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Some things never change. Mike Keefe can attest to that: He’s been drawing
political cartoons for 32 years. Here’s one from his archives, on climate change.




Climate Change:

“The greatest hoax ever
perpetrated
on the American people™?
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"For every shrinking glacier there is a
growing one--but the growing ones get
much less attention.”

- Christopher Horner, The Politically Incorrect
Guide to Global Warming, pg. 66
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* In 2005 442 glaciers studied:
- 26 advancing
- 18 stationary
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Global Land-Ocean Temperature Index
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Composite Total Solar Irradiance (Frohlich and Lean)
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Hathaway/NASA/MSFC
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El Ninho-La Nina Cycles

ONI [3—-mrm SST anomalies {deg C) in Nino 3.4]
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Central & Eastern Pacific Upper-Ocean
(0-300 m) Weekly Heat Content

Anomalies

EQ. Upper—0Ocean Heat Anoma. (deq C) for 180—100W
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The upper ocean heat content was below-average across the eastern
half of the equatorial Pacific Ocean between mid-August 2008 and
March 2009. The heat content anomaly reached a minimum in late
December 2008, and has since trended upward, becoming positive in
late March 2009.
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Global and Continental Temperature Change

— Europe
5 it
; &
[:3
£
o
gz &
e g
e =1
> %
£ ] L
o a AN
c £ =
: s Lla o PR h
= 1900 1950 2000
® Year
g .
- o Africa 1
= ) 1 O I
1900 ' 1950 2000 >
Year E 1.0}
o o
c
o 05
o South America ] i
) T ® i —
< 5 00? ’/
g 101 13 |
g - | {
B 1900 1950 2000
Py 0.5 - 1 Year
& N~
@ 00 7/ é -
= ~7
£
@ J
- o4 LJ
1900 1050 2000
Year
- Global - Global Land
3) T 3 T T
L S
> >
© L — © = =
g 1.0 g 1.0
o o
& &
05 - S —
o o 0.5
= =]
B <
0.0+ B 0.0 - -
a g -
5 §
- | | St | |
1900 1950 2000 1900 1950 2000
Year Year

Temperature anomaly (°C)

Temperature anomaly ("d

Asia

T
1.0
05
0.0
S 1L N 1)
1960 1950 2000
2 Year
- " ‘Australia
o S r
E . /
® 10k .
® 05 \/\/_
s y :
g 00 / 1
Q 24
E ; .
[ |
1900 1950 2000
Year
Global Ocean
| |
1.0 - —
0.5 .
0.0 - B
| |
1800 1950 2000

Year




A Warmer and Drier West

25 million acre-feet

Lake Mead
Tuesday

12.5 million

20

15
10
Rain year
5 Lake Powell ~
Tuesday
0 MONTHLY 11.9 million
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An acre-foot equals one acre of water one
foot deep. A family of four uses roughly one
acre-foot of water annually.
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2007 IPCC Report

“Warming of the climate is unequivocal.”

“..very likely due to
anthropogenic greenhouse
gas concentrations.”

Science
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IPCC Scenarios vs. Actual
Emissions
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What the latest
IPCC study
does not include:

“future rapid dynamical
changes in ice flow”
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Arctic September Sea Ice Extent:
Observations and Model Runs

— Observations
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Arctic Sea Ice Is Getting Thinner

. First-year ice
|:| Second-year ice

Third-year and
older ice

. Coastlines
. Land

Ice Concentration g9
less than ~50 %

September 2007 September 2008




Qarassup Glacier
Greenland

June 9, 2007

12:12 p.m.
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2005 Melt
Extent
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Climate reconstruction geté o
to the heart of the continent

WHO DO YOU THINK YOU ARE?
Personal genomics changes the rules

SOLAR SYSTEM EXPLORATION
The Titan-versus-Europa dilemma

SEXUAL REPRODUCTION
A long wait for Aspergillus

NATUREJOBS
Biotech &
pharmaceuticals
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o Dangerous Feedbacks

Loss of forests

Melting permafrost







How long can you operate in the ?

...with your car’s engine?

...with your planet?




What We Have to Do

To limit sea level rise to T m and
species loss to 20% this century

 Limit additional warming to 1°C beyond 2000

* Reduce U.S. CO, emissions 60%—80% (?) by 2050

Total savings needed by 2030: ~1,200 MtC/yr



J

“Houston, we have a problem.’




