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Preface

Nuclear fission produces heat, which has been used for electricity generation in a
range of power plants, with a varying degree of success. Early hopes were that
nuclear power would become a major energy source. However, the initial quite rapid
expansion in the 1960s and 70s was slowed by increasing competition from cheaper
alternatives, including natural gas, and by major nuclear disasters. An attempt at a
nuclear renaissance, based in part on improved Generation II reactor designs and
the argument that nuclear power could play a role in responding to climate change,
was constrained by the Fukushima disaster in 2011 and increased competition from
other sources. The result is that nuclear has in effect stalled at around a 11% global
electricity share, while, by 2016, newly emergent renewables had reached 24%, and
seem likely to dominate in the years ahead, with their costs falling.

Although some nuclear energy enthusiasts hope that better progress will be made
with the current upgraded Generation II designs, the so-called Generation III
reactors, there have been continuing technical, economic and project delivery
problems, and some say the future for nuclear, if there is to be one, will lie in
developing a new set of technologies, Generation IV. However, many of these options
are not in fact new–they were looked at in the early pioneering days of nuclear power
development, and in most cases abandoned. There were some dramatic failures, but
many of the basic ideas that are now being re-explored were developed, ranging from
liquid sodium cooled fast-neutron plutonium breeders to molten salt thorium fueled
reactors, including some small-scaled plants.

The context is now very different, with tighter economic, environmental, safety
and security constraints and renewables are also presenting a major challenge, but
some nuclear enthusiasts are hopeful that updated variants of these early ideas can
win through, offering higher fuel efficiency and reduced waste production. However,
if some of them are to play a major role in future, they will have to overcome
whatever problems led to their demise then, and also the problems that have faced
subsequent designs. This book looks at the early history of nuclear power, at what
happened next and at its longer-term prospects.
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Guide to abbreviations, terms,
units and a note on bias

Some major reactor types

BWR boiling water reactor
EPR European pressurised-water reactor
HTR high temperature reactor
IFR integral fast reactor
LFTR liquid fluoride thorium reactor
MSR molten salt reactor
PWR pressurised water reactor
SMR small modular reactor

LWR light water reactor, generic term for reactors cooled/moderated with
ordinary water as opposed to heavy water, i.e. with deuterium rather than
hydrogen atoms

A quick guide to key atoms…

Some can be made to fission (spilt) and so are said to be ‘fissile’.
U235 a rare fissile isotope of uranium
U238 what most uranium consists of: it is ‘fertile’, i.e. it can be converted to:
Pu239 plutonium, a fissile material, made from U238 by absorbing a neutron
Th232 thorium is not fissile, but is fertile, i.e. it can be converted to:
U233 a fissile product of thorium, made from Th232 by absorbing a neutron

Neutrons are electrically neutral particles that exist (along with protons) in the
nucleus of most atoms and which can be emitted when the atom disintegrates, e.g. as
a result of fission.

Energy units

Reactor power generation capacities are cited in megawatts (MW) or gigawatts
(GW): 1 GW is 1000 MW, 1 MW is 1000 kilowatts (kW). A typical one bar electric
fire power rating will be 1 kW. Running it for an hour would use 1 kilowatt hours
(kWh) of energy. A 1 MW rated wind turbine, if it could be run flat out, would
generate 1000 kWh, or 1 MWh, a 1 GW nuclear plant 1000 MWh, or 1 GWh, but
energy outputs are usually quoted in annual terms.

In what follows, to make it accessible to the non-specialist reader, and for brevity,
the physics has been kept to a minimum and much simplified, some might say too
much.
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Bias

The nuclear power field is contentious, with strong pro- and anti-nuclear views often
being expressed. This study strives to avoid polarised extremes, but perhaps
inevitably, since it adopts a critical approach, it may be seen as biased by nuclear
enthusiasts. Though it may also be seen as not critical enough by those strongly
opposed to nuclear power.

