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Drivers for change in the Auto IndustryDrivers for change in the Auto Industry

Global development Global development 
of industry & of industry & 

technology in the technology in the 
2121stst centurycentury

Accelerated Accelerated 
consumption of consumption of 

fossil fuelsfossil fuels

Dramatic increase inDramatic increase in
•• PopulationPopulation
•• VehiclesVehicles

Powertrain Issues

1.  Energy & Fuel 
Diversification

3.  Lower exhaust 
emissions

2.  CO2 reduction
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Energy and Fuel DiversificationEnergy and Fuel Diversification

Increasing demand and limited resources driving diversityIncreasing demand and limited resources driving diversity
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Other
8.2%

Residential
13.8%

Transportation
20.8%

Industry
17.3%

Power
Generation

39.9%

SOURCE: “IEA CO2 Emissions from
Fuel Combustion” (2004 Edition)

Total World CO2
Emissions: 23.6 billion tons

Changes in Atmospheric CO2 Concentration

SOURCE: 
California Clean Innovation 2007
Dr. Nathan S. Lewis
California Institute of Technology 
Division of Chemistry and Chemical Eng.

COCO22 Emissions: Past, present, andEmissions: Past, present, and……??

Global initiatives across Global initiatives across allall sectors are needed to sectors are needed to 
address CO2 emissionsaddress CO2 emissions
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Comparison of Growth Areas and Emissions versus Year
Gross Domestic 
Product

Vehicle Miles 
Traveled

Energy 
Consumption

Population

Aggregate 
Emissions
(6 principal 
pollutants)

Source: US EPA (http://www.epa.gov/airtrends/econ-emissions.html)

““Despite great progress in air quality improvement, over 100 Despite great progress in air quality improvement, over 100 
million people nationwide lived in counties with pollution levelmillion people nationwide lived in counties with pollution levels s 

above the primary NAAQS in 2006.above the primary NAAQS in 2006.”” –– US EPA US EPA 

Air Quality Trend in USAir Quality Trend in US
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Status of Hybrid Vehicles TodayStatus of Hybrid Vehicles Today



Prius
Highlander Camry

RX400h GS450h
LS600hL
(introduced in 2007)

Hybrid Vehicles Available in the US MarketHybrid Vehicles Available in the US Market
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Measuring Sustainability Measuring Sustainability 
through the Life Cycle Assessmentthrough the Life Cycle Assessment



Indices for atmospheric emissions

2004 Prius2004 Prius

Gasoline Vehicle
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* CO2 comparison assuming gasoline vehicle index 1 (other items based on a gasoline vehicle SOx index of 1).

2004 Prius2004 Prius

Gasoline Vehicle

2004 Prius2004 Prius

Gasoline Vehicle

2004 Prius2004 Prius

Gasoline Vehicle

2004 Prius2004 Prius

Gasoline Vehicle

Materials 
production
Vehicle 
production
Driving

Maintenance

Disposal

NOx = Nitrogen Oxide
SOx = Sulfur Oxide
PM = Particulate matter
HC = Hydrocarbons

SOURCE: TOYOTA

Life Cycle Assessment for the PriusLife Cycle Assessment for the Prius
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Status of PlugStatus of Plug--In Hybrid TechnologyIn Hybrid Technology



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

100 VAC –
240 VAC

(single phase) 

Household Household 
electrical electrical 
energyenergy

Recharged Recharged 
from gridfrom grid

Recharging circuitRecharging circuit

BatteryBattery

PlugPlug--in system diagramin system diagram

PlugPlug--In Hybrid Vehicle (PHEV) BenefitsIn Hybrid Vehicle (PHEV) Benefits

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

Engine
**** generator

inverter

Traction flow

Electric flow

motor

Battery

All Electric Range (AER) type PHEV

Engine
****

Inverter

motor

Battery

Blended type PHEV

generator

Power 
Split

Device

Traction flow

Electric flow

Reduction
Gear

A BEV with a small engine that acts as a 
range extender when the battery is depleted

A series/parallel hybrid with a larger
battery to allow greater all electric operation 
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<AER>

<Blended>

NREL data@ AABC May. 2006. 
Baltimore

AER vs. Blended System Comparison AER vs. Blended System Comparison 

A A ““Blended Blended ”” PHEV can reduce maximum battery PHEV can reduce maximum battery 
and motor power significantly. and motor power significantly. 
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PHEV ChallengesPHEV Challenges
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Conventional HV Blended Type PHEV AER type PHEV
(40miles)

Battery Installation SpaceBattery Installation Space

AER PHEV will require a large capacity battery even with AER PHEV will require a large capacity battery even with 
advanced battery technology expected by 2015 advanced battery technology expected by 2015 

difficulty in ensuring practical trunk spacedifficulty in ensuring practical trunk space
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Battery Issues : Charging TimeBattery Issues : Charging Time

PHEV PHEV

AER PHEV battery requires same charging time as EV !AER PHEV battery requires same charging time as EV !

AER battery will require 
similar charging time to EV, 
if 110V circuit is used.  
(Time depends on battery 
capacity) 



CO2 ReductionCO2 Reduction
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Prius Plug-in

1.0

0.5

U.S.

