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Drivers for change in the Auto Industry
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Energy and Fuel Diversification
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SOURCE: The Institute of Energy Economics, Japan

Increasing demand and limited resources driving diversity
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CO, Emissions: Past, present, and...?

Changes in Atmospheric CO, Concentration Total World CO,
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Global mitiatives across all Sectors are needed to
address CO2 emissions
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Air Quality Trend in US
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millien peeple natienwide lived in counties with poelliution levels

above the primary NAAQS in 2006.” — US EPA
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Status of Hybrid Vehicles Today




Hybrid Vehicles Available in the US Market
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(introduced in 2007)
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Measuring Sustainability
through the Life Cycle Assessment
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Life Cycle Assessment for the Prius
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NOx = Nitrogen Oxide
SOx = Sulfur Oxide

PM = Particulate matter
HC = Hydrocarbons

Cco,

Indices for atmospheric emissions
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* CO, comparison assuming gasoline vehicle index 1 (other items based on a gasoline vehicle SOx index of 1).

=

TOYOTA



Status of Plug-In Hybrid Technology




Plug-In Hybrid Vehicle (PHEV) Benefits

Battery can be recharged from an external source
to extend the electric motor-enable driving range

100 VAC —
240 VAC
(single phase)

Plug-in system diagram

Recharging circuit

Battery

Recharged  Household
fromgrid  glectrical

energy

Benefits: Reduction i CO2 emissions, fuel savings, guiet
operation in EV mode, and able to recharge from home.
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AER vs. Blended PHEV Comparison

All Electric Range (AER) type PHEV
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Blended type PHEV
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A BEV with a small engine that acts as a

range extender when the battery is depleted
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Power
Split
Device
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Battery
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Reduction

A series/parallel hybrid with a larger
battery to allow greater all electric operation
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AER vs. Blended System Comparison
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A “Blended ™ PHEV can reduce maximum battery

and motor power significantly.
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PHEV Challenges
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Battery Installation Space

about 20L about 20L about 85L

Battery for HV

Conventional HV Blended Type PHEV AER type PHEV
(40miles)

AER PHEV willfreguire a large capacity battery even with

advanced battery technology expected by 2015
> difficulty in ensuring practical trunk space
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Battery Issues : Charging Time

Condition: 100V infrastructure: 110V X 12A
200V infrastructure : 220V x 24A

r("._AER battery will require
similar charging time to EV,
If 110V circuit is used.
(Time depends on battery

kcapacity)
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Charging Time (hr)

o

No charging |
Toyota Prius Blended Tvpe AER Type [Reference]
PHEV PHEV (40mile) RAV4EV

(Toyota Target)

AER PHEV battery requires same charging time as EV'!
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CO2 Reduction

Prius Equivalent
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3 The advantage is big in France where
= nuclear power generation is common.
There is no advantage in China, which
0.0 mainly uses coal-fired power plants.
Prius Plug-in

When electricity Is generated firomi low-carlbon seurces,
the CO2 emissions of a PHEV are lower than an HV
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Hybrid and PHEV Total Emissions

Total Lifetime Emissions
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’
Total Ibs. of emissions over lifetime of vehicle (‘I 7 ’)

(126K miles; 7 yr. battery life; PHEV 20: 39% of total VMT in EV-only; PHEV 60: 74%)

Prius

In addition to controlling €O, emissions It IS Important to

manage the other critical emissions components.
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TOYOTA'’s Mission

timate eco-car

i

Gasoline / Gaseous Bio fuel Synthetic Hydrogen | Electricity
Diesel fuel fuel

5 Right place [l Right vehicle ‘

i

Hybrid 1s a fundamental technolegy which Is

pbeneficial to all types of power train.
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Automobile History

Start-up / Soft water for boiler Cruising range / Charging time / Electric sources

iGas ling-powered
vehicled

éStaI‘t-Lélp | Gear (iperation | Fuel

Number of Vehicles

1950 Year

It toek 27 years for gasoline-powered vehicles te become the

mainstream in global markets.
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Hybrid Vehicle Sales History
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- Oyears have passed since Prius was itreduced and glebal market share

fior hybrids is stilllareund’ 0.2%.
- This demonstrates the slow penetration of new power train technologies.
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Hydrogen and Batteries Challenges Remaining

Alternative fuels and their density
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Hydregen and Batteries have peer energy density compared

to liquid fuels Q
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Direction of Battery Development for Vehicles

Improved Advanced

Battery Battery Limitations of Li- Battery makers
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Source: http://www.meti.go.jp/policy/automobile/LEV/battery-report.pdf (translated by TMC P



2007 Houston World Olil Conference

Proceedings

e Conference Program
e Conference DVD

* Video Highlights
 Peak Oil Review

« ASPO-USA

Energy Action for a Healthy Economy
and a Clean Environment


http://www.aspousa.org/ASPOUSA3/agenda.cfm
http://www.regonline.com/Checkin.asp?EventId=163227
http://www.aspousa.org/ASPOUSA3/videohighlights.cfm
http://www.aspo-usa.com/index.php?option=content&task=view&id=45
http://www.aspousa.org/
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