Nuclear Power
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Chapter 1

Introduction: the nuclear vision

Nuclear power was once seen as the ultimate energy source, freeing mankind from
reliance on dirty and expensive fossil energy. In the early 1950s there were utopian
visions of energy plenty and unbounded prosperity fuelled by cheap nuclear
electricity and ever more rapid technological advance around the world. Contact
with reality has reduced some of this enthusiasm. Sixty years on, nuclear only
supplies around 11.5% of global electricity (WNA 2017). There are still optimistic
projections about the prospects for new nuclear power, but, in the main, it has been
the new entrant, renewable energy, that has seen most promise and most growth,
wind and solar especially. These sources, along with hydro, now supply around 24%
of global electricity (REN21 2016). There are projections that it could continue to
expand to supply 50% by 2030, and maybe even almost all electricity needs globally
by around 2050. Some of these projections may be overblown, much as were the
early projections for nuclear power. However since, once again, we are being offered
some inspiring visions of what technology can do, it may perhaps be helpful to look
at what went wrong (and right) last time, with nuclear power. That may help us to
put renewables in perspective and also to make a better, more robust, assessment of
what role nuclear (a non-renewable resource) might play in the future.

1.1 Nuclear energy: uranium in a bucket
Nuclear energy developed out of the Manhattan nuclear bomb programme in the
US in the 1940s. The fission, or splitting, of uranium 235 atoms produces heat and
radiation, including neutrons. Some of the neutrons collide with other ‘fissile’
U235 atoms and, under the right conditions, that can lead to a runaway chain
reaction, many more fissions and an explosion. If some of the neutrons are slowed
by a so-called moderator (water is one option, graphite another), the reaction can
be controlled, so that the reaction provides continuous heat, which can raise steam
to drive a turbine to generate electricity. However, the reaction also produces
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other things. U235 is a rare isotope of uranium—most uranium consists of non-
fissile U238. Depending on the level of U235 enrichment (i.e. its concentration),
reactor fuel is mostly U238, some of which is unavoidably converted, by
absorbing neutrons, into a new type of atom, plutonium, Pu239. That is fissile,
like U235, and can be used as a reactor fuel. It is also what is mostly used in
atom bombs (though highly enriched U235 can also be used), the Pu239 being
extracted from used reactor fuel via so-called reprocessing operations. What is left
after that, is a residue of highly radioactive waste, along with any unconverted
U238/235.

Civil nuclear reactors thus inevitably produce plutonium and wastes, but they are
designed mainly for heat production. Heat is extracted by pumping gas, or more
usually water, through the reactor core, although in plutonium fueled ‘fast neutron’
reactors, liquid metals are used, sodium or molten lead, as coolant, in a smaller,
more compact core. In this configuration, the neutrons are not slowed as in
conventional, so called ‘thermal’, slow-neutron reactors, i.e. they are ‘fast’, higher
energy, neutrons. They can however cause fission in plutonium, and that releases
more neutrons than uranium fission, which can then go on to be absorbed by U238,
as well as causing more Pu fissions. So ‘fast reactors’, running mostly on plutonium,
are good at converting U238 into more Pu239, which also then undergoes fissions,
sustaining a plutonium ‘breeding’ process. Hence the term ‘fast breeder’, although
the breeding rate is not actually fast. It can take time to produce a replacement
amount of plutonium and the initial Pu239 charge still has to be produced in a
thermal uranium reactor.

Most of the reactors in use at present are simple ‘thermal neutron’ uranium-
fuelled reactors, although some use a mix of uranium and plutonium oxide (MOX).
The use of other types of fuel is possible, including thorium 232, reserves of which
are around three times more abundant than uranium. However, thorium 232 is not
fissile, and has to be converted into a form (U233) that is, using a source of neutrons,
obtained via the fission of uranium or plutonium, or by using a particle accelerator
to create a neutron beam.

