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Toyota Sustainable Mobility Philosophy el 8

20+ Years of Toyota FCEV
P/T Advancement & Scalability

TOYOTA= 04
ENVIRONMENTAL
CHALLENGE 2050

CHALLENGE 1

TOYOTA

Sustainable Mom

New Vehicle
Zero CO2
Emissions Challenge

CHALLENGE 3 | CHALLENGE

Challenge of
Minimizing and
Optimizing
Water Usage

Synthetics  Biofuels Hydrogen  Petroleum Electricity

Plant Zero CO2

Emissions Challenge

Accessible

Ha:mo AFRS HRS
CHALLENGE & | CHALLENGE § Infrastructure
Challenge of Challenge of :
Establishing a Advanced Advanced Game-Changlng Advanced Advanced

Establishing a

Recycling-based Future Society

New Tech R&D AFE Clean Technology FCV/HV/EE ICE

in Harmony

Society and Systems with Nature
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Technology Portfolio

HV/PHV
Route buses
EV Passenger cars
)
N HVs
" | Home delivery
@ | Vehicles Short-distance EC buses : 2
O commuter vehicles 4_ WF“
E .
g @ .
> 6 ﬁ Home delivery trucks
FCVs

’g PHVs
kg

Personal mobility

Travel distance
B

Fuel Electricity Gasoline, diesel, biofuels, CNG, synthetic fuels, etc. Hydrogen

Toyota is developing all major advanced technologies — BEV, FC, PHV
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E n e rgy E CO SySte m = © THE TURNING POINT
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Storage battery facility

. Thermal power
Wind power

Renewable
energy Electricity grid
i

Solar power

City/home Industrial use

Hydrogen—Electricity 5t
@ Conversion H‘f’b“d cars
A Electrolysis Power-generator unit
Biomass ﬂ
Hydrogen grid - ﬁ. City/home Qil rt_eflnery/
Hydrogen tank chemical plant

High-volume,

ong-term storage Chemical plant

IO

Sewage treatment

B

ﬁ FCEV cars/

City/home h FCEV buses Energy flow

Automotive fuel

) Electricity mmp Hydrogen == Fossil fuels

Toyota’s portfolio approach is synergistic with a broad energy ecosystem
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Global Automotive Trend o e |

@ Fuel Cell Electric
@ Connactivity & digitalization

& Battery Electric
& Hybrid Electric

. Global Automotive Executive
Survey 2018

e Rates FCEVs as the #1 priority in 2018 ..

Markzt growth in emerging markets

Il. Strong ZEV and emissions goals
* Countries: Non-EV sales bans

* Auto Companies: phase out non-EV
p rOd U Cti O n a n d Sa |es mzijﬁ:‘:;ﬂmtegies and standardization

* Local Regions: Ports and Cities o @F X Downsize ICE
setting more stringent goals

Creating value out of big data

Mobility-as-a-service

Autonomous & self-driving vehicles

©600668e6

414 11 11 Rationalization of production in Weste
Eurcpe

2014 2015 2016 2017 2018
S S e 2 20 0 e o

2014 201F 2018 207 208
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Light-Duty and Heavy-Duty Synergy [ e |

H2 Society

HD and LD markets can grow together synergistically to reduce H2 fuel and fuel cell stack
costs which enables a hydrogen society
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Zero Emission MHDV Market pull =

e Zero Emission MDHV: Large market pull

* High mileage, long idle time, low fuel economy
-> Highererissions.

Potential port drayage UIO

. Source: US DOT. The Federal Highway Administration {FHWWA),
ﬁ g Maritime Administration, IHE automotive
v EE
|

s

Port of Oakland

vl

Port of LA and LB

=CTP: Claan Truck Program

Jjenm port with program for truck emissions reducfion in place

Il orsyeoe Trucks in 2015 [ Estimated Drayage Trucks by 2030 i
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The San Pedro Ports Solution o e |