Japan

France

China

Prius Equivalent
Vehicle LA#4

0.0

The advantage is big in France where 
nuclear power generation is common.
There is no advantage in China, which 
mainly uses coal-fired power plants.

When electricity is generated from lowWhen electricity is generated from low--carbon sources,carbon sources,
the CO2 emissions of a PHEV are lower than an HVthe CO2 emissions of a PHEV are lower than an HV

?



Total Lifetime Emissions

PHEV (AER) 60,
CA grid mix

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

PHEV (AER) 20,
US avg. grid mix

Prius

0 50 100 150 200 250 300 350 400 450 500
PHEV (AER) 60,
US avg. grid mix

PHEV (AER) 20,
CA grid mix

CO

CO2 eq/100

NMHC

NOx

PM

SOx

SOURCE: Kreider & 
Associates

??

Hybrid and PHEV Total EmissionsHybrid and PHEV Total Emissions

In addition to controlling COIn addition to controlling CO22 emissions it is important to emissions it is important to 
manage the other critical emissions components.manage the other critical emissions components.
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4. Conclusions4. Conclusions
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TOYOTATOYOTA’’s Missions Mission

Right placeRight placeRight place Right vehicleRight vehicleRight vehicleRight timeRight timeRight time

Gaseous Gaseous 
fuelfuel

ElectricityElectricityHydrogenHydrogenSynthetic Synthetic 
fuelfuel

Bio fuelBio fuel

Hybrid TechnologyHybrid TechnologyHybrid Technology

Gasoline / Gasoline / 
DieselDiesel

Hybrid is a fundamental technology which is Hybrid is a fundamental technology which is 
beneficial to all types of power train.beneficial to all types of power train.

Ultimate ecoUltimate eco--carcar
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It took 27 years for gasolineIt took 27 years for gasoline--powered vehicles to become the powered vehicles to become the 
mainstream in global markets.mainstream in global markets.

Electric vehiclesElectric vehiclesSteamSteam--powered powered 
vehiclesvehicles

Ford Model T Ford Model T 
Production in Production in 
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WorldWorld’’s First s First 
Gasoline Engine Gasoline Engine 

Benz in 1886Benz in 1886

1950 1950 YearYear

GasolineGasoline--powered powered 
vehiclesvehicles

StartStart--up / Gear operation / Fuelup / Gear operation / Fuel

Cruising range / Charging time / Electric sourcesCruising range / Charging time / Electric sourcesStartStart--up / Soft water for boilerup / Soft water for boiler

19001900

Automobile HistoryAutomobile History



22

Cumulative Global
Cumulative US

Hybrid Vehicle Sales HistoryHybrid Vehicle Sales History
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3.5 M-tons of CO2 emissions avoided
Toyota Estimate

- 9 years have passed since Prius was introduced and global market share 
for hybrids is still around 0.2%.

- This demonstrates the slow penetration of new power train technologies.

-- 9 years have passed since Prius was introduced and global market9 years have passed since Prius was introduced and global market share share 
for hybrids is still around 0.2%.for hybrids is still around 0.2%.

-- This demonstrates the slow penetration of new power train technThis demonstrates the slow penetration of new power train technologies.ologies.
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Thank you for
your attention
Thank you for
your attention
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BackBack--up slidesup slides
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Volumetric energy density (Wh/L)Volumetric energy density (Wh/L) Toyota estimateToyota estimate

Gaseous fuelsGaseous fuels

BatteriesBatteries

Hydrogen 
absorbing 

alloy(2wt%)

Hydrogen 
absorbing 
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CNG

(20Mpa)
CNG
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High-pressure 

hydrogen
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High-pressure 

hydrogen

Lithium-ionLithium-ion
Nickel metal hydrideNickel metal hydride
LeadLead

DieselDiesel

Bio-dieselBio-dieselEthanolEthanol

GasolineGasoline

Liquid fuelsLiquid fuels
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Alternative fuels and their densityAlternative fuels and their density

Hydrogen and Batteries Challenges RemainingHydrogen and Batteries Challenges Remaining

Hydrogen and Batteries have poor energy density compared Hydrogen and Batteries have poor energy density compared 
to liquid fuels to liquid fuels 
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Limitations of Li-
ion Battery?

for 
HV

Cost
\200,000/kWh

Current

NiMH for HV

Li  for 
HV

Cost

2
1

\100,000/kWh

Li for 
Limited Use 
Commuter EV for 

EV

Cost

7
1

\30,000/kWh

High-power
@ Low-charge

Li for 
PHEV, FCV

Li for 
High-performance 
PHEV, FCV

Direction of 
development on 
Li-ion battery 

R&D on new 
type battery

Li for 
Commuter/
Small EV

Innovative 
battery
2030 ~

Cost

40
1

\5,000/kWh

New type battery

Challenging New Type Battery

Ideal battery 
for EV

Battery makers
Universities, 
Research Institutes

Direction of Battery Development for Vehicles
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(as of Sep. 27, 2007)

Source: http://www.meti.go.jp/policy/automobile/LEV/battery-report.pdf (translated by TMC)
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