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Dr. Ralph Cicerone, 
President of the National Academy of Science, November 2007
Dr. Ralph Cicerone, 
President of the National Academy of Science, November 2007
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Diatomic molecules can 
vibrate back and forth 
like balls on a spring, but 
the ends are identical
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Molecules that have many 
ways to wiggle are called 
“Greenhouse” molecules
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Recent emissions
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Economists & Demographers: Different self-consistent “stories”about 
population, economic growth,technological development, trade, etc …

B
ill

io
ns

 o
f T

on
s 

of
 C

ar
bo

n 
P

er
 Y

ea
r



(���������*��	����������������+�
�(���������*��	����������������+�
�(���������*��	����������������+�
�
, 5��� ��������2

, -�
�� ��������

, 6�����������
��
�	�
����
#7 ���87

, -�
������
	���
��
�	�
����
&7 ���97 �

,�-. 	��%%. )

, �
��	����
�	�
�
���:7 ����;7 %

,  ����! ���+	�+9�
���������� #8�%�
��
�	�
���
�2

Low  emissions

Moderate case

High emissions
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Actual emissions are above even the highest IPCC scenarios
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CO2 emissions

CO2 concentrations
CO2 from fossil fuel 
will react with oceans, 
but only as fast as they 
“mix”

About half of the 
fossil CO2 will stay in 
the atmosphere for 
many thousands of 
years after emissions 
stop!
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Climate change, CO2, and energy will likely be dominant themes in 
human history for centuries, much as religious wars, feudalism, 
colonialism, and industrialization in the previous millenium
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2 2 = 4 billion tons go out

Ocean Land Biosphere (net)

Fossil Fuel
Burning

+

8

800
billion tons carbon

4
billion 

tons go in

ATMOSPHERE

billion tons added 
every year
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Billions of tons of carbon

“Doubled” CO 2
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Historical
emissions
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Eight “wedges”

Goal: In 50 years, same
global emissions as today
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A “wedge” is a strategy to reduce carbon emissions that 
grows in 50 years from zero to 1.0 GtC/yr. The strategy 
has already been commercialized at scale somewhere.

1 GtC/yr

50 years

Total = 25 Gigatons carbon

Cumulatively, a wedge redirects the flow of 25 GtC in its first 50 
years. This is 2.5 trillion dollars at $100/tC. 

A “solution” to the CO2 problem should provide at least one wedge.



Energy Efficiency &
Conservation (4)

CO2  Capture 
& Storage (3)

Stabilization
Triangle

Renewable Fuels
& Electricity (4)

Forest and Soil 
Storage (2)

Fuel Switching
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Nuclear Fission (1)
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Double the fuel efficiency of the 
world’s cars or halve miles traveled

Produce today’s electric capacity 
with double today’s efficiency

Use best efficiency practices in 
all residential and commercial 
buildings

Replacing all the world’s incandescent bulbs 
with CFL’s would provide 1/4 of one wedge

EfficiencyEfficiency

There are about 
600 million cars 
today, with 2 billion 
projected for 2055

Average coal plant efficiency is 32% today

E, T, H / $

Photos courtesy of Ford Motor Co., DOE,  EPA 

Sector s affected:

E = Electricity, T =Transport,    
H = Heat

Cost based on scale of $ to $$$



Substitute 1400 natural gas electric plants 
for an equal number of coal-fired facilities

A wedge requires an amount of natural gas equal 
to that used for all purposes today

Fuel SwitchingFuel Switching

Photo by J.C. Willett (U.S. Geological Survey). 

E, H / $



Implement CCS at 

• 800 GW coal electric plants or
• 1600 GW natural gas electric 

plants or
• 180 coal synfuels plants or
• 10 times today’s capacity of 

hydrogen plants

Graphic courtesy of Alberta Geological Survey 

Carbon Capture & 
Storage
Carbon Capture & 
Storage

There are currently three storage projects that eac h inject 
1 million tons of CO 2 per year – by 2055 need 3500.

E, T, H / $$



Triple the world’s nuclear 
electricity capacity by 2055

Nuclear 
Electricity
Nuclear 
Electricity

Graphic courtesy of NRC

The rate of installation required for a wedge from electricity  is 
equal to the global rate of nuclear expansion from 1975-1990.

E/ $$



Wind ElectricityWind Electricity

Install 1 million 2 MW 
windmills to replace coal-
based electricity, 

OR

Use 2 million windmills to 
produce hydrogen fuel

Photo courtesy of DOE

A wedge worth of wind electricity will require 
increasing current capacity by a factor of 30

E, T, H / $-$$



Solar 
Electricity
Solar 
Electricity

Photos courtesy of DOE Photovoltaics Program

Install 20,000 square kilometers for 
dedicated use by 2054 

A wedge of solar electricity would mean increasing current capacity 700 times

E / $$$



We choose to do 
these things not 
because they are 
easy, but because 
they’re hard! 

We choose to do 
these things not 
because they are 
easy, but because 
they’re hard! 

President John F. Kennedy��Rice University
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direct 
subsidy

“cap and trade” “tax and rebate”

“command and control” “market capitalism”
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