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Modern civilization uses lots of energy. Global energy consumption more than doubled from 
1971 to 2008, and electricity consumption over that same period more than tripledi. In 2008, the US 
alone used some 3,813,520 gigawatt-hoursii. For some perspective, you could trigger two or three 9.0 
Richter scale earthquakes with that kind of energy. In the future, as demand for energy increases, we 
will require ever more energy in ever more earth-shaking quantities, and thus ever more production 
capacity. There are numerous current and proposed technologies designed to produce energy in large 
quantities. None of them are perfect, all have problems, but I think that Thorium-fueled nuclear fission 
reactors have a number of advantages which make them a much better solution to this problem than 
any technology currently being pursued.

Modern electrical power generation all work in more or less the same way. In thermal plants, 
you burn some sort of fuel, such as coal, to boil water. You route the steam through some pipes to a 
turbine. The turbine spins, turns a crank shaft, and rotates a giant electromagnet surrounded by coils of 
wire. The rotating magnet induces an electric current in the wire coils, which you can then route onto 
the grid and power has been generated. Non-thermal power plants work in the same way, but substitute 
liquid water or moving air for steam to turn the turbine.

Thermal power plants are the most common today, and account for most of the power 
generation capacity today. The vast majority of these work by burning fossil fuels, the oily, dusty, or 
gaseous remains of long-dead plants and animals trapped in underground pockets for millions of years, 
now liberated by the march of technological progress to fuel the fires of modern civilization. Fossil 
fuels are abundant, but finite, and concerns of the world's supply of ancient plant corpses running out 
are very real and have a definite impact on what you pay for gas and utilities. Long-term energy 
security will never result from fossil fuels. Furthermore, burning fossil fuels produces lots and lots of 
nasty byproducts, from greenhouse gasses to poisons to radioactive dust.

Some renewable energy efforts try to do away with the steam altogether. Hydroelectric plants 
have a big hole through which sea or river water can flow, spinning the turbine and generating power, 
while wind turbines have, well, windmills, which spin in the wind and turn the turbine. These have the 
major advantage of not spitting out greenhouse gasses, poisons, or radioactive dust. Hydroelectric 
power plants account for about 6% of world power generation, but other renewables account for less 
than 1 percentiii. While there have been recent efforts to build more renewable energy sources, they are 
currently too few and too inefficient to ensure energy security in the future.

The idea of energy production via atomic annihilation has always been very exciting. Nuclear 
fission reactors are thermal plants, but instead of burning dead things to make steam, you set off a chain 
reaction of exploding uranium atoms that you can hopefully control in such a way that the reactor 
doesn't explode or melt and kill us all. 

Nuclear fission doesn't release any greenhouse gasses or poisons, but it creates a great deal of 
radioactive waste, which can be either recycled into new fuel, or tossed away as waste. The United 
States does not recycle nuclear fuel, which begs the question of that to do with all this “waste” 
radioactive material. Nuclear plants cost a great deal to build, and indeed can't be built without federal 
aid due to the difficulties of insuring something only a step or so away from being a giant bomb. The 
waste from nuclear plants lasts more or less forever and kills you if you're anywhere near it. Both the 
fuel and the waste can be stolen or diverted and used to make weapons and play global thermonuclear 
war. But perhaps most damning for the nuclear power industry is this: Nuclear. Plants. Explode.



The fact of the matter is, uranium fission is an inherently unsafe process, prone to cascading out 
of control in spectacular fashion. When it does, the fallout is difficult to clean up. Prypiat is still 
entirely uninhabitable, and Reactor 4 at Chernobyl is entombed in a giant concrete sarcophagus 
because spending an hour there, even after 25 years, nets you a radiation dose sufficient to kill you 
twenty times over. For a more contemporary example, the Fukushima Daiichi plant was struck by a 
tsunami on March 11th. After a continuous effort, cooling was finally restored to all reactors and spent 
fuel pools by the 22nd of Augustiv, and the Tokyo Electric Power Company expects to have achieved 
cold shutdown in all six reactors by mid October. The basements of units 1-3 might be clear of 
radioactive water by the end of the year, and then cleanup might be able to begin in earnest. Maybe.

None of these technologies seem satisfactory bases for future energy security to me.

