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5 IS the century that human
ngs will have to come to grips
h whether they can continue to

e on this planet...
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Franklin M. Orr

(former Dean of Earth Sciences,
Director, Global Climate and Energy Project)




yy-shortage.
ergy can nelther be created nor
_stroyed.

ur problem is one of the Availability of
::- = --—energy
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o Energy IS made available for our use only
by Iinteraction with the environment.




Diagram 1. Energy Flow, 2001
(Quadrillion Btu)

F 3
Domestic
Production”
7167
NGPL" 2.54
) Nuclear Electric Power 8.03
Y Renewable Energy” 5.52 ;
Imports
o o 29.95
Cﬁﬁaq'idi;. ¢
&b T
Adjustments
075
Other ®
507

8 |ndudes lease condensate.

Y \atural gas plant liquids.

£ Conventional hydroelectric power, wood, waste, ethanol ble nded into motor gasoline,
geothemal, solar, and wind.

9 ncludes -0.08 guadrillion Btu hydroelectric pumped storage.

® Natural gas, coal, coal coke, and electricity.

Stock changes, losses, gains, miscellaneous blending components, and unaccounted-for

AT )
ppgh{;rudeni |, petroleum products, natural gas, electricity, and coal coke.
h Includes sup ple mental gaseous fuels.
! Petroleum products, includingnatural gas plantliguids.

! Includes, in quadrillion Btu, 0.04 coal coke net imports and 0.05 electricity net imports
from fossil fuels.

k Includes, in guadrillion Biu, -0.02 hydroelectric pumped storage and -0.15 ethanol blended
into motor gasoline, which is accounted for in both fossil fuels and renewable energy but
counted only once in total consumption.

| Primary consumption, electricity retail sales, and electrical system enemgy losses, which
are allocated to the end-use sectors in proportion to each sector's share of total electricity retail
sales. See Mote 1 at end of Electricity section.

MNotes: « Data are preliminary. « Totals may not egual sum of components due to
independent rounding.

Sources: Tables 1.1, 1.2, 1.3, 1.4, and 2.1a.
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"he environment is not an infinite
ervolr. ——

The scale of human endeavors is now
- st ch that we must take responsibility for
= maintaining equilibrium with our

—environment.

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




Atmospheric Carbon (ORNL 1997)
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KEY 10 learninc 8 on this
et IS for engineers and
jentists to view as an intrinsic

=pa rt of their task development of a
—"-:. “collaboration with nature.
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tainty

L}
-Uture tue NDIIE -n-.

chnologies, and the consequences of
enhouse gas emission are uncertain.

'hcertainty can lead to inaction until it
| "?:f*ﬂs too late. (Inverse Apollo effect.)

_-—;

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




e GIE)‘B&i Climate and - ~
Project. ' ’

ctive is to create new technologies for a
=greenhouse-gas energy future.

f-industrial sponsors (ExxonMobil, General
=FElectric, Toyota, Schlumberger) have committed

-:-.--—r'— .-l'I"

= "1'9 25 million over 10 years.

-ll—"_ _\l_’-"-
—: X e
m—

=3 Perform research at Stanford and at leading
research institutions worldwide.

* Create a sustained university/industry
collaboration and flow of talented students.
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hieving a sustainable
daooration wi ature will be
Juired to provide a safe and
gcure energy future.

= 1
. -

= —FEngineers and scientists will play
a leadership role in realizing that
collaboration.

e




p—

o—

\s a thermodynamic cycle...

\S a petroleum-derived fuel...

ﬁ an engine...

' _%?—As an energy pioneer..
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Atmospheric CO» Concentration
Last Glacial Maximum to present
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4 glacial cycles recorded in the Vostok ice core
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N. Hemisphere Temperature Anomaly relative to 1961-1990 (°C)

IPCC 3rd Assessment Report (2001)
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COZ2 and CH? Concentrations
Past, Present and Future

iIPCC 2000
Scenarios
for 2100 AD
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Temperature Change (°C)

IPCC 3rd 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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Source: U.S. EPA Inventory of Greenhouse Gas Emissions, April 2002




L Carbon Flow in the U.S. in 1995

Other Emissions: (E1A 1998)
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. CURRENT U.S. ENERGY FLOW

Waste = 20 %

Residential/ Work Achieved

Waste = 25 %

Work Achieve

Waste = 68 %

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

Source: LLNL/DOE




Levelized Cost Comparison for Electric Power Generation
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Well to Wheel Energy Use

Relative
Energy Use
per Mile

85 %
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Fuel Cell Fuel Cell
(Electricity)
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Source: ANL et al.
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