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= Energy IS made available for our use only
by interaction with the environment.
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- Th|s requires that byproducts be returned
to nature in such a way that they can
eguilibrate on nature’s terms & time scale.



Atmospheric Carbon (ORNL 1997)
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@mis*y are uncertain.

J U; ertalnty can lead to inaction until it is
= too/late. (Inverse Apollo effect.)
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= t-Englneers are in a unigue position to
provide options that allow us to choose a

better future despite uncertainty.
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Atmospheric CO» Concentration

Last Glacial Maximum to present

3604 /a0
340 -

320 -

] Taylor Dome
280 1 &  Siple Station
260 - Mauna Loa

240 -

220 -

r k- Waltel a1 2l 1OE5/1 3RE
- ATTIRR sarsseh
¥d E - ' ot {0 nderm G st oL 1008
180 2
45 40 35

30 295 20 15 10

0
( A | Thousands of years before present PA@ ES
CHANGI Adapted from: http://www.climate.unibe.ch/gallery_co2.htm| il i




4 glacial cycles recorded in the Vostok ice core
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N. Hemisphere Temperature Anomaly relative to 1961-1990 (°C)

IPCC 34 Assessment Report (2001)
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Temperature Change (°C)

IPCC 34 Assessment Report (2001) — Projected Global Temperature Change
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United States CO, Emissions by Sector and Fuels 2000

Millions of metric tons per year carbon equivalent
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RGY FLOW.

Residential/

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

Source: LLNL/DOE



Dollars per kiloWatt Hour

(in 2003 Dollars)

Levelized Cost Comparison for Electric Power Generation
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WELL TO WHEEL ENERGY USE

Relative
Energy Use
per Mile

150 %

Curre_nt
Gasoline

=100 %

50 %

85 %
Ethanol

Hydrogen Ethanol
Fuel Cell Fuel Cell
(Electricity) I

Gasoline ‘

Fuel Cell

-Gasoline

Diesel “

Hydrogen
Fuel Cell
(NG)

Source: ANL et al.





