
30 IES

Molten salt reactors – a new 
era for nuclear power?

Keith Burns

Keith Burns is a chartered mechanical engineer with 30 years’ experience of nuclear generation technology, mainly in 
the UK covering design, construction, commissioning, operation and regulation. He has also carried out consulting work 
in Pakistan, China and Canada. He has no connection with, or financial interest in, particular reactor designs.

Abstract

This article explains how new types of nuclear reactors have the significant potential to improve 
safety, reduce waste and reduce cost. These are the three principal threats to public acceptance of 
nuclear power generation. This opens up the prospect of making an important contribution to the 
strategy for emissions reduction. The UK should support the development of such nuclear power 
technology.

Introduction

“The energy produced by breaking down the atom 
is a very poor kind of thing. Anyone who expects a 
source of power from transformation of these atoms 
is talking moonshine. We hope in the next few years 
to get some idea of what these atoms are, how they are 
made, and the way they are worked.”

Sir Ernest Rutherford, 1933
Rutherford’s statement illustrates how even great minds 

can fail to anticipate the evolutionary direction of their 
own discoveries. The conversion of matter into energy, like 
all scientific discoveries, can be used for good or ill. It is for 
us to make the right choices.

In the early 1960s an enterprising fish and chip shop 
owner started selling ‘rock salmon’ as an alternative to 
cod and haddock. It tasted great, was cheaper than the 
alternatives and it sold well. In fact, rock salmon was simply 
dogfish rebranded, a member of the shark family which 
was almost universally regarded as disgusting. Changing 
the name of the fish changed public perception of it. They 
came to recognise that it was not at all disgusting.

Similarly, the word ‘nuclear’ conjures up the ‘disgusting’ 
concept of nuclear weapons that creates a barrier to rational 
public debate. Existing nuclear power plants have low levels 
of emissions and high levels of safety, but new designs for 
plant are under development which, if successful, will 
also be cheaper, flexible, and passively safe. Furthermore, 
they can consume the worst of our left-overs from earlier 
generations of nuclear power plant. In this article, the main 
technical issues will be explained.

In the pursuit of low carbon electricity generation, we 
are faced with problems of unintended consequences, 
particularly due to ill-judged political determination of 
energy strategy. As a conspicuous recent example, under 
political pressure exacerbated by the Chernobyl and 
Fukushima accidents, Germany is progressively closing its 
nuclear plants and has found it necessary to replace them 
with highly polluting coal generation. As a result, Germany, 
despite valiant efforts to reduce them, has a level of CO2 
emissions per kWh of electricity production that are well 
above the average for European nations (EUA 2017).
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Conventional nuclear power generation 
technology

Nuclear generation has a very low CO2 footprint, but 
most existing nuclear plants are not suitable for coping 
with variations in grid demand and cannot contribute 
to re-starting the system after a grid failure (because 
the presence of the grid is required as a pre-requisite for 
reactor start-up). We should seek to design nuclear plant 
that is more commercially competitive, reliable, flexible 
and exploits inherently passive safety features that can 
contribute very significantly to capital cost reduction. 
These ambitions seem to be a tall order but new reactor 
technologies should be able to deliver such a vision.

Reactor design globally has hitherto been vested mostly 
in reactors using pressurised water for transferring the 
heat from the reactor to the conventional generation 
plant. This needs high integrity primary and secondary 
pressure containment vessels. These vessels limit the risk 
of coolant loss and the nuclear fuel melting, resulting 
in the release of dangerous fission product gases into 
the atmosphere. Protecting against the risk of release of 
fission product gases also necessitates very costly active 
systems for shutdown and heat removal. Complete 
elimination of explosion risk would permit dramatic 
reduction in the cost of such systems, and would reduce 
the size of emergency planning zones, with associated 
cost reduction.

Figure 1 shows the rising trend of nuclear capital cost 
per kWe since 1970. The effects of the accidents at Three 
Mile Island in 1979 and Chernobyl in 1986 can be seen as 
precursors of significant increase in follow-on capital cost.

Molten salt reactor technology (MSR)

Reactors using molten salt as a combined fuel and coolant 
were developed for nuclear powered aircraft propulsion in 
the 1960s. This application of the technology did not prove 
to be feasible for aircraft. The subsequent drive for early 
nuclear power reactors was to produce both electricity and 
weapons grade material as quickly as possible. The quickest 
and most commercially promising route at the time was 
to use pressurised water reactors. The result has been 
that nuclear power production based on solid fuel and 
pressurised water or gas cooling has been the dominant 
strategy since those early days (Dawson 1976).

Accidents at Three Mile Island, Chernobyl and 
Fukushima have since emphasised the vulnerability of 
pressurised coolants and has led to escalation of the cost 
due to additional safety protection

Molten salt reactor designs are now showing great 
promise in a number of countries (WNA 2020). These 
designs have the potential to achieve large cost savings by 
removing the hazards that could lead to explosive release 
of dangerous fission products into the atmosphere. In the 
hierarchy of approaches to safety engineering, hazard 
elimination, (rather than reduction in likelihood or 
mitigation of consequences of the hazard) normally proves 
to be the most cost-effective strategy.