At very high temperatures (millions of degrees) isotopes of hydrogen atoms can
be fused, and this fusion reaction releases heat and radiation. It is what happens in
the Sun. So far, we have been unable to sustain fusion reactions on Earth for more
than a few seconds, but in theory it should be possible to build fusion reactors with
sustained energy output and use it to generate power. However, that is some way off.
As the overhyped ZETA prototype fusion project in the UK demonstrated in the
1950s, it is sometimes best not to be too optimistic (Pease 2008).

Fusion work continues but, so far, most of the emphasis for nuclear plants around
the world has been on fission, and on what, to put it simply, is steam production
from hot uranium in a bucket. Portrayed that way, it sounds straight-forward, but
clearly it has taxed some of the best scientists and engineers. As will be seen from the
accounts below, it has not always been easy or without drama, but, for protagonists,
belief remained strong that nuclear technology, despite being developed initially for
war, could become a major boon for humanity.
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1.2 Atoms for peace
In a December 1953 speech to the United Nations, President Dwight D Eisenhower
launched what was soon to labeled the ‘Atoms for Peace’ programme. Its
motivations were varied. It was ostensibly an attempt to show that, as he put it,
‘the miraculous inventiveness of man shall not be dedicated to his death but
consecrated to his life’. The horrors of the atom bomb, as visited by the US on
Japan in 1945 in wartime, were now to be balanced by the wonders of civil nuclear
power, with nuclear technology being turned to peaceful ends around the world,
with US help. Moreover, Eisenhower claimed that ‘peaceful power from atomic
energy is not a dream of the future. That capability, already proved, is here—now—
today’ (Eisenhower 1953).

However, in his haste to redeem the US and perhaps also ensure that it retained
commercial and political control over how this technology was used and sold, he
arguably overstated its readiness. No US nuclear plant had been built at that point,
and internal US government reports soon pointed out that nuclear power was
neither economic nor ready for export.

The Atoms for Peace propaganda offensive mounted by the US Information
Agency (USIA) and others was certainly effective in selling the positive vision, but,
with progress on the ground being very limited, those responsible for delivering it
began to be concerned that the rhetoric being used was all too ‘pie in the sky’ in
terms of what was available technologically and also what might be realistic in terms
of applications. For example, as Mara Drogan notes in a wide-ranging review of the
programme: ‘An Atoms for Peace exhibit being prepared for India by the USIA
highlighted nuclear power plants, but all studies indicated that India would not have the
need or ability to install such plants for some time to come’, while Gerard Smith, John
Foster Dulles’s Special Assistant for Atomic Energy, was worried about ‘the
impression created by these exhibits as to the imminence and benefits of nuclear
power’. He warned that ‘we may lose good will rather than gain it if through these
exhibits we arouse expectations which cannot be fulfilled in the reasonably near
future’. (Drogan 2016).

Drogan quotes from a classified State Department Intelligence Report, circulated
in January 1954, ‘Economic Implications of Nuclear Power in Foreign Countries’,
which noted that it was likely to be more expensive than conventional electricity
generation: ‘Nuclear power plants may cost twice as much to operate and as much as
50 percent more to build and equip than conventional thermal plants’. So it warned
that the introduction of nuclear power would ‘not usher in a new era of plenty and
rapid economic development as is commonly believed’. It suggested that the only likely
candidates for potentially economical nuclear power were countries such as Great
Britain and Japan, which were already highly industrialised and had diminishing
reserves of fossil fuels and limited options for expanding hydro-electricity. However,
it added, although it would be too costly for the foreseeable future for developing
countries, some might seek to develop it anyway, ‘for reasons of national prestige or
in the hope that technological developments and engineering experience will promote
lower costs’.

Nuclear Power

1-3



Looking back with hindsight, that was a fairly good set of predictions. The reality
has been that nuclear only developed slowly and initially just in the West, but also in
Russia, followed later by Japan, and then China, South Korea, India and Pakistan.
Moreover, in at least some of these cases, and others that came after, the impetus has
arguably been as much military as civil, with the distinction between them often
being blurred. India evidently used a Canadian-supplied CANDU plant (which runs
on non-enriched uranium) to get material for its bomb. Certainly not Atoms for
Peace! The potential for ‘dual use’ has proved to be major issue for the expansion of
nuclear power, as witness the long battles with Iran over its nuclear plans.

