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“Stabilization”: 1 ton CO2/yr per capita

It is not sufficient to limit emissions in the prosperous 
parts of the world and allow the less fortunate to catch 
up. Such an outcome would overwhelm the planet. 

The emissions of the future rich must eventually equal 
the emissions of today’s poor, …

…not the other way around.

Presenter
Presentation Notes

See prior note regarding “Common Misunderstanding #1.”
The last sentence is difficult to understand. Perhaps reword to:  “In a climate-stabilized world, carbon emissions per capita would be well below those of people we call ‘prosperous’ today.” [Although I’m not sure that’s much better!]



Activity Amount producing 4 ton CO2/yr emissions

a) Drive 10,000 miles/yr, 30 miles per gallon

b) Fly 10,000 miles/yr

c) Heat home Natural gas, average house, average climate

d) Lights 300 kWh/month when all coal-power 
(600 kWh/month, natural-gas-power)

Four ways to emit 4 tons CO2/yr
(today’s global per-capita average)

Presenter
Presentation Notes
- It’s confusing to have this table here, well after the discussion of the wedges. Perhaps it should precede that discussion … i.e., come immediately before slide 19.



Grounds for optimism

•The world today has a terribly inefficient energy system. 

•Carbon emissions have just begun to be priced.

•Most of the 2059 physical plant is not yet built.



U.S. Fossil-fuel CO2 emissions
U.S. CO2 Emissions 2007
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U.S. total emissions: 6.0 billion tons CO2

Source: J. Sweeney, 2009



Energy Efficiency: 
Our most salient option



Legacy: National Highway System



Efficient Use of Fuel

Presenter
Presentation Notes
Prius image: http://www.autospies.com/images/users/Agent009/prius01.jpg
- Also:  public transit systems?



U.S. vehicle-miles traveled, two views

Sources: Left: U.S. PIRG Education Fund, 2007. The Carbon Boom: State and National Trends in Carbon Dioxide Emissions 
Since 1990, April 2007 (44 pp.), p. 27. Right: American Physical Society, 2008. Energy Future: Think Efficiency.



Legacy: U.S. Power Plants

Source: Benchmarking Air Emissions, April 2006. The 
report was co-sponsored by CERES, NRDC and PSEG. 

Presenter
Presentation Notes
May 14, 2007: “The slide can be attributed to the Benchmarking Air Emissions report published in April 2006. The report was co-sponsored by CERES, NRDC and PSEG.” Donald M. McCloskey, Director - Environmental Strategy & Policy PSEG Services Corporation, 80 Park Plaza, Newark, NJ 07102, 973-430-8555.



At the power plant, CO2 heads for the sky, 
most electrons head for buildings! 
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U.S. CO2 emissions, 2007, electricity allocated. Source: J. Sweeney, 2009.



Efficient Use of Electricity

Measure, measure, measure!

Presenter
Presentation Notes
We should aim for two wedges here, a 50% reduction in electricity. 

Assumptions behind “25%”:

Total emissions are 14 GtC/yr.
40% of carbon emissions are for power.
70% of power emissions are for buildings.
Therefore. 4 GtC/yr is emissions for power to buildings.
- Why not target single-family residential as well?



U.S. Electricity Growth Continues to Slow
(3-year rolling average percent growth)
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Is peak energy demand behind us?

If the U.S. takes efficiency seriously, 
annual consumption from now on 
could be less than in any past year –
for both:

•U.S. oil consumption
•U.S. electric power consumption 

This could be a goal of the U.S. Economic 
Recovery and Reinvestment Plan.



Low-carbon Electricity Supply
An abundance of alternatives



Graphics courtesy of DOE 
Photovoltaics Program

Photovoltaic Power

Presenter
Presentation Notes
Source of photo of array mounted at ground level: Lecture: “Can the Midwest farms provide renewable energy without impacting substantially food supply and environment? The example of Miscanthus.” Stephen P. Long, Princeton University, April 11, 2007.

Effort needed by 2055 for one wedge:
2000 GWpeak (250 x capacity in 2007); 200 million 100-m2 rooftop units (80 x 100 miles of desert collectors)




Wind Farms – Out of Sight

Source: http://www.nytimes.com/2008/10/04/nyregion/04wind.html?ref=nyregion, New York Times, 
October 3, 2008.

Offshore New Jersey: 96 turbines, 346 MW, ½ by 1/3 mile rectangle, 16 to 
20 miles from coast. 1 billion dollar project. Power “starting in 2013.”

Presenter
Presentation Notes
The rights for construction were granted by the Board on Public Utilities to Garden State Offshore Energy. State and Federal permits are still needed.

96 turbines, 346 MW, 1/2*1/3 mile rectangle 16 to 20 miles off Atlantic and Ocean Counties. 1 billion dollar project. Power “starting in 2013.”

Energy Master Plan: 20% renewables by 2020.

In October 2008, the right to construct 96 wind turbines 16 to 20 miles off the coast of Atlantic and Ocean counties was granted by the New Jersey Board on Public Utilities to Garden State Offshore Energy. 


Source: http://www.nytimes.com/2008/10/04/nyregion/04wind.html?ref=nyregion, “New Jersey grants rights to build a windfarm about 20 miles offshore” Ken Belson, New York Times, October 3, 2008.

The rights for construction were granted by the Board on Public Utilities to Garden State Offshore Energy. State and Federal permits are still needed.

96 turbines, 346 MW, 1/2*1/3 mile rectangle 16 to 20 miles off Atlantic and Ocean Counties. 1 billion dollar project. Power “starting in 2013.”

Energy Master Plan: 20% renewables by 2020.

