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Executive Summary

It is widely accepted that the safe harnessing of energy from nuclear fission is a necessary

component of a rational and sustainable energy policy. A central concern for the feasibility study

reported here is the problem of finding the most suitable way of effectively and safely doing

this. Liquid-fuelled molten salt reactors have been recognised as an excellent solution. China

alone has initiated a major programme to pursue this opportunity. Past reviews have concluded

that MSRs are many years away from implementation. The study undertaken for this report

indicates that, following a decade of work, several small to medium developers - without need

for more science - claim they are ready now with proposals for the next step to implementation,

namely engineering design to prepare the safety case and to proceed to design and build. Six

specific proposals have been reviewed for this study. These proposal assessments are the core

substance of this study, with one proposal identified for development in the UK, the Stable Salt

Reactor.

This study originated with a concern that current nuclear new build projects appear to be

locked into the original solid-fuelled reactor technology. Since the 1970s the industry has lacked

innovation. By increasing regulation and subsequent cost the result is an expensive energy

source. The proposals considered for this study are for inherently safe efficient liquid-fuelled

reactors which have the potential to be engineered to compete with fossil fuel prices. This

solution needs to be conveyed with the help of this report to interested members of the public,

institutions, the media, and to decision makers both in Government and in industry.

The opportunity to carry out this study owes a lot to Innovate UK funding and to voluntary

contributions from individual engineers, consultancies and academics. An opinion poll carried out

for this study helped identify public concerns and aspirations of those supporting more nuclear

power. The media and institutions have been involved where good relations have developed. The

team has been invited to present the progress of the study across the UK and internationally.

The team that has been engaged in this study has included, in addition to the three active

directors of Energy Process Developments Ltd, several individual well-equipped engineers and

support staff and expertise from engineering enterprises with leading positions in the nuclear

industry, together with a supervisory panel of three distinguished academics.

The major obstacle to necessarily long-term plans for implementation of innovative nuclear

reactor projects is funding. Large amounts of investment are needed, measured in hundreds of

millions of pounds for first-of-a-kind start-ups of nuclear devices. In the initial stage of such a

project, industry is not expected to take a lead, rather to follow the investment of public funds.

After overcoming this first hurdle, hopefully in the lifetime of the present government, steps to

industrial application will be undertaken. Academia can develop a collaborative programme to

build a comprehensive basis of knowledge and expertise. This sector, already scarred from

past events, cannot afford future failures. The investment, in the tens of billions of pounds –

increasingly from industry – can establish a new face to nuclear with a world class industrystandard nuclear reactor system. The reward, apart from effectively addressing energy poverty

both at home and abroad, is a stake in a nuclear power market estimated at a trillion pounds.

The authors of this report recommend to all who are interested that they should make the urgent

necessary investment and commitment to an agenda to proceed with a molten salt reactor

programme including a demonstration prototype as identified by this study.

Energy Process Developments Ltd.
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MSR Benefits Explained

An implicit comparison with industry standard PWRs is made

Safe



No meltdowns possible

No large release of radioactive gases

Reactivity reduces in the event of overheating

Low working pressure



Less waste



Low amounts of waste created

Radioactive for 100s of years, not 100,000s

Fission products are removed on-line



Efficient



Reactivity increases as heat is removed - load following

High efficiencies enabled with high temperatures

High fuel burn-up



Good heat transfer properties

Fuelled &amp; cooled with Liquid Salt Compact (installation below ground proposed)

Scalable from small to large reactors

Fuel Cycle Flexibility



Can ‘burn’ both waste and weapon stockpiles

Thorium as a fuel source for millennia possible

Relatively low proliferation risk possible



High Temperature Heat



High thermodynamic efficiency

Suitable for additional industrial uses

	

(cement, desalination, district heating)



•	



These features contribute to an affordable source of clean low carbon energy



•	



Costing estimates indicate that plant capital costs can be on par with fossil fuels



•	



The concept has been demonstrated, proposals are ready to be developed today



Dr. Trevor Griffiths, one of three directors of Energy Process Developments Ltd, heating a

molten salt in a quartz tube at Oak Ridge as part of the MSR Experiment in 1968.

Energy Process Developments Ltd.
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Introduction

Obtaining affordable energy for domestic and industrial use is a key activity in which the role of

▲

nuclear fission is important. Engineers and scientists addressing this activity are becoming aware,

particularly since global warming has become a concern, that the current nuclear technology

poses serious difficulties in respect of affordability. The search for a way forward has created

▲

what amounts to a small international community of liquid-fuelled molten salt reactor inventors

and entrepreneurs. A central objective of the present study is to assess the technical, industrial,

and economic opportunities provided by the individual commercial and institutional adherents

to this community. These adherents, characteristically, are small to medium operators, not the

established nuclear installation providers.

Energy Process Developments Ltd was initially created in response to a realisation that although

there were compelling conjectures about the benefits of liquid-fuelled fission reactors, no-one

anywhere was visibly planning to take the concept out of research and into implementation.

These innovative devices, with unparalleled passive safety operation and the potential for reduced

costs, were widely considered to be several decades away. The exception that emerged was

a Chinese announcement in 2011 giving first priority to a pilot plant operating by 2015 – now

postponed until after 2020. The outcome - seen as necessary because of lack of involvement

elsewhere - was an application for government funding for this feasibility study.

Starting nearly a year ago, as part of an assessment of MSR activity internationally, members of

the liquid-fuelled reactor community were approached. Proposals were received for pilot-scale

implementation, where technical readiness was claimed. Six such specific proposals have been

assessed by members of our study team and with commissioned expertise from established UK

nuclear engineering firms. These proposals are seen as credible for the circumstances in the UK.

One of these has emerged as most suitable for UK implementation.