Even within those countries who were to become signatories to the UN Non-
Proliferation Treaty, the distinction was not always clear. For example, the early
plants built in the UK were dual-purpose, able to produce power and/or materials
for weapons if needed. The haste with which nuclear programmes were carried out,
also led to problems. The UK built two air-cooled uranium piles at Windscale in
Cumbria, designed to produce plutonium for its bomb, but, given the perceived need
to demonstrate that the UK was nuclear weapons capable, there was strong political
pressure to speed up production, with short-cuts to safe operational procedures
allegedly being adopted. That seems to have been one of the reasons why there was a
major disaster in 1957 at Windscale, with the fuel catching light, leading to the
emission of radioactive material into the environment. Measures were taken to put
the fire out and limit exposure (see box 1.1), but it is now thought that about 240
people downwind may have developed cancers (Morelle 2007). However, the
nuclear bomb programme went on.

Box 1.1. Nuclear accidents. Key ones reviewed: there have been others (Guardian 2011).

All technologies can go wrong, but when and if nuclear plants fail the impacts can be
very severe and long-lived. Small leaks and mishaps happen regularly, but, although
they may add cumulatively to the amount of radioactive material in the environment,
they inevitably get less publicity than the big very visible disasters. Sometimes accidents
are put down to human error. This can be a matter of interpretation. The Windscale
fire in Cumbria, in 1957, was mentioned earlier. The design of the plant combined with
the haste to produce material for a bomb seem to have been the cause (Dwyer 2007),
with the result being venting of radioactive material, though its release into the air was
fortunately reduced by a filter that had been put in the up-venting chimney as a
precaution. Even so, with the fire burning for three days before heroic efforts by the
plant staff to extinguish it succeeded, some still escaped, and, as an after-the-event
precaution, milk from cows grazing in the area was poured away.

The accident at ThreeMile Island in Pennsylvaniawas, it seems, due to a combination
of mechanical faults and human error. Two automatic pump valves failed, and another
one had been left open after a test by mistake. A hydrogen explosion was narrowly
averted by releasing some pressure, but that led to the release of radioactive gas. Many
thousands of local people self-evacuated, but exposure levels were said to have been low,
with few if any health impacts being reported, although that is disputed.
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The Calder Hall plant built alongside the Windscale piles was also available for
plutonium production, and its design, with carbon dioxide gas cooling, was the
basis for a series of civil plants, with uranium in Magnox alloy tubes. The UK
continued with gas cooling in the follow up ‘Advanced Gas-cooled Reactors’
(AGRs), in contrast to the US, which went for water-cooling for its civil nuclear
plants. They too had military roots. The US had initially focused on developing
small reactors for submarines, the first being in the Nautilus in 1954. The reactor
had to be compact, so water-cooling was used and that was to be the basis of
subsequent scaled-up US civil reactor designs. The most successful were the
pressurised water-cooled reactor (PWR) and the boiling water reactor (BWR),
with enriched uranium. PWRs, and some BWRs, were then adopted around the
world, most notably in France, which pushed ahead with a major civil programme,
in parallel with its weapons programme.

The French PWR programme in the 1970s was technically very successful,
eventually supplying around 75% of the country’s electricity, with the mass rollout
of a more or less identical standard design leading to economies of scale. Even so,
the rapid expansion was economically challenging. In the US, expansion (at peak
2000 MW pa) was driven by private investment, along with some state support for
ancillary facilities, with the cost in the main being passed on to consumers. However,
in France, in what was an almost entirely public sector programme, the high capital
cost was met by government borrowing on world finance markets. That allowed for

The Chernobyl disaster in Ukraine was a result of an ill-conceived safety test (see
box 2.3). The plant suddenly overheated in an uncontrolled way, in part due to its basic
design, resulting in an explosion and a radioactive cloud moving across Europe, as
shown in a map-based animation (ISRN 2011).

