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Outline

Earth and Venus
Evolution of Earth’s Atmosphere
Life Sustaining Qualities
Current Status 
A Plan for the Future
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Evolution of Earth’s Atmosphere

From a gaseous nebula atmosphere of H2, He, CH4, H2O, NH3, N2, H2S, HCl …
H2 loss and chemistry transformed the planetary atmosphere to H2O, CO2, CO, N2, COS, SO2 …
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Life Supporting and Sustaining Conditions
Long-lifetime solar system (late development of our galaxy)
Close enough to galaxy center to have heavy isotopic masses
Far enough from galaxy center to have low energetic radiation levels
Distance from Sun in life sustaining region
Atmosphere that supports life forms
Atmosphere removes threatening radiation, ionizing flux and ozone 

shield (CR, -radiation, x-ray, UV)
Atmosphere slows and protects against dust, particles, and meteors
Magnetic field rigidity protects against high energy ionized particles
Atmosphere distributes heat energy – water vapor latent heat 

transports energy to polar regions
Global radiation balance is controlled by the “greenhouse” gasses 

and the planetary albedo
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The Issues:

(1) Present CO2 levels are approaching 400 ppm (>500 ppm by 2050)
(2) Most scientists that have studied the problem agree that unacceptable 

climate changes will have occurred by the time CO2 reaches 450 ppm
(3) Fossil fuels account for 80% of the world’s energy use
(4) A definite temperature increase is measured during the past 50 years

(20 of the hottest years on record occurred since 1980)
(5) US did not sign the Kyoto Protocol 

(reduce emission to 7% below 1990 level)
(6) US produces 25% of carbon emission with 5% of population
(7) Today the global input is ~ 7x109 tons per year and at present rate of 

growth that will be 14 billion tons per year by 2056
(8) Residential and commercial buildings account for > 60% of electric use
(9) Coal based synfuels add as much or more CO2 as a gasoline car
(10) Corn based biofuels add as much CO2 and may do more ecological 

damage because of fertilizers
(11) Today energy relies on digging or pumping 7 billion tons of carbon 

each year that is mostly input to the atmosphere
(12) No simple single fix will avert an eventual “run-away greenhouse”
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CO2 keeps the atmosphere warms Earth enough to sustain life 
CO2 sustains the plants through photosynthesis

65% of the primary energy is lost in the process of conversion to the 
energy we use

85% of the primary energy comes from carbon emitting fossil fuel
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CO2 Chlorophyll                O2



19 September 2006 Planet Earth 15

Meltdown in the North, Scientific American, Oct 2003



19 September 2006 Planet Earth 16

Global Concentrations 
of Three Well Mixed 
Greenhouse Gases 
Showing Human 
Influence on the 
Atmosphere

Climate Change 2001: 
Impacts, Adaptation, and Vulnerability
(Intergovernmental Panel on Climate Change)
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Sulfate from 
Greenland ice cores, 
US, and European 
station averages 
compared with total 
sulphur emission 
inventories.

Climate Change 2001: Impacts, Adaptation, and Vulnerability
(Intergovernmental Panel on Climate Change)
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Surface

Stratosphere

Climate Change 2001: Impacts, Adaptation, and Vulnerability
(Intergovernmental Panel on Climate Change)
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Require a minimum of seven wedges to limit the CO2 at a survival level
(wedges only count if added use of technologies that have already been demonstrated)

1 Wedge – Lower birth rate to hold global population below 8 billion people in 2056
1 Wedge – Curtail the emissions of methane (CH4)
2 Wedges – Eliminate deforestation
1 Wedge – Wide spread use of synfuels with capture and storage of CO2
2 Wedges – Expand the number of nuclear power plants by factor of five to displace 

conventional coal power plants
2 Wedges – Cut electricity use in building by half through use of super-efficient 

lighting and appliances
1 Wedge – Industrial use of electricity more efficiently
1 Wedge – Increased efficiency of automobiles
1 Wedge – Efficiency in transportation (other than automobile)
1 Wedge – Capture and store the carbon emissions from the present coal power plants
1 Wedge – capture and store carbon from large natural gas power plants
-1 to -3 Wedges – 700 coal power plants (1000 MW) emit one wedge (a few thousand 

such plants are presently expected to be built – natural gas plants burn half 
as much carbon per unit of electricity)



19 September 2006 Planet Earth 25

What is the level that we will experience irreversible changes?

