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Global environmental problems mount.



5Ŝƴƴƛǎ aŜŀŘƻǿǎΩ Limits to Growth 
showed effects of finite resources.

http://www.aspoitalia.net/images/stories/aspo5presentations/Meadows_ASPO5.pdf
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Population is stable in developed 
nations.

http://caliban.sourceoecd.org/vl=1260748/cl=17/nw=1/rpsv/factbook/010101.htm
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Prosperity stabilizes population.

https://www.cia.gov/library/publications/the-world-factbook/docs/rankorderguide.html
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Prosperity depends on energy.

https://www.cia.gov/library/publications/the-world-factbook/rankorder/2042rank.html
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Energy and coal use is growing rapidly 
in developing  nations.

Non-OECD energy use World coal use

http://www.eia.doe.gov/oiaf/ieo/world.html



/ƻƴǎŜǊǾŀǘƛƻƴ ǿƻƴΩǘ ǎǘƻǇ ǘƘŜ ƎǊƻǿǘƘΦ
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US cuts per capita energy use in half 

to 6,000 KWH per person per year.

Rest Of World nations cut or 

grow to achieve the same. 

Units are 1015 watt hours per year



ά¢ŜŎƘƴƻƭƻƎȅ ǇƻƭƛŎȅ ƭƛŜǎ ŀǘ ǘƘŜ ŎƻǊŜ 
ƻŦ ǘƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŎƘŀƭƭŜƴƎŜΦέ

http://www.sciam.com/article.cfm?id=technological-keys-to-climate-protection-extended

ñIf we try to restrain emissions without a 

fundamentally new set of technologies, 

we will end up stifling economic growth, 

including the development prospects for 

billions of people.ò

ñWe will need much more than 

a price on carbon.ò

ñThe US, Europe and Japan will need to 

start all this technological innovation 

soon if we are to have a chance to 

stabilize carbon emissionséò

ñélow emissions technologies 

developed in the rich world will need to 

be adopted rapidly in poorer countries.ò

Prof. Jeffrey Sachs

Economist, Columbia University

Director of The Earth Institute



Aim high! 
Set aggressive goals.

Develop a new energy source that

1. produces electricity cheaper than from coal,

2. synthesizes vehicle fuel cheaper than from oil,

3. is inexhaustible,

4. reduces waste, and

5. is affordable to populations of developing nations.



Thorium is a plentiful fuel.

http://en.wikipedia.org/wiki/Thorium

Thorium metal was discovered 

in Norway in 1828.

Thorium is named after Thor, 

the Norse god of thunder and 

lightning.

Lemhi Pass alone has enough 

thorium in 1,400 acres to power 

the US for a milleneum.

Thorium per se is not 

fissionable. How can thorium be 

a fuel?



U-233, U-235, and Pu-239 are three 
possible reactor fission fuels.
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Uranium-238 neutron absorption 
makes fissionable plutonium-239.
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Thorium-232 makes fissionable 
uranium-233.
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In a thorium reactor the Th-232 
blanket becomes the U-233 core.
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1. Fuel is dissolved in liquid for easy pumping and 

chemical processing. Liquid is molten fluoride salt.

2. Reactivity is inherently stable, because heat expands 

the salt past criticality, also enabling load following.

3. High temperature (800OC) enables 50% efficient

Brayton power conversion turbine-generator.

4. High temperature enables electrolysis of hydrogen, a 

fuel feedstock.

5. Long term radioactive waste is < 1% that of typical 

plants.

The Liquid Fluoride Thorium 
Reactor is innovative.



Thorium fuel is plentiful, compact, and 
inexpensive.

http://minerals.usgs.gov/minerals/pubs/commodity/thorium/690798.pdf

1 t will fuel a 1 GW power 

plant for one year.

500 GW would power the 

entire US.

$300,000 per tonne

US has 3,752 t in storage, 

400,000 t of reserves.

ă dense, silvery, ½ m,

1 tonne thorium sphere



Start the LFTR by priming it with 
another fissile fuel.
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1. U-233 does not occur in nature, but the US 

government has 500 kg of U-233.

2. Prime with U-235, or Pu, or spent nuclear reactor fuel.

3. U or Pu will be replaced with U-233 in ~ 1 year.



Concepts proven in 1960s still are valid.

1.4 m diameter