Desire to expand while CALIFORNIA

reducing emissions | §USTAINABLE

communities

ACTION PLAN

Clean AirfAction Plan
e 2030: Terminal Trucks ZEV
e 2035: All Trucks ZEV

Requires ZEV solution
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Key Elements for Clean Trucks

e /Zero Emissions

ZEV J Performance
* Durability
Technology  Affordable

* Fuel Cost Cost

 Vehicle Cost Of Infrastructure
* Maintenance Cost hi

e 204 Life/Resale Ownership

Fast re-fueling
High Throughput

e Scalability

Renewable Fuel
Safety
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PORTAL Specs

* Leverage Mirai components
from 2 vehicles

 Benchmark current class 8
truck performance

"’"_"!»f 3V
= g

./-

=

<3
‘-’w - ——

\‘

-

Specifications

* Class 8 truck chassis

e 2 Mirai fuel cell stacks
* 12 kWh of batteries

.. 700 bar storage

Performance

* 670 horsepower
e 1375 Ib-ft of torque
e 80,000 Ibs GVWR

. * 300+ miles of range

e er— et el
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Performance: Drag Test s o oo | B

http://pressroom.toyota.com/video display.cfm?video id=34150
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http://pressroom.toyota.com/video_display.cfm?video_id=34150

Ve h I C | e CO St F—K Tiifif_ﬁ.lar;wzptl*-

FC technology

FC stack

Qe

Toyota Fuel Cell Cost Reduction

High—pressu_re hydrogen tanks

W Further
Cost

FCHV(2008) reduction

FC system cost

Power control unit Motor Battery

HV technology

» Achieved significant cost reduction from Mirai development
» Leverage Mirai technology in Portal to reduce cost
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nfrastructure: Light-Duty and Heavy-Duty

California Light Duty Station Network
* Executive Order:
200 stations by 2025
e 35 current open retail
e ~30 additional stations funded

Mendocino Reno &5
ational Forest o @

__ Humboldt-Toiyabe
¥ National Forest

El Dorado
Sac to National Forest
Stanislaus
. ational Fore:

Santa Rosa
°

San glego

Heavy-Duty Stations

Tri-generation Station in POLB

(Shell, Fuel Cell Energy) - Q1 2020

* 100% renewable hydrogen and
electricity production

* Awarded S8MM grant from the
California Energy Commission

Station in POLB

(Air Liquide) - currently operating

(£

TLS LONG BEACH

A

Tri-Generation Fuel Gell

1200 kg/day

g LS H2 STATION (LDV)

H2 for LDV

»lﬂiggul

H2 for MDV and HDV
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Infrastructure: Refueling time

25 min =

LTS (200+miles@Drayage)
o Sl
g 15 min a Improvement
+ 1 (300 miles)
y ¥
— —
D . —
S 3 min -
R, (300 miles) —
o J’ I
- —
—

1st HDT

» Expect practical refueling time for FCET
» Requires new development and collaboration (similar to LD)

o> @
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Scalability of ZEV Technology Ll

Increasing Vehicle Size

—

Mobility
Applications

-

Fleet

Infrastructure
Considerations

FCEV: 1 H2 Station Regional Station Network National Station Network

\ BEV: Depot charging Numerous Depot/Fast Charge Locations National Charging Demand)
4 )

» FCtechnology is a viable ZEV solution across a broad range of applications
Key Points » H2 fueling infrastructure is scalable and meets the needs of end users
» EV charging infrastructure quickly realizes grid constraints and high demand charges when scaled up y
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PORTAL in Action

2018-02-27 13n29:51
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CREATING A ZERO-EMISSIONS WORLD.

PIONEERING THE PATH TOWARDS A NEW ERA OF POﬁ‘PROGRESS
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Video Links ——

{0 0]

Project Unveiling
http://pressroom.toyota.com/video display.cfm?video id=34149

Truck build and drag test
https://www.youtube.com/watch?v=E3993-Pczhl

Drag test
http://pressroom.toyota.com/video display.cfm?video id=34150
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http://pressroom.toyota.com/video_display.cfm?video_id=34149
https://www.youtube.com/watch?v=E3993-PczhI
http://pressroom.toyota.com/video_display.cfm?video_id=34150

