
Harnessing Materials for Energy   (MRS special volume)  

MRS Bulletin (April, 2008) on energy is the result of scientific societal efforts.  

This issue reflects not only the growing global concerns on energy 
but also the opportunities that materials researchers can tackle.  



Collectively, the power-generation and transportation 
sectors account for almost 2/3 of energy-related CO2 
emissions today ς and about 80 percent of the increase 
in emissions is projected from 2005 through 2030. 

Emission in the 
transportation 
sector will rise by 
about 40% from 
2005 to 2030 

OECD : Organization for Economic Co-operation and Development  (34 Countries) 

World population increase and economy 
growth all demand the boosting of energy 
supply, as well the climate change requires 
us to reduce the greenhouse gas emission. 



USA USA 

Historic Data shows that the transportation has been the second largest sector 
in total energy consumption and the largest one in petroleum consumption 



Globally, transportation-related energy demand will rise by nearly 40 percent from 2005 to 2030 

The Outlook for Energy: 
A View to 2030 
(ExxonMobil). 

Overall energy demands for transportation will keep climbing up. 
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In ǘƻŘŀȅΩǎ ƛƴǘŜǊƴŀƭ ŎƻƳōǳǎǘƛƻƴ 
engine vehicles, only about 15% 
of the fuel consumed is actually 
used to propel the vehicle and 
support the accessory loads. 
 

www.fueleconomy.gov/feg/atv.shtml 

To improve energy efficiency:         

    Improving the efficiency of 
the internal combustion 
engine; 

    Light-weighting the vehicle 
structure and powertrain 
using advanced materials and 
designs;  

    Reducing tire rolling 
resistance, and hybridization. 

Each of these efforts will 
require improvements in 
materials and processes. 

http://www.fueleconomy.gov/feg/atv.shtml


It has been estimated that, with every 10% drop in weight, the fuel economy increases by 6ς8% 
(9ŦŦŜŎǘƛǾŜƴŜǎǎ ŀƴŘ LƳǇŀŎǘ ƻŦ /ƻǊǇƻǊŀǘŜ !ǾŜǊŀƎŜ CǳŜƭ 9ŎƻƴƻƳȅ ά/!C;έ {ǘŀƴŘŀǊŘǎ Σ bŀǘƛƻƴŀƭ Academies Press, Washington, DC, 2002) 

Boeing 787:  carbon fiber composite Ą 20% increase in fuel efficiency 

F/A-22 uses 60% composites by weight and commercial aircraft Boeing 787 uses nearly 50%. 

The next generation of engines will push 
the thermo-mechanical limits of materials 
to meet the needs of new combustion 
regime for high-efficiency, clean-
combustion driveline techniques, e.g. 
higher peak cylinder pressures and 
temperatures and increased P-T rise rates 

The new fuel injection system requires 
injection pressures above 2,000 bar and 
demand new materials with properties 
of strength, durability, and toughness. C
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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 10%.     

Plug-in electricity will reduce petroleum consumption 
and increase the renewable energy application. 

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

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

Energy Storage 
The electrical-energy storage systems for HEVs must be smaller, lighter, longer-lasting, 
ƳƻǊŜ ǇƻǿŜǊŦǳƭΣ ƳƻǊŜ ŜƴŜǊƎȅ ŘŜƴǎŜΣ ŀƴŘ ƭŜǎǎ ŜȄǇŜƴǎƛǾŜ ǘƘŀƴ ǘƻŘŀȅΩǎ ōŀǘǘŜǊƛŜǎ ƛŦ ǘƘŜǎŜ 
advanced vehicles are to significantly expand into the markets around the world. 

Overall, hybridization could improve 
fuel economy by 20ς50%. Each major  

hybridization components entails corresponding materials challenges. 