Thorium sits two spaces left of uranium on the periodic table, with atomic number 90. Both 
uranium and thorium are grayish metals, and both are radioactive. Thorium, however, is nearly four 
times as abundant as all isotopes of uranium combined, and only naturally occurs as a single isotope, 
thorium-232. Thus, unlike uranium, which occurs in nature mostly as less useful uranium-238 and must 
be enriched to get usable quantities of uranium-235, any thorium you find anywhere can be used as fuel 
without enrichmentv. Thorium is much easier to find as well: it occurs in the same mineral deposits as 
the valuable rare earth elements, and is essentially a “waste product” of rare earth mining. Rare earth 
metals are used in numerous high technology applications, such as lasers, and are in great demand, so 
any effort to acquire thorium in large quantities already has the infrastructure in placevi.

Interest in thorium is largely in molten salt reactors, particularly liquid fluoride reactors. Unlike 
traditional light water reactors, in which solid fuel and control rods are suspended in a water coolant, 
with the entire system under great pressure, liquid fluoride reactors have the fuel suspended in a pool of 
molten fluoride salts at no elevated pressure. The critical core of the reactor, where fission takes place, 
spits neutrons out into a blanket of thorium in fluoride. The thorium absorbs some neutrons, and decays 
into uranium 233, which is chemically separated from the fluoride and routed into the core to continue 
fission. This has a number of safety benefits, but also allows the fuel to be burned much more 
completely, as the lack of a solid fuel rod obsoletes the need to remove them as radiation damage 
breaks the chemical bonds holding the rods togethervii.

Thorium fuel is resistant to proliferation efforts. Thorium would be difficult to divert for 
unsavory projects in the fuel stage because thorium by itself is only slightly radioactive, and you'd need 
a reactor to get usable materials for weapons from it. Stealing fissile material from a reactor would be 
difficult, but if you could, it wouldn't avail you much. When it is burned, thorium produces both 
uranium 233 and some uranium 232. Uranium 232 has a very short half life of only 76 years, but emits 
gamma radiation, making it unsafe to handle, and more or less can't be separated from uranium 233, 
with which it is nearly identicalviii. 

Stealing the waste products from a liquid fluorine reactor would be problematic, simply due to 
how few it produces. Thorium fuel in a liquid fluorine reactor can be burned much more completely, so 
it produces a much smaller volume of waste than a light water reactor. Thorium fuels also produce far 
fewer the long-lived, highly dangerous transuranic waste products of traditional fission reactorsix. A 
liquid fluoride reactor would produce a very small amount of radioactive waste, which would be safe in 
a handful of centuries. A ton of thorium would also produce only .0001 tons of plutoniumx, so anyone 
hoping to scrounge through the dregs of a liquid fluorine reactor for bomb materials had better be ready 
to wait.



Molten salt reactors are significantly safer than light water reactors, mostly due to passive safety 
elements having to do with the nature of the reactors themselves. Since the fuel and coolant are the 
same fluid, loss of coolant to the reactor also deprives it of fuel. Because the reactor is not pressurized, 
it cannot explode. Xenon gas, a neutron absorber produced in all reactors, can be easily removed from a 
liquid fluoride reactor, while in a solid fuel reactor it remains in the core and makes regulation of the 
reaction more difficult. Most importantly, molten salt reactors will slow down as temperature in the 
core increases, making a meltdown more or less impossiblexi.

Both India and China are working towards thorium-fueled reactors. The United States, for some 
inexplicable reason, is not. Despite the fact that thorium reactors provide the amount of energy that 
only nuclear fission currently can, with significantly fewer drawbacks and safety concerns than 
traditional light water reactors, despite documents from the IAEA and the within the Department of 
Energy itself suggesting the viability of thorium and molten salt reactors, current DOE nuclear policy 
supports a new generation of light water, uranium reactors.

World energy demand will only continue to rise, and production capacity must rise as well. 
Depending on existing technologies to fill the gap is foolish. New sources of power are needed, and 
now. I believe, in spite of what the DOE seems to think, that thorium-fueled molten salt reactors are 
that technology. They have all the benefits of uranium reactors, the low pollution and the high output, 
with fewer of their debilitating weaknesses. I can only hope that, should India and China's thorium 
programs prove successful, the United States will follow suit, and take the most sensible step towards 
ensuring energy security for the future.
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