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Development of a Pilot Scale Demonstration  
Molten Salt Reactor 

 

Can We Do Better Nuclear? 

Energy Process Developments Ltd is carrying out a 
year-long study of the feasibility of a UK pilot-scale 
molten salt reactor. The aim is to enable decision 
makers, media, and the wider public to become 
aware of key characteristics of molten salt reactor 
technology for cheaper, safer energy production. 
 

Should Nuclear Reactors Be 
Considered as Chemical or 
Mechanical Engineering Devices?  
Eugene Wigner, Harold Urey, and Alvin Weinberg 
were the fathers of all reactors.  In debate at the end 
of World War II, they discussed possibilities for 
civilian nuclear energy. One question was whether 
chain reactors should be considered as chemical or 
mechanical engineering devices and it was concluded 
that they should be regarded as chemical devices, 
specifically devices in which the solid fuel elements 
are replaced by liquids. Wigner advocated the 
advantages of molten fluoride salts.  However, these 
US government employees were directed to 
implement a mechanical device, specifically, the 
Pressurised Water Reactor (PWR). 

However, their concept was realised in the 1960s 
by Weinberg in the USA with the experimental 
molten salt reactor (MSRE). Proposed MSR 
development was abandoned in the 1970s as making 
little contribution to perceived military needs.  

Today, the first nuclear era is coming to an end 
because of the cost of the power it provides. It 
employs the solid-fuelled PWR, a hastily adopted 
device for military and civil applications. PWR 
technology brings inherent problems associated with 
efficiency, disposal of waste, and it provokes 
irrationally high estimates of risk. 

Much more efficient, safer, cheaper, and 
sustainable MSR nuclear fission power creates less 
waste, is load following and passively safe. Major 
obstacles to innovation in nuclear reactor technology 
include disruptive effects on an established industry, 
resistance (now crumbling) of ‘green’ campaigners, 
and the very costly regulatory regime.  

Why Nuclear? 
Fission of a single uranium atom releases about 100 
million times as much energy as the oxidation of a 
single atom of carbon.  The answer to the question 
‘why nuclear?’ is that nuclear is the only available 
technology with sufficient energy density to address 
global energy poverty. In addition, it is carbon free and 
can be engineered to be affordable. 

 

Why MSRs? 
MSRs are liquid fuelled with the fissile material carried 
in a molten salt. Either a thermal (low energy) or fast 
(high energy) neutron spectrum can be used with or 
without moderators. MSRs can be fuelled by uranium, 
thorium, spent nuclear fuel (SNF), or a combination. 
The illustration below is similar to the MSRE. 
Configurations today vary. MSRs operate at 
atmospheric pressure and at higher temperatures than 
PWRs. This allows higher efficiencies and safer, more 
stable operating conditions. Passive safety features 
such as drain tanks can be provided.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: MSR, www.gen-4.org   
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MSRs have these advantages over a 
PWR: 

 Safer 
-  MSRs operate at atmospheric pressure so cannot 

explode and release high levels of radioactive gases; 
- MSRs inherently exhibit strong negative 

temperature coefficients of reactivity. This means the 
reactivity decreases if it overheats and they are load 
following, thus providing fail-safe operation;  

-  rapid reactor shut-down is provided, routinely or 
in an emergency, by draining to passively cooled safe 
dump tanks where fission ceases. 

 Cheaper 

-  as no large pressure domes are required they are 
cheaper to construct; 

-  inherent safety reduces the need for excess costly 
safety features; 

-  fuel costs are reduced given the higher burn up 
-  fuel can be added or removed online as required, 

without shutdown. 

 Less Waste 
-  the quantity of nuclear waste is less with liquid 

fuels because fuel burn-up can be engineered to 
around 90% rather than the few percent achievable 
with solid fuels; 

- long-term radio-toxicity risk can be orders of 
magnitude lower; high level waste needs storing for 
only several hundred years as opposed to thousands 
for the current reactor fleet; 

- fission products formed in the molten salt can be 
treated continuously or batch-wise and converted 
into appropriate waste forms. 

 Sustainable 
- MSRs can “burn” the stockpiles of legacy waste 

from decommissioned weapons and from civilian 
pressurized water reactors; 

-  any fissile material is suitable, and can be at very 
low enrichment levels; 

- fertile material such as thorium can be used to 
breed new fuel continuously, giving an energy supply 
for thousands of years. 

 Available Now 

- the technology is based on established molten salt 
chemistry and chemical engineering with existing 
know-how here in the UK; 

 More Efficient 
- The molten salt mixture used, being a liquid at 

temperatures between 560°C and 700°C, allows better 
thermodynamic efficiencies (its boiling point is about 
1400ºC). The fuel and coolant are molten salts; 

- volatile fission products such as krypton and xenon 
can be readily removed from the fuel salt without 
building up to high pressures as in solid fuel elements; 

- electricity production can be with steam, Brayton. 
or super-critical carbon dioxide cycles;  

- diverse other uses for the high temperature energy 
generated have been proposed, including cement 
production and motor fuel synthesis. 

 

What About Thorium? 
Thorium is about four times more abundant in the 
earth’s crust than uranium and when extracted is as the 
single isotope, thorium 232. Thorium is considered 
difficult to use in solid fuel elements but is a good 
option in liquid fuelled reactors.  

Thorium will eventually become the global energy 
resource of choice when the existing abundant supply 
of spent nuclear fuel is exhausted. It can be a 
sustainable energy resource for millennia. 
 

A Feasibility Study 
Six proposals on various MSR configurations for pilot 
scale demonstration are being reviewed with input 
from industry leaders. A validation and assessment 
exercise is taking place to determine which 
configuration is most suitable for development in the 
UK.  The study includes a status review of global MSR 
development, meeting all of the reactor designers, a 
public opinion study, and assessment of the regulatory 
process for advanced prototype reactors. 
   

What’s Next? 
Assuming a pilot scale plant in the UK is feasible, the 
report will be used to raise funds and procure the full 
engineering design study for the construction and 
operation of a demonstration reactor in the UK. This 
could put UK as a leader in nuclear innovation and be 
the first step towards commercialisation of an 
affordable, safe and sustainable reactor. 
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