Concept of several wedges to arrive at a solution.  
Hold CO2 constant without choking economic growth.

2056 Goals
60 mpg car
cut electricity use in homes and buildings by half
carbon sequestering (capture and storage)
increased nuclear power (but hostage to the world’s least well-run plant)
increased alternative sources (solar cells, wind, waves)

What set of polices will result in saving seven wedges?
(a wedge represents 1 billion tons of carbon per year)
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US share of global CO2 was 39% in 1952 and 23 % in 2002
OECD – Organization for Economic Cooperation and Development
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Things we are doing right:
Air-conditioning more efficient and safer refrigerants 
Refrigerators and freezers – one-fourth power, reduced 40GW 

demand 1974 and 2001
Power generation more efficient
Home insulation and building practice improvements 
Fluorescent bulbs replace incadecent - 40% less power and 

10X longer life
Improved transportation efficiency (cars and aircraft)



19 September 2006 Planet Earth 29



19 September 2006 Planet Earth 30



19 September 2006 Planet Earth 31



19 September 2006 Planet Earth 32



19 September 2006 Planet Earth 33

Petroleum
We are using 80 million barrels per day (MBD)

2/3 of this is used for transportation
MBD

People transportation 29
Freight movement 19
Air travel 5

Total 53
Automobiles

Need to average 60 mpg for cars within 50 years
Volkswagon is testing a two-person prototype

640 lbs
1 liter per 100 km (240 mpg)
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Incentives
Estimate $200 per ton to initially capture and store carbon 

Technology advances should reduce to $100 per ton
Translates to $27 per ton of CO2

At $100 per ton, the cost for capture and storage corresponds to adding:
$12/barrel of oil
$60 per ton of coal
25¢ per gallon of gasoline

Perspectives – a car with 30 mpg fuel efficiency that is driven 10,000 miles 
emits ~ 1 ton of carbon

Hydrogen is an energy carrier rather than an energy source
Electricity is an energy carrier (improved batteries are needed for transportation)
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All of the fossil fuel sources will require CCS (Carbon Capture and Storage)
Added cost for CCS is about 30% for coal (this should be regulated now)

(Issue is safe long term storage)
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What does the future hold?

Wind Generators

Wave
Generators
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Z-Machine - SandiaTokamak Plasma - Princeton

JET-Tokamak - UK Physics 

Plasma Fusion Reactors for the Future
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Climate Change 2001: Impacts, Adaptation, and Vulnerability
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Primary Resources

Energy’s Future Beyond Carbon, Scientific American, September 2006

Millennium Ecosystem Assessment, 2005. Ecosystems and Human Well-being: 
Desertification Synthesis. World Resources Institute, Washington, DC.
http://www.millenniumassessment.org/en/index.aspx

Climate Change 2001: Impacts, Adaptation, and Vulnerability 
(Intergovernmental Panel on Climate Change)
http://www.grida.no/climate/ipcc_tar/

Planets and Their Atmospheres: Origin and Evolution, J.S. Lewis and 
R.G. Prinn,Academic Press, 1984.

The Bottom Line:
Study these issues and get involved!
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A commitment will be 
required for mankind 
to keep this planet as a 
home for our children!

You have an individual 
responsibility to keep 
this planet clean and 
habitable – it is your 
home! 

We all have a collective 
responsibility to conserve 
natural resources and 
protect the environment!

Man’s quest should be to 
explore the universe and 
inhabit other worlds!
Become a citizen of the 
universe!