In a molten salt reactor, the high temperature (usually 
up to 540C) needed for a conventional turbine generator 
can be produced with the reactor at nominal atmospheric 
pressure. Removing the need for a reactor at pressure 
means that the risk of explosive release of dangerous 
radioactive material into the environment is eliminated, 
thus removing the need for costly high integrity reactor 
pressure vessels. For the majority of current molten salt 
reactor designs the same (fissile) molten salt performs 
as both fuel and heat transport medium. However, 
maintenance access implications for a complete heat 
transport system which is radioactive are very unattractive 
to an operator. An alternative strategy (in designs by the 
UK firm Moltex Ltd (Scott 2018) is to use a fissile molten 
salt as fuel (a mixture of mainly sodium, uranium and 
plutonium salts), and confine it within fuel containers so 
that it cannot make the complete heat transport system 
radioactive.

The fuel containers (“fuel pins”) do not accumulate 
hazardous pressurised gaseous fission products, as is the 
case with most existing reactors. Such fission products 
remain in solution in the molten salt fuel. The molten salt 
used for heat transport delivers the necessary temperature 
with the reactor at atmospheric pressure. Therefore, 
explosion and dispersal risks are eliminated. The heat 
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Figure 1. Capital cost trend for nuclear 
 (adapted from Scott (2018))
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transport loops use a neutronically benign salt (a 
mixture of sodium, potassium and zirconium fluorides) 
and are not radioactive beyond the pressure vessel.

Possibly the main advantage of MSR technology 
is that the reactors are passively safe. Passive nuclear 
safety is a design approach that does not require any 
active intervention on the part of the operator, power 
supplies or dynamic equipment intervention in order to 
bring the reactor to a safe shutdown state. This feature 
inevitably leads to significant capital cost reduction. To 
enhance passive safety, most molten salt reactors have 
negative reactor temperature and reactivity coefficients. 
This means that an increase in temperature or in the 
population of neutrons results in a negative feedback 
response that acts to suppress any disturbance to 
heat generation. The power output from the system is 
determined simply by the amount of fuel loaded, and 
there is no need for active control rods to control excess 
reactivity (although these are provided for start-up and 
planned shutdown).

After any fault needing a reactor shutdown (e.g., due 
to external hazards such as extreme weather or grid 
loss, the residual energy generated (decay fission heat) 
is of low enough intensity to be manageable by natural 
convection cooling without the need for pumps and 
motors. Only gravity is required for natural convection 
cooling and heat rejection to the air surrounding the 
reactor containment vessel.

Other favourable features of most molten salt reactors include:
• Salt/steel corrosion problems are eliminated by the 

chemical reducing properties of the coolant formulation.
• Refuelling can be carried out on load and unpressurised, 

further reducing capital cost.
• Management of long-lived radioactive waste is much 

easier and cheaper since the radioactive waste with very 
long half-lives is converted to much shorter half-life 
isotopes (Scott 2018).

• The use of a non-radioactive molten salt secondary 
coolant outside the reactor vessel allows the incorporation 
of large molten salt storage tanks (one hot and one cold 
– Figure 2) for thermal energy storage, allowing output 
to the grid to be varied according to demand with the 
reactor continuing to operate efficiently at constant 
power.

• When a conventional nuclear power plant has to be closed 
down, it takes several hours before it can be restarted. 
Molten salt reactors can be restarted much more quickly 
after a brief unplanned shutdown.

• A range of fuel types can be used. For example, thorium 
fuel has the potential to be used when uranium reserves 
begin to run out (thorium is extremely abundant around 
the world). The UK legacy stocks of plutonium can be 
used for new fuel production. Re-use of plutonium as fuel 
would have immense strategic value as a contribution to 
reducing proliferation of potential weapons material.

• Molten salt reactors can be factory-built as road-
deliverable modules.
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Figure 2. Schematic diagram of heat transfer loops in a Stable Salt Reactor (adapted from a Moltex Ltd document)
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These features make molten salt reactor technology 
an extremely attractive development alternative to 
conventional nuclear generation, particularly for their 
collective contribution to capital cost reduction.One might 
ask, with such promising characteristics, why molten salt 
technology was not developed half a century ago? The 
answer is probably commercial inertia due to early global 
dominance of reactors originally developed for weapons 
production.

Conclusion

Molten salt reactor technology has the potential to come 
close to meeting all the requirements for electricity 
production with low residual risk. Government and 
industry should take action now to be involved in its 
development such that, should the promise of molten salt 
reactors be realised, the UK will have a leading role in the 
industrial opportunities that will emerge.

The unique feature providing nuclear with a competitive 
chance is the prodigious energy density released by 
nuclear fission, many thousands of times higher than 
alternative fuels or renewables. This yields far lower plant 
power conversion density and consumption of steel, 
concrete, exotic materials and land area per delivered 
kW compared with any other method of generation. The 
potential payback on global resource reduction is very 
high indeed.

If the nuclear industry had not evolved from military 
imperatives, and had developed independently, molten 
salt technology now under development would probably 
be regarded as a dream contribution to the challenges of 
reliability and carbon reduction for the electricity system. 
Hazard elimination is the key to risk and cost reduction.
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Figure 3 – GW Stable Salt Reactor compared to GW AP1000 (adapted from Scott (2018))




