History: why are we not using
the thorium-MSR today?
Although the thorium-MSR development effort showed very promising results,
funding was eventually cut in favour of reactors that were better suited
for breeding plutonium. The reason for this was the fear of an impending
shortage of uranium, which later proved to be unfounded. By then it was too
late for the thorium-MSR, as a large developmental gap had been created.

The Molten Salt Reactor
Experiment (MSRE)
A test reactor has been in operation in the 1960’s at Oak Ridge National
Laboratory, which demonstrated many of the theoretical assumptions.
All metal parts contacting salt were made of Hastelloy-N, which proved
compatible with the fluoride salts.

Nuclear waste burner
Molten Salt Reactors are not only suitable for running on thorium, but on
the long-lived nuclear waste from other reactors as well. This creates an
opportunity to reduce current plutonium stockpiles, both from reactor
operation and warheads, and turn them into energy.

Challenges
The thorium-MSR is still in the development phase and faces a number of design
challenges, although these are expected to have solutions. Important among
these are development of the chemical processes and installations, corrosion-,
temperature-, and radiation resistant materials, and the licensing procedures.
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The Thorium Molten Salt
Reactor is an innovative
reactor design that uses
liquid-, instead of solid
fuel, and thorium instead
of uranium. Its radically
different design give it
very different properties
from “traditional” reactors.
In a nutshell, the thorium-MSR
design consists of a core and a
“blanket”. Both hold a different
mixture of molten salts and
either thorium (blanket) or
uranium (core). The uranium in
the core serves to generate heat
to produce steam for electricity
generation, and to turn the
thorium in the blanket into that
same uranium. The uranium
undergoes fission, releasing
neutrons that hit the thorium in
the blanket and turn it eventually
into the same uranium that is
in the core. This is uranium is
retrieved from the blanket and
inserted into the core as new fuel.

CLEANER
In the thorium-MSR, all long-lived nuclides remain in the fuel
salt until they are completely destructed. In the ultimate case
only fission products need to be disposed of with a radiotoxicity
decreasing sharply to very low levels after 300 years of storage.

Thorium has 90 protons in its core, which is among
the highest of all the elements. It is a silvery white
metal with properties somewhat similar to lead.
It was discovered by Swedish chemist Jons Jacob
Berzelius in 1828 who named it after the Norse god
of thunder, Thor. 70 years later Marie Curie and
Gerhard C. Schmidt established that thorium was a
radioactive element.
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SAFER

Several start-ups as well as
countries in Europe, India, China,
and Japan, are currently working
on Molten Salt Reactor technology.
China is leading the effort, the
country intends to devote large
amount of funding and manpower
to the technology over the coming
years.

The thorium-MSR is inherently safe. Meltdown and
hydrogen explosion, the main risks in light water reactors,
are not possible in the thorium-MSR. This is because the
reactor structure is at ambient pressure and the fuel salt
is in a molten state, and has a high boiling point. The large
temperature feedback coefficient and a frozen salt plug at
the lowest point of the reactor further protects the reactor
against overheating.

MORE

CHEAPER
Thorium-MSR electricity is expected to be cheaper than
current reactors. To say for certain, more research has to
be done to establish what the final design will look like,
and how costly it will turn out to be.
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PROLIFERATION
In the MSR, thorium is converted to fissile uranium to
sustain the fission chain reaction. The uranium produced
is contaminated with decay products emitting highly
energetic gamma rays preventing the use of the uranium
for other purposes. Nevertheless, like all nuclear reactors,
the thorium MSR should be operated under the inspection
regime of international bodies.

There is 3-4 times more thorium
than uranium on the planet.
Although there is no shortage
of uranium, the thorium-MSR
converts all thorium to energy,
while existing Light Water
Reactors use only 1% of the
uranium.New generation-IV
reactors would be needed to
better use the other part of the
uranium as well, but these are
not yet available and would by
far not have the same safety and
sustainability benefits of the
“Thorium-MSR”.

Nuclear fission, not to be confused with nuclear
fusion, is the process at the core of nuclear energy
generation. In the fission process atoms are split by
neutrons which produces new neutrons, and large
amounts of heat, which is used to produce steam.
The steam is used to drive the turbines that produce
electricity. Essentially, nuclear power plant is a
high-tech steam engine connected to an electricity
generator.
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Thorium as an
energy source
Thorium is an abundantly available nuclear fuel,
which can form a sustainable source of energy
for tens of thousands of years. Thorium fuel can
be processed in Molten Salt Reactors, which are
extremely safe due to the intrinsic combination of
fuel and coolant in a single medium. Thorium leaves a
heritage for the next generations of limited amounts
of waste that can be handled on a much smaller time
scale and scope than CO2 or uranium waste. Thorium
can play an important role in transitioning from
dominant use of fossil fuels and become a part of
completely sustainable energy production.
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