Apollo 13

©Universal Studios







Key Energy Options

Energy Efficiency

Renewable Energy

Coal with carbon capture and storage
Nuclear power



Efficiency Biomass Power




2007 American Solar Energy
Society 2030 Study:

Tackling Climate Change in
the U.S.



Energy Efficiency

* Buildings (40%) — envelope design, daylighting, better
lights, building and appliance efficiency standards

« Transportation (30%) — lighter weight vehicles, public
transportation, better propulsion, PHEVs

* Industry (30%) — heat recovery, better motors, CHP
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Energy Efficiency Savings

« Electricity: 218 MtCl/yr, 0 — 4 ¢/KWh
(20% savings off 2030 projection)

« Oil: 344 MtClyr, $5 - $30/bbl

« Gas: 126 MtCl/yr, $0 - $3/MBtu

Savings: 688 MtC/yr



! Concentrating Solar Power




354 MW Solar Electric Generating Systems (SEGS




Pacific Ocoan

Direct Normal Solar Radiation
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Exclude:

- Used and sensitive land

- Solar < 6.75 kWh/m? per day

- Ground slope > 1%
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New 64 MWe Acciona Solar Parabolic Trough Plant




Planned 280 MW Solana Plant
with 6 hrs Storage

1500 construction jobs
over two years

85 permanent jobs

L APS

Renewable Energy

Artist Rendition




Contracts for over 4,000 MW of U.S. Projects

1,365 MW

1,750 MW

1,211 MW

177 MW




CSP Savings

« Dispatchable power with 6 hr of storage

- 80,000 MW, 6 to 14¢/kWh
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Savings: 63 MtC/yr









Photovoltaics (PV)
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Module Price (Current or 2004$ per Wp)

PV Module Prices
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PV Shipments (MW)

Worldwide PV Shipments
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PV Savings

+ 200,000 MW,

* 6 to 28 ¢/kKWh (retail)




Wind




U.S. Wind Resource
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Evolution of U.S. Commercial Wind Technology

The 1980's The 1990's 2000 & Beyond
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Wind Power Capacity
April 2009




Wind Savings

« 20% grid energy,
245,000 MW

. 3 to 7¢/kWh

Savings: 181 MtCl/yr




Biomass and Biofuels

Poplars
Wood chips

Switch grass

Fats and Oils

Municipal solid waste 2o :
Corn Stover



Biomass Resources Available in the United States
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Biomass Power Savings

 Wood residues and municipal discards
* 45,000 MW
* 5to 8¢/kWh

Savings: 75 MtC/yr



Biofuels Savings

« Ethanol from crop residues & energy crops
« Saves 28 billion gallons of gas in 2030
« $0.90 to $3.75/gal gas equiv.

BIOFUELS 10

Savings: 58 MtC/yr






Temperatures at 6 km Depth




Geothermal Power Savings

« 50,000 MW

« 25% existing resources, 25% expanded,
50% from oil & gas wells

 5to 10 ¢/kWh
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Putting It All Together

A -

Renewable Energy v Key to Climate Recovery
2enve50[ar2006



Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential Reduction in U.S. Carbon Emissions
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Potential U.S. Carbon Reductions
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What does
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Cost of Inaction

“Delayed action (or inaction) will
most likely be the most expensive
policy option”

The US Economic Impacts
of Climate Change and
the Costs of Inaction

QAC,ER /&5, The Global Warming Price Tag in Four Impact Areas, 2025 through 2100

Cost in billions of 2006
dollars

2025 2050 2075 2100 U.S. Regions Most at Risk
C) Hurricane Damages $10 $43  $142 $422  Atlantic & Gulf Coast states

£} Real Estate Losses ~ $34  $80  $173 $360  Atantc & Guff Coast states
§ Energy-Sector Costs  $28  $47  $82  $141  Southeast & Southwest
() Water Costs $200 $336 $565 $950 Wester states

$271 $506 $961 $1,873

Ackerman & Stanton, 2008

Stern Review: Cost of action = 1% of world GDP
Cost of inaction = 5% to 20% of world GDP



What About Colorado?



COLORADO -
Central Solar Power

W 5.311-5,767 kWh/m2/day annual
Direct Normal Insolation
5,767-6,046
6,046-6,339

 6339-6,706

 6,706-7.355
 Transmission

s Interstate Highways

ol




Colorado

50 m Wind Power
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Example Colorado Scenario
30% True RES - 2020

Renewable Electric 2020 Capacity (MW)

Source
Wind 4,500
Photovoltaics 600
Concentrating Solar 800
Power*
Biomass* 300
Geothermal* 50

*Base load or near-base load power
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