The contents of this study report include a comparison of other advanced reactor concepts, a

review of the historical and current background, information about liquid fuelled reactors and the

related science and engineering. The study activities included attending relevant meetings both

in the UK and abroad to make presentations, and to meet academics, engineers and decisionmakers. The project manager visited the Chinese researchers in Shanghai. A three man team - two

▲

directors and a very recently retired Office of Nuclear Regulation safety inspector - travelled from

Ontario to Atlanta to meet with molten salt reactor designers, with experts at the Massachusetts

Institute of Technology, and also for a rewarding visit to the Advanced Reactor Systems and

Safety Group at the Oak Ridge National Laboratory.

Significant components of this report comprise assessments by Frazer-Nash engineers of the six

reactor configurations considered; an Ipsos-MORI online poll was conducted; Atkins provided

economic study input; Caspus Engineering’s review included fuel cycle proposals; a recently

retired nuclear safety inspector, David Glazbrook, reported on the regulatory regime and availability

of sites; Endorphin Software devised the procedure for recording and analysing expert opinion

on the various proposals; and an insurance broker’s opinion. All these contributions, with the

exception of the survey, provided some or all of the work involved on a voluntary basis. A major

part of the funding for this study came from the UK’s innovation agency, Innovate UK. The study

was based on information from the six designers and from many more. Sincere gratitude is due

for all the help with these essential inputs and the support from the fledgling MSR community.

A glossary of terms exists at the end of this document which explains technical terms and

concepts where the symbol ▲ is seen.

Energy Process Developments Ltd.
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Opportunities &amp; Industry Overview

Background

The UK has stepped down from a leading role in civilian nuclear technology that it occupied from

the 1950s to the end of the 1970s. Two graphs summarise the period of decline:

UK Nuclear R&amp;D Workforce: Showing the reduction in workforce following the

closure of Government nuclear laboratories



Reproduced from the Lords Science &amp; Technology Committee’s report



Civil nuclear R&amp;D spend by country, 1980-2009



From HMG (March 2013), A Review of the Civil Nuclear R&amp;D Landscape in the UK



The mismatch, embodied in this decline, between perceived global opportunities and UK science

and engineering capability is dramatic.

In terms of UK capability, a government review in March 2013 reported there were 1,890 nuclear

R&amp;D personnel, mainly at the National Nuclear Laboratory, the Culham Centre for Fusion Energy,

and the other still remaining National Laboratories. Of this total, just thirty-three people focussed

on advanced fission reactor systems. In the universities there were less than 5 PhD students

Energy Process Developments Ltd.



8



MSR Review



and just 0.2 full-time equivalent postdoctoral research assistants engaged on next-generation

nuclear fission. Just under half of resources, in terms of both people and funding, are directed

▲

to nuclear fusion . Total, mainly government, funding in 2010/2011 on R&amp;D for nuclear fission

amounted to just over £30 million, with somewhat more for fusion R&amp;D.

This nuclear fission capability was the UK’s inadequate response to a world market estimated

by 2030 at nearly a trillion pounds (WNA 2013). Of this total the UK could expect, if correct

decisions were made in a timely fashion, the opportunity for up to a £240 billion share of this

market. An alternative, if nothing much is done, is that the UK becomes a passive receiver of

technology. Now today at the outset of a five year term of office, the UK Government has a

unique and marvellous opportunity to initiate a new civilian nuclear era that will essentially be

characterised by innovative reactor technology.

Current policy

Coincident with Sir John Beddington’s retirement as Chief Scientific Adviser, the Government’s

strategy as a response to a 2011 House of Lords report was presented in March 2013. Six key

policy papers by the Department for Business Innovation &amp; Skills with contributions from the

Department of Energy and Climate Change were published simultaneously on 26th March 2013

followed by miscellaneous reviews and reports1,2,3,4,5,6.

A complacent theme repeated in these policy papers is that UK capabilities for nuclear engineering

are world class. A scenario emerges of UK investment to provide 5 sites, starting with Hinkley

Point C, with about 3 - 4 GW each. This amounts to a total 16 GWe new nuclear build by 2030.

There is an expressed intention to follow this up by building up the nuclear power sector to

75 GWe by the middle of the century. Investment will be industry-led, with any Government

contribution not clearly specified. A likely outcome, however, is for industry to choose more-ofthe-same technology, that is, for solid-fuelled light water reactors. Difficulties are evident.

Difficulties

First is the issue of human resources. A recent skills report (HMG 2015) says the “national

nuclear workforce is ageing and attrition rates are high”. Industry’s own research forecasts that

the workforce must grow by 4,700 people a year over the next 6 years. Over the same period

3,900 people a year are expected to leave the sector, mostly because of retirement. Therefore

the sector must recruit 8,600 people every year. In addition, more expert staff will be needed.

Experts may need up to 20 years of preparation for some key posts. Another particular resources

challenge that emerges according to recent information (mid-February 2015) concerns the Office

of Nuclear Regulation. Currently it employs 306 inspectors, 254 of whom are safety inspectors.

They are busy people. The Hinkley Point C Generic Design Assessment required £33 million

for Office for Nuclear Regulation charges for 50,000 days of regulatory effort (together with

perhaps twice that cost for the licensee)7. This represents a possible work requirement for some

of the regulatory procedure for a single nuclear power plant. Another four such assignments are

expected within the next few years needing a considerable increase in the number of inspectors.

Secondly, more-of-the-same new civilian nuclear build raises a challenging issue concerning

long-term policy. Are these old-style reactor options fit for purpose? Over the first 60 years of

the first nuclear era the inherently unsafe character of solid fuelled water cooled reactors has

▲ see Glossary

Energy Process Developments Ltd.
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