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““This is the century that human beings This is the century that human beings 
will have to come to grips with will have to come to grips with 
whether they can continue to live on whether they can continue to live on 
this planet…”this planet…”

Franklin M. OrrFranklin M. Orr
(former Dean of Earth Sciences,(former Dean of Earth Sciences,
Director, Global Climate and Energy Project)Director, Global Climate and Energy Project)



EnergyEnergy

•• There is no Energy shortage.  There is no Energy shortage.  
Energy can neither be created nor Energy can neither be created nor 
destroyed.  destroyed.  

•• Our problem is one of the Our problem is one of the AvailabilityAvailability of of 
energy.energy.

•• Energy is made available for our use only Energy is made available for our use only 
by interaction with the environment.by interaction with the environment.





EnvironmentEnvironment

•• The environment is not an infinite reservoir.The environment is not an infinite reservoir.

•• The scale of human endeavors is now such The scale of human endeavors is now such 
that we must take responsibility for that we must take responsibility for 
maintaining equilibrium with our maintaining equilibrium with our 
environment.environment.

•• This requires that byproducts be returned This requires that byproducts be returned 
to nature in such a way that they can to nature in such a way that they can 
equilibrate on nature’s terms & time scale. equilibrate on nature’s terms & time scale. 



(ORNL 1997)



The key to learning to live on this planet The key to learning to live on this planet 
is for engineers and scientists to view as is for engineers and scientists to view as 
an intrinsic part of their task an intrinsic part of their task 
development of a development of a collaborationcollaboration with with 
nature.nature.



UncertaintyUncertainty

•• Future fuel supplies, energy technologies, Future fuel supplies, energy technologies, 
and the consequences of greenhouse gas and the consequences of greenhouse gas 
emission are uncertain.emission are uncertain.

•• Uncertainty can lead to inaction until it is Uncertainty can lead to inaction until it is 
too late.  (Inverse Apollo effect.)too late.  (Inverse Apollo effect.)

•• Engineers are in a unique position to Engineers are in a unique position to 
provide options that allow us to choose a provide options that allow us to choose a 
better future despite uncertainty.better future despite uncertainty.



The Global Climate and The Global Climate and 
Energy ProjectEnergy Project

•• Objective is to create new technologies for a lowObjective is to create new technologies for a low--
greenhousegreenhouse--gas energy future.gas energy future.

•• Four industrial sponsors (ExxonMobil, General Four industrial sponsors (ExxonMobil, General 
Electric, Toyota, Schlumberger) have committed Electric, Toyota, Schlumberger) have committed 
$225 million over 10 years.$225 million over 10 years.

•• Perform research at Stanford and at leading Perform research at Stanford and at leading 
research institutions worldwide.research institutions worldwide.

•• Create a sustained university/industry collaboration Create a sustained university/industry collaboration 
and flow of talented students.and flow of talented students.

GCEP
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Achieving a sustainable collaboration Achieving a sustainable collaboration 
with nature will be required to provide with nature will be required to provide 
a safe and secure energy future.a safe and secure energy future.

Engineers and scientists will play a Engineers and scientists will play a 
leadership role in realizing that leadership role in realizing that 
collaboration.  collaboration.  



DieselDiesel

•• As a thermodynamic cycle…As a thermodynamic cycle…

•• As a petroleumAs a petroleum--derived fuel… derived fuel… 

•• As an engine…As an engine…

•• As an energy pioneer…As an energy pioneer…



SI

CIStability,
Power,…

Knock

Heat Loss,
Stress,…

(from Taylor, 1985)

Carbon Emissions
• Efficiency…
• Reduced-Carbon Fuel…
• Carbon-Neutral Fuel…
• On-Board Carbon Capture…
• Carbonless Fuel…
• Other…

Criteria Emissions
• EGR, Injection Control…
• HCCI…
• Aftertreatment…
• Other…
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From Tree Rings, Corals, Ice cores
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United States COUnited States CO22 Emissions by Sector and Fuels 2000 Emissions by Sector and Fuels 2000 

Millions of metric tons per year carbon equivalent

Source: U.S. EPA Inventory of Greenhouse Gas Emissions, April 2002
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Carbon Flow in the U.S. in 1995Carbon Flow in the U.S. in 1995

(EIA 1998)



CURRENT U.S. ENERGY FLOW

• Overall energy efficiency for U.S. is only 45%
• Transportation and power generation have greatest opportunities for improvement

Source: LLNL/DOE
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Levelized Cost Comparison for Electric Power Generation 
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After Ausubel, Marchetti
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WELL TO WHEEL ENERGY USEWELL TO WHEEL ENERGY USE




