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World population increase and economy CO2 emissions by sector

growth all demand the boosting of energy Billion tons
supply, as well the climate change requires Emission in the

us to reduce the greenhouse gas emission. s leln
sector will rise by

_ _ _ about 40% from
Collectively, the powegeneration and transportation 2005 to 2030

sectors account for almost 2/3 of energglated CO2
emissions today and about 80 percent of the increa
In emissions is projected from 2005 through 2030.
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Figure 7. Energy Consumption by End-Use Sector Figure 18. Petroleum Consumption' by Sector
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Historic Datashows that the transportation has been the second largest se
In total energy consumption and the largest one in petroleum consumpti
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Globally, transportationrelated energy demand will rise by nearly 40 percent from 2005 to 2030
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Vision of Future Transportatio
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PHEVs: Major Consumer Adoption  Battery Electric Vehicles

(Iow—,r‘ ge) (high-range)

Plug-in >
lug-In Hybrid Vehicles

Consumers Asking HEVs: Early
for Plug-In Adopters
Capabilities
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Vehicles Adopters - Consumer Adoption S vHr):'b;ld
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Battery Advancement
High Power » Affordable High Power » Affordable High Energy >»

Fuels
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Stangty/idia 20% engine vehiclesonly about 15%
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Energy Requirements for Combined City/Highway Driving
TO improve energy efﬁCiency: Click on blue text for more information.
Improving the efficiency of X Engine Losses: 70% - 72%

the internal combustion / thmal such as radtor,
engine; pumping (4%)

friction (3%)

Lightweightingthe vehicle
structure andpowertrain
usingadvanced materialand
designs;

Reducing tire rolling

resistance, and hybridization / A =

\ Power to Wheels: 17% - 21%
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require improvements in eyt
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In this figure, they are accounted for as part of the engine and parasitic losses.

Parasitic Losses: 5% - 6%
(e.g., water pump,
alternator, etc.)
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F/A-22 uses 60% composites by weightd commercial aircraft Boeing 787 uses nearly 50%
Boeing 787: carbon fiber composif 20% increase in fuel efficiency

It has been estimated that, with every 10% drop in weight, the fuel economy increase8dy
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Figure 2. Use of polymer matrix composites in military and
passenger aircraft. Source: Reference 8.

The new fuel injection system requires
Injection pressures above 2,000 bar and
demand new materials with properties
of strength, durability, and toughness.
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Hybridization and Electric Drives

By recapturing the kinetic energy of a decelerating vehicle and using regenerative braking
instead of friction breaking, the fuel economy of a typical vehicle can be increased by 109

Plugin electricity will reduce petroleum consumption
and increase the renewable energy application.

Fuel cell application will reduce the pollution
from the gasoline combustion drastically.

Battery enhancements in energy density
(driving range) and power density
(acceleration) will promote electric drives.

Overall, hybridization could improve
fuel economy by 2Q50%. Each major

hybridization components entails corresponding materials challenges.

Energy Storage

The eIeActricabnerg}/ storage systems for HEVS must be smallevr, Alighter,ﬂldmgé‘rg,
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advanced vehicles are to significantly expand into the markets around the world.



