification Can be used in all
—/ electrified vehicles

technologies

g " ’

Charging

Hydrogen
Tank

Fuel Cell

TOYOTA
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Develop next-generation power semiconductors

® Target: 10% fuel performance increase

Power semiconductors Silicon (now)

A
SiC (future)
Q Transistors

| Diodes

| Power modules

Power control units B . i
(PCUs) ® PCU miniaturization

(Target: reduce size by 80%)

We aim to improve fuel efficiency by 10% and shrink sizes by 80%

START YOUR IMPOSSIBLE TOYOTA



Evolution of the Automotive Power Semiconductor °

On-resistance (mQ-
cm?2)

b
o
|

2nd Gen Silicon

Prius 3rd Gen

Silicon performance

iIimproves with structural

advancements

4th Gen

4th Gen Prius
power control unit

SiC public road test car

Next-generation power.
semiconductor: performance
iImproves with new materials

Future devices

20

Year

30 ‘40 50

TOYOTA

8



Industry, Government, and Academia Joint Projects39

Developing post LiB
(All-solid-state batteries, etc.)

Ministry of Education,
Culture, Sports, Science

Ministry of
Economy, Trade and
and Technology

Industry

Basic technology development
aimed at commercializing next
next-generation automotive

batteries

Development of cutting edge
decarbonization technologies
(ALCA)

Development of power
semiconductors
(Post Si)

Cabinet
Office

SIP

Next-generation power
electronics

Ministry of Education,

Culture, Sports, Science,

and Technology

Next-generation
semiconductor research
and development for
achieving an energy-
conserving society

Ministry of
Economy, Trade and

Industry

Next-generation power
electronics technology
development project

\
,///////////

Full-scale proliferation of hydrogen

Cabinet
Office

usage

Ministry of
Economy, Trade

and Industry

Hydrogen supply chain
construction demonstration
project utilizing unused energy

SIP energy carriers

Ministry of Education,
Culture, Sports,
Science, and
Technology

Advanced research under
RIKEN's ALCA program

Ministry of
the
Environment

Project to promote a
hydrogen-based society that
uses renewable energy, etc.

We hope for further support through government-let industrial policies

TOYOTA



Energy-Saving Effects of Autonomous Driving h

=
== MOBILITY

TEAMMATE
@) o

Traffic flow improvement by the Autonomous'vehicle proliferation

will lead the energy saving

START YOUR IMPOSSIBLE TOYOTA



Ex.) Traffic congestion improvement around the Sag area* "

*The turning point from downslope to upslope [Image]

Traffic MRy _

congestion by
conventional
cars

Cover the deceleration by the driver

Cover the deceleration

caring too much for the distance with

by the change in terrain |

- the front car.
After .@@y@’.ﬁl B A
Autonomo ] § :3 o . N
vehicles -3 . o ;‘)J'a-%a'i“ 3
popularization Ol =3 ~ P P ;
(Image) 3

Realize the smooth traffic movement

by supporting the appropriate vehicle speed control

START YOUR IMPOSSIBLE TOYOTA
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For achieving “Sustainable Society”, “Customers’ Smiles

ddfety and Security

11

Bettergears, Better Cities, Better

EQvironment Inspiration
("wakudoki®)

Information

START YOUR IMPOSSIBLE TOYOTA
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