Source: http://www.nytimes.com/2008/10/04/nyregion/04wind.html?ref=nyregion, “New Jersey grants rights to build a windfarm about 20 miles offshore” Ken Belson, New York Times, October 3, 2008.

http://www.nytimes.com/2008/10/04/nyregion/04wind.html?ref=nyregion�


765 kV backbone for 350 GW wind

Source: American Electric Power, 2007.
http://www.aep.com/about/i765project/docs/WindTransmissionVisionWhitePaper.pdf.

19,000 miles of 
new 765 kV line.

$60 billion.

Presenter
Presentation Notes
Source: http://www.aep.com/about/i765project/docs/WindTransmissionVisionWhitePaper.pdf.  Eight pages.
Date on map: April 19, 2007. 
Caption: “Exhibit 1: Conceptual 765 kV backbone system for wind resource integration (edited by AEP)”
American Electric Power (AEP) study for and in partnership with the American Wind Energy Association (AWEA).

Theoretical interstate extra high voltage (EHV) 765 kV backbone system “that provides cost-effective connections from areas of high wind potential to major load centers.”

Lower transmission voltages in the U.S.: 500 kV, 345 kV, 230 kV.

“It is projected that an interstate EHV transmission system could enable significantly greater wind energy penetration levels by providing an additional 200-400 GW of bulk transmission capacity. The total capital investment is estimated at approximately $60 billion (2007 dollars)” (p. 2). “Approximately 19,000 miles of new 765 kV transmission lines (p. 6)… $2.6 million/mile...[plus] an additional 20% for station integration, DC connections, and other related costs.”

Goal is “to enable AWEA’s proposal to provide up to 20% (approximately 350 GW) of the nation’s electricity from wind energy.”

“The use of 765 kV AC technology would enable an expansion into a new high-capacity bulk transmission grid overlaying the existing lower voltage system, with both systems easily integrated where so required. By contrast, traditional DC technology is generally limited in its application to point-to-point transmission.”



Fission Power – with Dry Cask Storage

Site: Surry station, James River, VA; 1625 MW since 1972-73,. Credit: Dominion. 



Needed: A New International Regime

Pictured: A cascade of centrifuges
Challenge: A one-tier world for civilian nuclear power, not “suppliers and users.”



CO2 Capture and Sequestration (CCS)

Graphics courtesy of DOE Office of 
Fossil Energy and Statoil ASA

For power and synthetic fuels



A 500-mile CO2 pipeline built in the 1980s
McElmo Dome: 
In place:       1500 MtCO2
Production: 15-20 MtCO2/yr

Rule of thumb: 2 to 5 bbl incremental oil per tCO2 injected.



Capacity, total by source
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U.S. Power Plant Capacity, by Vintage

Issues: Grandfathering, retirement, 
relicensing, retrofit, repowering

Source: EIA. Joseph.Beamon@eia.doe.gov

Presenter
Presentation Notes
Joseph Beamon, Joseph.Beamon@eia.doe.gov, is a person at EIA who knows about this slide. He sent Greg Eyring another version of this slide, 8-21-08, with EIA forecast attached.




Some Far-out Ideas

Needed urgently: 

Contributions of sense and 
sensibility from many disciplines



Direct capture of CO2 from air

Source: David Keith, MIT talk, Sept. 16, 2008



Window Absorber scaled to the 
emissions of the average American

1.5 billion window absorbers, plus long-term 
storage, would cancel today’s global emissions. 

Absorber removes half of 
incident CO2, 20 tCO2/yr

Air, 2 m/s
(≈ 5 mph)

1 meter

1 meter



Geoengineering

On June 15, 1991 (three 
days after this photo) , Mt. 
Pinatubo. injected 10 
million tons of sulfur into 
the stratosphere. 

The Earth’s average 
surface  temperature was 
0.5oC cooler six months 
later, then rebounded.

Presenter
Presentation Notes
Crutzen estimates that maintaining ≈5 MtS in the stratosphere as sulfate aerosols indefinitely would cancel the warming due to CO2 doubling.




Sulfur injection: Epinephrine
We may someday need “fast geoengineering,” matched 
to the sudden onset of a crisis. S injection acts quickly.

The analogy here is to the use of epinephrine to treat an 
acute allergic reaction. It is considered irresponsible for 
a doctor not to have epinephrine in his or her medicine 
cabinet. 

But geoengineering today is “comparable with 19th

century medicine.” (James Lovelock).

*Novim study group: Steve Koonin (head), David Battisti, Jason Blackstock, Ken Caldeira, 
Doug Eardley, Jonathan Katz, David Keith, Ari Patrino, Dan Schrag, Robert Socolow. 



Every strategy can be 
implemented well or poorly 

Every “solution” has a dark side: 

Conservation Regimentation
Renewables Competing uses of land
Nuclear power Nuclear war
“Clean coal” Mining: worker and land impacts
Geoengineering Technological hegemony

Presenter
Presentation Notes
- This slide anticipates your discussion later in the talk about proscipience and getting to yes (or no). Perhaps it should be moved to there?



Never in history has the work of so few 
led to so much being asked of so many!
The “few” are the climate science researchers.

They are persuaded that our planet can change abruptly 
and produce major disruptions of human civilization. 
They have singled out carbon dioxide as a particularly 
powerful agent of change.

The “many” are the rest of us.
Understandably, we wish we lived on a larger planet, 
with a larger atmosphere so that our emissions would 
be less significant –
and also a planet with larger fisheries, bigger forests, 
more abundant ground water, so that all our actions 
mattered less.



Can We Do It?
But the planet we have is Earth. 

Fortunately: 
Our science has discovered threats fairly early;
We can identify a myriad of helpful technologies;
We have a moral compass that tells us to care not only 

about those alive today but also about the collective 
future of our species.

What has seemed too hard becomes what simply must 
be done.
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