40 or so people died soon after, but over 4000 subsequent thyroid cancers (mostly
treatable) were reported amongst children who were in the area. A similar number of
early deaths has been claimed for the people who, heroically, carried out post-explosion
clean up, as well as more deaths and illness amongst residents in the region (IAEA
2006). Independent estimates for total likely deaths range up to 60 000 (Fairlie and
Sumners 2006). The area is still unsafe, with an exclusion zone in force.

By contrast, the Fukushima disaster in Japan in 2011 was due to what might be
called an act of God, a major tsunami, which overwhelmed the nuclear complex, which
was ill-designed to cope. Heroic efforts by staff avoided a much worse disaster, after
waste tanks were disrupted, three of the plants were demolished by hydrogen
explosions, and the reactor cores melted down (Elliott 2013). Some staff were killed
in the explosions and some workers have received compensation for cancers they
developed, but no public radiation-linked deaths have been reported so far: fortu-
nately, most of the radiation cloud initially went out to sea. However, there were
contamination hot spots and 160 000 or so residents were evacuated. Many have yet to
return. The long-term clean up operation will take decades, with the cost, including
compensation payments, put at around £140 billion. Some estimates put possible
long-term radiation-related deaths in the thousands (Ten Hove and Jacobson 2012,
Fairlie 2014).
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electricity prices to be set low but meant that the government faced punishing
repayment costs.

Water-cooled and moderated PWR and BWR designs, so-called Generation II
reactors, have remained the mainstay around the world, being used not only in the
US and France, but also Belgium, Sweden, Germany, Japan and elsewhere. The UK
finally abandoned its gas-cooled reactor designs in the 1980s and went for PWRs. A
publicly funded programme of 10 new plants was proposed, but in the end only one
was built, at Sizewell on the East coast. Russia went for a slightly different approach
(graphite moderated, water-cooled reactors) as did Canada (the CANDU heavy
water moderated reactor), and some efforts were also made, for example in the US,
UK, France, Japan and Russia, to develop fast neutron breeder reactors, with mixed
results. Most of these fast reactor programmes have been abandoned, although
Russia is still developing breeders and more may yet emerge e.g. China has a small
one.

1.3 The rise and fall of nuclear power
The expansion of nuclear power in the 1970s and 1980s (see figure 1.1), meant that, in
those countries that participated, it typically supplied 20%–25% of their power,
although some like France went for more. However, although Generation II designs
were reasonably successful, problems began to emerge. With cheaper energy sources
becoming available, notably natural gas, their economics started to look poor. The
near melt down of a PWR at Three Mile Island in the US in 1979 and the Chernobyl
disaster in the Ukraine in 1986, with subsequent death estimates across the region
due to the latter ranging up to tens of thousands, led to an increased focus on safety,
which added to the cost; see box 1.1. No new plants were ordered in the US after
Three Mile Island and after Chernobyl few new projects were started anywhere. The

Figure 1.1. Nuclear ups and downs (OECD 2011).
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boom was over, and with these two accidents being followed by Fukushima, boosting
public opposition to nuclear across most of the world, and the cost of rival energy
sources falling, the prospects for nuclear looked poor.

Even ignoring the accidents, the economic problems had become significant. For
example, the 1200 MW PWR at Sizewell in the UK, which started up in 1995, was
one of the last Generation II projects to be built. It had cost around £2.7 billion,
provided by the government as a public sector project. The Conservative govern-
ment was however keen to privatise the electricity sector, and sold the Sizewell plant,
along with all the old AGR plants, to a newly privatised company, British Energy,
for around £1.5 billion, in a heavily discounted bargain package. Unfortunately,
despite this deal, British Energy ran into financial problems and had to be bailed out
by the government. Eventually, in 2009, most of its assets were bought up by French
company EDF. By this time, with the construction costs paid off, the plants were
more economic to run, but this episode does indicate the economic problems faced
by nuclear, which were worsened by the so called ‘dash for gas’. The future for new
nuclear plants looked very uncertain. As we shall see, that remains the case globally
(BAS 2017).

