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GHG INTENSITY

WORLD GHG INTENSITY
[Billion Metric T/Y]

40 e e e e e e e R A e R R e -
TAT other SPECIAL REPORT GLOBAL WARMING
Sttt A
35 Residential and Services
30 |
TRANSPORTATION ’
25 | WORRIED.
— - Industr
y VORRIED.
777777777777 damagingthpan ara
pace. Here’s how it affécts you,
15 | your kids and their kids as well
EARTH AT THE TIPPING POINT
ELECTRIC POWER O CHNALINDA CIELD
SAVE THE WORLD—OR DESTROY IT
10 - THE CLIMATE CRUSADERS
5 |
0

SOURCE: IEA WORLD ENERGY OUTLOOK

5/27

Portland State University, April 2009



FORCES FOR CHANGE

#1

#H2

#3

#4

#5

GREEN HOUSE GAS INTENSITY (1990)

POLLUTANT IMPACTS (1940)

HUBBERT’S CURVE (1980)

FUEL INDEPENDENCE (9/11)

NATIONAL SECURITY (9/11)

Portland State University, April 2009

6/27



)
HUBBERT’S CURVE 2020
*7 EIA (2004) forecast)
High demand, 121 million b/d 121 million b/d ? X
10 in 2025 (EIA forecast) (44.0 billion bbl/year) “'gz'éa“f{:ﬁ’hfif
Mid demand, 105 million b/d (1,657 trillion bbl
35 - in 2025 remaining)
— Low demand, 95 million b/d
in 2025

30+

PETROLEUM PRODUCTION RATE

1970

1.224

> Mean outcome for
T - OPEC and FSU
m
m
Z 204
o
— >
i ¢roduced
m
104

trillion bbl

Non-OPEC excel. FSU

1980 1950

y world reserves,
2|513 trillion bbl
(1.289 trillion bbl remaining)

2000

2010 2020 2030 2040 2080

YEAR

Portland State University, April 2009

7127



FORCES FOR CHANGE

\

%1 GREENHOUSE GAS INTENSITY (1990)

#2 POLIl

#3 HUB

#4 FUEL

#5 NATI

PARADIGM SHIFTS
« ELECTRIC POWER

« TRANSPORTATION
— FUEL
— ENGINE
« CONSERVATION
— ELECTRICAL POWER
— PERSONAL VEHICLE
— PUBLIC TRANSPORTATION
« BUILDING DESIGN

- URBAN DESIGN

Portland State University, April 2009

8/27




CALIFORNIA

AB 32

30% Reduction

80% Reduction

GHG Emissions

N
1990 2000 2004 2020 2050

Year

. . . 9/27
Portland State University, April 2009



FORCES FOR CHANGE

#1 GREENHOUSE GAS INTENSITY (1990)

#2 POLI PARADIGM SHIETS
/'« ELECTRIC POWER )

« TRANSPORTATION <
~ FUEL
\_ - ENGINE )
» CONSERVATION
~ ELECTRICAL POWER
~ PERSONAL VEHICLE
— PUBLIC TRANSPORTATION
- BUILDING DESIGN

- URBAN DESIGN

#3 HUB

#4 FUEL

#5 NATI

. . . 10/27
Portland State University, April 2009



COMBUSTION

THERMAL ENERGY

<7

FUEL > COMBUSTION

—> EXHAUST
AIR —> ENGINE

. . . 11/27
Portland State University, April 2009



* COMBUSTION

¢ 80% OF WORLD’S POWER

*\94% OF WORLD'’S CO,
* 90% OF WORLD’S POLLUTANTS

FOSSIL FUEL

ELECTRICITY
® FUEL CELLS

FOSSIL FUEL

ELECTROGHEMISTRY

ELECTRICITY

. . . 12/27
Portland State University, April 2009



FUEL CELL STACK
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Fuel Cell Vehicle
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Fuel Cell Vehicle
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CO, EMISSION: FUEL and VEHICLE
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ENERGY STATION
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High-Temperature Fuel Cell with H, Tri-Generation
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ENERGY STATION
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High-Temperature Fuel Cell with H, Tri-Generation
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EMERGING TECHNOLOGY
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HYBRID FC/GT
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CONSUMPTION OF OXYGEN
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