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2.  CO2 reduction

4.  Urban Congestion



Non-OPEC – at peak! – after 2008, demand growth must be 
met by increased capacity in OPEC or unconventional  
liquids
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OPEC – issue is not reserves but maximum 
sustainable rate and pace of getting there

Enhanced/improved 
oil recovery

Discovered 
undeveloped fields

Future exploration 
success
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“Non-crude oil” liquids 

15,000,000

20,000,000

25,000,000
Oil shale

Other liquids

Biofuels

Coal-to-Liquids

Gas-to-Liquids

Canadian tar sands

NGLs

0

5,000,000

10,000,000

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070

b/
d

© Peter R.A. Wells



Peak liquids production: 98-105 million b/d         
Between: 2017 and 2023 
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Mitigation - substitutions… electricity replaces gaso line 
(plug ins, hydrogen fuel cells) – nuclear!
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Hybrid Definition

“A hybrid vehicle is a vehicle with two or 
more energy storage systems, both of 
which must provide propulsion power.”which must provide propulsion power.”

My paraphrasing of the definitions developed by IEC, SAE and 
ARB which all require propulsion power from the secondary 
energy storage system.  Note: Many other definitions exist!



Basic Approaches To Hybrid Technology
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Project G-21 Bears Fruit, First Generation Prius



Current Generation Prius Layout



2010 Prius

Prototype vehicle shown



Air Management
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Hybrid Synergy Drive ®



1.8-Liter DOHC 16-Valve VVT-i



Electric Water Pump



Exhaust Heat Recovery



Exhaust Heat Recovery



All-New Hybrid Transaxle



MG1

Previous New



MG2

Previous New



Hybrid Battery Pack



More Compact Design



Power Control Unit



More Compact Design



EV Mode



ECO Mode



Power Mode



Power Mode

Driving Modes

Motive
Force

ECO Mode

Force
Output

Accelerator Pedal Opening



PWR Mode Performance

Passing Acceleration Test
30–50 mph (50% acceleration)

New Prius 
(Power Mode)

New Prius

4.11 seconds

5.81 seconds

Note: TMC Test Results

� 2 passengers

� Air conditioner: On/recirculation/fan speed low

� Average of 3 runs

New Prius 5.81 seconds



Regenerative Braking
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Ecological Plastics



Ecological Plastics



Available Solar Roof



Solar Powered Ventilation System

Prototype vehicle shown



Available Remote Air Conditioning

Prototype vehicle shown 



Plug-in Hybrids



Plug-ins Defined

A Plug-in Hybrid Electric Vehicle (PHEV) is a 
hybrid gasoline-electric vehicle

with greater battery capacity
(than a “regular” gas-electric hybrid),

in which the battery can be directly charged from in which the battery can be directly charged from 
an external power source

“Plugged in,” vs. passive charging from the engine

May have the capability of driving in electric-only mode.

Also called “Grid-connected hybrid”

-- often refers to the vehicle providing power back to the grid



Types of Hybrids

There are many variations on the PHEV idea
– Different battery sizes
– Degree of ICE involvement
– All Electric Range (AER) vs. Blended Strategy

Battery
Electric Vehicle 

(“BEV”)

FCHV Electric
(FC as EV

range
extender)

Series Hybrid
(ICE as EV

range extender)

Grid-Connected 
Prius

FCHV

Prius
Series/Parallel

Mild Hybrid
Parallel

Starter 
Assist

Traditional
ICE

0%
Electric

100%
Electric
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PHEVs – the promises
Customer

– Lower fuel costs
• Less gasoline usage
• Gasoline price per mile < electricity cost per mile
• Nighttime electricity discounted rate

Environment
– Lower CO2– Lower CO2

• Future electricity generation will be “cleaner”

– Local air quality
• Move emissions from tailpipe to power plant

Electric Utilities
– Ability to level electric load with nighttime 

charging
– Sufficient spare capacity to charge large # of 

vehicles



Light Duty Fleet Oil Use - Impact of PHEVs on Consu mption
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This highly aggressive scenario assumes 100% 
HEV sales from 2010 and 50% PHEV40 sales from 

2020 onwards…

Source:  NREL



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



PHEVs – more reality

“Nearly all vehicles were regularly charged 
during daytime business hours.”
– UC Davis study of early plug-in hybrid users

“Customers will charge their vehicles at night”

Based on assumption of 30-40 mile range

– UC Davis study of early plug-in hybrid users

“That assumption doesn’t necessarily take into 
account human nature.”
– Oak Ridge National Lab study on hybrid effect on 

power distribution, March 2008



Getting Closer to the Market

• Cars with larger batteries and longer all 
electric range –may- displace and under 
some circumstances reduce GHG emissions, 
but are not cost effective under any scenario.

• Cars with cheaper, lighter batteries, • Cars with cheaper, lighter batteries, 
recharged more frequently or conventional 
hybrid vehicles may provide the best mix of 
price, faster charge times and efficiency.

Carnegie Mellon University, February 2009



Prius History
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Consumption vs. Fuel Economy
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Growth in Vehicle Ownership and Urban 
Congestion



Last Century Urban Mobility Projects

Toyota e-com 
shared-use ‘community’ EVs
for employees
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Urban Mobility Projects Today



University Partners
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Challenges for New Technologies

To be successful, new automotive technologies must be

� Transparent to the user

Most customers are unwilling to accept compromises for the sake 
of new technology or environmental benefit

� As reliable and as durable as current vehicles

� Offer consistent performance

� Offer value

For positive environmental impact, must also

� Sell in mass market quantities
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So what is our message?

® We must agree on the goals and priorities

® We must align transportation, energy and climate change 
policy

® We cannot ignore primary resources

® Societal preparation for increased energy costs and 
lifestyle changes are key for carbon reduction plans

® The greatest near-to-mid term opportunity lies

in EFFICIENCY!