An attempt at a revival had been made in the mid-2000s, partly on the basis that
nuclear was low carbon (Nuttall 2005). However, it was somewhat stymied by the
Fukushima disaster in 2011 (see box 1.1). Although the worst was avoided, that had
major social and economic consequences in Japan. It also led some countries to
abandon nuclear programmes, notably Germany (with a full phase-out set in
motion), but also Italy and Switzerland, and even France decided to cut back on
its nuclear reliance. With Austria, Denmark, Greece, Ireland, Norway and Portugal
already anti-nuclear, within the EU, that left just the UK, and to lesser extent
Finland and some Eastern Europe countries, with nuclear expansion programmes.

After Fukushima, Japan closed all its nuclear plants, although a handful have
since been restarted, despite often massive local opposition. But there are no longer
plans for expansion. Taiwan decided to phase its plants out. China initially halted
nuclear expansion, but has since restarted it, although it is expanding renewables on
a much larger scale. Investment in nuclear in China was £18 billion in 2015, dwarfed
by that in renewables at over $100 billion in 2015, with renewables, including large
hydro, supplying around 10 times the output of its nuclear plants and, in 2012, the
output from its rapidly expanding wind power programme overtaking the output
from nuclear. The situation is similar in India, with wind power output overtaking
that from nuclear in 2012, while in the US, the renewables output overtook that
from nuclear in 2010. Russia is the main anomaly. In terms of new projects, rather
than exploiting its huge renewable resources, it has focused on nuclear, using its own
technology, seeking to expand its use at home and aggressively pursuing technology
export orders (WNISR 2016).

For the moment, while Russia continues along it own path, the main focus
globally is on so-called Generation III designs, essentially upgraded, allegedly more
‘failsafe’, versions of the Generation II PWRs and BWRs, with ‘passive’ safety
features. They include the European Pressurised-water Reactor (EPR) being
promoted by the French state-owned utility EDF, the Advanced Boiling Water
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Reactor (ABWR) developed by Hitachi, and the Westinghouse AP1000 developed
by Toshiba. China and the US apart, the UK is one of the few countries willing to
test these as yet unproven options, though their purveyors are keen to establish new
markets, for example in Africa, Asia and the Middle East. So too are the purveyors
of their own similar designs (notably China and South Korea), with the UK also a
target (Thomas 2017).

However, the economics of these designs are far from clear, given the advent of
cheaper gas and renewable generation. There have also been long delays and large
cost overruns with the first two EPRs being built in France and Finland. The EPR
planned for construction in the UK at Hinkley, at a cost of £24 billion, has been
offered a strike price, under the UK’s Contract for Difference (CfD) subsidy system,
of £92.5 MWh−1, which is likely to be much more than renewable projects will
require by the time the EPR is running, possibly in 2025, if it goes ahead. On-shore
wind and solar projects are already going ahead in the UK with CfD strike prices of
around £80 MWh−1 and offshore wind is expected to get to around that figure soon.
Indeed, a Danish offshore wind project has won a contract at around £56 MWh−1.

These prices do not include grid balancing/system backup cost, which might add
an extra 10%, but the costs of wind and solar technology are falling rapidly, making
the current range of nuclear projects, with project costs continually rising, look
increasingly uncompetitive.

In 2016, the UK government’s National Audit Office noted that ‘the cost
competitiveness of nuclear power is weakening as wind and solar become more
established. The levelised cost of electricity from wind and solar has reduced in recent
years as these technologies have been deployed more widely.’ (NAO 2016). By 2025,
onshore wind and large PV solar are seen as becoming significantly cheaper than
new nuclear plants (BEIS 2016).

This is not just a UK or EU phenomena. Nuclear projects around the world are
being abandoned as uneconomic, in the US especially (see box 1.2), with few new
projects emerging, while renewables continue to boom.

Nuclear power is also unpopular with the public. After the Fukushima disaster in
2011, a global Ipsos survey put opposition at 62%, with it being much higher in some
countries, e.g. 79% in Germany (IPSOS 2011). 94% voted against it in a referendum
in Italy in the wake of Fukushima. Opposition around the world still remains strong.
Even in countries that are still relatively pro-nuclear, opposition is quite high. For
example, a 2016 Gallup poll in the US found that 54% of respondents were opposed
to nuclear energy (Platts 2016). Public opinion polls can of course be wrong. There
can be conflicting results, depending on what question is asked (Bisconti 2016).
However, it seems very clear from all the opinion surveys that have been done that
renewables are very much more popular, scoring in the 70%–80% range.

Given these social and economic trends, critics have suggested that nuclear power
has little future as a response to climate change. The 2016 edition of the World
Nuclear Industry Strategy Review commented: ‘While no energy source is without its
economic costs and environmental impacts, what has been seen clearly over the past
decade, and particularly in the past few years, is that choosing to decarbonize with
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nuclear turns out [to be] an expensive, slow, risky and potentially hazardous pathway,
and one which few countries are pursuing’ (WNISR 2016).

That may be a premature obituary, but, in addition to the early retirement of
many old plants in the US and elsewhere, the experience with new plants, like the
EPR, has certainly not been very positive so far. Initially there were plans for seven
EPRs in the US, but as markets tightened and the problems with the EPR projects in
Finland and France worsened, with long delays and faults trebling the initial cost
estimates, the US EPR plans were abandoned.

The situation has become even more challenging since then. What seem like
possible generic faults, including in the casting of some of the steel reactor shells, led
to safety checks on the new EPR castings and also retrospective tests on other earlier
EDF/Areva projects, with, in late 2016, many French plants having to be taken off-
line for the duration (Reitenbach 2016).

However, there are still hopes within the nuclear industry that other Generation
III projects will do better in economic terms than the EPR, in the UK or elsewhere.
China is clearly trying, with a large nuclear programme, aimed at doubling its
nuclear contribution from 2% of electricity to around 4%, but it has had problems
with some of its new Generation III projects, including not only its version of the
EPR, but also its version of the AP1000 (Thomas 2016). Even so, it clearly wants to

Box 1.2. Nuclear closures in the US.

Nuclear plants around the world have been closing due to their poor economics. The
2016 edition of the World Nuclear Industry Status Report says this has been very clear
in the US (WNISR 2016).

In a roundup, it notes that, in 2013, the Kewaunee plant was shut down, despite
operator, Dominion, having upgraded it and, in 2011, having obtained an operating
license renewal valid until 2033. Two reactors at San Onofre then followed, when
replacement steam generators turned out to be faulty. Vermont Yankee shut down at
the end of 2014 and early shutdown plans also hit Pilgrim and Fitzpatrick, likely to
close before the end of 2017 and 2019. Exelon, the largest US nuclear operator,
announced in June 2016 that it was retiring its Clinton (1065 MW) and Quad Cities
(2 × 940 MW) plants in 2017 as they had been losing money for some years. PG&E in
California said they would close the two Diablo Canyon units by 2025, in a slow phase
out, allowing the capacity to be replaced by renewables/energy saving. In June 2016,
Omaha Public Power District Board voted unanimously to shut the Fort Calhoun
reactor. A board member said it was ‘simply an economic decision’. The WNISR report
also quoted Nuclear Energy Institute’s president as saying: ‘If things don’t change, we
have somewhere between 10 and 20 plants at risk’.

However, there are some new plants being built and one start up so far. TVA’s
Watts Bar plant went online in 2016. There are also plans to keep some old plants
going with extra subsidies, e.g. in New York state (WNN 2016). This subsidy approach
was not seen as ideal by all (Bradford 2016, Judson 2016). It certainly seems unlikely to
be sustainable long-term, as renewable costs fall further.
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